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Summary

Gestationa diabetes mellitus (GDM) can affect up to 1 in 5 of pregnancies and is
associated with adverse pregnancy outcomes including pre-eclampsia, neonata
hypoglycaemia, large for gestational age, increased adiposity and birth trauma. Good
glycaemic control isthe key to reduce these outcomes. Diet and lifestyle modification
followed by insulin as necessary is the conventional type of management. Metformin
isincreasingly used in pregancy but with limited evidence, its role in GDM has not

been well-established.

A systematic review including both randomized and non-randomized controlled
studies have been conducted to evaluate the contemporary evidence of metformin in
GDM. It is suggested that metformin in GDM could be a useful alternative to insulin
and is regarded as the best ora anti-hyperglycaemic agent in GDM management
currently. However, amost half of metformin-treated GDM patients required
supplementary insulin to achieve target glucose levels (metformin failure). Women

with higher metabolic risk factors are likely to develop metformin failure.

A clinica cohort of metformin-treated GDM is used to develop the predictive model
to identify GDM women who are at risk of metformin failure. It has been found that
women identified by new IADPSG and NICE 2015 fasting criteriaare highly likely to
develop metformin failure. It has also been established a number of algorithm based
on various baseline characters of GDM women which will help primary healthcare

physicians choose the best medication for GDM management.

One of the possible side-effects of metformin includes lowering of serum vitamin B12
levels whereas serum vitamin B12 deficiency during pregnancy which is associated

with increased insulin resistance. It is reported that in low vitamin B12 state,

XX



offspring’ sinsulin resistance is found to be higher among women with high folate low
B12 state. Hence, in order to fully appreciate the role of vitamin B12 deficiency in
metformin failure, it isfirst necessary to understand the effects of folatein low vitamin
B12 condition on pregnancy outcomes in GDM. It has also been found that in normal
vitamin B12 GDM women, serum folate levels are negatively associated with plasma
glucose levels but not low B12 state. This underlines the fact that in order for folate to

haveitsrole, it isimportant to have normal vitamin B12 levels.

Despite increasing use of metformin, it is not yet routine to check vitamin B12 levels
before it is given. It is important to understand whether vitamin B12 has a role in
metformin action. Thus, the mechanism by which vitamin B12 deficiency might
interfere with metformin action was studied. In vitamin B12 deficient hepatocytes,
metformin stimulation of AMPK was reduced which was followed by reduced
downstream signalling in lipid metabolism. This effects were reversed by vitamin B12
supplementation. Thus, it is concluded that vitamin B12 deficiency could interfere
with metformin action and before metformin is given, every GDM woman should be

checked for serum vitamin B12 levels and should be supplemented if deficient.

Overal, vitamin B12 could play acritical rolein GDM management and it isimportant

for every GDM woman to have normal vitamin B12 levels.
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CHAPTER 1

INTRODUCTION



1.1 Gestational Diabetes M dlitus (GDM)

In the late 1950s, the term “Gestational Diabetes Méellitus’ was first developed by O’
Sullivan and his colleagues as “glucose intolerance of any degree which is first
recognized during pregnancy” by using 100 gram oral glucose tolerance test (OGTT)
(Kitzmiller et al, 2010). Although the definition does not change over time, different
diagnostic cut-off values have been adapted in many countries using their local or
national data. It should also be noted that because of lack of specificity in definition,
the population might be mixed with undiagnosed type 2 diabetes (Alberti et al 1998;
Metzger et al 2007). Basicaly, GDM is partly caused by placental hormonal
disturbance resulting in impaired insulin sensitivity and deranged pancreatic beta cell

function (Yogev et al 2008).

1.1.1 Epidemiology

1.1.1.1 Risk factors

It isunderstood that women with certain characteristics are at risk of impaired glucose
tolerance during pregnancy. These characters include advanced materna age, higher
BMI, previous history of GDM, previous history of macrosomic baby, family history
of type 2 diabetes and being a high-risk ethnic descent (Zhang 2010; NICE 2015;
Galtier 2010). Like in type 2 diabetes, obesity plays akey role, modification of which
could benefit the most on the overall prevalence. It is also well-recognized that pre-
pregnancy obesity is invariably and directly related to high risk of GDM(Chu et al

2007). Therisk factors associated with high risk of GDM were described in table 1.1.



Table 1.1 Risk factors of GDM (Galtier 2010)

e Physicd activity o Age

e Diet e Ethnicity

e Cigarette smoking e Previous history of GDM

e Obesity e Family history of Type 2 diabetes
e Socioeconomic factors e Maternal birth weight

e Polycystic ovary syndrome

e Obstetric history ( history of macrosomia,
intrauterine foetal death, multiparity)

o Gestational weight gain

e Multiple pregnancies

1.1.1.2 GDM and Ethnicity

The relationship between ethnicity and severity of insulin resistance during pregnancy
seemsto beindependent of age and pre-pregnancy body weight (Y ueet al 1996). Data
on prevalences of GDM among different ethnic groups mostly come from metropolitan
US-based studies. These studies invariably reported that the non-Hispanic European
are at the lowest risk in studies which have diversity in population conducted at any
time period(Lawrence 2010; Hunsberger et al 2010; Ferrara 2007; Savitz et al 2008).
Savitz et al aso reported that women from South Central Asia (Bangladesh, Indian,
Pakistan) are at the remarkably highest risk of GDM among their population studied
(Savitz et al 2008). Likewise, one UK-based study revealed that Indian women are at
the highest risk (4.4%) followed by Southeast Asian (3.5%) and Black (1.5%) whereas
White constituted only 0.4% of GDM population (Dornhorst et al 1992). GDM risk of

being Black or African American is still controversial that some studies are found to



be the same (Ferrara 2007) while others are dightly higher than the non-Hispanic
White (Savitz 2008; Dornhourst et al 1992). In addition, being a migrant or ancestry

of migrantsis another factor associated with high risk of GDM (Savitz et al 2008).

1.1.1.3 Prevalence of GDM

According to 2014 Internationa Diabetes Federation (IDF) report, the prevalence
varies from 10% to 25%, depending on ethnicity, diagnostic criteria, popul ation being
studied and diagnostic criteria being applied [15]. In UK where diabetes affect 2-5%
of al pregnancies, amost fourth-fifths of adverse diabetes-related pregnancy
outcomes could be attributable to gestational diabetes (IDF 2014). Despite global high
prevalence and increasing trend of GDM worldwide, until now, internationally-agreed
diagnostic glucose cut-off values for GDM have not yet been determined (Agarwal
2010; Simmons et al 2010; Cutchie et al 2006). Moreover, the methods of GDM
screening also differ in that some countries use risk factor-based screening whereas
others use 50 gram ora glucose challenge test (Agarwal 2010; Simmons et al 2010;
Cutchie et al 2006). Generally the diagnostic values of impaired glucose level vary
from 5.3 to 7 mmol/L of fasting plasma glucose (FPG) and 7.8 to 9.2 mmol/L of 2-
hour postprandial (2hr PP) blood sugar using 75 (or) 100 grams OGTT [6, 16, 19-22]
whereas in some countries, the contemporary criteria, recommended by World Health
Organization (WHO) (Alberti et al 1998) & other international diabetes panels
(Metzger 2007; IDF 2014) have been adopted. In 2010, International Association of
Diabetes and Pregnancy Study Groups (IADPSG) have proposed the universal
diagnostic criteriafor GDM which have been devel oped from the pregnancy outcomes

of Hyperglycemiaand Adverse Pregnancy Outcome (HAPO) study (Hadar et al 2013).



According to IADPSG criteria, GDM is diagnosed if fasting glucose > 5.1 mmol/L or
1 hour post prandial glucose > 10.0 mmol/L or 2 hour post prandial glucose >8.5
mmol/L by using 75 gram OGTT test at 24-28 weeks gestation. If this criteria is
adopted, the prevalence of GDM will be tripled (Gopalakrishnan et al 2015). The
prevalences of GDM in 15 different countries by IADPSG criteria was described in
Figure 1.1(Sacks et al 2012). Recently, the Nationa Institute for Health and Care
Excellence (NICE) has changed their GDM criteria which are fasting glucose > 5.6
mmol/L or 2hour post prandial glucose > 7.8 mmol/L by using 75 gram OGTT
test(NICE NG-63 2015). The prevalence of GDM detected by this criteriais similar to
that by IADPSG criteria (Meek et al 2015). Overall, it should be noted that there will

be burgeoning number of GDM in very near future.

Figure 1.1 Prevalences of GDM by IADPSG criteriain 15 different countries (Data
taken from Sacks DA et al. Diabetes care 2012; 35(3):526-528 and the figure taken
from internet, shared by Khue NT in www.slideshare.net)




1.1.2 Consequences of GDM

It is understood that maternal hyperglycaemia, whether mild or severe, may impose a
serious threat to both mothers and their babies. Moreover, a recent multicentre
observational study has proved that there is continuous linear relationship between
maternal hyperglycaemia and adverse pregnancy outcomes which is even below the
diagnostic or target glucose levels used by different diabetes in pregnancy
organizations (HAPO group 2008). Nevertheless, thereis agreat dea of evidence that
the higher the maternal blood sugar level, the higher the risks of complication due to

GDM (HAPO group 2008; Rowan et al 2010).

Figure 1.2 Pederson Hypothesi s on consequences of hyperglycaemiaduring pregnancy
(Figure taken from internet, shared by Khue NT in www.slideshare.net)




One of the mgjor issues with GDM is the glycaemic impact on size of babies (HAPO
group 2008). Macrosomia predisposes both mothers and newborns to other serious
adverse perinatal outcomes. The term neonatal macrosomia usualy refers to birth
weight more than 4000g. Alternatively, it is defined as birth weight > 90 percentiles
for gestational age, also termed large for gestational age (LGA) (NICE NG-63 2015).
By passing across the placenta, high blood sugar levelsin mothers stimulate the fatal
pancreatic beta cells to secrete more insulin. Asinsulin is an anabolic hormone, this
will subsequently increase neonatal growth resulting in neonatal macrosomiaand other
associated risks (Pederson hypothesis) (Figure 1.2) (Singh et al 2008). This
hyperglycaemic stimulation of foetal pancreatic insulin secretion can be compounded
by gut-derived glucagon like peptide-1 (GLP-1), explained by Lois Jovanovic
(Jovanovic 2007). These studies highlighted that when materna hyperglycaemia was
more than fatal renal threshold (<110 mg/dl), the overloaded glucose would be
excreted into the amniotic fluid and >20 weeks gestation, the time when he could
swalow, the glucose rich amniotic fluid would then enter the fatal gut and
subsequently, would increase the gut-stimul ated incretin secretion. He also mentioned
that fatal B cell could be stimulated for hours despite being maternal hyperglycaemia
for <1h/day (Jovanovic 2007). This vicious cycle together with transplacental glucose
load results in an overfed, fat foetus. The foetal macrosomiatogether with subsequent
increased incidence of shoulder dystocia and birth trauma is a mgjor indication for
instrumental delivery and caesarean section which impose arisk to mothers (Singh et
al 2008; Wong et al 2011). At the same time, small for gestational age (SGA) is
another important outcome related to pregnancy pertaining to GDM. It is usudly
defined as foetal birth weight less than 10 percentiles for gestationa age (NICE NG-

63 2015). SGA in GDM could be probably explained by placental vasculopathy



atributable to hyperglycaemia together with hyperlipidaemia (Dabelea 2010).
Recently, it was found that maternal weight gain can have impact on both LGA and

SGA in gestational diabetes (Barnes et al 2013).

Another major issue of GDM is neonatal hypoglycaemia which is attributable to the
postnatal persistence of glucose-provoked foetal hyperinsulinaemia (Langer 2008). It
is clinically defined as foetal glucose level < 2mmol/l or need for glucose injection
(NICE NG-63 2015). Maternal glucose level at birth is the most influential factor of
this outcome. The risk of neonatal hypoglycaemia among babies born to GDM is
10.38(95%Cl 6.15 to 16.56) (Langer 2008). The lack of timely appropriate
management of neonatal hypoglycaemia can lead to brain damage. However, dataon
risk of gestational diabetes on cognitive skills of offspring have not yet been well-

documented (Veena et al 2010).

The other well-established risks of gestational diabetes are neonatal respiratory
distress due to hyperinsulinaemia, neonatal jaundice probably explained by increased
chance of birth trauma or increased red cell turnover because of foetal asphyxia,
prematurity with underlying impending preeclampsia or foeta jeopardy, operative or
assisted delivery (instrumentally assisted delivery or caesarean section), perinatal
mortality, polyhydramnios, antepartum (infection related complications) and risk of
macrosomia related postpartum complications, hypertensive complications of

pregnancy and iatrogenic maternal hypoglycaemia (NICE NG-63 2015; Langer 2008).

Moreover, there are well-documented data of impact of maternal hyperglycaemia
during pregnancy on offspring in long run. Firstly, it is suggested that untreated
gestational diabetes could affect the intellectual abilities and mental development of

the offspring (Langer 2007). Thiswas found to have arelationship with raised level of



poor glycaemic measures (ketone bodies) in materna serum in late pregnancy or
history of spontaneous hypoglycaemia in neonatal period. Additionally, gestational
diabetes associated adverse lipid profile could also impair the intelligence scales.
Secondly, it is evident that babies born to GDM mothers have significant higher
metabolic risk markers and higher chance of development of metabolic syndromethan
those born to normal glucose tolerance, particularly those with large for gestational
age (Boney 2005) and there is a clear link between exposure to increased insulin in

intrauterine life to impaired insulin sensitivity in their adult life(Tam 2010).

Overdl, GDM can have adverse effects on both immediate and long-term outcomes
of pregnancy. The risks are imposed in GDM by hyperglycaemia and
hyperinsulinaemia, its associated obesity and inflammatory cytokines. Thereis strong
evidence that optimal and stable glycaemic control can reduce these risks(Landon

2009).



1.1.3 Pathogenesis of GDM

Gestational diabetes is universally accepted as a state of insulin insensitivity where
there is impaired B-cell function to overcome abnormally high insulin resistance
(Singh et al 2008). In fact, pregnancy itself isan insulin resistant state, resulting from
diabetogenic placental factors. During pregnancy, impaired glucose tolerance can
normally be compensated by enhanced beta-cell function. Hence, normally, it is not
very common for pregnant mothers to develop GDM (Y ogev et al 2008) Even though
GDM has been widely believed as having moderate degree of similar pathophysiology
as type 2 diabetes mellitus, in amost a-tenth of GDM, idlet cell autoantibodies are
found to be implicated (Retnakaran 2010). A brief description on inflammatory

cytokines and signalling moleculesimplicated in GDM is described in Figure 1.3.

Figure 1.3 Inflammatory cytokines and insulin resistance in gestational diabetes (Data
taken from Sholelson et al 2006, Qatanani et al 2007, Savage et al 2007; Figure taken
from Omu AE. Gestational Diabetes - Causes, Diagnosis and Treatment 2014.
Available at http://dx.doi.org/10.5772/56634)
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Insulin resistance in GDM due to disturbance of placental factors could be at either
insulin secretary or insulin performance stage: receptor level, post-receptor level or
both (YOgev 2008). To our knowledge, the placental factors implicated in insulin
resistance involve hormones — cortisol, human placental lactogen (hPL), human
placental growth hormone and oestrogen & progesterone, inflammatory proteins — C-
reactive protein (CRP), Tumour necrotic factor-alpha (TNF-o) and adipokines —
adiponectin, leptin (Retnakaran 2010; McCurdy et al 2010; Omu 2014). Of these, high
CRP and low adiponectin have been well-established as independent and significant
risk factors of incident GDM (Retnakaran 2010) while placental hormoneslike cortisol
and hPL are attributable to impaired pancreatic insulin secretion, inflammatory
cytokines such as TNF-a interfere with post-receptor mechanisms, particularly at IRS
level (Yogev et al 2008). As aresult, the tranglocation of glucose transporter (GLUT
2) in liver or GLUT 4 in muscle and adipose tissues) to the cell surface isimpaired
with ultimate impact of hyperglycaemia (Y ogev et al 1008; Retnakaran 2010; Omu

2014; Carrie et al 2010).

At the same time, any disturbance leading to accumulation of fatty acid in the cytosol
can provoke insulin resistance, no matter whether increased free fatty acids may or
may not be detected in the plasma (Ruderman et al 2006). During pregnancy,
cholesterol and polyunsaturated fatty acids are essential for central nervous system
devel opment of foetus. Normal pregnancy adapts this high demand by increased fatty
acid production through hormonal changes and increased placental transfer of essential
fatty acid, highlighted by placental lipid transfer protein expression. Unfortunately,
increased triglyceride production isinvariably associated with GDM, even in the lean
mothers, and even worse, GDM impairs vulnerability of peripheral tissuesto oxidative

stress imposed by raised fatty acids while increased triglycerides is related to high
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incidence of preeclampsia (Knopp et al 2010). Taking all things into consideration,
insulin resistance during pregnancy could be partly attributable to impact of high levels

of free fatty acid on insulin sensitizing tissues.

1.1.4 Current management of GDM

The aim of management of gestational diabetes is to maintain blood glucose within
safe limitsfor mother and fetus. The limitation isthat there does not seem to be aclear
threshold of glycemic level and risk of adverse pregnancy outcomes (HAPO group
2008). Therisk seemsto be linear without any clear cut-off point (HAPO group 2008).
There is growing evidence that treating mild maternal hyperglycaemia (FPG <5.3
mmol/L) which is much lower than mgjor international diagnostic blood glucose
recommendation is associated with reduction in the incidence of adverse pregnancy
outcomes (Landon et al 2009; Crowther et al 2006). On the other hand, it is stated that
the risk of small-for-gestational-age infants is likely to be increased at much lower
maternal mean capillary glucose level, specifically < 4.8 mmol/L (Metzger et al 2007).
The currently agreed safe glucose levels vary between FPG of 3.8 to 6.1 mmol/L and

postprandial level (either 1hr/2hr/3hr) of up to 9 mmol/L.

Though there might be conflict in diagnostic cut-off values, similar management
guidelines have been applied to subsequent diagnosed GDM. They are managed first
with medical nutritional therapy which is designed to meet nutritionally balanced diet
for GDM mothers. If the diet therapy is failed to optimize glucose levels, the first
universally agreed intervention isinsulin, asinsulin does not readily cross the placenta
(Jovanovic et al 2007). It is undeniable that insulin is the effective pharmacol ogical
intervention for diabetes of any type and any degree to meet the glycemic control in

pregnancy. However, there is concrete evidence that it has negative impact on
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pregnancy outcomes as well as maternal satisfaction of using the drug (Alwan et al
2009; Rowan et al 2008). Use of insulin is associated with increase in incidence of
maternal hypoglycaemia. It is aso possible that the use of insulin in mothers can
increase the risk of neonatal hypoglycaemia (Alwan et al 2009). Moreover, the high
cost of insulin makes it impractical for implementation in resource poor heathcare

system.

The application of IADPSG consensus criteria has been shown to benefit women at
mild glycaemic level with reduction in adverse perinatal outcomes (Lapolla et al
2011). However, there is no randomized controlled trial (RCT) intervention evidence
for treating women with GDM based on IADPSG criteria. It could be predicted that
most countries will bring down their diagnostic criteria to lower glycaemic limit of
GDM in near future. For these newly identified GDM who could presumably have
lower baseline glucose levels than the current guidelines, insulin with hypoglycaemic

risk would no longer be a good choice to address the challenge.

The risks and costs associated with use of insulin encourage searching for alternative
available oral hypoglycaemic agents (OHA) in type 2 diabetes management. Up-to-
date, glibenclamide (glyburide) and metformin have been appeared mostly as second-
line (Alberti et al 1998; Metzger et al 2007; Cutchie et al 2006; CDACPGE committee
2003; ADA 2004, IDF 2009) and rarely asfirst-line therapy(NICE NG-63 2015; SIGN
2010). Glyburide is second-generation sulfonylurea drug which works by increasing
insulin secretion and improving insulin sensitivity. It is understood to be as effective
as insulin in the reduction of adverse neonatal outcomes in gestational diabetes

mothers (Moretti et al 2008).
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1.2 Metformin

Metforminisan ided, first-line oral anti-hyperglycaemic agent widely used in Type 2
diabetes mellitus since 1957. Beyond its blood glucose lowering effects, it has other
potential clinical roles in the prevention of progression to type 2 diabetes from pre-
diabetes (impaired fasting glucose and impaired glucose tolerance)(Lilly et al 2009),
improving fertility rates in women with polycystic ovary syndrome (PCOS), treating
patientswith liver steatosis and recent advancesin prevention of carcinoma (Scarpello

et al 2008).

1.2.1 Metformin in Pregnancy

Metformin is increasingly used during pregnancy recently in women with PCOS and
those with GDM. However, the role of metformin during pregnancy is till not much
significant owing to the concern that metformin does cross placenta and the drug level
inthefoetal compartment is as high asthat in mother(Charles et al 2006). Even though
the controversy continues, metformin has been frequently used in the pharmacol ogical
management of polycystic ovary syndrome. The increased conception rate in these
relatively infertile women with metformin could underline the beneficia role of
metformin in pregnancy. Although systematic review of randomized studies done by
Lord et al have reported that metformin could reduce the risks of insulin resistance
and have benefit on blood pressure and serum lipid levels in pregnancy (Lord et al
2003), one multicentre randomized trial did not find any association(Vanky et al
2010). At the same time, there are a few reports of metformin-associated increased
perinatal risks. Hellmuth et al found greater numbers of stillbirth in metformin group
whereas Coetzee and his group noticed high rate of neonatal jaundice in intrauterine

metformin-exposed babies(Hellmuth et al 2000; Coetzee et al 1979). On the other
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hand, Jean-Luc Ardilouze mentioned that congenital anomalies might not be an issue
with the use of metformin in GDM saying that GDM is usually diagnosed in second
trimester when embryogenesis and organogenesis of fetus have been completed
(Ardilouze et al 2010). A meta-analysis of metformin in first trimester supported this
hypothesisthat metformin is not associated with major congenital anomalies with even
better protection of some risks (Gilbert et al 2006). Recently, Tertti and his college
reported that despite the comparable concentration of metformin in placental blood to
maternal blood, there was no adverse pregnancy outcomes (Tertti et al 2014).
Moreover, while NICE, SIGN, Canadian and Global Federation guidelines have
included metformin as glucose lowering agents in GDM (NICE NG-63 2015; SIGN
2010; CDACPGE committee 2003; ADA 2004; IDF 2014), others yet to do so(Seshlah
et al 2009). In Canadian guidelines, glibenclamide has been favoured over metformin,
stating that metformin has higher failure rate, i.e., the proportion of GDM who have
been achieved glycemic control with metformin alone therapy is less than that with
glibenclamide aone therapy (CDACPGE committee 2003). Although metformin is
included in a few guidelines of GDM management, the specific dosage
recommendation has not yet been determined. In current GDM treatment, metformin
is given initially as 500 mg or 250 mg together with meal once or twice daily,
increasing the dose until optimal glycemic profiles have been achieved or maximum
dose of 2500/2000mg/day, whichever comesfirst. This dosage guidelineistaken from

non-insulin dependent diabetes management (BNF 2015).

During the period of this PhD being undertaken, a number of meta-analysesin GDM
has been published and it isfound to be abeneficial drug for GDM (Balsellset al 2015;
Kitwitee et al 2015; Su et al 2014; Gui et al 2013; Lautatziset al 2013). In NICE 2015

GDM quidelines, metformin is also upgraded to give as first-line in GDM with
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maternal consent (NICE NG-63 2015). So far, the evidences of metformin on
pregnancy outcomes are still limited and as a promising drug with placental transfer,
it is worthwhile to monitor metformin efficacy and safety on pregnancy outcomes,

both in short and long run.

On the other hand, it has been reported that there isincreased risk of prematurity (<37
weeks) with metformin therapy with the odds of 1.60 (95% confidence
interval (Cl):1.02-2.52) (Rowan et al 2008). The cause of this is not known. It could
be possibly related to 1) gastrointestinal side-effects of metformin which mimic labour
pain leading to delivery or 2) longer duration of suboptimal glycaemic control during
escalation of metformin, thereby, promoting pre-eclampsia or similar adverse
pregnancy outcomes necessitating immediate labour or 3) ateration of calcium
metabolism in the gut, resulting in disturbance in uterine contractility (Bauman et al
2000). The finding reported by one small study, where metformin was ceased in
metformin failure mothers and changed to insulin treatment rather than continuation
with top-up insulin therapy until delivery, was that there was no difference in
gestational age at delivery(Corbould et al 2013). This finding was controversia as
this study included only 25 metformin users and did not report glycemic control after
treatment. Nevertheless, if GDM were controlled more stringently and carefully after
the diagnosis, the overall outcomes should be improved because all of poor outcomes

in GDM are mostly due to poor glycemic control (HAPO group 2008).

Almost half of diet-failed GDM women who start with metformin therapy required
supplementary insulin (referred as metformin failure in this thesis)( Rowan et al 2008;
ljaset al 2011, Goh 2t a 2011). Regarding metformin monotherapy in type 2 diabetes,

2-years evaluation of metformin done by Brown et al found that 42% of metformin-
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treated type 2 diabetes needed additional glucose lowering aternatives within 5 years
after successful glycemic control with metformin (Brown et al 2010). They aso
described that patients who develop diabetes at younger age, longer duration of
diabetes or higher HbA 1c could predict the higher risk of secondary metforminfailure.
It is stated that the failure rate could be aslow as 12.2% if metformin is started within
3 months of diagnosis of diabetes. The data on the indicators of metformin failure in
GDM arelimited. Some studies have found that metformin-treated women with GDM
who needed insulin have higher BMI and are possibly more insulin resistant (higher
fasting & postprandial glucose and fructosamine at diagnosis) (ljas et al 2011; Tertti
et al 2013; Spaulonci et al 2013). One small study reported that GDM with fasting
glucose at OGTT <5.2 mmol/l can achieve optimal glycaemic levels with metformin
alone [71]. Moreover, it could be assumed that being European ethnicity have lower
risk of metformin failure than Hispanic or South Asians (Rowan et al 2008; Goh et al
2011; Moore et al 2010). Given the slower onset of action, if metformin is initiated
early in pregnancy, there may be lesser failure rate. Thus, if the treatment strategy of
metformin is developed based on the maternal characters at the time of diagnosis, it
can ensure consistent proper glycaemic control by addition of appropriate insulin to
those with high chance of treatment failure. The significance of GDM women with
high failure rate remains an area to be explored. It isalso stated that the cost analysis
of metformin in GDM has shown that metformin is not as costly as insulin, the
additional cost associated with metformin failureislikely to be much higher (Lai et al
2008). So far, there are few studies that described the association of maternal

characters and metformin response in GDM.
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1.2.2 Recognized risks of metformin

The adverse effects of metformin in type 2 diabetes are well-recorded. In current
clinical practice, metformin is notorious for gastrointestinal side-effects - anorexia,
nausea, vomiting, abdominal discomfort and diarrhoea, which usually occurs at the
start of the treatment, but most patients can tolerate with dose reduction [80]. The
discontinuation rate is also not common with only 5% of patients giving up treatment
(Bailey et al. 20074). It is stated that lactic acidosis, the most serious adverse effect of
biguanide group, is rarely seen with metformin. For safety, metformin is not
recommended to those with severe systemic hypoxia like uncompensated cardiac &
respiratory failure, recent myocardial infarction, renal and hepatic dysfunction (Bailey

et al 2007h).

1.2.3 Mechanism of action of metformin

The mechanisms of blood glucose lowering action of metformin differ by organ types.
It isreported that metformin reduces hepatic glucose output, insulin sensitizing effects
in muscle and adipose tissue and preservation of pancreatic beta cell function(Bailey
et al 2007c). Recently, there is also evidence that metformin stimulates GLP-1
secretion in animal studies (Yasuda et al 2002) and inhibits DPP 1V (dipeptidyl
peptidase 1V: a degradation enzyme for GLP-1) activity in type 2 diabetes
patients(Lindsay et al 2005). Despite strong efficacy of blood glucose lowering effects,
it has very few effects on blood glucose levelsin normoglycaemic patients and thus it
has very few hypoglycaemic risks. It has beneficial effects on blood lipid levels, i.e.,
reduction in triglyceride and Low Density Lipoprotein (LDL) cholesterol as well as
improvement of High Density Lipoprotein (HDL) cholesterol(Schulters et al 2003;

Campbell et al 2007). Furthermore, as a weight neutral anti-diabetic agent, it also
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benefits on body wei ght control which could be observed as early as 6 weeks(Wulffele
et al 2004). In addition, it isalso effective in reducing cardiovascular risks reported by

in UK prospective diabetes group study (UKPDS)(UKPDS group 1998).

Figure 1.4 Mechanism of metformin action (Figure taken from Pernicovaet al. Nature

Reviews Endocrinology 2014; 10,143-156)

1.2.3.1 Molecular mechanisms of action of metformin

The molecular mechanisms by which metformin lowers blood glucose level have not
been well understood. Current understanding of metformin action at cellular model
wasiillustrated in figure 1.4. The up-to-date data have shown that metformin primarily
works by inhibiting at complex | of respiratory chain, thereby increasing energy

demand (i.e. increasing the ratio of adenosine monophosphate (AMP) by adenosine
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triphosphate(ATP))(Owen et al 2000; Pernicova et al 2014). The resultant increase in
AMP: ATP ratio activates the energy sensor AMPK (adenosine monophosphate-
activated protein kinase) enzyme which is a master energy regulator of the cell.
Tumour suppressor serine/threonine kinase 11(STK11/LKB1) is suggested to be the
upstream of AMPK by transmission of signal from mitochondrial inhibition(Pernicova
et al 2014; Xieet al 2008). It helps balance the energy within the cell that metformin-
induced energy depletion is counterbalanced by increasing energy breakdown
pathways while reducing energy utilizing pathways, thereby, improving the overall
metabolic function of the cell (Zhou et al 2001). In liver, AMPK activation favours
fatty acid degradation, together with blockage of its synthesis and thus, helpsimprove
insulin sensitivity and reduction of hepatic glucose output (Zhou et al 2001). AMPK
activation is al'so important for its cardioprotective effects by promoting nitric oxide
synthesis and decreasing the production reactive oxygen species in vascular
endothelial cells (Scarpello et al 2008). At the sametime, AMPK enhances peripheral
glucose uptakes by potentiating insulin sensitizing effects on translocation of GLUT-
4 receptor to cell surfacein skeletal muscle and adiposetissue (Lee et al 2011) aswell
as it improves glucose metabolism in enterocytes by enhancing abundance of glucose
transporters SGLT-1 and GLUT 2 (Sakar et al 2010). Alternatively, a decrease in
AMPK activity can lead to impaired insulin sensitivity by alowing lipid deposition in
skeletal muscle, adipose tissue and pancreatic B cells (Ruderman et al 2006). In
addition to that, AMPK involves in the synthesis of mitochondria by promoting the
regulation of transcriptional co activator PGC 1a (Ruderman et al 2006; Pernicova et
al 2014). Hence, impaired AMPK function may reduce its metabolic efficacy by
reducing the number of mitochondria. The pharmacokinetics of metformin aso plays

important roles in metformin action. Metformin is actively carried across the

20



membrane by its organic cation transporters (OCTs) which thereby determine the
availability of metformin at the site of action (Rena et al 2013). There are various
members of OCTSs in the body; for active absorption across enterocyte membrane
(plasma membrane monoamine transporter [PMAT] and OCT3) and into hepatocyte
(OCT1) as well as for active secretion into bile (multidrug and toxic compound
extrusion-1 [MATE1]) and into renal tubules (OCT2 and MATE?2) (Renaet al 2013).
Thelack of OCT1 in animal model showed significant reduction in metformin efficacy

and hence, it highlightsthe liver as primary site of metformin action (Renaet al 2013).

In Liver, metformin exerts its anti-hyperglycaemic effects by decreasing hepatic
glucose output (HGP) at fasting (Zhou et al 2001). It is stated that this effect occurs
through AMPK-dependent and AMPK-independent mechanisms (Renal et al 2013).
Metformin-induced LKB1-AMPK axis inhibits gluconeogenesis by decreased
transcription/expression of gluconeogenesis genes such as phosphoenol pyruvate
carboxykinase (PEPCK) and glucose-6-phosphatase (G6P) (Zhou et al 2001). At the
same time, among metformin given to LKB1 and AMPK knockout mice, HGP
inhibition was found to be related to depletion of hepatic energy charge (ATP), and
suppression of gluconeogenesis which occurs through transcription-independent
mechanism(Rena et al 2013). The mechanism is suggested by Miller et al that
metformin can diminish the effects of its counter-regulatory hormone, glucagon, on
adenylate cyclase, thereby, depletion of cyclic AMP (cAMP) and concomitant
activation of CAMP-dependent protein kinase (Protein kinase A/PKA) (Miller et al

2013).

Moreover, AMPK activation by metformin in liver aso reduces hepatic lipid

accumulation (Zang et al 2004). Once activated, AMPK phosphorylates and inhibits
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the activity of Acetyl CoA Carboxylase (ACC) and thereby activating fatty acid
oxidation resulting in reduction of intracellular lipid content (Zang et al 2006) . ACC
is a bidirectional and rate-limiting enzyme in lipid biosynthesis and is also cross-link
between lipid oxidation and synthesis (Nguyen et al 2008). During fed state, the non-
phosphorylated active ACC form converts acetyl CoA to malonyl CoA, a precursor
for elongation in fatty acid synthesis. There is evidence that AMPK influences fatty
acid metabolism where low AMPK activity favours pathways towards assembly of
fatty acyl CoA in the cytosol whereas phosphorylated AMPK favours lipid oxidation
by decreasing malonyl CoA biosynthesis which limits mitochondrial fatty acid entry
(Ruderman et al 2006; Zhou et al 2001). Once phosphorylated, it activates fatty acid
oxidation by inhibiting ACC while increasing the activity of maonyl CoA
decarboxylase which converts malonyl CoA to succinyl CoA, an essential substrate
for Krebs citric acid cycle (KCAC). Zhou et al have found that metformin-induced
AMPK activation also suppresses the mRNA expression of transcription factors
important for triglyceride and cholesterol biosynthesis (known as sterol regulatory
element binding factors/SREBFs)(Zhou et al 2001). Moreover, it also decreases the
expression of the mgor enzymes in lipid synthesis such as ACC and Fatty acid
synthase (FAS) in triglyceride biosynthesis and 3-hydroxy-3-methylglutaryl-CoA
reductase (HMGCR) in cholesterol biosynthesis (Zhou et al 2001; Lee et al 2012). As
a result, metformin reduces hepatic lipid accumulation by increasing fatty acid

degradation, together with blockage of its synthesis (Zang et al 2004).
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1.2.4 Metformin and reduced vitamin B12 levels

It has been extensively studied that long-term metformin use in type2 diabetes is
associated with significant reduction in vitamin B2 level (Ting et al 2006; Liu et al
2006; Sorich et al 2008; Carpentier et al 1975; de Jager et al 2010) athough there are
some observational studies which have found no association (Radfar et al 2011;
Hermann et al 2001). In 1971, Tomkin and his co-workers demonstrated that 30% of
type 2 diabetes patients on metformin for more than 2 years were at risk of reduction
invitamin B12 levels, and stopping of metformin could return the B12 level to normal
within 1 month (Tomkin et al 1971). The metformin-induced lowering of vitamin B12
levels could be due to alteration in calcium level in the gut, gut bacterial flora or

abnormal fat absorption (Bauman et al 2000).

The prevalence of metformin induced vitamin B12 reduction varies from 14-30%
(Hermann et al 2001). In fact, vitamin B12 deficiency (<150pmol/l) is significantly
associated with duration (> 3years) (Ting et al 2006) and current dose of metformin
use (Ting et al 2006; Sorich et al 2008). One randomized trial over 52 months with
metformin performed by Jager et al reported that metformin-related vitamin B12
reduction is progressive over time (de Jager et al 2010). Ting et al have also reported
that an increasein 1gram/day dose of metformin significantly rises therisk of vitamin
B12 deficiency by more than 2 times and that of vitamin B12 insufficiency (150-220
pmol/l) by amost 4 times (Ting et al 2006). Sorich et al have reported “a significant
negative correlation” between current metformin dose and vitamin B12 level (r=-0.27,
p=0.02)(Sorich et al 2008). Furthermore, the randomized controlled trial of Jager et al

have reported the number needed to be treated for both Vitamin B12 deficiency and
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insufficiency being 13.8 per 4.3 years (95% CI 43.5 t0 8.3) and 8.9 per 4.3 years (95%

Cl 21.7 to 5.6)respectively(de Jager et al 2010).

The use of metformin for lessthan 6 months has been found in two randomized studies.
Sahin et al studied the effect of metformin on Vitamin B12 level in type 2 diabetes
over 6 weeks period where 850 mg bd per day of metformin was offered to newly
diagnosed type 2 diabetes patients (Sahin et al 2007). Although the study showed
clinically significant change in Vitamin B12 level (mean difference -20.2 (-5.3 to -
45.7) pmol/l, it failed to prove statistical significance (p=0.119)(Sahin et al 2007).
Another randomized study of high dose metformin (mean dose 2163 mg/day) over 16
weeks done by Wulffele et al demonstrated significant reduction in Vitamin B12
level[mean change -14(-4.2 to -24 pmol/l) (p<0.0001)] (Wulffele et al 2003). Although
studies have ailmost invariably reported metformin-induced fall in vitamin B12 level,
clinical reports of vitamin B12 deficient neurological and haematological disordersare

rare.

In addition to dose and duration of metformin, there are also other risk factors related
to metformin-induced Vitamin B12 deficiency. Ting et al reported that being
vegetarian increases the odds of metformin-induced Vitamin B12 deficiency and
insufficiency athough the reported confidenceinterval iswide (OR 16.2(95% CI 1.69,
154)) (Ting et al 2006). Moreover, it is found that 10-yr increment in age is
significantly associated with both B12 deficiency and insufficiency with the odds of
1.36 (96% 1.08-1.69) and 1.6 (1.24 to 2.04) respectively. The effect of H2 receptor
blockers, proton pump inhibitors and antibiotics on the reduction of B12 level is still
controversial(Ting et al 2006; Sorich et al 2008; Tomkin et al 1971). In fact, the

prevalence of vitamin B12 deficiency related to reduced dietary intake in type 2

24



diabetes population who are not exposed to metformin is as high as ailmost 50% and
half of these patients could be corrected with oral vitamin B12 over 3 months (Jawa et

al 2010).

At the same time, the use of metformin in type 2 diabetes is also associated with rise
in plasmatotal homocysteine (tHcy) level and fall in folate level although the evidence
has not yet been confirmed (Sahin et al 2007; Wulffele et al 2003; Pongchaidecha et
al 2004). Jager et al found that metformin related folate reduction is dependent of body
mass index and smoking status(de Jager et al 2010). The changein tHcy in metformin-
treated type 2 diabetesis both vitamin B12 and fol ate dependent (Wulffele et al 2003).
Kilicdag and colleagues have also found that metformin-induced rise in tHcy level
could be counteracted by B group vitamins (vitamin B1, B6 and B12) and folic acid
(Kilicdag et al 2005). Recently, Rowan and her group have aso reported that short-
term use of metformin in GDM women is associated with reduction in serum vitamin
B12 levels. In summary, metformin is understood to be progressive decrease in

vitamin B12 whereasits effects on folate and homocysteine are still | eft to be justified.
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1.3 Micronutrientsin Pregnancy

1.3.1 Vitamin B12

Vitamin B12 (Cobalamin) is water-soluble essential vitamin and it was recognized in
the late 1940s (Depeint et al 2006). It contains cobalt ring and is synthesized only by
bacteriaor microorganisms. It presentsin threeformsin the diet as adenosylcobalamin
(coenzyme B12), hydroxycobal amin and methylcobalamin. All three forms are found
in meat and fish, especially liver, while dairy products have mostly hydroxycobal amin.
Strict vegeterians are required to take it as a regular supplement. It is commercialy
available as cyanocobalamin which is then coverted to hydroxycobalamin and
methylcobalamin. The daily requirement is very trivial (1-2ug/day) for a normal adult
and increased to 2.6 ug/day during pregnancy. It can be stored in the liver adequately

for 6 years and thus, deficiencies are rare.
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1.3.1.1 Digestion, Absorption and Transport of Vitamin B12

An overview on vitamin B12 transport isillustrated in Figure 1.5. Firstly, cobalamin
(Chl) digestion begins in the stomach where pepsin helps releasing it from dietary
protein in the acidic environment(Depeint et al 2006; Andres et al 2004). It then binds
to sdivary R binder which transports it to the small intestine. There, pancreatic
enzymes digest the binder and it is then transferred to stomach-derived intrinsic factor
(IF), forming IF/Chl complex. With the help of specific IF receptor or cubilin, the
complex then enters into the enterocyte by endocytosis. After that, it is dissociated in
the lysosomes and the free Chl is bound to newly synthesized transcobalamin 1l (TC
[1) which carriesit to the portal system. In the liver, the TCII/Cbl complex enters by
endocytosis by TCII specific receptor action and then it is freed again by proteolytic
digestion in thelysosomes and endosomes. Cobal amin rel eased to the cytosol isreadily
converted to methylcobal amin by methionine synthase reductase. The mechanism how
vitamin B12 is transported to the mitochondriais still unknown. In the mitochondria,
Chl isreduced by reductase and is then transformed by adenosyl transferase and ATP
to adenosylcobalamin which subsequently binds to methylmalonyl-CoA mutase
(MMCoAM) as a coenzyme. Methylcobalamin, bound to transcobalamin | (TC 1) or
haptocorrin, are also released into the plasma and delivers to other peripheral tissues
viaasialoglycoprotein receptors. In the blood, 60-80% of Chl are found in the form of
methylcobalamin and 20% in adenosylcobalamin whereas 70% of Cbl in the liver
represents adenosylcobalamin  with 5% methylcobalamin(Bender 2003). Any
physiological or pathological abnormalities in the function of gastrointestinal tract or
plasma transport system can lead to diseases due to vitamin B12 deficiency. E.g.

pernicious anaemia in the elderly due to impaired absorption and inborn error of
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cobalamin metabolism due to defect in mitochondria cobalamin binding protein(Ball

2004D).

Figure 1.5 Overview of vitamin B12 digestion, absorption and transport (Figure
taken from www.b12g.org/book/export/html/1291)
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1.3.2 Folic acid

In the late 1930s, folic acid was discovered as vitamin necessary to reduce anaemia
during pregnancy. It is not synthesized in the body. Folates are available in the diet as
2 forms: dietary folates — from green leafy vegetables, eggs and legumes and fortified
folates. Deficiency can result from poor nutritional intakes or malabsorption or high
metabolic demands in conditions like pregnancy or anti-folate chemotherapy (e.g.

methotrexate) (Ball 2004a).

Table 1.2. Daily requirement of folates in different age groups (adapted from Bailey
et al 1999)

Group Recommended Daily
Allowance (ug/day)

Children and adolescents

1-3 150

4-8 200

9-13 300

14-18 400

Adults

>19 400

Pregnant women

All ages 600

Lactating women

All ages 500

The daily requirement of folates in different age groupsis shown in Table 1.2. These
estimates are required to maintain normal red blood cell (RBC) folate levels. RBC
folates are indicators of liver and other tissue storage of folates(Bailey et al 1999).
Folates in the body function as a one-carbon (1C) carrier, required for methylation
reactions which are important for deoxyribonucleic acid (DNA) synthesis and repair
and gene expression. During pregnancy, adequate folate intake is vital for normal

growth and development of fetus throughout gestation. Folate deficiency in pregnancy
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can result in megal oblastic anaemia, neural tube defects and low birth weight infants

(Depeint et al 2006).

1.3.2.1 Digestion, absorption and transport of folates

Folates in the diet are usually bound to polyglutamate proteins which need to be
converted by proteases to monoglutamate forms before absorption in the proximal
jeiunum (Depeint et al 2006). Then, monoglutamates are transported to liver by H™ co-
transporter intheliver and folate receptor in other cellsand mitochondria(Ball 20044).
Oncein cytosol and mitochondria, they are elongated so that they can retain inside the

cell.

1.3.3 Understanding cellular functions of Vitamin B12 and Folates

General overview of interaction of vitamin B12 and folates as a methylation reaction

was given in Figure 1.5.

In the cytosol,

Vitamin B12 and fol ate play indispensiblerolesin one-carbon transfer pathway, which
is important for DNA methylation and repair. Folate in the form of tetrahydrofolate
(THF) plays as a carrier of 1C group from methy donars like serine inside the cell
whereas vitamin B12 as methylcobalamine plays a cofactor in methyl group transfer.
Thereaction involves conversion of homocysteine to methionine by transfer of methyl
group from methyltetrahydrofolate (MTHF) to the former, catalysed by methionine
synthase (MS)(Kalhan 2009; Sardesal et al 2011). Methionine is subsequently
converted to the active form called s-adenosylmethionine (SAM-e) which then passes
over methyl group to methyl acceptor, required for “DNA methylation and gene

expression” (Saravanan et al 2010). At the sametime, demethylated MTHF/5-THF (5-

30



tetrahydrofolate) is remethylated back to form 5,10-methyltetrahydrofolate (5,10-
MTHF) by the transfer of methyl group from deoxyuridine monophosphate (dUMP)
and finally 5,10-MTHF is converted by 5,10-MTHFR to 5-MTHF, areadily available
methyl donar for methionine formation. Meanwhile, the demethylated dUMP also is
also transformed to deoxythymidine monophosphate (dTMP) which is important for
nucleic acid formation and DNA repair (Sardesal et al 2011; Saravanan et al 2010;
Nielsen et al 2012). Alternatively, either of functional vitamin deficiency can reduce
methylation potential inside the cell and can impair one-carbon transfer, leading to
hyperhomocysteinaemia, poor cardiovascular risk factor and “DNA hypomethylation
and altered gene expression”, contributing to “foetal programming”(Yajnik et al
2008). It has been reported that there is increased intracellular cholesterol
accumulation in vitamin B12 deficiency due to hypomethylation and increased
expressions of sterol regulatory element binding factor-1 (SREBF1), low density
lipoprotein receptor (LDLR) and other cholesterol biosynthesis enzymes

(Adaikalakoteswari et al 2015).
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Figure 1.6 Model of vitamin B12 deficiency on cellular insulin resistance (taken from
Saravanan P, Ygnik CS. 2010 in The British Journal of Diabetes and Vascular
Disease)

dTMP = Thymidine monophosphate, dUMP = deoxyuridine monophosphate, TS =
thymidylate synthase;, MTHF = methyl tetrahydrofolate;MTHFR = methylene
tetrahydrofolatereductase; DHF = dihydrofolate; THF = tetrahydrofolate; MS =
methionine synthase; SAH = S-adenosylhomocysteine, SAM-e = S-adenosyl
methionine; R = methyl acceptor; R- = methylated compound; MM-CoA =
methylmalonyl-CoA mutase; CPT1 = cartinine pamitoyltransferase-1
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In the mitochondria,

Vitamin B12 as adenosylcobalamin

Folates in the mitochondria are important for mitochondrial protein biosynthesis as
well as glycine and serine cycling, both of which are important amino acid for purine
and pyrimidine synthesis (Ball 2004b). At the same time, vitamin B12 plays as a
coenzyme bound to MMCoAM for the synthesis of succinyl-CoA from
methylmalonyl-CoA (MMCoA). MMCoA is converted from the propionyl-CoA
which is a 3-carbon glucogenic fatty acid, end-product metabolites of methionine,
valine, isoleucine or odd-chain fatty acids oxidation. The oxidation of long-chained
fatty acidsis initiated in the cytosol and then enters mitochondria as fatty-acyl CoA
with the help of carnitine palmitoyltransferase | (CPT 1), which is arate-limiting step
for fatty acid degradation and usually inhibited by high levels of malonyl-CoA. Once
in mitochondria, they are then degraded to acetyl CoA and propionyl CoA. Propionyl
CoA, is carboxylated to methylmaonylCoA which requires vitamin B12 to convert
to succinyl-CoA (Sardesai et al 2011; Saravanan et al 2010; Nielsen et al 2012).
Succinyl-CoA is an essentia substrate for Tricarboxylic acid (TCA) cycle, an energy-
generating cycle. In a state of B12 deficiency, MMCoA is pooled to form
methylmaloic acid (MMA). MMA is structurally similar to malonyl CoA, which
imitates malonyl CoA at CPT | level, thereby, interfering with fatty acyl Co A transfer
and B-oxidation (Zierz et al 1987). Accumulation of fatty acyl CoA in the cytosol is
diverted into extra mitochondria lipid pathways producing lipid esters (e.g.
diacylglycerol) and releasing metabolic stressors (e.g. reactive oxygen species) which
provoke insulin resistance in liver and periphera tissues (Ruderman et al 2006).

However, the data of vitamin B12 deficiency on mitochondria is still limited. It is
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stated that vitamin B12 isimportant for coenzyme Q biosynthesis, which is important
for mitochondria respiratory function (Ball 2004b). Therefore, it would be of worth

presumption that mitochondria function might be impeded in vitamin B12 deficiency.

In addition to its involvement in insulin resistance, vitamin B12 is also important for
optimal neuronal function in the sensethat the aggregated MM CoA substitutestherole
of malonyl CoA in fatty acid synthesis which is essential for generation of nervous
tissue, resulting in impaired adaptability of neuronal function (Saravanan et al 2010).
Moreover, the accumulated MMCOoA, which is converting backwards to propionyl
CoA (3-carbon CoA) may favour formation of odd-chain fatty acids, which aso
interferes with cell membrane integrity if being incorporate into membrane
phospholipid synthesis (Sardesai 2011) By these means, B12 is indispensible for
stabilization of myelin sheath membrane. There is also evidence that the aggregated
MMCoA substitutes MMA in fatty acid in neuronal membrane and interferes with

neuronal integrity and adaptability (Ball 2004b).

It has already mentioned that in B12 deficiency, homocysteine can be accumulated.
High homocysteine level during pregnancy could probably be an explanation for
insulin resistance in GDM (Guven et al 2006; Seghieri et al 2003). Homocysteine is
“athiol (SH)-containing amino acid”’, one of which pathways includes conversion to
essential amino acid, methionine, by going through methylation reaction with the
acceptance of methyl group from folate with the help of coenzyme vitamin B12(Hague
et al 2003). As mentioned above, methionine acts as a methyl donor, transferring its
methyl group to “methylated acceptors’, that involves in DNA synthesis. High
homocysteine level in pregnancy has been well-established as being responsible for

neural tube defects, pre-eclampsia, and placental vasculopathy with its related early



pregnancy loss and abruptio placenta. Similar to its association with GDM, high
homocysteine level is aso found to be related to insulin resistance in polycystic ovary
syndrome (Schachter et al 2003) and insulin resistance syndrome (Meigs et al 2001).
Any disturbance in metabolism of homocysteine including B-group vitamins and

folate deficiency as well as enzyme defect could result in high homocysteine level.

1.3.4 Transgenerational impact of vitamin B12 deficiency

The possible mechanisms how maternal B12 |level relatesto the long-term risk of B12-
related metabolic diseases in offspring have been reviewed by Yanik et al (Yanik et
al 2008) (Figure 1.6). They have explained that this may occur through either “foetal
programming” or shared dietary pattern between mothers and offspring. If maternal
vitamin B12 is not enough to supply methyl group for cellular differentiation of the
embryo, it may interfere with protein synthesis, resulting in lower lean body mass. At
the same time, disturbance in fatty acid synthesis may lead to unfavourable lipid
distribution in offspring of B12 deficient mothers. Moreover, there is also evidence
that newborn’s B12 and homocysteine level defined by cord blood at birth is strongly
predicted by maternal vitamin B12 level at |abour (Guerra-Shinohara et al 2002). After
birth, the newborns tend to share the same dietary pattern with their mothers and
subsequently, they may havelow B12 levels. Their low B12 levelswill determinetheir
body composition of adipose tissue. Therefore, like their moms, newborns of B12

deficient mothers are at risk of being fat.

In accordance with their explanations, Y agnik and his co-workers have aso reported
that newborns of B12 deficient high homocysteine mothers tend to be at risk of lower
birth weight at birth (Y ajnik et |a2005) and at 6 years more insulin resistant than their

B12 sufficient comparators (Y anik et al 2007). Theincreased materna MMA level is
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found to have significant association with central fat deposition and impaired glucose
tolerance of offspring at 6 years of age (Yanik et al 2007). The highest insulin
resistance in the 6-year-olds was found in those with maternal lowest B12 but highest
folate tertiles (Yanik et al 2008). This group has also reported that low maternal B12
could have risks on offspring’s’ memory and attention span (Bhate et al 2008). It is
evident that maternal B12 levels may influence not only foetal body composition but

also neuronal function.

1.3.5 Impact of Low Vitamin B12 High Folates conditions

During pregnancy, there is high demand of B12 and folate for methylation reaction
and DNA synthesis. Reduction in neural tube defects by folic acid supplementation
has |led to fortification of food in US since 1997. A decade later, it was found that high
folate levels particularly in the state of vitamin B12 deficiency are associated with
increased homocysteine and methylmalonic acid levels and increased incidence of
anaemia and neurological impairment in the elderly (Selhub et al 2007; Ralph et al
2005; MacFarlane et al 2011). High folates are not normally recommended to pregnant
women during pregnancy. However, in some cases like diabetic pregnancy which is
highly associated with neural tube defects and in some countries where dietary folate
deficiency are common, high folates of 5mg are given to pregnant women. So, in
pregnancy folate deficiency israrely seen. In fact, both folic acid and vitamin B12 are
responsible for optima development of neural tube (Kirke et al 1993). High
homocysteine level could be implicated in B12 deficient mothers, even in adequate

folate supply (Y anik et al 2008).

As mentioned above, it is common to see pregnancy with low B12 and high folate

states. During the past few years, there have been reports on impact of low B12 high
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folate states on pregnancy outcomes. The interaction of folate level in B12 deficient
pregnant women is found to have positive relationship with Homeostasis Model
Assessment (HOMA) insulin resistance whereas the significant reverse relation is
observed in non-deficient mothers (Krishnaveni et al 2009). Similarly, it has been
reported that high folates low vitamin B12 states during pregnancy can increase the
risk of infants with small-for-gestational-age (SGA) and low birth weight (LBW)
(Dwarkanath et al 2013; Gadgil et al 2014). Moreover, this imbalance can aso
increase the incidence of gestational diabetes mellitus in mothers (Krishnaveni et al
2009). This might be due to the detrimental effect of B12 deficiency implicated high
homocysteine level although the study failed to report homocysteine level. This
association has been found to be obesity-related. However, this cross-sectiona study
was not able to establish the causal role of B12 deficiency in GDM. Recently,
Krishnaveni and her group have found higher insulin resistance in the adolescent
offspring born from mothers with higher folate concentrations, but not vitamin
B12(Krishnaveni et al 2014). Thus, it should be noted that although folates are
essential in pregnancy, high folate intakes can have detrimental effects on pregnancy
outcomes, especialy in the presence of vitamin B12 deficiency. The question of
whether high folate or low vitamin B12 or combination can have these adverse

outcomes are still controvertial.

1.3.6 Vitamin B12 deficiency and insulin resistance in clinical studies

It issuggested that the considerably higher diabetic risk of GDM in South Asians could
be related to increased adipose tissue composition, compared to their European
counterparts (Barnett et al 2006). A study on comparison of body fat composition in

multi-ethnic UK children has showed that despite lower BMI in South Asians, their
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proportion of adiposity, determined by skin fold thickness and waist circumference, is
found to be significantly higher than the White (Nightingale et al 2011). This excess
fat composition nature of South Asians could be explained by B12 insufficiency
(Yanik et al 2008). Owing to the lack of B12-abundant food such as meat and milk in
their regular meal, the South Asians are found to have lower B12 level than the

Europeans (Chambers et al 2000).

Similarly, acomparison study of insulin sensitivity among different ethnic groups has
reported that insulin resistance is higher in South Asians and Asians in comparison to
their Caucasian counterparts(Retnakaran et al 2006). In this study, it has also been
found that being South Asian is modestly associated with pre-pregnancy body mass
index (BMI) in contrast to strong relationship between other Asian population and
their pre-pregnancy BMI, suggesting that ethnicity is an independent risk factor
modulating insulin resistance among this population(Retnakaran et al 2006). In
consistency with this finding, level of insulin-sensitizing protein, adiponectin, was
found to be decreased in South Asian population(Retnakaran et al 2004). Similarly,
Moore et al observed greater proportion of metformin-treated GDM necessitating
additional insulin in Hispanic ethnic group (Moore et al 2010; Moore et al 2007). At
the same time, another study has reported that Hispanics have lower B12 than
neighbour matched non-Hispanic White despite being non-vegetarians (Kwan et al
2002). Therefore, it could be concluded that relation between ethnicity and insulin
resistance might probably be, at least in part, mediated through vitamin B12

deficiency.

1.3.7 Vitamin B12 deficiency and Lipid Metabolism
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It has been reported that vitamin B12 deficiency is associated with impaired lipid
metabolism. There are also a number of reports from clinical studies that there is
significant association between vitamin B12 deficiency and dyslipidaemia
(Adaikalakoteswari et al 2014). Recently, an adipocyte cell culture study has found
that vitamin long-term vitamin B12 deficiency increased intracellular cholesterol
biosynthesis by reducing s-adenosylmethionine (AdoMet) to s-adenosylhomocysteine
(AdoHcy) ratio and thereby, modifying the expression levels of SREBF1 and LDLR
by hypomethylation (Adaikalakoteswari et al 2015). They have also reported the
negative correlation between serum vitamin B12 levels and total cholesterol, LDL
cholesterol and cholesterol to HDL ratio in both pregnant and non-pregnant population
(Adaikalakoteswari et al 2015). Similarly, the clinical studieslooking at vitamin B12
levels and lipid profiles among patients with history of coronary artery disease and
type 2 diabetes have reported the same observation that vitamin B12 deficiency was
associated with higher triglyceride levels and cholesterol to HDL ratio
(Adaikalakoswari et al 2014). At the same time, Koplay and his group have also
reported that low serum vitamin B12 levels were significantly associated with higher
risk of non-alcoholic fatty liver disease and vitamin B12 deficiency could induce high
gradeliver steatosis (Koplay et al 2011). However, thereisno molecular study looking
at how vitamin B12 deficiency in the liver can give rise to fatty liver disease. Based
on the evidence from adipocyte study, one of the possible mechanisms could be
through hypo-methylation. A recent study of vitamin B12 supplementation to wistar
rats during pregnancy has suggested that there is increased plasma triglyceride levels
in offspring of vitamin B12 supplemented rats with decreased eicosapentaenoic
acid(EPA) content in the liver (Khaire et al 2015). It is reported that EPA regulates

triglyceride metabolism by regulating key enzyme involved in triglyceride synthesis.
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It issuggested that the pathway could occur through AMPK signalling pathway, which

could be another interesting area to explore the mechanism behind how vitamin B12

deficiency contributes to dydlipidaemia.

To explore the possible mechanisms behind, it is first important to understand the

regulation of lipid metabolism in the body.

40



1.4 Lipid metabolism

1.4.1. Transport of Lipidsin the body

Lipids are important for normal physiologic function in the body not only by serving
as energy storage and production but also as cell membrane stabilizer as well as
precursors for bile acids and hormones biosynthesis (Nguyen et al 2008). Being
insoluble in the blood, they are packaged into lipoproteins to travel in the circulation
from their site of synthesis or absorption to the sites of utilization. Lipoproteins contain
cholesterol ester and triglyceride in the core which are coated by hydrophilic particles
such as apolipoproteins (apoB, apoC and apoE), phospholipids and free cholesterol
(Kingsbury et al 2003). Apolipoproteins serve a number of functions including
receptor binding and enzyme activation (e.g. lipoprotein lipase (LPL) by apoC-II
which eliminate triglyceride from lipoproteins) and maintaining the structural integrity
of lipoprotein particles. There are two main types of lipoprotein in the blood: HDL
containing apoAl and non-HDL containing apoB48 or apoB100. Moreover,
depending on sources of lipids, density and lipid components, they can be sub-divided
into 5 different classes. chylomicrons, very low density lipoprotein (VLDL),
intermediate density lipoprotein(IDL), low density lipoprotein(LDL) and high density
lipoprotein (HDL) (Table 1.7). LDL and chylomicrons are main carriers of triglyceride
in the blood whereas LDL is mgor contributor of plasma cholesterol levels (Adeli et

al 2001; Baltimore et al 1999).
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Table 1.3. Classification of Lipoprotein in Human Plasma (Baltimore MD Manual of
Lipid Disorders: Reducing for Coronary Heart Disease 1999; 2-10.)

Chylomicron TG ApoB-48 Exogenous — from intestine
to liver

VLDL TG ApoB-100 Endogenous — from liver to
peripheral tissues

IDL/LDL CE ApoB-100 Endogenous — from liver to

peripheral tissues

HDL Protein ApoA-I Reverse cholesterol —from
peripheral tissuesto liver

There are three major lipid transport pathways within the body, namely the exogenous
pathway, the endogenous pathway and the pathway of reverse cholesterol transport
(Kingsbury et al 2003) (Figure 1.8). The exogenous pathway includes dietary lipids
which are packaged into chylomicrons by coating with apoB48, produced from
intestinal cells, and are carried in the lymphatic circulation to the utilization sites. The
endogenous pathway contains lipoproteins produced within the liver. Liver produces
triglycerides and chol esterols from plasma non-esterified fatty acid (NEFA) pools and
from Acetyl CoA (de novo lipogenesis). Some of them are stored in the liver cytosolic
lipid pools whereas some are then packaged with apoB100 to dissolve in the
circulation and are carried to the peripheral tissues. The reverse cholesterol transport
hel ps removing cholesterol deposits at the periphery by taking them back in the form
of HDL to theliver for clearance. Thus, any defect of the pathways including enzymes
like lipoprotein lipase (LPL) — responsible for taking up of triglycerides by peripheral
tissue or abnormal apolipoprotein production can result in blood dyslipidaemia(Adeli

et al 2001).
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Figure 1.7. Overview of Lipid Transport in the body (Figure taken from internet

available at http://www.clinbiochem.info/studentlipidsl.html)
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1.4.2. Roleof liver in blood lipid regulation

The liver plays a central role in lipid metabolism. The balance between insulin
sensitivity and fatty acid availability in the cytosol maintains the intrahepatic lipid
composition and, when the influx of lipids are more than the efflux, lipid accumulation
inliver (steatosis) develops(Tessari et al 2009). The sources of lipidsin theliver come
from adipose tissue lipolysis contributing to plasma NEFA pools, dietary lipids and de
novo lipogenic particles. Their efflux mechanism includes oxidation and VLDL

secretion.

1.4.2.1.Liposynthesis, de novo lipogenesis and VLDL assembly and secretion

Liver takes up triglyceridesin the circulation viahydrolysis by hepatic lipase (HL) and
LPL enzymes whereas LDL cholesterol remnants are endocytosed by specific LDL
receptor (LDLR) on the surface (Nguyen et al 2008). Freefatty acids (FFA) (activated
as fatty acyl CoA) from NEFA pools are esterified with glycerol (activated as alpha-
glycerophosphate [a-GP]) by glycerophosphate acyltransferase (GPAT). GPAT gene
transcription and activity are stimulated by insulin and nutritional status, while
glucagon inhibits it. The esterification and lipoprotein synthesis are activated by FFA
flux to the liver. Moreover, the internalized LDL cholesterol are hydrolysed in the
lysosomal enzymes for further usage in bile acid production and membrane

phospholipid synthesis.



Figure 1.8. An illustrative model of hepatic glycolytic and lipid pathways. All the
enzymesin the figure are induced at transcriptional levels by a high-carbohydrate diet
through ChREBP and SREBP transcription factors (the known transcription factors
and their regulated genes are described at the bottom). (Figure taken from Foufelle F
et al. Biochem J 2002 Sep 1; 366(Pt2):377-91)
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De novo lipogenesis

In humans, liver is the major organ for de novo lipogenesis (Kersten 2001). Glucose
entersinto hepatocyte by the help of facilitated glucose transporter (GLUT2) whichis
a high capacity low affinity glucose transporter. Once in the cell, it is converted to
glucose-6-phosphate (G6P) by glucokinase(GK), which isthe rate-limiting enzymefor
further glucose utilization (Figure 1.9). Then, G6P binds to carbohydrate responsive
element binding protein (ChREBP) which regulates genes involved in glycolytic and
lipogenic pathways such as pyruvate kinase(PK), FAS and ACC by binding to glucose
or carbohydrate-response elements(ChoRE) on the promotor region of the target
genes. ChREBP is aso an essentia link between carbohydrate and lipid metabolism
(Raddatz et al 2011). Sterol regulatory element binding factor/protein-1c
(SREBF1c/SREBPI1c) is adso another transcriptional factor which regulates
triglyceride synthesis and capacity of storage inside the liver (Horton et al 2002).
SREBP are normally resided in endoplasmic reticulum (ER) and they control fatty acid
metabolism by integration of signals from different pathways (Figure 1.10). They are
stimulated when intracellular lipid levels are low (SREBP1c and SREBP2
preferentially for triglyceride and cholesterol biosynthesis respectively). Low
cholesterol levels are initially sensed by SREBP cleavage-activating protein (SCAP)
which subsequently transports SREBP from ER to Golgi apparatus. The
SERBP/SCAP complex is then cleaved by two proteases, Site-1 protease (S1P) and
Site-2 protease (S2P), releasing NH>-terminal domain of basic helix-loop-helix-
leucine (bHLH-Zip) region from the membrane. The newly synthesized bHLH-Zip
domain translocates to the nucleus where it binds to sterol response elements (SRES)
in the promotor regions of various target lipogenic enzymesincluding PK, FAS, ACC,
Stearyl-CoA (SCD) and 3-Hydroxy-3-Methylglutaryl-CoA Reductase (HMGCR).
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Apart from GK which is only under insulin control, all other genes involved in
glycolytic and lipogenic pathways can be induced by both insulin and glucose
(Raddatz et al 2011). As mentioned above, insulin enhances de novo lipogenesis by
activation of glucokinase and SREBPs. Of these, ACC and HMGCR are rate-limiting

enzymes in triglyceride and cholesterol synthesis respectively (Nguyen et al 2008).

Figure 1.9. Anillustration of how SREBPs are rel eased from endoplasmic

reticulum(ER). (Taken from Horton JD. J. Clin Invest. 2002. 109:1125-1131)
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De novo lipogenesis is initiated with acetyl CoA formation from pyruvate by L-
PK(Foufelle et al 2002). Then, under the insulin control, acetyl CoA is carboxylated
to malonyl CoA which further undergoes triglyceride synthesis while it is converted
to Hydroxy-3-Methylglutaryl-CoA (HMG-CoA) by Hydroxy-3-Methylglutaryl-CoA
Synthase (HMGCR), both of which are in independent of FFA (Figure 1.9). ACC is
bidirectional enzyme which regulates FFA partitioning between oxidation and
lipogenesis at the availability of malonyl CoA. Under theinsulin control, malonyl CoA
accumulation favours FFA towards esterification and triglyceride production while
inhibiting fatty acid beta-oxidation (B-oxidation) by blocking the activity of
mitochondrial fatty acyl transporter, carnitine pal mitoyltransferase-1 (CPT-1)(Kersten
et al 2001). By contrast, glucagon enhances PB-oxidation and ketogenesis by
stimulating CPT-1 activity. On the other hand, the overflow of FFA to liver, e.g.
diabetic ketoacidosis, can saturate both pathways denoted by combined
hyperlipidaemia and hyperkitonemia. After esterification, the newly synthesized FFA
molecule are elongated by FA S and the resultant palmitoyl-CoA isdesaturated by SCD
to pamitoleyl CoA, both of which are under insulin control(Nguyen et al 2008). At
the same time, HMG-CoA in cholesterol biosynthetic pathway is further reduced by
HMGCR, forming mevalonate. Mevalonate is then eventually converted to cholesterol
by the action of farnesyl diphosphate synthase and squal ene synthase. All the enzymes
described above in cholesterol biosynthesis are under SREBP2 control. Interestingly,
the SERBPs stimulation by insulin can be observed in states of marked insulin
resistance and thereby favouring de novo lipogenesis(Foufelle et al 2002; Adiels et al
2008). The other transcription factors involved in de novo lipogenesis includes
peroxisome proliferator-activated receptors-gamma (PPAR-y) stimulated by SREBP-

1c activation and newly discovered regulatory protein Spot 14 (S14) stimulated by
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high-carbohydrate diet and thyroid hormone. Interestingly, it has been reported that
only a small part of tota triglyceride synthesis in liver is affected by de novo
lipogenesis in humans (Postic et al 2008). However, whether this pathway is
profoundly affected in the state of insulin resistance is still an arearequired for further

exploration.

1.4.2.2.Lipid transport

The newly synthesized lipids are then exported out of liver by binding to ApoB100
(Adeli et al 2001). Increased FFA and TG levels and mitochondrial transfer protein
(MTP) stimulate ApoB biosynthesiswhereasinsulininhibit it. MTPinitiates lipidation
of nascent apoB molecule and further enhances the assembly of apo-B containing
lipoproteins by catalysing the transfer of lipids from triglyceride rich droplets in

smooth endoplasmic reticulum to nascent Apo-B particle.

1.4.2.3. Lipid oxidation

The oxidation of non-esterified acyl-CoA occurs in mitochondria, peroxisomes and
microsomes in liver (Nguyen et al 2008). Oxidation of very long chain fatty acids
occur in peroxisome and microsomes whereas mitochondria is responsible for
oxidation of short, intermediate and long fatty acids. The lipid oxidation is regulated
in the liver by the bal ance between fatty acid supply (from lipolysis of adipocytes) and

the rate of lipid oxidation and esterification by microsomes.

Intramitochondrial oxidation of fatty acidswith morethan 14 carbon requires carnitine
parmitoyl transferase | (CPT-I) enzyme because mitochondrial matrix lack the Acetyl-
CoA synthetase (ACS) enzyme responsible for activation of these fatty acids. CPT-I

isagain negatively controlled by mitochondrial malonyl-CoA levels, which isthefirst
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intermediate of de novo lipogenesis, catal yzed by acetyl coA carboxylase (ACC) under
the control of insulin (Postic et al 2008). When there is intracellular negative energy
balance and low malonyl CoA levels, fatty acyl CoA from plasma non-esterified fatty
acid pools are carried into mitochondria with the help of the transporter, CPT I, for
beta-oxidation. Once in mitochondria, they are converted to malonyl CoA and then to
succinyl CoA, an essential intermediate of krebs citric acid (KCA) energy cycle.
Finally, succinyl CoA enters into the KCA cycle and energy is released. CPT-1 can
also be regulated by methylmalonyl CoA(MM CoA) which isthe product of odd chain
fatty acid oxidation and requires vitamin B12 for conversion to succinyl CoA(Nguyen
et al 2008). Thus, in case of vitamin B12 deficiency, MM CoA is accumulated and

inhibits CPT-1 and impairs fatty acid oxidation.

Peroxisomal and microsomal fatty acid oxidation is much similar to mitochondrial
oxidation(Nguyen et al 2008).However, they produces less ATP-energy than
mitochondria because they do not have electron transport chain. Microsomes have
cytochrome P450 CYP4A w-oxidation system which allows them to hydrolyse very
long chain fatty acids into much shorter fatty acids which are preferred substrate for
peroxisomal oxidation. Then, the products of peroxisomal oxidation enter into
mitochondria for further oxidation. When there is fatty acid overload, these three

systems work co-ordinately to regulate fatty acid metabolism inside the liver.

1.4.2.4.Hepatic glucose output

Liver alsoinvolvesin glucose production by glycogenol ysis and gluconeogenesisfrom
non-carbohydrate precursors such as lactate and glycerol(Raddatz et al 2011).
Glucose comes mainly from glycogenolysis within 2-6 hours of meal while

gluconeogenesis mainly contributes to blood glucose levels during prolonged fasting.
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The enzymes controlled gluconeogenesis are phosphoenolpyruvate carboxykinase
(PEPCK), fructose-1,6-biphosphatase(FP2ase) and glucose-6-phosphatase(G6Pase)

which areinhibited by insulin and stimulated by glucagon or glucocorticoids.

1.4.25.Insulin signalling

Insulin signalling is initiated by binding of insulin to its cell surface receptor (Kim et
al 2010). The insulin receptor complex then activates tyrosine kinase activity which
phosphorylates subsequent downstream molecule, insulin receptor substrates (IRSs),
such asIRS-1 and IRS-2. The stimulated IRSs |ead to the docking of phosphoinositol-
3 kinase (PI-3K) (p85-p110) which further phosphorylates Akt. The phosphorylated
Akt subsequently phosphorylates and inhibits the activity of glycogen synthase kinase

(GSK) which blocks glycogen synthase for glycogen synthesis.

As we have described above, normal liver function is very important for lipid
metabolism as it plays central role in the regulation of blood lipid levels. At the same
time, vitamin B12 deficiency has possibility of contribution to insulin resistance and
blood dyslipidaemia. There are very limited number of studies looking at mechanism
behind vitamin B12 deficiency and abnormal lipid metabolism. It would be of great
valueif the possible cellular mechanism of vitamin B12 deficiency isfully established

in the devel opment of vitamin B12 supplementation strategy.

In summary, the role of metformin in GDM is increasing. However, metformin can
reduce vitamin B12 levels, even given for short term period of metformin
administration. Vitamin B12 is an essential micronutrients during pregnancy and it
functions in close relationship with folates. Moreover, there is evidence that vitamin

B12 deficiency can induce insulin resistance and dydlipidaemia. Thus, it was
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hypothesized that if vitamin B12 is deficient in the cell, metformin cannot function at

itsfull potential.
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1.5 Thesis Aims and methods

The thesis ams to explore factors influencing the efficacy of metformin in the
treatment of GDM and the role of micronutrients, particularly vitamin B12, in
treatment failure. It comprised of a systematic review, clinical and cell culture studies
to evauaterole of metforminin GDM, factorsinfluencing its efficacy and mechanisms

by which vitamin B12 deficiency interferes with metformin study.

Systematic review

e To evauate efficacy and safety of metformin in the treatment of GDM

Clinical studies

e Toidentify maternal characters of metformin failurein GDM
e Toinvestigate the association between vitamin B12, folate & homocysteine
with the pregnancy outcomesin GDM

Laboratory study

e To explore the mechanisms by which B12 deficiency interfere with

metformin action in hepatocytes
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Figure 1.10. An overview of PhD thesis
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CHAPTER 2

EVALUATION OF METFORMIN IN GESTATIONAL DIABETES:

SYSTEMATIC REVIEW AND META-ANALYSIS

(STUDY 1)
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2.1 Introduction

GDM is the commonest medical disorder in pregnancy and the prevalence would be
tripled if the new IADPSG guidelines are introduced and can be up to 25%(Duran et
al 2014; Cundy et al 2014). Moreover, the prevalence of GDM women has aso been
increased by 64% in the past 2 decades, most possibly due to increasing maternal
obesity and aging mothersat first pregnancy (Duran et al 2014). Thus, it could be well-
expected that the percentages of GDM will be booming up in next couple of years.
Currently, clinical emphasis is on the achievement and maintenance of maternal
glycemic control, which acts as a modifiable principal predictor of adverse outcomes
to mother and fetus (Rowan et al 2010). Importantly, hyperglycemiaduring pregnancy
is strongly associated with neonatal hypoglycemia and impaired foetal lung maturity
leading to respiratory distress and polycythemia after birth (Langer et al 2008). GDM
also has a negative impact on the risk of metabolic diseases and impaired cognitive
function in later life(Langer et al 2008; Clausen et al 2008; Pirkola et al 2010).
Management of GDM starts with lifestyle modification followed by medical
intervention. Almost half of GDM women need medication which includeinsulin and
oral hypoglycaemic agents because of poor glycaemic control (Terttie et al 2008; Goh
et al 2011). The role of oral hypoglycaemic agents in GDM is increasing nowadays.
Metformin and glibenclamide are now approved to be offered to GDM women in some
guidelines,but their efficacy and safety are not well-understood yet. Considering the
strong associ ation between GDM and obesity, metforminisapromising drug for GDM

because it can benefit on lowering maternal weight gain than insulin.

Up to date, there are six systematic reviews which have looked at the evidence of

metformin in gestational diabetes compared to insulin and glibenclamide (Balsells et
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al 2015, Kitwitee et al 2015; Su et al 2014; Gui et al 2013; Lautatzis et al 2013; Amin
et al 2015). The most recent one included 8 randomized controlled trials (RCTS) in
their outcome estimate synthesis(Kitwitee et al 2015). Although metformin may
benefit on GDM than either insulin or glibenclamide, the effects are still varied and
there are large heterogeneity among studies. This might be due to differences in
diagnosis of GDM (e.g.75g or 100g OGTT) or variations in intervention strategies.
Moreover, it is reported that metformin use in GDM is associated with higher
incidence of prematurity (Rowan et al 2008). Inclusion of non-randomized controlled
trials (NRCT) will increase the sample size and will also enable subgroup analysis and
sensitivity analysis to generate more specific and precise outcome estimate with wider
inferential value. Furthermore, as these NRCTs have much more clinically pragmatic
design (i.e. inclusion of physician’s judgement on treatment therapy), this might a'so

hel p research methodol ogy to be developed in future studies.

At the same time, another concern for metformin in GDM isthat up to 50% of women
required additional insulin treatment. Exploration of the factors that can predict GDM
subgroup with high potential of supplementary insulin will allow avoidance dose
titration period with metformin which usually takesaround 1 to 3 weeks and hel p better
glycaemic control from the time of GDM diagnosis until delivery. Thus, it has been
carried out the systematic evaluation of current available evidence of metformin in
GDM to fully appreciate its efficacy, limitation and implacability and to explore the

maternal characters that can predict metformin failure.
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2.2 Methodology

This review was conducted after a review protocol had been devel oped with general
agreement on the objectives and methodology among 4 reviewers [May Oo Khin

(MOK), Manu Vatish (MV), Simon Gates (SG), Ponnusamy Saravanan (PS)].

2.2.1 Criteriafor considering studies for this review

) Type of studies
All published observational studies or randomized trials comparing metformin with
other blood glucose control alternatives were included. For metformin failure studies,
metformin alone compared with metformin plus insulin (metformin failure group)
were considered to include in this review. Only studies with primary data were
considered, i.e, compilation of cases from hospital data or case note reviews were

excluded because of the concernsover validity of thefindingsand lack of comparisons.

i) Type of participants
Pregnant women with any degree of glucose intolerance must be identified by standard
75 (or) 100 grams oral glucose tolerance test (OGTT). Gestational age at diagnosis of
GDM must be after 10 weeks. Studies of women with pre-pregnancy diabetes (type 1
or 2) were excluded. Studies > 80% GDM population in each arm or those with
separate analysis of GDM for outcomes considered wereincluded in thisreview. GDM
was defined as fasting glucose level ranging from 4.8 mmol/l (86 mg%) to 7 mmol/I
(126 mg%) or 2hr glucose level regardless of 75 or 100g OGTT between 5.6 mmol/|
(101 mg%) to 11 mmol/I (198 mg%) of which upper limits were regarded asimpaired

fasting glucose or impaired glucose tolerance in type 2 diabetes population.
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1) Type of intervention
Metformin or comparator treatment (insulin, glibenclamide) must be first-line
treatment for women with GDM who failed to achieve target glucose level with
lifestyle changes (nutritional therapy and/or exercise). However, the outcomes of
metformin group compared to dietary intervention alone were also considered if they
were reported separately. For metformin failure studies, if there were separate report
of metformin and metformin failure groups on materna characters and pregnancy
outcomes, they were considered eligible. Moreover, metformin must be introduced
only after diagnosis of GDM with the aim of achieving glycemic control. Studies with
co-intervention or mixed intervention using other oral hypoglycemic agents without
separate analysis of metformin were not considered. Trials with metformin compared
to lifestyle intervention or insulin or any other ora hypoglycemic agents were
included. Interventions with metformin using insulin either at baseline or after

metformin failed to achieve glycemic control (metformin failure) were al'so included.
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V)

Type of outcome measures

Any primary outcome was not specified. But, the specific focus was on important

outcome measures relevant to sequales of gestational diabetes and potential side-

effects of metformin.

Important clinical outcomes and their clinical definition

10.

11.

12.

13.

14.

15.

Foetal birth weight (BWt) in grams

Macrosomia (BWt> 4000g)

Large for gestational age (LGA) > 90 percentiles for gestational age
Small for gestational age (SGA) > 10 percentiles for gestationa age
Stillbirth/peri-natal mortality rate(intrauterine foetal death after 20 weeks
gestation)

Birth trauma

Shoulder dystocia

Caesarean section rates instrumental delivery

Neonatal respiratory distress

Gestationa age at delivery

Premature baby(<37 weeks gestation)

Neonatal hypoglycemia

Pre-eclampsia

Induction of labour

Neonatal jaundice

16. Admission to specia care baby unit(SCBU)/neonatal intensive care

17.

unit(NICU)

Maternal fasting glycaemic control during pregnancy
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18. Maternal postprandia glycaemic control during pregnancy
19. 5 minutes APGAR score <7
20. Arthropometric measures at birth
21. Materna weight gain
The following outcomes were aso described athough they were only relevant to

metformin

1. GDM with tolerability of treatment
2. Metformin-treasted GDM with additional insulin

3. Risk of any side-effects necessitating action
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2.2.2 Search methods for identification of studies

Depending on the objectives of systematic review, the search was devised into a

series of search concepts.

The main concepts used were “metformin”, “gestational diabetes’ and “impaired

blood glucose” during “pregnancy”. We did not restrict the search to the outcomes

to be as inclusive as possible. Studies included in this review must be the primary

studies. Alternative terms for the main 3 concepts were thoroughly searched and

applied. Search termstabulated as follows:

Table 2.1 Initial search terms used

1.Hedth condition

2.Population

3.Intervention

4.Design

gestational  diabetes, glucose intolerance,
abnormal blood/plasma glucose, impaired blood
glucose/glucose level/glucose control, abnormal
blood sugar level/control, blood glucose or blood

sugar impai rment, insulin resistance,
hyperglycemia, pregnancy-related/induced
diabetes

pregnancy, second trimester, third trimester, late
pregnancy

metformin, glucophage, diabex, gliphage,
glafornil,  merckfomin, risidon, dianben,
dimethylbiguanide, dimethylbiguanidium,
dimethylguanylguanidine, glumetza, fortamet,
glycomet, diaformin, diformin, bolamyn, riomet
No restriction of study design for sensitivity rather
than precision

The search terms were applied in 5 electronic databases (Ovid MEDLINE,

EmbaseClassic+Embase1947 onwards, Cochrane collaboration resources, The

Nursing & Allied Health (CINAHL) database, Web of Science). Ongoing trials

were also searched in the ISRCT Registry (www.controlled-trials.com). Medical
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Subject Heading (MeSH) searches were applied for each genera search term and
the initial results of each search term including aternatives were combined using
Boolean searchterms‘AND’ or ‘OR’ asappropriate. Thedetails strategies of search
term applied to each database were described in Appendix 9.1.1. No restriction to
language, country and date was applied. Moreover, reference lists of related
systematic reviews and included studies were aso hand-searched. Findly,
electronic email updates were registered. The search strategy was last updated in
May, 2015.

2.2.3 Selection of studies

Initially, screening of relevant studies was done by scanning the titles in each
database. At this stage, a low threshold of inclusion criteria was applied with the
aim of high sensitivity for detected citations, i.e. titles stating the use of metformin
during diabetic pregnancies were al included if they seemed to be primary studies
or reviews. Then, the results were downloaded to the bibliographic database
software, Endnote. Following duplicate removal, abstracts were scanned and
potentially relevant citations were grouped into primary studies. Then, the
eligibility criteria were applied to the included primary studies, and the references
of second-stage included primary studies and systematic reviews were hand
searched for other relevant citations. The details of the flow of study selection were

described in figure 2.1.
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Figure 2.1: PRISMA flow chart of study selection
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Of the 1607 identified articles, 1370 did not match our selection criteria based on
review of their titles conducted by two authors (MOK & MV). After abstract
scanning, 148 records were removed and the reasons for exclusion were that the
articles were not primary studies (67 studies) and did not use metformin in

pregnancy (81 studies). Thesetwo authorsthen independently reviewed the full text



of the remaining 70 articlesto determine inclusion or exclusion (Figure 2.1). When
duplicate data were identified, only the most up-to-date, larger series was included.
Of the remaining 70 citations, 23 published articles were deemed eligible for
inclusion. These articles consisted of 12 individua Randomised Controlled Trias
(RCTs) of metformin in GDM compared to insulin (with three continuation
report)(Moore et al 2007; Rowan et al 2008; Rowan et al 2011; ljas et al 2010; ljas
et al 2015; Hassan et al 2012; Niromanesh et al 2012; Spaulonci et al 2013;
Mesdaghinia et al 2013; Tertti et al 2013; Ruholamin et al 2014; Battin et al 2015)
and 8 individual Non RCTs (Tertti et al 2008; Balani et al 2009; Rai et al 2009,
Goh et al 2011; Gandhi et al 2012; Iftakhar et al 2012), 3RCTs studies compared
to glibenclamide (Moore et al 2010; Silvaet al 2013; George et al 2015), one study
compared to diet alone (Balani et al 2012)and one study for predictor of metformin
failure (Corbould et al 2013). Any disagreements about study eligibility were
resolved by consensus, with arbitration by the other authors (SG & PS) if necessary.
2.2.3 Data Extraction and analysis

Datawere extracted using a predefined data extraction proforma sheet with explicit
instructions (Appendix 9.1.2). The main data collected were methods of selection
and characteristics of participants potentially related to baseline comparability,
detailed intervention carried out for assessment of performance bias, outcome
measures with explicit definition for comparability in-between studies and for
assessment of detection bias and any dstatistical analysis including subgroup
anaysis. The study conclusion, ethical approval, funding and any conflict of
interest were also extracted. An attempt to obtain missing data was done and

included in thisreview. The outcomesfrom duplications of the primary studieswere
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also examined and presented(Silva et al 2010; Silvaet al 2013). Pilot testing of the
data proforma sheet and risk of bias tool were performed on a few studies (2
observational and 2 randomized studies) by the first reviewer (MOK) and checked
by the second (MV) and third reviewers (PS). Then, the agreed sheets were used by
thefirst reviewer to apply on remaining studies. Any disagreement was resolved by
discussion. No significant changes were made to the proforma sheet and bias tool.

2.2.4 Assessment of quality of included studies

The genera and specific bias items were assessed using pre-specified agreed risks
of bias tools with explicit criteria(Appendix 2.2) separately for RCTs and NRCTSs,
created based on PRISMA statement (Liberati et al 2009) and Cochrane handbook
(Higgins et al 2011). The general categories of items assessed for internal validity
for both randomized controlled trials (RCTs) and non-randomized controlled trials
(NRCTs) were on selection of population (eligibility, inclusion and exclusion
criteria and genera clinica management before metformin was given),
performance of clinical care (comparable clinica monitoring, follow-up and
delivery plan after medication was initiated until delivery), detection of outcomes
(blinding of outcome assessors), intention-to-treat anlaysis/ attrition of samples
(analysis of all GDM treated with specified medication within study time frame),
number of outcomes reported (inclusion of all the important outcomes specified in
this review) and other possible biases (e.g. interim analysis). For external validity,
separate items on population, intervention and explicit outcomes were justified to
examine how transparent in information for replicability and comparability across
studies. Basically, studies were assessed with careful consideration of reporting

important issue by each author.
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2.2.5 Data synthesis

Raw data were tabulated to illustrate the differences in population selection,
intervention undertaken and other design features that varied between studies. The
risk of biastableswere also created to compare the heterogeneity in between studies
for reliability of assumptions of outcome estimates for thisreview. When clinically
and methodol ogically appropriate, RevMan 5.1 meta-analysis software was used to
pool the results separately depending on their study design. Chi-squared test was
used to detect the heterogeneity between studies and p value was used to determine
the statistical significance. The outcome estimates of RCTs and NRCTs were
combined separately using a random effect meta-analysis model. 12 was used to
quantify the inconsistency. If 12>20%, individual clinical data and methodological
features on each included study were carefully accessed to determine the source of
the heterogeneity. The subgroup analysis was done and reported separately
according to 759 or 100g OGTT diagnosis test if there were adequate number of
studies. Differences in GDM diagnosis, criteria for medical intervention and brief
overview among the studies were compared and tabulated. A table was also
constructed to compare the differences in studies, published in conference

proceedings.
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2.3 Results
The diagnostic criteria and target glucose levels among 20 different studies were

described in table 2.2 and 2.3.
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Table 2.2: Criteriafor diagnosis of GDM

Study 1D 1step | OGTT | Number needed | FBS mmol/l | 1hr 2hr 3hr
or to be abnormal (mg/dI) mmol/l | mmol/l | mmol/l
2 (mg/dl) | (mg/d) | (mg/dl)
steps
Balani 2009 1 759 >1 >7.8
Balani 2012 1 759 >1 >6 >7.8
Corbould 2013 | 2 759 >1 >6 >78
George 2015 1 100g | =2 >53 >10 >8.6 >7.8
Goh 2011 2 759 >1 >55 >9
Gandhi 2012 1 759 >1 >6 >7.8
Hassan 2012 2 759 >2 out of 3 >5.3 >10 >8.6
Iftakhar 2012 1 759 >1 | insulin | >6 >9
metfor >6 >7.8
min
1jas2010 1 759 =1 >5.3 >11 >9.6
Moore 2007 2 100g | 22 >5.8(105) >106( | >9.2 >8.1
190)
Moore 2010 2 100g | 22 >5.3 >10 >8.6 >7.8
Mesdaghinia 2 100g | =2 >5.3(%5) >10(18 | >86 | >7.8
2013 (2 step) 0) (155) (140)
Niromanesh 2 l00g | =2 >5.3(95) >10(18 | >8.6 >7.8
2012 0) (155) (140)
Rowan2008 1 759 21 >5.5 >8(Aus
)
>9(NZ2)
Rai 2009 2 100g | =2 >5.3(95) >10 >8.6 >78
(180) (155) (140)
Ruholamin 2014 | 1 759 >1 5.1 10 85
Silva2012 1/2 | 759 >2 >7 >11.1
100 g >5.3 >10 >8.6 >7.8
Spaulonci 2013 | 1 75100 | =2 >5.3(95) >10(18 | >8.6 >78
g 0) (155) (140)
Tertti 2008 1 759 2outof 3 >4.8 >10 >8.7
Tertti 2013 1
2013(2006-08) 759 2 out of 3 >4.8 >10 >8.7
2008-2010 759 2outof 3 >53 >10 >8.6

1 step — Screened by demographic high risk factors followed by 75/100g OGTT
2 steps — Screened by 50g Oral Glucose Challenge Test (OGCT) followed by 75/100g

OGTT
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Table 2.3 : Criteriafor starting medical intervention

Study ID Number Fasting Postprandial Glucose Maximum Metformin
needed to be | Glucose mmol/I(mg/dl) Metformin Failurerate
abnormal/ mmol/L dose (%)
1-2weeks (mmol/L) (mg/day)

Timing Abnormal

Balani 2009 >3 >6 1hr >8 2500 10.2

2hr >7

Balani 2012 >3 >5.6 1hr >8 3000 117

2hr >7

Corbould 2013 | =3 >5.6 1hr >8 2000® 304

2hr >7

Ga)rge 2015 >1 >55and<7.2 | 2hr >6.7 2500 0

<13.9

Goh 2011 >1 >5 2hr >6/6.5 2500 465

(3000 for
morbidly
obese)

Gandhi 2012 >1 >6 1hr >8 2000 21

Hassan 2012 >1 >55 1.5hr >7 3000 24

Iftakhar 2012 | =3 >55 2hr >7 2000 418

ljas2010 >1 >53 1.5hr >6.7 2350® 31.9

Moore 2007 >1 >5.8 (105) 2hr >6.7 (120) 2000 0

Moore 2010 22 >5.8 (105) 2hr >6.7 (120) 2000 347

Mesdaghinia 21 >5.28(95) 2hr >6.67(120) 2500 22

2013

Niromanesh >2 >5.3(95) 2hr >6.7(120) 2500 14

2012

Rowan2008 21 >5.4 2hr >6.7 2500 46.3

Rai 2009 22 >5.6 (100) 2hr >72 (130) 2000 7

Ruholamin >2 >5.28(95) 2hr >6.67(120) 1500 3

2014

Silva 2012 >2 >5 (90) 1hr >6.7 (120) 2500 21

Spauloni >30% >5.3(95) 2hr >6.7(120) 2550 26.08

2013

Tertti 2008 >2 >5.5 15hr | >7.8 1500 18

Tertti 2013 >1 >5.5 1hr >7.8 2000® 20.9

® = Extended-release metformin

70



2.3.1. Comparison 1: Metformin vs Insulin

Table 2.4. Quality assessment of included RCTSs studies (Metformin vs Insulin)

Study Internal Validity External validity Potential
Selection Performance | Detection | Attrition Reporting | Others g | bias
e ] c 3 E
o £ S S 8
5 g |8 = ¥ 3
- o | 2 2 3 N g ® O o - 3
2 8 | 8 S 5 ) Z B 8 = o]
B o | = © °© s |8 © G o S c | 6§ |8 | &
& £= © O S5 5 S.v | 8 o S B o 8 | =
S § 5 O = > £ 2 5 S g < S|z |8 =2
& = o] (% = S Sm| 58|58 @ ] 2 | & g o
o < | O o T E&8|<B|03 Is |[& |E | O |d
Moore 2007 + + - + - + + - - - + + + - Moderate
Rowan2008 + + - + + + + + + - + + - + Low
ljas2010 + ? - + - + - - - + + - + High
Hassan 2012 - - - + - - : : - + + + - + High
Niromanesh 2012 | + + ? + + + + + + - + + + + Low
Spaulonci 2013 ? - - - - + + + - + + + + - High
Mesdaghinia2013 | + + ? + + + - ? - + + + + - Moderate
Tertti 2013 - ? - - - + - - - ? + + - + Low
Ruholamin 2014 + - ? + + + - - - + + + + + Moderate




2.3.1.1. Quality assessment of included studies compared to insulin (Table 2.4)

2.3.1.1.1 Randomized studies

Randomization and allocation concealment was adequately performed in 4 out of 9
RCTs (Moore et al 2007; Rowan et al 2008; Niromanesh et al 2012; Mesdaghinia et
al 2013). Although 3 studies were reported to perform double-blinded, they did not
mention in details. As insulin and metformin have different routes of administration,
it should be reported in details about how the intervention was blinded from
participants (Niromanesh et al 2012; Mesdaghinia et al 2013; Ruholamin et al 2014).
The RCTs done by Spaulonci 2013 and Ruholamin 2014 excluded metformin failure
group from metformin arm and thus the same baseline comparability should be
suspected. Only 4 out of 9 RCTs blinded outcome assessors from treatment(Rowan et
al 2008; Niromanesh et al 2012; Mesdaghinia et al 2013; Ruholamin et al 2014).
Although sample size was determined in 8 studies, the appropriate case analysis was
performed in only 3 studies (Rowan et al 2008; Niromanesh et al 2012; Spaulonci et
al 2013). The important clinica outcomes of GDM considered in this review were
reported completely by Rowan 2008 and Niromanesh et al 2012. In addition, three
studies did interim analysis(Moore et al 2007; Rowan et al 2008; Niromanesh et al
2012) and one study was blocked randomization with un-blinded trial (Ijas et al 2010).
Regarding reproducibility of studies, information on insulin intervention was very
limited and adequate information were only available in only 5 studies (Moore et al
2007; Niromanesh et al 2012; Spaulonci et al 2013; Mesdaghinia et al 2013;
Ruholamin et al 2014). Furthermore, 3 studies did not report explicitly on operational
definition of some outcomes being reported (e.g. neonatal hypoglycemia) (Moore et

al 2007; Spaulonci et al 2013; Mesdaghinia et al 2013).
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Table 2.5.Quality assessment of NRCTs studies (Metformin vs Insulin)

Study ID Internal Validity Externa Validity Potential
Selection Performance | Detection | Attrition Reporting | Others bias
8
c [} ()] =
= 2 S e ] o]
o |8 |3 |z g 8 3 £
ol 2 > = [e]
= % 5 |E i g |g |° : 5
4 £ g g %5 4 = 2 £
2 S |o |8 5 |8 5 cls 5|8
5 3 o |29 < o 2 S | |8 |=
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Tertti2008 - + - + M - + + + - + + - + High
Balani 2009 + - - + M - - - - - - + |- ¥ High
Rai 2009 + ? ? - M - - + - - + + - + High
Goh 2011 - - - + M - - + R R T N _ T High
Gandhi 2012 - - + + + - - + - N R N _ - High
Iftakhar 2012 | + ? - - M - - + - - + + - + High

(‘+ means appropriate, ‘- means not done or not mentioned or not appropriate or *? means inadequate data to justify that the study was done
appropriately. For baseline comparability and favours group, there were 2 separate items being consider:1) whether the maternal baseline which
were considered important in GDM(Age, BMI, parity, glucose levelsat OGTT, ethnicity, smoking, previous history of still-birth were considered
and reported and 2) if they were unequa across arms, which group could be potentialy advantaged out of this biases? D= Diet, |= Insulin,

M=metformin, G=glibenclamide, MF= Metformin Failure

73



2.3.1.1.2 Observational Studies (Table 2.5)

Three out of six studies were recruited al eligible GDM in defined setting and time
frame. However, one study excluded metformin failure group from metformin arm;
one study had compulsory insulin criteria; one study had mixed population with diet
alone group in non-metformin arm. Moreover, Rai 2009 study included type 2 diabetes
(<20%) but the percentage was not comparable across 2 groups. Expectedly, only one
study had fulfilled to have comparable maternal baseline characters between
metformin and insulin groups whereas other studies have less insulin resistant group
in metformin arm. Moreover, only Tertti 2008 study performed power calculation. Y et,
5 out of 6 studies analysed all women in either group as they were initially allocated.
The pregnancy outcomes reported were found to be complete in only one study to
detect birth weight and incidence of hypoglycemia. Although some studies considered
to have controlled on some of the confounders (e.g. studies done by Tertti et al and
Balani et al, al eligible women for metformin in the study period were included with
only case-matched number of insulin-treated participants (stratified by BMI and age),
and equal number of participants, respectively), any of 6 NRCTs did adequate
confounder controlled for any of their outcome measures. For extrapolation of the

findings, the information on any of 6 studies were not adequate.
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2.3.1.2 Description of characteristics of studies compared to insulin

Total of 15 studies with 18 relevant articles (2 studies with 3 extended offspring
follow-up publications) were identified according to the selection criteria used in this
review. Of these studies compared to insulin, 9 were RCTsand therest 6 were NRCTSs.
A brief description on population involved and intervention strategy were given in

table 2.6 and 2.7. Relevant abstracts are described in Appendix 2.3.

Population: There are atotal of 15 studies, studying pregnancy outcomes of metformin
in GDM compared to insulin (9 RCTsand 6 NRCTSs). Out of 9 RCTs, 6 RCTs used 75
OGTT test to identify GDM whereas 5 out of 6 NRCTs applied (Table 2.3) whereas
the other studies used 100 g OGTT to diagnose GDM. Two groups had conducted both
RCTsand NRCTs, one each, with similar intervention strategy (Goh et al 2011; Tertti
et al 2013; Rowan et al 2008; Tertti et al 2008). All the studies included all GDM
diagnosed by OGTT tests(i.e. both moderate and severe hyperglycemic GDM), except
Tertti 2013 study where GDM diagnosed above FPG >7 mmol/L and 2hr
PP>11mmol/L excluded from randomization. Moreover, there was compulsory insulin
to GDM with FPG >7 mmol/L and PP >10mmol/L in Tertti 2008 NRCTs study. It
should also be noted that 13% (8/60) women included in Rai 2009 study were type 2
diabetes, with 2/30(6.7%) in metformin arm and 6/30(20%) in insulin arm. Moreover,
GDM women included in both arms were conducted in the same setting except Tertti

2008, Iftakhar 2012 study and Rai 2009 study.

Intervention: The maximum dose of metformin varied from 1500 to 3000 mg. In all
RCTs and mgjority of NRCT studies, insulin was given to metformin-treated GDM

only after maximum dose of metformin failed to meet the target glycemic levels.
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However, in one NRCTs, eg. Goh 2011, insulin was given to GDM with FBS
>6mmol/L at initiation of metformin. In all studies, all GDM who received metformin
(i.e metformin aone or metformin plus supplementary insulin) were included in
metformin arm whereas all GDM included in non-metformin/insulin arm were diet-
failed GDM with insulin therapy. Y et, in some studies, e.g Balani 2009, Mesdaghinia
2013 and Ruhoalmin 2014, GDM with metformin therapy alone were included in
metformin arm,but some of the outcomes of metformin plus insulin group in Balani
2009 study were separately reported and presented in combination in our meta-
analysis. Moreover, metformin was started as 500mg od/bd and titrated against blood
glucose levels over aweek or two in almost all studies, except ljas 2010 study where
metformin was given as rather fixed dose administration for 3 weeks. Furthermore,
ljas 2010 and Tertti 2013 studies described that extended-released metformin was
used. In addition, Tertti 2013 was the only study out of 15 studies included where

vitamin B12 plus vitamin supplements given to metformin arm.

Comparator - The types of insulin used in insulin arm were a combination of
long/intermediate acting insulin with regular insulin, but most of the studies did not
report doses of insulin used. Among 5 studies with the dose and strategy reported,
Tertti 2013 study used rather ‘targeted approach’method, i.e, if long/intermediate
acting insulin was given to GDM women with higher fasting whereas short acting
insulin was given to those with higher postprandial glucose. It should be noted that
ljas 2010 RCT, the dose of insulin requirement was higher in metformin group than
insulin group (mean dose: 43 1U vs 30 1U, p=0.05). In this study, as described earlier,
there was 3-weeks of titration period for metformin group before insulin was given.

On the contrary, insulin dose requirement was higher in insulin group in the NRCT
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studies of Iftakhar 2012 (meantSD: 42.9+32.7 vs 60.8+39.9 units) and Gandhi 2012
(34.3+43.2 vs 41.3+32.8 units) whereas Tertti 2008 NRCT found no difference

(median dose: 11 vs 10 units).

Outcomes: The primary outcomes considered varied from study to study(Table 2.6 and
2.7). The most frequent primary outcomes were neonatal birthweight and maternal

glycaemic control.
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Table 2.6. Description of RCTs studies (Metformin vs Insulin)

Dow University of

Health  Sciences
and private
maternity hospitals

36 weeks of gestation,
those with high risk
factorsoffered 50 g OCT,
if > 140 mg/dl --> 75 g
OGTT

glucose levels; stopped if significant preelampsia,
sepsis, pregnancy cholestasis or IUGR developed or
with drug intolerance due to GI SE.Insulin added if
not control with metformin alone in 1-2 weeks; a
combination of regular and intermediate human
insulin before meals twice daily.

Study ID Setting Sample | Participants' characters Metformin Insulin Primary outcomes
(study design) size
Moore 2007 United states, 63 24-30 weeks gestation, | 500 mg bd, increased as necessary(maximum | 0.7units’kg of actual BWt(2/3 morning & | FBS, 2hrPP, MOD, incidence of
(RCT) University hospital screened by 50g OGCT | 1000mg bd).Insulin was started if metformin was | 1/3 evening); a combination of regular | shoulder dystocia, incidence of
of Missisippi 1hr>140mg/dl, failed(maximum dose with 2 glucose values | insulinand NPH insulin; monitored 3times | PPH
Medical Centre exceeded target for 2 consecutive weeks); monitor 3 | daily
times daily
Rowan 2008 | 10 New Zealand & | 733 18- 45 years, singletons, | (Metomin, Diaformin) started at 500 mg od/bd with | Insulin prescribed according to ususal | Composite outcome(neonatal
(RCT) Australian  urban 20-33 weeks GA, met | food, increased over 1-2 weeks to meet glycemic | practice, typically SA insulin analog before | hypoglycaemia, respiratory
obstetrical hospital hospital usual criteriafor | targets up to maximum of 2500mg/d; stopped if | meals and intermediate insulin once or | distress, birth trauma, APGAR <7
insulin treatment, more | maternal contraindications(liver or renal impair or | twicedaly and preterm)
specific criteriaavoided sepsis) or FGR devel oped.Insulin added if target was
not achieved with metformin.
ljas 2010 Finland, 97 12-34  weeks  GA, | Metformin(Diforminretard®) initiatedat 750 mgod | LA insulin(Protaphan®) for FBS and RA | incidence of macrosomia, LGA
(RCT) Tertiary Oulu singletons, risk factor | for 1st wk, bd for 2nd wk, tds from 3rd week | insulin(Humalog®) for PP  control | using Finnish sex specific charts
hospital & based screening(over 40 | onwards; stopped if significant side effects, such as | according to hospital guidelines adjusted for gestational age
secondary Kainuu years old, BMI > 25 | diarrhoeadeveloped.
Central hospital kg/m2, glycosuria, prior | Supplemental insulin was added if normoglycemia
GDM, previous baby | was not achieved with maximum metformin daily
BWt> 4500 g, current | dosein 1-2 wks
suspected macrosomia)
Hassan 2012 Pakistan, Lyari | 150 18-45 vyears of age | Metformin sarted at 500 mg, increased up to | NR macrosomia(>4000g)
(RCT) General Hospital, singleton pregnancy, 20- | maximum of 3000 mg/day as patients tolerance and
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Table 2.6. Description of RCTs studies (Metformin vs Insulin)

Central Hospital,
Finland

according to current
criteria and selected if
failed to diet therapy, and
normal renal, liver and
cardiac function and no
metformin use 3 months
prior and during this
pregnancy

for 2 days, 500 mg bd for 1 week, titrated up to
maximum of 1 g bd; monitored 4 times daily 3 days
a week; vitamin B compound containing 0.4 mg
folic acid initiated along with metformin.

Novo Nordisk, Bagsvaerd, Denmark)
and/or  rapid-acting insulin  lispro
(Humalog®, Lilly, Indianapalis, IN, USA)
or insulin aspart (Novorapid®, Novo
Nordisk)

Study ID Setting Sample | Participants' characters Metformin Insulin Primary outcomes
(study design) (Number) size
Niromanesh Women Hospital, | 172 Screening by 50g Started at 500 mg bd; increased by 500-1000 mg ¥2 | Started with NPH 0.2units/kg for high FBS | Maternal glycemic control and
2012 The Shariati OGCT;18-40 years old wks against target up to maximum of 2500 mg | and short-acting insulin for high PP(1 unit | birth weight
Hospital and the singletons between 20 divided dose with meal, continued until delivery and | for every 10 mg/dl over target) and if both
Valiasr Hospital, and 34 weeks; excluded added insulin if glycemic control not achieved with | high, total insulin dose of 0.7 units/kg(2/3
University of mothers with history of maximum metformin dose; 4 times/day monitor is NPH: 2/3 before breakfast and 1/3 before
Tehran, Iran systemic underlying bedtime) and 1/3 is regular insulin:2/3
diseases(cardiovascular, times), ftitrated againgt daily glucose
renal, liver and monitoring; 4 times/day monitor
autoimmune), substance
abuse, overt diabetes
mellitus(except previous
GDM history) and major
foetal malformation
Spaulonci 2013 | Obstetrics Clinic 92 Singletons, absence of | Started at 850 mg tds and if not controlled, 850 mg | Started with NPH of 0.4 units’kg /day with | Glycaemic control
Hospital, Sao risk factors for lactic | qid; if still not controlled, added insulin; monitored | half given before breakfast, ¥ before lunch
Paulo, Brazil acidosis(renal  failure, | 4 times/day and Yaat 22 hours; monitor 7 times per day;
chronic liver disease, adjusted weekly against glucose levels; if
severe chronic only postprandial is high, regular insulin
pulmonary disease, added Y2 hr before meal in addition.
coronary  insufficiency,
history of
thromboembolic
phenomena) and absence
of anatomic  and/or
chromosome anomalies
of the conceptus detected
by ultrasonography
Tertti 2013 Turku University | 217 GDM diagnosed | Started at metformin (Diformin retard®) 500 mg od | Initiated using NPH insulin(Protaphane®, | Birthweight
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Table 2.6. Description of RCTs studies (Metformin vs Insulin)

Metformin-treated GDM who required insulin were
excluded from the study(n=2).

Study ID Setting Sample | Participants' characters Metformin Insulin Primary outcomes
(study design) size
Mesdaghinia Shabih Khani 200 18-45yearsof age, single | 500 mg initially and adjusted up to 2500 mg/day; | 0.51U/kg/day (2/3 NPH insulin and 1/3 | Unclear
2013 Hospital, Isfahan, pregnancy, without | metformin-treated GDM who needed insulin were | regualar). And 2/3 givenin the morning and
Iran history of diabetes prior | excluded from the study and replaced with new | 1/3intheafternoon.; 11U of NPH or regular
to pregnancy with GA of | patients. insulin added appropriately for every
24-34  weeks, GDM 10mg/dI increase in blood glucose
screened by GCT and
diagnosed by
OGTT;poor  glycemic
control  on lifestyle
modification for a week
Ruholamin2014 | Alzahraand 100 18 500mg bd and adjusted up to 1500 mg/day; stopped | 0.2IU/kg/day insulin, titrated to meet | Pregnancy-induced hypertension
Shahid beheshti if maternal contraindications(such as liver/rena | glycemic targets
hospital, Iran impairment or sepsis), PIH or PE were developed.
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Table 2.7. Description of NRCTs studies (Metformin vs Insulin)

morbidly obese), over 1-2 weeksfailed to achievetargets.

Study ID Setting Sample | Participants’ characters Metformin Insulin Primary outcomes

(Number) size
Tertti 2008 Finland, 20 11- 32 weeks GA, singletons, | Metformin started at 500 mg od to 750 mg bd, Intermediate acting insulin was usually | BWt, incidence of
(retrospective Turku screening - BMI >25kg/m2, >40 | if FBS > 7 mmol/l and/or PP > 10 mmoal/l, insulin was | started. hypoglycemia
cohort) University years, previous macrosomia, | aways started.

central glycosuria  during  pregnancy,

hospital previous GDM, suspected foetal

macrosomiain current pregnancy,

Rai 2009 India, 2| 60 Screening by 50g OGCT 1hr > 140 | Metformin - started at 500 mg tds, titrate to a maximum | Intermediate acting(Mixtard) and short | Maternal glycemic
(prospective different mothers | mg/dl of 2000mg/day acting insulin (Actrapid) used whenever | control
cohort) obstetric /61 Alsoincluded type 2 diabetes (6.7% required

units babies in metformin grop and 20% in

insulin group)

Balani 2009 United 227 28 weeks GA Metformin 500 mg bd with food initially, subsequently | Basal-bolus regimen of insulin aspart | Principal maternal
(Prospective Kingdom, titrated up to maximum of 2500 mg daily, patients | with meals and insulin glargine once | outcome: weight gain
cohort) University attended AN clinic after dose titration and remained in | daily(from case record data who had | from enrolment to

hospital close contact with diabetes specialist team.Insulin added | been managed by same diabetic and | delivery, preeclampsia

if control was not achieved depite maximum metformin | obstetric team according to same GDM | and preghancy-induced
dose. Included cases exclusively with metformin alone care pathway) hypertension.

Goh 2011 New 864 After 20 weeks GA, screening—50 | Dose on metformin was not reported. if FPG > 6 mmol/l, | bedtime Intermediate acting insulin | NR
(prospective Zedland, mothers | g OGCT 1hr plasma glucose > 7.8 | bedtime isophane insulin was supplemented at baseline. analogue + premeal SA insulin analogue
cohort) national’s 1877 mmol/l SA insulin analogue was prescribed for metformin failure

women babies -

health maximum daily dose of metformin 2500 mg (3000 mg for
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Table 2.7. Description of NRCTs studies (Metformin vs Insulin)

Study ID Setting Sample | Participants’ characters Metformin Insulin Primary outcomes
(Number) size
Gandhi 2012 United 592 NICE guidelines Metformininitiated at diagnosis of GDM: 500 mg bd with | Non-metformin NR
(retrospective Kingdom, food, increased to 1g bd, if tolerated, clinically | (subcutaneousinsulintlifestyle advice)
cohort) Royal appropriate with no side-effects, 1 week after; metformin
hallamshire was stopped if any side effects or obstetric
hospital complications(preeclampsia, cholestasis, IUGR)) was
developed.
glycemic control was considered to be abnormal if FBS >
6 mmol/l and/or 1hr PP > 8 mmol/I(145 mg/dl)
Iftakhar 2012 Retrospecti | 93 < 34 weeks gestation at initiation of | Maximum of 2000 mg/d; median- 7 week duration, range | Isophaneinsulin at bedtime, short-acting | Weight gain and
(Retrospective) | ye treatment; Insulin cohort(2006-07) | 500-2000 mg insulin before meal insulin requirement
; ; and metformin  cohort(2010);
Egsr:ggﬁ(:éy higher 2hrPP and increased
proportion of previous GDM
history ininsulin group

GA- gestational age, AC — abdominal circumference, BWt — Birth weight, BP — blood pressure, Gl SE — Gl sideeffects, NR — Not reported, OGCT — Oral Glucose Challenge test, OG — obstetricians and gynaecologists,

USG — Ultrasound, LFT — Liver function tests, FGR — Foetal growth restriction, AN clinic — antenatal clinic, SA insulin — short-acting insulin,RA insulin —rapid acting insulin, F-up — Follow up, USG — ultrasound,
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2.3.1.3 Pregnancy outcomes (Metformin vs Insulin)

Maternal Outcomes

1. Materna weight gain

There was reduced maternal weight gain with metformin treatment. The pooled
estimates of 5 RCTs reveadled Weighted Mean Difference (WMD) of -1.59 (-2.48, -
0.70)kg and that of 3 NRCTs was WMD of -1.57(-3.11, -0.02) kg. Moreover, there
was significantly lower weight gain was observed when the weight gain was limited
to during medication period, WMD of 4RCTs-1.23(-1.72, -0.73) and that of 2NRCTs

-1.7829-1.92, -1.65). (Figure 2.2)

Sensitivity anaysis: The statistical heterogenetiy (12) was 70% in random-effect RCT
meta-analyses) where the effect estimates of |jas 2010 and Tertti 2013 were found to
be much different. These two studies were reported to use extended-rel ease metformin
in compared to other RCTs. When these two studies were excluded, the summary
effect estimate changed to WMD of -2.29(95%Cl: -2.75, -1.83) kg with 12 of 0%. In
NRCTs metaanal yses, 12 was 34% which was much attributable to Tertti 2008 study.
Although the study did not mention about the type of metformin use, considering being
conducted by the same group of Tertti 2013 study and having comparable outcome to
them, it was likely that they might use extended rel ease metformin and thus excluded
for sengitivity analysis. After exclusion, the pooled effect estimate of total weight gain

was found to be WMD of -2.31 (95%Cl : -4.37, -0.25) with 12 of 0%.
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Figure 2.2. Forest-plots of Maternal Weight Gain (kg)

Metformin Insulin Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.2.1 Total Weight Gain{RCTs)
Hassan 2012 1049 215 75 1288 1.34 TS O270%  -240[2.47,-1.83] ——
lias 2010 86 33 47 92 &5 50 137%  -0B0[2.39,1.19] e —
Miromanesh 2012 113 38 80 137 31 80 211%  -240[3.47,-1.33] e
Spaulonci 2013 043 252 46 23 277 46 21.0% -1.77 [2.85,-0.69] e
Tertti 2013 8 53 110 TA o83 107 173% 010[1.31,1.81]  —
Subtotal (95% CI) 358 358 100.0% -1.59[-2.48, -0.70] -’-
Heterageneity: Tau®= 0.68; Chi*=13.42, df=4 (P = 0.009);, F=70%
Test for overall effect 2= 3.49 (P = 0.0005)
2.2.2 Total Weight Gain{NRCTs)
Itakhar 2012 83 a1 13 133 144 37 7A% -S00MHO0M, 04 Y
Rai 2009 85 24 a0 T4 28 30 521%  -1.90[-3.34,-0.46] ——
Tertti 2008 3 38 45 348 a2 45 40.4% -0.80 [2.35,1.358] I E—
Subtotal (95% CI) a8 112 100.0% -1.57 [-3.11,-0.02] -*-—
Heterageneity: Tau®= 0.65; Chi*=3.03, df=2 (P=023; F=34%
Testfor averall effect 2=1.89 (P=0.05)
2.2.3 Treatment specific weight gain(RCTs)
Miramanesh 2012 33 14 a0 445 1.7 80 30.3%  -1.20[1.68,-0.72) ——
Rowan 2008 04 249 329 2 33 300 301%  -1.B0O[Z208-1.11] ——
Spaulonci 2013 043 1.949 46 207 2.39 46 17.8% 164 [254 -0.74] —
Tertti 2013 18 26 110 22 3107 21.T7% -0.40[1.15, 0.358] —
Subtotal (95% CI) 565 533 100.0% -1.23[1.72,-0.73] <o
Heterogeneity, Tau*=0.15; Chi*= 769, df=3 (P=0.05); F=61%
Testfor averall effect 2= 4.81 (P = 0.00001)
2.2.4 Treatment specific weight gain(NRCTs)
Ealani 2009 094 0.3 a0 272 04 a0 934% -1.78[1.92, -1.64] .
Iftakhar 2012 0.5 2 13 27 34 ar 38%  -220[3.77,-0.63]
Terti 2008 3 36 45 35 52 45 28%  -050[2.351.39] T
Subtotal (95% CI) 108 132 100.0% -1.76 [-2.07, -1.45] L 3
Heterogeneity, TauF=0.02; Chi*=212 di=2 (P=035), F=5%
Testfor averall effect Z2=11.12 (P = 0.00001;

-4 ) 0 2

Test far subaroup differences: Chi*=3.19, df= 3 {F =036, F=6.0%

Favours metformin  Favours inulin



2. Glycaemic control

Average Fasting glycaemic control : Four RCTs (n=1048) and one NRCT (n=60)
reported the effects of metformin on fasting plasmaglucose (FPG) control (Fig 2.3 A).
There was no clear difference in maternal fasting glucose levels between the groupsin
the RCTs (WMD 0.34[95%CI -1.74, 2.42]) mg/dL. Three of them assessed glycemic
control as a primary outcome measure (Moore et al 2007; Niromanesh et al 2012;

Spaulonci et al 2013).

Average Postprandial glycaemic control: Metformin use could be possibly associated
with alower postprandial maternal glucosein 4 RCTs (n=1048), (WMD -2.29 mg/dl
[95% CI -4.65, 0.07]) Theissue with the NRCT has been discussed above. The largest
RCT found a significantly lowered postprandial glucose with metformin treatment

[178](Fig 2.3 B).

Sengitivity analysis: There was large (>40%) stetistical heterogeneity in RCTs meta-
analyses of FPG and PP results. It might be due to differences in insulin dose
administration in insulin arm (i.e. start dose and type of insulin use). The largest
Rowan 2008 RCT did not describe any information on details of insulin use. Moreover,
as described in description of intervention, in Niromanesh 2012 study, target approach

of insulin was used.

Glycaemic control 1 week after randomization: 2RCTs have reported on glycemic
levels of 1 week after randomization. It was found that GDM women with metformin
had lower 2hr post-prandia glycemic levelsin 1 week after randomizationfWMD -
3.25(95%CI: -5.34, -1.16)mg/dL] athough there was no observed differencein fasting

glucose levels [WMD 0.52 (95%Cl: -2.12, 3.16) mg/dL] .
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Figure 2.3 Forest-plots of glycaemic control

A) Average Fasting Plasma Glucose Control (mg/dL)

Mean Difference

Metformin Insulin Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
217TARCTs
Moore 2007 926 10 32 968 122 3 11.4% -4.20[8.72,1.33) E—
Rowan 2008 936 108 363 98 126 3IV0 #M11% 1.80[0.10, 3.80) -
Miramanesh 2012 88.3 Tr 80 887 B3 80 34.9% -0.40[-2.58,1.78]
Spaulonci 2013 9009 1629 46 8835 745 48 126% 1.74 [3.44,6.92) %
Subtotal {95% CI) 521 527 100.0% 0.34[1.74, 2.42]
Hetetogeneity, Tau®= 2.00; Chi*= 577 df=3 (P=012); F= 48%
Testfor overall effect 2= 032 (P =0.75)
217.2NRCTs
Rai 2004 983 18 30 111 389 30 1000% -1270[14.24 -11.16] !
Subtotal {95% CI) 30 30 100.0% -12.70 [-14.24, -11.16]

Heterogeneity. Mot applicable

Testfor overall effect: Z2=16.18 (P = 0.00001)

} -0 10

-20 0
Favours mefformin  Favours insulin
B) Average Postprandial Glucose Control (mg/dL)
Metformin Insulin Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Meam  SD Total Weight IV, Random, 95% CI IV, Random, 85% CI
2181 RCTs
Rowan 2008 1116 108 363 1152 162 370 448% -360[-5.59,-1.61] -+
Maoore 2007 106.23 1083 331087 24.83 31 5.6% -2.47[12.03,7.09 T
Miromanesh 2012 111.3 9.1 a0 11141 ] 30 341% 0.20 [-2.60, 3.00] ——
Spaulonci 2013 108.44 1314 46 11233 1236 46 15.6% -3.89[9.10,1.37] — 1
Subtotal (95% CI) 521 527 100.0% -2.29 [-4.65, 0.07] L 2
Heterogeneity: Tau®= 2.20; Chi*= 5.01,df= 3 (P = 0.17); F= 40%
Test for overall effect: £=1.90 (F = 0.06)
218.2 NRCTs
Fai 2009 122,97 28 b T B e B W 30 100.0% -14.33[16.01,-12.89] !
Subtotal (95% CI) 30 30 100.0% -14.33 [-16.01, -12.65]
Heterogeneity: Mot applicable
Test for overall effect: Z=16.71 (F = 0.00001)
30 -0 10 0
Favours metformin  Favours insulin
C) Fasting Plasma Glucose Control 1-week after randomization (mg/dL)
Metformin Insulin Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Miromanesh 2012 903 9.8 80 912 749 80 47.4%  -0.90[-3.66,1.66]
Rowan 2008 1008 1682 363 99 18 370 526% 1.80[-0.68, 4.28]
Total (95% CI) 443 450 100.0% 0.52[-2.12, 3.16]
Heterogenaity: Tau®= 1.86; Chi*= 2.04, df=1 (F = 0.15),F= 1% R 7 H 5
Testforoverall effect 2= 0.38 (F = 0.70) Favours Metformin  Favours Insulin
D) Postprandia Glucose Control 1-week after randomization (mg/dL)
Metformin Insulin Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 85% CI
Miromanesh 2012 122 13 80 1146 121 80 28.8% -240[6.29 1.49] —
Rowan 2008 M7 162 363 1206 18 370 71.2% -3.60[-6.08,-1.13 -
Total (95% Cl) 443 450 100.0% -3.25[-5.34,-1.16] <
Heterageneity: Tau® = 0.00; Chi*= 026, df= 1 (P=061), F=0% -2'0 -1'0 1'0 2'0

Test for overall effect Z= 3.05 (P=0.002)

Favours Metformin  Favours Insulin
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3. Hypertenison in Pregnancy
The reports on outcomes of hypertension in pregnancy varied: some studies reported

pregnancy-induced hypertension (PIH) only or pre-eclampsia only or both.

The incidence of preeclampsia in association with metformin use was examined in 5
RCTs (n=1082) and 4 NRCTs (n=1241) (Fig 2.4). There was no difference in the
incidence of preeclampsia between the two treatment arms (OR 0.81 [95%CI
0.53,1.23]) and (OR 0.71 [95% CI 0.41, 1.25]) for RCTs and NRCTSs respectively

(Figure 2.4 A).

However, there was significant difference in metaanalyses of PIH with 2 RCTs (OR:

0.52 [95%CI : 0.29 vs 0.94]) with reduction in metformin arm. (Figure 2.4 B)
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Figure 2.4. Forest-plots of hypertension in Pregnancy

A) Pre-eclampsia

Odds Ratio

Weight M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

Metformin Insulin
Study or Subgroup  Events Total Events Total
2.221RCTs
ljas 2010 4 47 4 50 845%
Miromanesh 2012 ] a0 7 80 12.4%
Raowan 2008 20 383 26 370 49.0%
Spaulonci 2013 10 46 T 46 156%
Tertti 2013 5 110 10 107 14.4%
Subtotal {95% CI) 646 653 100.0%
Total events 44 54

Heterogeneity: Tau® = 0.00; Chi*= 263, df=4 (P=062); F=0%
Testfor overall effect Z= 098 (P = 0.33)

2.22.2NRCTs

1.07 [0.25, 4.55]
0.70 [0.21, 2.29]
077 [0.42,1.41]
1.55 [0.53, 4.50]
046 [0.15, 1.40]
0.81 [0.53,1.23]

Balani 2009 3 127 9 100 17.4% 024006093 ——=——
Goh 2011 16 4B5 16 398 B0.2% 0.85[0.42,1.73] ——
Rai 2009 2 30 2 I TE% 1.00[0.13, 7.60]
Tertti 2008 4 45 4 45 14.8% 1.00[0.23, 4.27]
Subtotal {(95% CI) 667 574 100.0% 0.71 [0.41,1.25] i
Total events 25 Kl
Heterogeneity, Tau®*=0.01; Chi*=3.04, df=3 (P=0.38), F=1%
Testfor overall effect Z=1.19{P=0.23)
} } } t } }
01 02 1K) 2 5 10
. ; Favours mefformin  Favours insulin
Testfor subgroup differences: Chif=0.13,df=1 (P=071), F= 0%
B) Pregnancy-induced hypertension (PIH)

Metformin Insulin Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2,201 RCTs
Miromanesh 2012 4 80 11 80 221% 0.33[0.10,1.09] —
Raowan 2008 14 363 23370 GB7.4% 0.61[0.31,1.20] —
Tertti 2013 2 110 4 107 10.6% 0.48 [0.09, 2.66] I E—
Subtotal (95% CI) 553 557 100.0% 0.52 [0.30, 0.80] <
Total events 20 38
Heterogeneity: Tau®= 0.00; Chi*=0.76, df= 2 (P = 0.68);, F= 0%
Testfor overall effect £=2.32 (P=0.02)
2.20.2 NRCTs
Balani 2008 6 100 7100 18.9% 0.85[0.27, 2.62] —a—
Goh 2011 37 485 21 398 TBT% 1.56[0.90,2.71] il
Tertti 2008 0 45 1 45 2.3% 0.33[0.01,8.22]
Subtotal (95% CI) 610 544 100.0% 1.34 [0.82, 2.19] e -
Total events 43 29
Heterogeneity: Tau®= 0.00; Chi*=1.65, df=2 (P=0.44), F=0%
Testfor averall effect £2=1.16 (P = 0.25)

I } } |
0.01 0.1 10 100

Favours metformin  Favours insulin
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5. Caesarean section rates

Eight RCTs (n=1612) and 3 NRCTs (n=1154) were examined to assess the effects of
metformin treatment on caesarean section rates (Figure 2.5). Caesarean section rate
was found to be high in treated GDM in al included studies. Up to half of them
delivered by caesarean section. Caesarean section rates were not a primary outcome
measure in any of the studies and only 2 studies had reported emergency caesarean
section rates (CSR) separately. Among total CSR, therewas no differencein caesarean
section rates between the two treatment armsin either the RCTs group (oddsratio 0.90
[95% CI 0.64, 1.25]) or the NRCTs group (odds ratio 0.81 [95% CI 0.58, 1.14]).
Among emergency CSR, although there was similar CS rates in RCTs meta-analysis,
the NRCTs meta-analysis showed that there was reduced CS rates with metformin

treatment with OR of 0.72(95% CI 0.54, 0.97).

Sengitivity analysis: There was high heterogeneity in RCTs meta-analysis of total CSR
(12=45%) which was mainly contributed by ljas 2010 study and Hassan 2012 study. It
should be noted that fixed dose metformin administration was offered in ljas 2010
study over 3 weeks whereas the highest maximum dose of metformin dose 3000mg
was used in Hassan 2012 study. After exclusion, the pooled effect was similar with
reduced confidence interval [OR 0.91(95%CI 0.73, 1.15)]. In NRCTs meta-analysis of
total CSR, the heterogeneity was attributable to Tertti 2008 study. In this study,
metformin was not offered to GDM women with FPG >7 mmol/L and PP >10mmol/L.
Interestingly, despite presumably higher proportion of much higher glycemic levelsin
insulin arm, the CS rate was lower. In contrast, as mentioned before, Goh 2011 study
had compulsory insulin to certain GDM group with metformin initiation and it was

found that the CS rates was significantly reduced in metformin arm. This might
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indicate that if metformin is offered to GDM women with much higher FPG levels,

earlier insulin initiation might have favourable CS rates.

Figure 2.5. Forest-plot of Caesarean Section Rates

Metformin Insulin Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
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Favours metformin Favours insulin

Test far subgroup differences: Chi*= 2.04, df= 3 (F = 0.896), F= 0%
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6. Induction of labour

No difference in the rate of induction of labour was detected, in either RCTs meta-
analysis (OR 0.89 (95% CI 0.61, 1.28) and NRCTs meta-analysis (OR 1.24 (95% ClI

0.84, 1.82), reported by 5 RCTsand 3 NRCTs.

Sensitivity analysis: The heterogeneity of 1=38% in RCTs meta-anaysis was
attributable to Tertti 2013 study. This group had done one RCT and one NRCT (Tertti
2008) with similar GDM management strategy and reported much different results.
The Tertti 2013 study was different from other included studies in that it excluded
GDM women with FBS > 7mmol/L or 1hr PP > 11 mmol/L from randomization. This
means that the population included only GDM women with moderate hyperglycaemia.
Thus, metformin effect might be exaggerated in this study. After exclusion of this

study, the effect changed to OR of 0.98 (95%CI 0.76, 1.27) with nil heterogeneity.

We are unable to synthesise the data for the other maternal outcomes due to non-

reporting or relative heterogeneity in their outcome definition.
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Table 2.8. Important maternal outcomes of GDM (Metformin vs Insulin) stratified by 75¢g/100g OGTT

Outcomes Typesof | Sample WMD/RR 12 Subgroup | WMD/RR 12
studies size analysis (n)
1. Materna weight gain 759 (4) -1.32(-2.48,-0.17) 76%
i) Tota weight gain RCTs 716 -1.59(-2.48,-0.70) | 70% 100g(1) -2.40(-3.47,-1.33)
NRCTs 200 -157(-3.11,-0.02) | 34% 7509(2) -2.00(-6.16,2.16) 58%
100g(2) -1.90(-3.34,-0.46)
ii) Specific weight gain RCTs 1098 -1.23(-1.72,-0.73) | 61% 759(3) -1.22(-2.01,-0.44) 74%
1009(1) -1.20(-1.68,-0.72)
NRCTs 150 -1.78(-1.92,-1.65) | 0% 7509(2) -1.76(-2.07,-1.45) 5%
2. Glycaemic control 759(2) 1.79(0.18,3.41) 0%
i) FPG RCTs 1048 0.34(-1.74,2.42) 48% 100g(2) -1.42(-4.72,1.88) 37%
NRCT 60 -12.70(-14.24, 1009(1) -12.70(-14.24,-11.16)
-11.16)
i) PP RCTs 1048 -2.29(-4.65,0.07) 40% 7509(2) -3.64(-5.50,-1.78) 0%
1009(2) -0.01(-2.70, 2.68) 0%
NRCT 60 -14.33(-16.01, 750(1) -14.33(-16.01,-12.65)
-12.65)
iif)HbAlc RCTs 1294 -0.00(-0.15,0.15) 86% 759(3) 0.06(-0.15,0.28) 91%
100g(2) -0.12(-0.37,0.14) 75%
3. Pregnancy induced RCTs 893 0.52(0.29,0.94) 0% 750(2) 0.59(0.31,1.10) 0%
hypertension(PIH) 100g(1) 0.33(0.10,1.09)
NRCTs 1154 1.34(0.82,2.19) 0% 750(3) 1.34(0.82,2.19) 0%
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Table 2.8. Important maternal outcomes of GDM (Metformin vs Insulin) stratified by 759/100g OGTT

Outcomes Typesof | Sample WMD/RR 12 Subgroup | WMD/RR 12
studies | size analysis (n)
4. Pre-eclampsia RCTs 1299 0.81(0.53,1.23) 0% 759(4) 0.83(0.53,1.30) 0%
100g(1) 0.70(0.21,2.29)
NRCTs | 1241 0.71(0.41,1.25) 1% 759(3) 0.65(0.30,1.40) 32%
100g(1) 1.0(0.13,7.60)
5. Caesarean section rate 759(6) 0.96(0.62,1.47) 59%
i) Tota RCTs 1612 0.90(0.60,1.25) 45% 100g(2) 0.76(0.46,1.36) 0%
NRCTs | 1154 0.81(0.58,1.14) 29% 759(3) 0.81(0.58,1.14) 29%
ii) Emergency RCTs 893 1.18(0.58,2.40) 67% 759(1) 0.87(0.59,1.29)
100g(1) 1.82(0.88,3.75)
NRCTs | 1064 0.72(0.54,0.97) 0% 759(2) 0.72(0.54,0.97) 0%
6. Induction of labour RCTs 0.89(0.61,1.28) 38% 759(4) 0.88(0.59,1.29) 49%
100g(1) 3.04(0.12,75.69)
NRCTs 1.24(0.84,1.82) 0% 759(3) 1.24(0.84,1.82) 0%

93



Neonatal outcomes

1. Neonatal Hypoglycaemia

Among 8 studies, 6 RCTs (n=1295) and 4 NRCTs (n=1165) reported the outcome.
Whilst the definition of neonatal hypoglycaemia varied from less than 1.6 to 2.6
mmol/l or the need to inject 1V dextrose, all these studies,except Niromanesh 2012
study, reported decreased risk of neonatal hypoglycaemia with metformin treatment.
Y et, there was no statistical heterogeneity in summary outcome estimate. It should be
noted that Niromanesh 2012 did not mention to collect the outcome in their method
section though they reported the outcome in the results. Random effect meta-analysis
of both RCTs and NRCTs reveded that the rate of neonatal hypoglycaemia was
significantly lower in infants born to metformin treated mothers than those to insulin-
treated mothers, (OR 0.69 [95% CI 0.52, 0.91) in RCT and (OR 0.42 [95% CI 0.27,

0.64) for the NRCT group (Figure 2.6).
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Figure 2.6. Forest-plot of Neonatal Hypoglycaemia
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2. Largefor gestational age (LGA)

Definition of LGA was similar across the included studies, with birth weight greater
than 90" centile except the |jas study which used birth weight of >2 standard deviation
(SD) of the mean.

6 RCTs(n=1502) and 3 NRCTS (n=1696) reported the outcomes (Figure 2.7. A). Only
the ljas study examined LGA as a primary outcome measure. The RCTs did not show
any difference in the incidence of LGA (OR 0.77 [95% CI 0.55, 1.08]) whilst the
NRCTs showed a decreased incidence of LGA in the metformin treated group (OR
0.60 [95%0.46, 0.77]). It should be noted that Niromanesh 2012 and Spaulonci 2013

studies did not mention including LGA as outcome variable in their method section.

3. Small for gestational age (SGA)

Data on SGA were available from 7 RCTs (n=1548) and 4 NRCTs (n=1255) (Figure
2.7. B). Therewas no differencein pooled estimate risk of SGA in RCT meta-anal yses
(OR 0.98 [95%CI: 0.64, 1.50]) between metformin and insulin treatment. The data
reported by NRCTswas found to be reduction in SGA risk with metformin than insulin
(OR 0.66[95% CI 0.46, 0.96]). The variation between RCTs and NRCTs could be due
to exclusion of metformin given to GDM women with possible intrauterine restricted
babies in one NRCTs(Goh et al 2011) and differences in population characters
favouring metformin arm (Rai et al 2009, Tertti et al 2008) which might paradoxically

increase the number of SGA ininsulin arm.
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4. Macrosomia

Macrosomia was defined as > 4kg in 11 studies: 8 RCTs (n=1082) and 3 NRCTs
(n=909) (Figure 2.7. C). The random-effect meta-anal yses showed possible difference
in the rate of macrosomia non-significantly (OR 0.71 [95%CI 0.46, 1.09]) in RCT
meta-analysis and significantly (OR 0.63 [95%CI 0.42, 0.93]) in NRCTs meta

analysis. The ljas and Hassan studies examined macrosomia as its primary outcome.

4. Foeta birthweight

Foetal birthweight was not significantly different between metformin and insulin
treated groupsin 9 RCTs (n=1815) (WMD -58.38 [95%CI -119.09, 2.32] grams and 4
NRCTs meta-anayses (n=1255) (WMD -35.37 [95%CI -134.56, 63.82] grams (Figure

2.7.D).

Sensitivity analysis: The statistical heterogeneity of 12 of 33% was much influenced
by ljas 2010 and Hassan 2012 studies which results were in opposite direction. The
methodology difference in these 2 studies were discussed in CS rate outcomes. After
exclusion of these 2 studies, the effect changed to WMD of -50.04(95%CI -100.73,
0.64) grams with 12 of 0%. Among NRCTs meta-anlaysis, 12 of 43% was attributable
to the result of Goh 2011 study. Thiswas the study done by the same group as Rowan
2008 RCT study but the effects were found to be opposite. The strategy of metformin
administration was different in Goh 2011 study in that GDM women in this study were
not offered metformin if the foetal abdominal circumference was <10" percentile by
ultrasound and thus, might possibly reduce birth weight in insulin arm. After
exclusion, the effect of NRCTs meta-analysis changed to WMD of -98.59 (95%CI -

199.89, 2.71) grams.
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Figure 2.7. Forest-plots of Baby sizes at birth
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C) Macrosomia
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6. Gestational maturity

There was in the reduction of gestational age at delivery with metformin therapy in
GDM in 7RCT meta-anaysis (WMD -0.10(-0.29, -0.09) weeks whereas the summary
estimate of 3BNRCTs showed significant difference with much mature babiesin insulin
arm(WMD 0.4[95%CI 0.18, 0.62]) weeks (Figure 2.8. A). There was an increased risk
of preterm delivery (< 37 weeks) with metformin treatment with OR of RCTs meta-
analysis 1.22 (95% CI 0.63, 2.39) and that of NRCTs (OR 0.53 [95%CI 0.19, 1.49])

with high heterogeneity 12=40% and 42% respectively. (Figure 2.8. B)

Sengitivity analysis: Among RCTSs, the Mesdaghinia 2013 study excluded metformin-
treated GDM with additional insulin group from metformin arm whereas all other
studies included them. Thus, sensitivity analysis was performed with exclusion of this
study and found that there was significant increased risk of prematurity with the odds
of 1.57(95% CI 1.05, 2.36) with 1>=0% for RCTs meta-analysis. Similarly, among
NTCTs, Balani 2009 study included metformin monotherapy group in their metformin
arm whereas Goh 2011 study added supplementary insulin to GDM women with FBS
>6mmol/L with metformin initiation. These two studies consistently reported that
prematurity was increased in insulin-treated GDM compared to metformin-treated
GDM with 19.2% vs 12.5% in Goh 2011 study and 10% vs 0% in Balani 2009 study.
After exclusion of these 2 studies, the pooled estimated risk changed to OR of 0.68

(95%Cl 0.14, 3.27).
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Figure 2.8. Forest-plots of gestational maturity at delivery
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7. Neonata jaundice

All the studies defined neonatal hyperbilirubinaemia or jaundice as the need for
phototherapy apart from Moore et al, who defined jaundice as a bilirubin>5mg/dl and
Ral et al who used >12mg/dl as a cut off(Moore et al 2007; Rai et al 2009). Analysis
of the 9 RCTs (n=1811) reveaed a possible reduction in the risk of neonatal jaundice
with metformin use [OR 0.79; 95% CI 0.53, 1.18]. Analysis of the 3 NRCTs (n=378)
showed similar non-significant reduction with metformin treatment [OR 0.51; 95% CI
0.19, 1.42] (Figure 2.9). There was large statistical heterogeneity in effect sizeswhich

could be due to difference in characteristics of GDM population.

Sensitivity analysis: The heterogeneity in RCTs meta-analysis was much influenced
by Niromanesh 2012 study which was the only study favouring insulin arm. The
methodology of this study differed in that insulin was administered targeted approach
compared to other study. Among NRCTs meta-analysis, because of much variations

in studies conduct and paucity of number of NRCTs, the sensitivity was not performed.
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Figure 2.9. Forest-plot of Neonatal Jaundice
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Table 2.9: Important Neonatal outcomes (Metformin vs Insulin) stratified by 75g/100g OGTT

Outcomes Numbers | Sample | WMD/OR 12 Subgroup | WMD/OR 12
of studies | size Analysis(n)
1. Weight at birth 75q(6) -59.96(-146.37,30.44) 55%
iii) Birth weight 9RCTs 1498 -58.38(-119.09,2.32) 33% | 1009(3) -63.59(-154.74,27.57) 0%
ANRCTs 1255 -35.37(-134.56, 68.82) 43% | 759(3) -18.71(-133.68,96.27) 51%
100g(1) -120.00(-320.79,80.79)
iv) Macrosomia 8RCTs | 1082 | 0.71(0.46,1.09) 17% | 759(5) 0.83(0.43,1.62) 37%
100g(3) 0.50(0.27,0.95) 0%
3NRCTS | 909 0.63(0.42,0.94) 0% | 759(3) 0.63(0.42,0.94) 0%
V) LGA 6RCTs | 1502 | 0.77(0.55,1.08) 21% | 759(4) 1.0(0.73,1.37) 0%
100g(2) 0.49(0.30,0.82) 0%
3NRCTs | 1696 | 0.60(0.46,0.77) 0% | 759(3) 0.60(0.46,0.77) 0%
vi) SGA 7RCTs | 1548 | 0.98(0.64, 1.50) 0% | 759(6) 0.96(0.62,1.48) 0%
100g(1) 1.52(0.25,9.35)
ANRCTs | 1255 | 0.66(0.45,0.95) 0% | 759(3) 0.70(0.48,1.02) 0%
100g(1) 0.23(0.04,1.20)
2. Neonata hypoglycaemia | 9RCTs | 1811 | 0.69(0.52,0.91) 0% | 759(6) 0.67(0.48,0.94) 8%
100g(3) 0.68(0.32,1.44) 0%
ANRCTs | 1165 | 0.42(0.27,0.64) 0% | 759(3) 0.43(0.28,0.65) 0%
100g(1) 0.18(0.01,3.93) 0%
3. GAa birth 7RCTs | 15612 | -0.10(-0.29,0.09) 37% | 759(5) -0.18(-0.33,-0.03) 0%
1009(2) -0.10(-0.38,0.18) 0%
3NRCTs | 743 0.40(0.18,0.62) 0% | 759(2) 0.38(0.14,0.62) 0%
100g(1) 0.50(-0.08,1.08)
4. Premature baby 6RCTs | 1502 | 1.22(0.63,2.39) 20% | 75g(4) 1.49(0.97,2.29) 0%
100g(2) 0.44(0.01,24.48) 85%
ANRCTs | 1139 | 0.53(0.19,1.49) 42% | 759(3) 0.39(0.11,1.41) 55%
100g(1) 2.0(0.17,23.29)
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Table 2.9: Important Neonatal outcomes (Metformin vs Insulin)stratified by 75¢/100g OGTT

Outcomes Numbers | Sample | WMD/OR 12 Subgroup Outcomes Numbers
of studies | size of studies
5. Neonatal jaundice 9RCTs 1811 0.79(0.53,1.18) 31% | 759(6) 0.79(0.55,1.15) 0%
100g(3) 0.78(0.22,2.75) 79%
3NRCTs | 378 0.51(0.19,1.42) 73% | 750(2) 0.49(0.10,2.39) 86%
100g(1) 0.61(0.21,1.78)
6. Foetal distress at birth 759(6) 0.79(0.46,1.38) 0%
i) Respiratory distress 9RCTs 1811 0.78(0.50,1.22) 0% 1009(3) 1.07(0.27,4.31) 63%
3NRCTs | 1194 1.23(0.52,2.91) 0% 759(3) 1.23(0.52,2.91) 0%
i) Cord blood pH 6RCTs 857 0.00(-0.01,0.01) 0% 759(5) 0.01(-0.01,0.02) 0%
100g(1) 0.0(-0.02,0.02)
INRCT 90 0.00(-0.04,0.04) 759(1) 0.00(-0.04,0.04)
7. NICU admission rate 8RCTs 0.69(0.50,0.95) 23% | 759(5) 0.79(0.60,1.04) 0%
100g(3) 0.63(0.18,2.15) 60%
5NRCTs 0.57(0.40,0.82) 28% | 750(4) 0.63(0.47,0.84) 0%
100g(1) 0.19(0.05,0.75)
8. APGAR at 5 minutes 6RCTs 778 0.03(-0.12,0.18) 12% | 759(2) 0.05(-0.15,0.26) 29%
100g(4) -0.06(-0.34,0.21) 0%
INRCT 90 -0.10(-0.52,0.32) 750(1) -0.10(-0.52,0.32)
9. Shoulder dystocia 7RCTs 1570 0.60(0.29,1.25) 0% 759(4) 0.48(0.20,1.23) 0%
100g(3) 1.16(0.26,5.10) 10%
2NRCTs | 317 2.40(0.25,23.38) 750(2) 2.40(0.25,23.38)
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8. NICU admission rate

Data on rates of NICU admission was found in 13 studies, 8 RCTs and 5 NRCTs.
Anaysis of the RCTs metaanalysis revealed reduction of NICU admission is
association with metformin usage (OR 0.69 [95% CI 0.50, 0.95]). The NRCT anaysis

also showed a significant reduction with (OR 0.57 [95% CI 0.40, 0.82]).

Sensitivity analysis: Among RCTs, GDM women in Mesdaghinia 2013 study and
Ruholamin 2014 study were included metformin monotherapy group in metformin
arm and this might exaggerate the summary estimate. After exclusion of these 2
studies, the effect was no longer significant with OR of 0.82 (95%Cl 0.62, 1.07). In
NRCT analysis, there was imbalanced Type 2 diabetes population in Rai 2009 study
with 6.7% and 20% in metformin and insulin arm respectively and it was reported that
the average duration of hospital study also differed with 2.5 days and 6.5 days
respectively. After exclusion, the 12 changed from 28% to 0%, and effect was still
significant.

9. Perinatal mortality

Because of small number of incidence of perinatal mortality rates in GDM, Generic
Inverse Variance Model was applied to combine the effect estimate. Analysis of 6
RCTsand 3 NRCTsrevealed no difference in perinatal mortality rates between either

of the treatment arms in the RCTs (OR 1.00 [95%CI 0.10, 9.72]) or the NRCTs (OR

0.21[95% CI 0.02, 1.92]) .
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Other outcomes

8. Birthtrauma
The number of birth trauma among treated GDM was found to be very low (0.03%).
Data on birth trauma was specifically reported in 4 RCTs (n=1197) and 1 NRCT

(n=90).

1large RCT (Rowan et al 2008) reported birth trauma (mild if bruises or abrasions at
birth but resolved before 6 weeks postpartum) in 16 out of 363 infants born by
metformin-treated women with mild birth trauma and 17 out of 370 (15 mild and 2
severe) infants born to insulin-treated women, both numbers were considerably higher
than datareported by 1 small RCT (ljas et al 2010) where 2 out of 50 infantsininsulin
group (attributable to clavicular fractures due to shoulder dystocia) with no incidence
of birth traumain metformin group were observed. Another RCT did not find any case
of birth trauma in both groups (n=150) (Hassan et al 2012) One retrospective cohort
reported 2/45 in insulin and 1/45 in metformin group (1 clavicular fracture in each
group and 1 Erb’s palsy in insulin group) (Tertti et al 2008). One prospective cohort
also observed an increased risk of birth traumain the insulin-treated mothers although
the exact number was not reported (Rai et al 2009), the interpretation of this result

should be sceptical because of higher proportion of type 2 diabetes mothers.

9. Major or minor congenital abnormality

ljas et al reported that there was one oesophageal atresiain the metformin arm whereas
one baby with congenital ovarian cyst was observed in insulin group. One
observational study reported specific congenital defects. In the metformin group, there

is one case of a baby born with trisomy who subsequently died at 2 months (Tertti et
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al 2009). Niromanesh group found one with ventricular septal defect, one with talipes
equinovarus and one with moderate bilateral hydronephrosisin insulin group whreas
they observed one with small ventricular septal defect, one with atrial defect, two with

talipes equinovarus and one with unilateral cleft lip.

10. Tolerability of treatment

Discontinuation of treatment was reported as being low in 4 studies (the largest
proportion <8%)(Rowan et al 2008; Moore et al 2010; ljas et al 2010; Gandhi et al
2012). The commonest reason was Gl side-effects and less frequent reasons were
worsening liver function tests, sepsis, hypoglycaemia, migraine, skin rash, obstetric
complications including severe preeclampsia and obstetric cholestasis. The dose of
metformin needed to be reduced in 4 studies (the greatest proportion <9%) (Rowan et
al 2008; ljas et al 2010; Gandhi et al 2012; Rai et al 2009). The only reported reason
was Gl intolerance. In contrast, despite high dose of metformin (3000mg), Hassan

2012 study reported to have no Gl intolerance.

11. Arthropometric measurements of babies

Thelargest RCT by Rowan et al reported the primary outcome as acomposite measure
(neonatal hypoglycaemia, respiratory distress, need for phototherapy, birth trauma, 5-
minute Apgar score below 7 or premature birth) where they found no significant
differences between metformin and insulin treatment (OR 0.99; 95% CI 0.80 to 1.23).
They also reported no significant difference on cord blood ‘C’ peptide levels (but not
mention the actual value) and no significant differencesin anthropometric measures at
birth between the treatments. However, data on anthropometric measures at 2 year

follow-up with 50% follow-up rate performed by the same research group (MiG
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TOFU) reveaed no significant differencesin the distribution of fat measured by waist-
to-hip ratio and DEXA-calculated abdominal-to-thigh fat ratios but an increased
measure of upper-arm circumference and increased thickness of biceps and
subscapular skinfolds in toddlers born to metformin-treated mothers (Rowan et al
2011). Similarly, Niromanesh 2012 group has observed that significantly lower head,

arm and chest circumferences with metformin treatment.

12. Other pregnancy outcomes at birth

There was no significant difference in other neonatal outcomes: respiratory distress,
APGAR at 5 minutes, the risks of APGAR <7 at 5 min, serious perinatal outcomes
(shoulder dystocia, nerve pasy, fractures, perinata death), duration of NICU
admission, antepartum complications, peripartum complications, postpartum impaired

glucose tolerance and maternal hypoglycaemia.
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13. Outcomes of follow-up studies

There are three articles which reported the follow-up offspring outcomes of metformin
in GDM (ljas et al 2015; Rowan et al 2011, Battin et al 2015). Data on weight, height
and head circumference were available from both studies at toddler follow-up. The
meta-analyses showed that children born to metformin-treated GDM women were
heavier than those delivered by insulin-treated GDM women. (WMD: 0.44 (95%CI
0.04, 0.84)) kg. There was no difference in height and head circumference. Moreover,
Rowan and her group have found that metformin treatment favoured more peripheral
deposition of fat than central adiposity. The systolic and diastolic blood pressures of
2-years-old exposed to intrauterine metformin were similar to those of insulin treated
women. Moreover, there was no difference in child’s motor, linguistic and social

development at 18 months of age between metformin and insulin groups.

110



2.3.2. Comparison 2: Metformin versus Glibenclamide

Table 2.10. Quality assessment of RCTs (Metformin vs Glibenclamide)

Study Internal Validity External validity Potential bias
Selection Performance | Detection | Attrition Reporting | Others
7 o 2 e g
= " 2 o | & — S
5 ; = |8 | § 5 S
= () = = QO 9 =
& £ 5 | 5§ X 5]
B > = g o S |3 =
c e = = % - g £ g T ‘8
S 8 i 3_33_ o © < ® ‘B = c . o]
§ c = %) 5 s | 8 Q oo o = o o] o8
N e} m 8 o & x| 5 e k=) = ® =
S = o c % S | & |0 S 8 |0 |8 |5
g g g e |8 = |E | & | B - s |2 |2 |2
5 |= |2 |§ |= S |8 |8 |§ 8 2 |8 |E |5
o < o o £ |E | < |O T £ |E |Oo | d
George 2015 + + - + + + - - - - + + + + Low
Moore 2010 + + - + - + + + - + + + + + Moderate
Silva2012 + ? - + - - - - - + + + + + Low

(‘+ means appropriate, ‘-’ means not done or not mentioned or not appropriate or *? means inadequate data to justify that the study )
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2.3.2.1 Quality assessment of included studies (Metformin vs Glibenclamide)

Out of three RCTs, randomization and alocation concealment was appropriately
conducted except Silva 2012 study where ‘brown’ envelope, rather than opague, was
used for allocation(Table 2.10). Information on blinding of health care professionals
and participants were not reported by any of 3 studies. The diagnostic and target
glycaemic levels and management were comparable between metformin and insulin
groups in al 3 studies. Only George 2015 mentioned that outcome assessors were
blinded from intervention. Although sample size was determined before the conduct
of trial, only one study was adequately reported to have done interntion to treat
analysig 78]. None of 3 studies reported all outcomes considered important in this
review. George 2015 study did interim analysis. The explicit information on
population selected, intervention given both on metformin and glibenclamide and the

reported outcomes were available in all 3 studies.
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2.3.2.2. Characteristic of studies

A brief description on population included, intervention and GDM management were

described in table 2.10.

Population: Mgjority of the GDM being diagnosed by 100g OGTT test. All 3 studies
included were RCTs. In al 3 studies, GDM women who failed to achieve target
glucose by medical nutrition therapy were randomized. The target glycemic targets

were similar across the studies.

Intervention: The maximum dose of metformin was 2000 mg in one study Moore et al
2010 and 2500 mg in other 2 studies (Silvaet al 2013; George et al 2015) whereas the
maximum dose of glibenclamide was 15mg in one study (Silva et al 2013) and 20 mg

in other two (Moore et al 2010; George et al 2015).

Outcomes: Glycemic control was main outcomes in 2 studies and the rest study used
composite outcome measures. Data on pregnancy outcomes such as foetal birth
weight, caesarean section rates, neonatal hypoglycemia, hypertensive complications
of pregnancy, gestational age at birth, maternal fasting and postprandial glycemic

control comparing metformin and glibenclamide were available from 3 RCTs.
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Table 2.10. Characteristics of included studies (Metformin vs Glibenclamide)

Study ID Setting Population Care pathway Metformin Glibenclamide Reported side | Target level Primary
(Number) - - effects outcomes
Inclusion Exclusion necessitating
action(n)
Moore United states, 11-33 weeks GA, History of significant | prenatal care provided by university | Metformin started at | Glibenclamide started | Gl SE (1) increased glycemic
2010 University of New | Screening:50gOGCT | rena or hepatic disease, | pregnancy diabetic group(OG, diabetes | 500 mg/d in divided | at 2.5 mg bd, increased medication if > 2 | control
(RCT) Mexico, 1hr >130 mg/dl chronic  hypertension | nurse educators and dietiticians. monthly | dose, increased as | as necessary to glucose levels in
[152] 75 metformin : 74 requiring medication or | US, twice wkly antenatal testing starting | necessary to | maximum of 20 mg/d the same mesa
glibenclamide history of substance | at 28 weeks, elective delivery planned at | maximum 2g/d. exceeded  target
abuse 38 weeks by IOL or repeat CS, monitored vaues by 10
by memory-based glucometer(read within | Oral medication was discontinued when insulin mg/dl/> for 2
10% of serum glucose reading),readings | started. consecutive weeks
correlated  with serum glucose each | Taking maximum dose of either metformin or
trimester, tested FBS and 2hrPP each | glyburide with > 2 glucose levels in the same
meal, compliance accessed by polling the | mean exceeded target values by 10 mg/dl/> for
meter and by meeting with diabetes | 2 consecutive weeks was considered to be
educator at each vist regarding | treatment failure.
medication use, diet and amount of
exercise, weekly reviewed glucose level.
Silva 2010, | Brazil, Donal | GA 11-33 weeks, >18 | materna intolerance to | Multidisciplinary care  (nutritionists, | Metformin(Glifage, Glibenclamide(Daonil, | Frequent Gl | Acceptable upper | glucose
2012 Helena hospital, | years old, singletons, | hypoglycaemic physiotherapists, psychologists, nurses, | Diaformin, Dimefor, | Aglucon, Lisaglucon) | complaints, 9 | values (FBS 90 | contral, birth
[122],[191] | UNIMED hospital | AC(>10% and < 75%), | medications or | obstetricians, and endocrinologists) met | Glucoformin) 25 mg before | UTI, 7 | mg/dl and PP 120 | weight and
(RCT) centre, no maena and | unwillingness to | patients every 15 days, monitored by 7 | 500mg at breakfast | breakfast & dinner and | chronic mg/dl); if 2 points | neonatal
32 metformin : 40 | neonatal conditions | participate, foetal AC > | days after instruction, self-assessed FBS | and dinner and | increased by 2.5-5 mg | arteria abnormal, glucose
glibenclamide likely to affect | 97% or < 5% normal, | and lhr after breakfast, lunch and dinner | increased by 500- | each weeek until | systemic considered levels
outcomes, lack of F-up during | using a home capillary glucose | 1000 mg each week | contral, or to | hypertension impaired.
High risk  group | pregnancy, monitoring device. until  control  or | maximum of 20mg/d
sdection by WHO | malformation on maximum of 2500
criteria delivery mg

If not control with maximum dose, replaced by

insulin(

Insulin 0.7 1U /kg /d (1/3 regular insulin before
breakfast, 1/4 regular insulin before lunch &
dinner and 1/6 NPH at bedtime.)
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Table 2.10. Characteristics of included studies (Metformin vs Glibenclamide)

Study ID | Setting Population Care pathway Metformin Glibenclamide Reported side | Target level Primary
(Number) - - effects outcomes
Inclusion Exclusion hecessitating
action(n)
Geroge South Indig; large | Women who failed to | Declined to participate; | Home  glucose  monitoring  with | Metformin(glycipha | Glibenclamide(Daonil | 3  maternal | glycemic targets | Composite
2015 tertiary centre, 79 | meet glycaemic targets | obstetrician declined to | glucometer(minimum 4timesiweek — 1 | ge) 500mg od, | ) 25 mggiven 30 min | hypoglycaemi | <5.3mmol/L and | outcome(one
(RCT) metformin:80glibe | with medical nutrition | alow participation fasting +3 2hr PP), hypoglycemic events | maximum of | before meal(started | a; 1 epigastric | 2hr PP | of more of
nclamide therapy(MNT) being recorded, regularly checked by | 2500mg/day before  dinner  if | burn <6.7mmol/L if | outcomes
research officer uncontrolled fasting; maximum dose | such as
before breskfast if failed to achieve | macrosomia
uncontrolled postmeal normoglycemia, >3700grams,
contral); to maximum within 2-3 weeks | hypoglycemi
of 15mg they were switched | a, need for
over to insulin phototherapy
, respiratory
distress,
neonatal
death/tillbirt
h, birth
trauma)
dose increased in stepwise approach if any two
values of fasting >6.2mmol/L or PP >83
mmol/L within aweek;

OGCT - oral glucose challenge test, GA — gestational age, NPH insulin — isophane insulin, GI SE — gastrointestinal side-effects, CS — cesarean section, USG — ultrasound, 0L — induction of
labour, UTI — urinary tract infection, Gl — gastrointestinal, AC — abdominal circumference, F-up — follow-up, OG — obstetricians and gynaecol ogists
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2.3.2.3. Pregnancy outcomes

Metformin-treated mothers were more likely to deliver babies with lower birth weight
than those born to glibenclamide-treated mothers (WMD -44.51 grams [95% CI -
98.83, 9.82], n=508, 1°=90%) (Figure 2.10. A). Similarly, the risk of macrosomiawas
nonsignificantly lower in metformin group (OR 0.57, 0.22, 1.46); 12=5%) (Figure
2.10.B). Thevariation in the pooled outcome estimate was attributabl e to George 2015
study. Among the included RCTSs, the George 2015 study had reported GDM with
increased triglyceride levels in metformin group. After exclusion this study for
sengitivity analysis, the 12 changed to 0% and the WMD of birthweight -249.13

grams(95%CI -355.88, -142.38) and OR of macrosomia 0.32(95%CI 0.08, 1.21).

Newborns of women who had received metformin developed less neonatal
hypoglycemia than those born to glibenclamide-trested GDM women (OR
0.48[95%CI 0.24,0.98];n =508; 1°=61%) (Figure 2.10.C). The large heterogeneity of
effect estimates was attributable to the George 2015 study, which included only GDM
with moderate hyperglycemia. This might explain exaggeration of metformin effect

on therisk of neonatal hypoglycaemia.

The prematurity rate was comparable between metformin and glibenclamide treated

GDM [OR 1.59 (95%Cl 0.49, 4.80)] (Figure 2.10.D).

The materna FPG control was better with glibenclamide than metformin with the
weighted mean differenc( WMD) of 2.40(95%CI 0.21, 4.60); n=508 and 12=0%
whereas there was no significant difference in postprandia glycemic control (WMD:

0.58[95%Cl:-2.63, 3.79]; n=508; 12=0%)(Figure 2.11.A and B).
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There was non-significant increased risk of caesarean section with metformin
treatment (OR 1.39 [95%CI 0.63, 3.06], n=508, 1°=64%) (Figure 2.11. C) which was
largely contributed by Moore 2010 study. In this study, there was a significantly
increased in number of metformin-treated women undergoing non-elective caesarean

section indicated for non-reassuring fetus.

Maternal weight gain was reported only by Silva 2012 study that there was less
maternal weight gain of 2.06 (95%CI 3.98 to 0.14) kg with metformin therapy than

glibenclamide in GDM.

Among 3 studies, the failure rate of metformin was increased in the Moore 2010 study
whereas glibenclamide failure rate was higher in the Silva 2012 and George 2015
studies. In Moore 2010 study, the target fasting glucose was 5.8 mmol/L in contrast to
5 mmol/L in other 2 studies. As mentioned above, glibenclamide can have much
greater reduction on FPG than metformin. Thus, this study had high metformin failure
rate. It should aso be noted that in considering therapy failure rate, the maximum dose

of the drug should also be taken into account.

There was no significant difference in hypertensive complications of pregnancy,
respiratory distress, neonatal jaundice, NICU admission rate, birth traumaand neonatal

jaundice.

The following outcomes were not reported: small for gestational age, cord blood “C”
peptide, neonatal hypocalcaemia, and anthropometric measures and results of

postpartum OGTT test.
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A) Neonatal Birth weight (grams)

Figure 2.10. Forest plots of important neonatal outcomes

Mean Difference

metformin glibenclamide Mean Difference
Study or Subgroup Mean 5D Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
George 2015 3,064 202 79 3037 204 80 36.5% 27.00[36.11,90.11]
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Silva 2012 3,193.87 521.22 104 3463 5356 96 32.0% -269.13[415.81,-122.45] L
Total (95% CI) 258 250 100.0%  -147.63 [-361.81, 66.55]
Heterogeneity: Tau®= 31667.16; Chi®=19.20, df= 2 (P = 0.0001); F= 90% 500 350 ) 250 500

Test for overall effect: Z=1.35 (F =018)

B) Macrosomia

Favours metformin  Favours glibenclamide

Test for overall effect: Z= 068 (P =0.449)

D) Gestationa age at birth (weeks)

Metformin Glyburide Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
George 2015 4 79 3 80 42.8% 1.37[0.30,6.37] i
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C) Neonata Hypoglycaemia

Metformin Glyburide Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
George 2015 i 79 10 80 26.7% 0.04 000,073 &4V =
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Heterogeneity: Tau®= 2.05; Chi*= 510, df=2 {P=0.08); F=61% ons 0 10 PRl

Favours metformin  Favours glyburide

Mean Difference

Metformin Glyburide Mean Difference
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Total (95% CI) 186 194 100.0% 0.11 [-0.19, 0.41]

Heterogeneity: Tau®=0.00; Chi*=0.89, df=2 (F=064), F=0%

Testfor overall effect Z=0.71 {(F=10.48)
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Favours metformin  Favours glyburide
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Figure 2.11. Forest plots of important maternal outcomes

A) Fasting Plasma Glucose Control

Metformin Glyburide Mean Difference Mean Difference
Study or Subgroup  Mean 5D Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% CI
George 2015 882 108 79 BG4 144 80 308% 1.80[2.15,5.74] I
Moore 2010 94.3 15 Th o908 13 T4 237% 340[1.11,7.91] I
Silva 2012 80.52 11.78 104 8823 1171 96 454% 2289 [-0.97, 5.55] T
Total (95% CI) 258 250 100.0% 240 [0.21, 4.60] S
Heterageneity; Tau®= 0.00; Chi*= 028, df= 2 {P= 0.87); F= 0% -1=D |5 é 1=D

Testfor overall effect 2= 214 (P=0.03)
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B) Postprandia Plasma Glucose Control

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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C) Caesarean Section Rates
Metformin Glyburide Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Test for overall effect Z=082 (F =0.41)
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2.3.3. Comparison 3: Metformin vs Diet

Table 2.11. Quality assessment of included studies (Metformin vs Diet)

Study ID Internal Validity External Validity Potential

Selection Performance | Detection | Attrition Reporting | Others bias

8
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© S % = g 8 5 =

- > > = (e]

g & |8 |z = & |g |° 5 B
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g ) B ® g2 5 50 © S 218 |8 |=

2 |28 |8 |8 |z % 5 8=/ E8 |t |2z |E =

$) 5 O| o (% L | o £ |E5 3¢ $) £ |E | O |0
Tertti 2008 - - - + D - - - - - + + - + High
Goh 2012 + - - + D - - + - - + - - + High
Balani 2012 | + - - + D - - + - - + + - + High

(‘+ means appropriate, ‘-’ means not done or not mentioned or not appropriate or ‘? means inadequate data to justify that the study was done
appropriately. For baseline comparability and favours group, there were 2 separate items being consider:1) whether the maternal baseline which
were considered important in GDM(Age, BMI, parity, glucose levelsat OGTT, ethnicity, smoking, previous history of still-birth were considered
and reported and 2) if they were unequal across arms, which group could be potentially advantaged out of this biases? D= Diet, I= Insulin,

M=metformin, G=glibenclamide, MF= Metformin Failure
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2.3.3.1. Quality assessment of included studies

The information on maternal baseline and pregnancy outcome data were available in
only 3 observational studies separately. In al three studies, metformin was introduced
to GDM women only after diet and lifestyle intervention was failed to meet target
glucose levels. Thus, women in diet group were more insulin resistant than those in
metformin group which might introduce selection bias. However, all GDM women in
each study were treated under the same clinical team and they have similar target
glucose levels and pregnancy management. Except Tertti 2008 studies, other 2 studies
included all GDM women received diet or metformin within specified time framewere
included in analysis. None of the 3 studies have reported comprehensive outcomes for
thisreview and they did not perform any confounder adjustment. For external validity,

any of 3 studies did not have enough information on diet strategy.

2.3.3.2. Characteristics of studies

Population: Women in metformin group were found to have significantly higher BMI
and higher blood glucose at OGTT aswell as be earlier gestational age at OGTT ,less

likely to be nulliparous and more likely to have family history of diabetes.

Intervention and Comparator: The maximum dose of metformin (3000mg) was used
in Balani 2012 study and obese GDM women in Goh 2012 study. None of the studies

reported information on lifestyle modification strategy (i.e diet treatment).

Outcomes: Only Tertti 2008 study described primary outcomes which were birth

weight and incidence of neonatal hypoglycaemia.

121



Table 2.12. Characteristics of included studies (Metformin vs Diet)

Study ID Intervention Glucose level at which intervention was | Basgline characters(p<0.01)
started/How each group was formed?
Diet Metformin Diet Metformin Diet Metformin
Tertti[175]2008 | dietary counselling | Described in|2 out of 3 759 | Fasting>5.5mmol/latleast | At OGTT
(83 diet : 45| on low glycemic | Table2.7 OGTT value(fasting | twice/fasting >5.5mmol/l at | Ohr(mmol/l) 5.5+0.3 5.9+0.7
metformin) index and low > 4.8, 1hr > 10, 2hr | least once and 90 min PP > | 1hr(mmol/l) 11+0.9 11.7+1.7
saturated fat > 8.7 mmol/l) 7.8 mmol/l/fasting < 5.5 | 2hr(mmol/l) 7.7+1.1 8.3+1.8
eucaoric diet, mmol/l but 90 min PP >7.8 | Hb Alc (%) 5.54+0.3 5.7+0.4
dietary record and mmol/l at least twicewithin | GA(wk) 27.1£2.4 24.8t5.5
exercise diary on a week of monitoring | Primiparan (%) 38(46) 10(22)
glucose glucose(4times
measurement  days
kept Each metformin subject was matched with 2 diet
subjects stratified by age and BMI (except 7
metformin, matched by 1:1).
Goh 2011[187] | Lifestyle advice and | Described in | Fasting > 5.5 | Fasting>5 mmol/l+ Booking BMI (%)
(371 diet : 465 | capillary  glucose | Table2.7 mmol/l (OR) 2hr PP > 6/6.5 mmol/l | <18.5,
metformin) monitoring was 2hr> PP 9 mmol/l at | within  a  week  of | 18.5-24.9, 8.1 22
initiated. 759 OGTT monitoring 25-29.9, 48.8 24
glucose(4times/day) >30 237 285
Ethnicity (%) 195 453
European
Maori 30 22
Pacific 4.6 10.1
Indian 7.6 20.9
Other Asian 135 19.1
Other 394 24.3
OGTT(mmol/l) 51 37
Fasting 4.5+0.7 5.3+0.8
2hrPP 95+1.1 9.4+1.6
History of chronic | 3.5 5.4
hypertension (%)*
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Table 2.12. Characteristics of included studies (Metformin vs Diet)

Study ID Intervention Glucose level at which intervention was Baseline characters(p<0.01)
started/How each group was formed?
Diet Metformin Diet Metformin Diet Metformin

Balani 2012 Individualized 500mg with meals | Fasting > 6 mmol/l | Fasting> 5.6 ~mmol/l+ | HbAlc at entry 5.4+0.5 5.6+0.6
(175 diet:324 | dietary advice from | to maximum of | (OR) 1hrPP>8mmol/L+ BMI 27.2+5.8 30.2+7.1
metformin) aspecidist dietician | 3G;withdrawn if | 2hrPP > 7 mmol/l at | 2hrPP>7mmol/l within a | Family  history  of | 42(24) 131(40.4)

FGR <1Ocentile | 759 OGTT two-week period  of | diabetes

and monitoring

oligohydramnios glucose(4times/day)

or reduced end

diastalic flow

GA —gestational age, PP — postprandial, BMI —body massindex, * (p0.001), FGR — Foetal Growth Restriction
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2.3.3.3. Results

The summary estimates of the pregnancy outcomes reported by all three studies and
analysed in meta-anal yses were foetal birth weight, small-for-gestational age, neonatal
hypoglycemia, prematurity, NICU admission rates, pre-eclampsia and caesarean

section rates.

The pooled risk of small-for-gestational-age was significantly reduced in the
metformin group compared to dietary intervention alone (OR 0.63 (95% CI 0.44, 0.89)
(n=1478, 1>=0%)). There was no significant differencein the pooled estimates of foetal
birth weight (WMD 20.11 [95%CI -39.43,79.65] grams, n=1478, 1=24%) and large

for gestational age(reported by 2 studies).

GDM women receiving metformin were more likely to have induction of labour (OR
1.48 [95% Cl 1.04,1.72]; n=627, 12=0%) and caesarean section (OR 1.35 [95%CI
1.03,1.76], n=1478, 1>=10%). There was marginally significant increase in the pooled
risk of neonatal hypoglycemia (OR 1.44 [95% CI 1.0, 2.09]), n=1477, 1=4%). There
was nonsignificant likelihood that metformin groups had increased risk of babieswith
neonatal jaundice than diet monotherapy (OR 2.78 [95% CI 0.58, 13.02]), n=627,

12=71%).

Therisksof prematurity, preelampsiaand NICU admission rates were not significantly

different between metformin and diet alone groups.

The possible difference between metformin and diet treatment was observed in therisk
of induction of labour with odds of 1.6 (95%CI 0.99, 2.58) in favour of metformin,

using random effect meta-analysis (n=524).
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Tertti et al reported significant difference in Apgar score at 5 minutes with mean

difference of -0.3(95% CI -0.57, -0.03) favoring diet.

Figure 2.12 Forest plots of neonatal outcomes

A) Small for gestational age

Metformin Diet Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ealani 2012 28 324 25 175 35T% 0.50[0.28 0.90] ——
Gah 2011 41 471 45 380 61.9% 071045 1.11] -
Terti 2008 1 45 3 93 23% 061 [0.06, 6.00]
Total (95% CI) 240 638 100.0% 0.62 [0.44, 0.89] &
Total events 67 73
e =_ CehiE = _ _ - \ , ,
?et?;ngenemrl.l T?fu ;‘g?g,émp-_nuﬁuﬁu,gf- 2(P=065);F=0% o 0 1 100
estfor overall effect: 2= 2.62 (P = 0.008) Favours metformin  Favours diet
B) Neonatal Birth weight
metformin glibenclamide Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
George 2015 3,064 202 75 3037 204 T4 265% 27.00[-38.19,92.19]
Waare 2010 3103 BO0 75 33296 334 74 31.5% 22660 F382.26,-70.94] —_—
Silva 2012 318387 52122 104 3463 5356 98 321% -268.13[41581,-122.45) ——
Total (95% Cl) 254 244 100.0%  -147.71[-361.28, 65.86]
Heterageneity, Tau® = 31438.55; Chi®= 18,87, df= 2 (P = 0.0001); F= 28% _5100 _2150 5 2}30 560

Test for overall effect: Z=1.36 (F=018)

Favours metformin  Favours glibenclamide
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2.3.4.Comparison 4: Metformin Success(metformin aone) vs Metformin Failure(metformin+insulin)
Table 2.13. Quality assessment of included studies (Metformin Monotherapy vs Metformin Failure)

Study ID Internal Validity External Validity Potential
Selection Performance | Detection | Attrition Reporting | Others bias
8
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8] 5 C| E | m £ |E&OQ o £ |E |0 |d
ljas 2010 + - - + M - - + - - ¥ ¥ _ + High
Goh 2011 + - - + M - - + - - + - _ T High
Tertti 2013 + - - + M - - + - N + + _ T High
Spaulonci 2013 | + - - + M - - + - - T + + _ High
Corbould 2013 | + - - + M - - + - - T T _ _ High

(‘+ means appropriate, ‘- means not done or not mentioned or not appropriate or ‘? means inadequate data to justify that the study was done
appropriately. For baseline comparability and favours group, there were 2 separate items being consider:1) whether the maternal baseline which
were considered important in GDM(Age, BMI, parity, glucose levelsat OGTT, ethnicity, smoking, previous history of still-birth were considered
and reported and 2) if they were unequal across arms, which group could be potentially advantaged out of this biases? D= Diet, 1= Insulin,

M=metformin, G=glibenclamide, MF= Metformin Failure
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2.3.4.1. Quality of included studies (Table 2.13)

There are 5 studies which presented metformin alone and metformin plus insulin
groups separately (ljas et al 2010; Goh et al 2011; Tertti et al 2013; Spaulonci et al
2013; Corbould et al 2013). Although three of them were sub study of RCTSs, they
were qualitatively assessed against NRCTs ROB tools because randomization did not
intend for metformin and metformin failure groups. All the women in metformin
failure group were received additional insulin when they failed to achieve target
glucose levels with maximum dose of metformin. Among all studies, GDM women
were more insulin resistant in metformin failure group. All the women who received
metformin alone or with supplementary insulin were included for analysis (intention

to treat analysis). Neither of NRCTs had blinded the outcome assessors.

2.3.4.2. Characteristics of studies (Table 2.14)
Population: Characters of women who failed to achieve target glucose with metformin

were observed in 3 studies.

The RCT performed by ljas et al reported that metformin failure women were more
likely to have BMI > 30kg/m2, more likely to be high risk group of gestational
diabetes, had higher fasting glucose level at diagnosis and were more likely to have a
history of chronic hypertension compared to the metformin alone treatment group.
Similarly, one retrospective observational study undertaken by Goh et al observed that
the higher the BMI, the greater the proportion of metformin failure;, there was
significantly higher fasting glucose level (5.7+0.9 vs 5£0.6 mmol/L) and higher
proportion of chronic hypertension (8.8% vs 2.4%) in metformin failure group and

metformin monotherapy group respectively. Corbould and the group with small

127



sample size have reported that if fasting glucose at OGTT<5.2 mmol/L, 13 out of 14
(93%) responded well to metformin (i.e. not require insulin addition). All the women

in Tertti 2013 received vitamin supplementation together with metformin.

Data on ethnicity were obtained from 9 studies (Table 2.15). High metformin failure
rates of 46.3% and 46.5% were reported by Rowan et al and Goh et al, respectively. It
was found that the study with greater percentages of high risk ethnic groups had

metformin failurerate.

Intervention and Comparator: In all 5 studies, metformin failure group was formed
when the maximum dose of metformin (ranging from 1500-3000mg) to meet target
glucose levels was used. (Tertti et al 2013, ljas et al 2010 and Corbould et al 2013).
Extended release metformin was given in 3 out of 5 studies. In Goh 2011 study,
compulsory baseline insulin was given to GDM with fasting > 6 mmol/L at initiation
of metformin and the maximum dose of metformin given to obese women were higher
than that to normal (3000mg vs 2500 mg). Except ljas 2010 study where fixed dose
strategy of metformin was applied for 3 weeks, the other 4 studies have 1-2 weeks of
titration period before insulin was given. In Corbould et al 2013 study, insulin was
commenced after stopping of metformin compared to insulin addition therapy in other
4 studies.

Outcomes: Neonata birthweight and macrosomia were primary outcome measure in
Tertti 2013 study and ljas 2010 study respectively whereas Spaulonci 2013 considered

glycaemic control for main outcome measure.
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Table 2.14. Description of included studies (Metformin monotherapy vs Metformin Failure)

Study ID How metformin failure group was formed? Baseline characters
Metformin Metformin + insulin
1j&s 2010 If target glucose level (fasting < 5.3 mmol/I and 1.5hr PP <6.7 | Booking BMI* 29.615.3 35.7+7.2
(32 metformin : 15 | mmol/l) was not achieved with maximum metformin dose | Fasting* 5+0.5 6.1+1.1
metformin +insulin) (2350mg) in 1-2 weeks, insulin was added. 2hrPP 8+1.8 8.7+2.2
GA at metformin initiation* | 31+3. 26+5.9
Goh 2011 If fasting > 6 mmol/l, supplemental bedtime isophane insulin | Booking BMI (%)*
(249 metformin : was added at the time of metformin initiation. <18.5, 4.1
216  metformin  + | If women failed to achieve target glucose level(fasting 4-5 | 18.5-24.9, 332 135
insulin) mmol/l and 2hr PP 4-6/6.5 mmol/l) with maximum metformin | 25-29.9, 328 237
dose(2500mg, 3000mg for morbidly obese), they were advised | >30 299 62.8
to take supplemental insulin 1/> times/day as required. Ethnicity (%)*
European 21.3 22.7
Maori 8.4 12
Pecific 145 282
Indian 21.7 16.2
Other Asian 309 16.7
Other 32 4.2
OGTT(mmol/l)*
Fasting 5+0.6 5.7+0.9
2hrPP 9.4+1.4 9.3+1.9
History of chronic | 2.4 8.8
hypertension (%)*
Spaulonci 2013 If target glucose level (fasting < 5.3 mmol/I and 1.5hr PP <6.7 | Booking BMI 29.01+5.73 27.73+5.35
mmol/l) was not achieved with maximum metformin dosein 1- | GA at OGTT*(weeks) 31.4+2.36 27.55+5.25
2 weeks, insulin was added. HbAlc at OGTT(%) 5.82+0.53 6.11+1.17
Fasting glucose at | 98.05+19.03 113.98+26.2
OGTT(mg/dL)
Corbould 2013 If glucose targets (<5.0mmol/L fasting <6.7 mmol/L at 2hr | Fasting glucoseat OGTT 5.0£0.5 5.6+0.3

(16 metformin : 7
metformin+insulin)

postprandial) were not achieved with diet/exercise, extended
release metformin 500 mg was started with evening meal up to
a maximum of 2g over 2 weeks; if then failed, metformin was
switched over to insulin.

mmol/L

AN — Antenatal, * (p0.001),

Results described as % or mean + SD
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Table 2.15 Metformin failure rates among different ethnic groups

Study ID
(sample size)

Ethnicity %

% of Metformin failure

Rowan 2008

48.2
20.1
10.5
135
7.7

White
Polynesian
Indian

Chinese/Southeast Asia

Others

46.3%

Balani 2009

44.9
26
7.9

Caucasian
Asian
African

10.2%

Moore 2010

88
1
3
8

Hispanic

African American
Native American
White

34.7%

Moore 2007

(Interim result)

63
34
3

African American
Native American
Caucasian

0%

Goh 2011

22

10.1

20.9
19.1

24.3
3

European
Maori
Pacific
Indian
Other Asian
Others

46.5%

Gandhi 2012

58.7
25.6
44

11.3

White
Asian
Middle-east
African

21%

Silva 2012
(approximate)

80 White

25%

Tertti 2008
(approximate)

90 White
10 Arab

18%

130



2.3.4.3. Reaults

A total of five studies reported outcomes on metformin failure.

A random effect meta-analysis on 4 studies (n=584) reported that neonates born to
women with metformin alone were likely to have lower birth weight than than those
to metformin failure mothers with the weighted mean difference of -115.96(95%CI -
244.41, 12.50) grams (Figure 2.13.A). Similarly, there was likelihood that the risk of
large for gestational age could be reduced in metformin alone therapy group with the

odds of 0.60 (95%CI 0.36, 1.07) (Figure 2.13.B)

Sensitivity analysis: In Goh 2011 study, basal insulin was introduced at time of
metformin initiation if fasting plasma glucose (=6mmol/L) in comparison to other
studies where insulin was only initiated even after maximum dose of metformin failed
to reach optimal glycaemic control. Thus, the glycaemic control was expectedly better
in Goh 2011 study than other 3 studies and thus the differencein birth weight between

two arms was smaller than other studies.

There was no significant difference in risk of macrosomia, small for gestational age,

neonatal hypoglycaemia, caesarean section and respiratory distress.

The following outcomes were not reported: risks of induction of labour, weight gain,
maternal hypoglycaemia, birth trauma, major or minor congenital abnormality and

cord blood C peptide/insulin level.
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Figure 2.13. Forest plots of pregnancy outcomes

A) Neonatal Birth weight

Metformin Non-metformin Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
BEalani 2009 3,372 474 100 3,425 A20 13 14.8% -53.00[-350.85 244.59] T
Corbould 2013 3,330 343 16 3,525 357 9 1656% -195.00[482.4E 92.48] _
Goh 2011 3,204 489 253 3241 596 218 504%  -37.00 [136.45, 62.45) ——
ljas 2011 3815 417 32 3919 400 16 18.4% -304.00 [952.70,-595.30] —
Total (95% CI) 401 255 100.0% -115.96 [-244.41,12.50] —~i

i z - - 2 = = 2= + + } }
Heterogeneity: Tau® = 5990.99; Chi*=4.48, df=3 (P=0.21); PF=33% 500 50 P =00

Test for overall effect Z=1.77 (P =0.08)

B) Large for gestational age

Metformin Metformin+insulin
Study or Subgroup _ Events Total __ Events Total Weight

Odds Ratio

M-H, Random, 95% CI

Favours metformin  Favours metformin+insulin

Odds Ratio

lias 2011 1 32 3 15 5.2%
Ealani 2009 14 100 4 13 16.2%
Goh 2011 29 243 30 216 725%
Carbould 2013 2 16 2 9 6.1%
Total {95% CI) 401 253 100.0%
Total events 46 et}

Heterogeneity, Tau®= 0.03; Chi*= 3.17, df= 3 (F= 0.37), F= 6%
Testfor overall effect Z=1.70 (P = 0.09)

M-H, Random, 95% CI
T

043 [0.01,1.37]
0.37 (010, 1.35]
0.80 [0.46, 1.38]
0.60 [0.08, 4.33]

0.62 [0.36, 1.07]

-

0.1

, ,
0.1 10 100
Favours metformin  Favours metformin+insulin
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2.4. Discussion

2.4.1 Metformin versus Insulin

All the studies used standard 759/100g oral glucosetolerancetest (OGTT) to diagnose
GDM. Similar to previous reports by meta-analyses, we found metformin improved
the following outcomes when compared to insulin: maternal weight gain, neonatal
hypoglycaemia, NICU admission rates, pregnancy-induced hypertension and heavier
weight of 1-2 years old babies (Balsells et al 2015; Kitwitee et al 2015). However, we
did not observe any reduction in risk of pre-eclampsiain our analyses. We also noted
a possible reduction in postprandial glycaemia, cesarean section rates, neonata
jaundice and neonatal birth weight, macrosomiaand largefor gestational age. All other
outcomes were comparable between metformin and insulin therapy. Babies born by
metformin-treated GDM mothers had earlier gestational age at delivery and they were
more likely to be premature. The exact mechanism of metformin-induced prematurity
is still unknown and the data on predictors of prematurity among these women are

SCarce.

The beneficial effect of metformin on maternal weight gain was striking and similar
in both RCTs and NRCTs. This is despite the fact that the study by Hassan had high
risk of bias (Hassan et al 2012). The observed heterogeneity in analyzing the studies
might be explained by either the duration of metformin treatment, which was not
explicitly reported by any of the included studies; or, the dose of metformin. Our
findings agree with the noted beneficial effects of metformin on maternal weight gain
in women with PCOS (Vanky et al 2010). Our data provides a rationale for using

metformin in GDM. As maternal weight gain has been shown to independently predict
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LGA, SGA, preeclampsia and caesarean section risks in pregnancy (Kiel et al 2007),
the use of metformin in GDM may offer additional benefits. Furthermore, as
gestational weight gain can strongly predict the metabolic risks of mothers and their
babies (Oken et la 2007; Fraser et al 2010), it is plausible that metformin can have
potential benefit on thelong run. Thereis also evidence that metformin can have better
lipid profiles in women and much more favourable fat distribution in the offspring
(Niromanesh et al 2012; Lord et al 2006; Rowan et al 2011). Despite significant
benefit on maternal weight reduction, there was no increased risk of SGA with

metformin use in pregnancy.

In addition to the reduction in maternal weight gain, we noted that metformin use
resulted in a possible reduction in post-prandial glucose levels. Thisis consistent with
the findings in type 2 diabetes, where metformin significantly decreases postprandial
glucose levels (Howlett et al 1999). These decreases in post prandial glucose levels
could be ascribed to stimulation of glucagon like peptide-1 (GLP-1) secretion by
metformin, which has been noted in animal studies (Y asuda et al 2002). Additionally,
metformin is known to inhibit dipeptidyl peptidase-IV (DPP-IV) activity in type 2
diabetes patients (Lindsay et al 2005). Studies in type 2 diabetes also show a less
marked but significant reduction in fasting glycaemia (Howlett et al 1999), which we
did not observe in our analysis. This may be because the underlying pathology of
increased insulin resistance among these two populations are different or metformin

may have slower onset of action on fasting glucose levels.

Similar to previous meta-analyses, we a so observed a significantly lower incidence of
neonatal hypoglycaemiain metformin treated mothers. This was a robust observation

noted in both RCTs and NRCTs. This finding might explain the trend of lower
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admission to NICU which we also observed. We specul ate that the decreased incidence
of neonatal hypoglycemia may be due to lower maternal glycemic variability as
observed by the more favourable post prandial glucose levels. Another possibility is
that the placental transfer of metformin and similar levels of metformin in amniotic
fluid means that metformin could be swallowed by intrauterine fetus and hel ps it adapt

to maternal hyperglycemiain the uterine environment.

On the other hand, both RCTs (5RCTs) and NRCTs (4NRCTs) metaanalyses of
preeclampsiain our study do not show any difference, which isdifferent from previous
analyses. This might be due to difference in definition of pre-eclampsiain systematic
review. We separately analysed pregnancy-induced hypertension and preeclampsia.
The meta-analysis of PIH including 2 RCTs was found to be different. We have
included one more recent RCT in our analyses than the most recent meta-analysis but

this did not change any statistical heterogeneity (Kitwitee et al 2015).

We saw a beneficial effect of metformin on birth weight, LGA and macrosomia in
NRCTs, wedid not seethisinthe RCTs. Thismay be dueto thefact that the population
chosen to be given metformin in NRCTs could be influenced by physician’s choice.
On the other hand, it should be noted that the sensitivity analysis of RCT meta-analyses
with exclusion of 2 trials for using extended rel ease metformin have shown significant
reduction in birth weight with metformin therapy than insulin. Thus, the effects of
metformin on baby’s sizes need to be justified by future randomized studies with

adequate power to detect the birth weight difference.

In addition to these outcomes, metformin therapy is not only significantly cheaper in

terms of drug costs but is aso less labour intensive to initiate (Lai et al 2008).
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Metformin does have a number of side effects, the principal one being Gl irritation
(Scarpello et apl 2001), whilst insulin is known to be associated with greater incidence
of hypoglycemia. Despite these issues, there is evidence that metformin therapy is a

more acceptable treatment than insulin (Rowan et al 2008).

Our meta-analysi s suggests that metformin appears to improve a number of significant
clinical outcomesfor both mother and baby. More intriguing to us, were those findings
inthe NRCTs (not replicated in the RCTs) that suggested that metformin was superior
to insulin. However, it should be noted that the GDM population who received
metformin in NRCTs were not always comparable as in RCTs in that women with
higher fasting glucose were added on insulin together with metformin initiation (Goh
2011 study) or they were excluded from metformin group (Tertti 2008 study). It might
therefore be expected that the metformin-treated GDM women in NRCTs had better
glycaemic control than those in RCTs. We would suggest that future studies should

consider these facts when designing the study.

2.4.2 Metformin versus Glibenclamide

Based on three randomized studies, our meta-analysis revealed that metformin and
glyburide were likely to have similar effectiveness on GDM outcomes. Although
glyburide was found to achieve lower fasting glycemic targets than metformin, there
was no difference in important clinical outcomes. On the other hand, metformin-
treated GDM mothers were likely to have infants with less neonatal hypoglycaemic
risk, lower birth weight and decreased macrosomia than glyburide-treated mothers.
These might be possibly related to placental transfer to metformin which is accessible

for intrauterine babies and might help them with better handling of hyperglycemic
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blood from maternal placental transfer. However, thereis possibility of increased non-
el ective cesarean section rates with metformin, although the number observed was not
large enough to draw a valid conclusion. On the other hand, the outcome measure,
cesarean section, is criticized to be rather subjective as it could differ with individual
caregivers and healthcare settings. In fact, the study was open label study and was
carried out in US where glibenclamide was an approved drug in GDM whereas
metformin was still in development stage. Thus, it is likely that the clinicians might
scrutinize over metformin cases that might increase the increased observation events

of non-reassuring fetuses.

We did not find any difference in the treatment failure rate which was found to be one
of the factors favoring glibenclamide over metformin in GDM management. The dose
of insulin after treatment failure, reported only by Silvaet al, was not found to be any
difference. In fact, if metformin was given to GDM with moderate hyperglycemiaand
certain ethnic groups like African American, the failure rate was found to be zero
(Moore 2010, George 2015). Thus, it would be of great advantage if predictors of

metformin responders are identified and metformin is given accordingly.

3.4.3 Metformin versus Diet

Even though baseline characters of metformin treated mothers were found to be higher
insulin resistance than those with diet treatment alone, metformin could significantly
reduce the risk of small for gestational age than diet monotherapy. Thus, women who
are likely to develop foetal growth restriction in late pregnancy in GDM, metformin
could beinitiated early. Moreover, thereis possibility that one trial used metformin at

the diagnosis of GDM and they found that early use of metformin could reduce the
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dose of insulin requirement without any increase in the risk of adverse pregnancy
outcomes over non-metformin group which composed of women on diet or insulin
treatment (Gandhi et al 2012). On the contrary, one RCT has reported that women who
failed metformin needed much higher dose of insulin to meet glycemic targets than
those who were aready on insulin (ljas 2010). Hence, if GDM who are at risk of
metformin failure are able to be detected early in pregnancy, they can be initiated with
insulin medication and thus could save them from unnecessary exposure to higher dose

of insulin.

3.4.4 Predictors of metformin failure

All the included studies except Moore2007 study included participants who
experienced metformin failure during pregnancy, ranging from 6.7% to 46.5%.
Predictors of metformin failurein type 2 diabetes, conducted by Brown et al, reported
that higher HbA 1c, longer history of diabetes and younger age of onset before therapy,
were proportionately associated with higher rate of metformin failure (Brown et al
2010). Inline with thisfinding in type 2 diabetes, Goh 2011 study, |j&s 2010 studyand
Corbould 2013 study have all reported that metformin failure women were
characterized by higher pre-pregnancy BMI and higher glucose levels at diagnosis,

indicating higher insulin resistance.

The possible explanation to high metformin failure rate in the MiG trial was suggested
by Denice S Feig where he stated that it might be related to greater percentage of high
risk ethnic group (Feig 2008). Similarly, in recent study conducted by Farrar et al, it
was suggested that South Asians were more likely to have lower threshold for insulin

resistance than the White (Ferrar et al 2015). In our review, the highest failure rates of
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metformin was observed in the studies of Rowan et al and Goh et al with 46.3% and
46.5% respectively. In both studies, the majority (>50%) of samples were high risk
ethnicity of gestational diabetes in contrast to <25% of high risk ethnicity in studies
done by Balani 2009 study and Gandhi 2012 study, which had low failure rates of
10.2% and 21% respectively. A relatively high failure rate, 34.7%, was observed in
the study of Moore 2010 study which was mainly composed of Hispanic population.
At the same time, study reported by Gandhi et al with almost 60% Caucasian in each
group found significant difference in proportion of women with metformin failure
where only 21% of treatment failure were observed. Even in high risk ethnic
population, we have found that their contribution to the percentage of treatment failure
could differ. All inall, we speculated that ethnicity might be a modifiable factor of the
potency of metformin in gestationa diabetes mothersand it is possible that the failure

of metformin may be linked to certain characters of ethnicity.

3.4.5 Metformin Success vs Metformin Failure

The finding of increased proportion of respiratory distress might be probably
associated with higher insulin resistance in infants of women with treatment failure.
Generally, metformin failure women had increased adverse outcomes than those with
metformin alone even though it is still uncertain whether the risk was attributable to
impact of either insulin addition or underlying hyperinsulinaemia. In fact, the average
dose of insulin after metformin failure reported by 2 studies was around 7-8 units
which was significantly higher than average dose of insulin treatment alone (Gandhi

et al 2012; ljas et al 2010).

3.4.6 Limitation of thisreview
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Regarding effect of metformin compared to insulin, some outcome estimates, like
LGA, maternal FPG, SGA and gestational age at birth, were varied between RCT and
NRCT results. We should be sceptical in interpretation of evidence from
methodologically poor observational studies. In only one out of 6 NRCT (Tertti et al
2008), age and BMI were reported to be matched. Neither of other studies considered
any confoundersin both design and analysis stages. In addition, the representativeness
of samples could not be justified as the participants were allocated according to their
preference. Although assignment was performed depending on obstetric units in the
Ra study, they were managed with different consultants and there was unequal
distribution of type 2 diabetes in metformin and insulin arms. Moreover, there were
certain cutoff glucose levels for insulin treatment in 2 studies, leading to increased
number of more severe GDM in insulin arm. Because of the fact that the robustness of
evidence of systematic review is determined by the quality of theincluded studies, the
reliability of this review could be questioned. However, in some cases, the results of

NRCT could validate RCT evidence.

At the same time, among RCT, only 4 trials had enough statistical power to correctly
investigate the primary outcome. Therefore, methodological limitations of these
studies must be taken into account when drawing conclusions. Furthermore, as in
NRCTs, lack of blinding of outcome assessors might be a major threat to internal
validity. However, most of the outcomes were objective and were defined explicitly.
On the other hand, because of awide range of clinically related operative definitions,
the generaizability of effect estimates (e.g. neonatal hypoglycemia) could be

upgraded. Likewise, inclusion of diverse ethnic groups across different countries with
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relatively interchangeable identification criteria and fairly similar intervention

implementation could give further credence to the applicability of the findings.

Specific issues that we considered when performing this analysis included different
diagnostic cut-off values, target glucose levels, intervention strategies, primary
outcomes considered and definition of outcomes (eg: macrosomiaand LGA), some of
which differed from study to study. In order to mitigate this, a separate meta-analysis
was performed on RCTs and NRCTs. Moreover, the NRCTs had high risk of bias and
therefore only outcomes where RCTs alone or RCTs were in agreement with NRCTs

have been reported as positive findings.

As regards with conclusions of metformin to glyburide, caution should be taken
because of limited number of included studies. However, there were no significant
differencesin the study quality, design and methods and thus, the combination of these
two trials using fixed effect meta-anaysis did not result in any conflict findings in-

between.

Although we did thorough literature search without limiting language and date, there
might be a possibility of publication bias. However, small unpublished studies would
probably not alter our conclusions as there was relative similarity in concluded
findings in between two included studies. A funnel plot was not adopted as small-

study-effect might give a misleading result towards publication bias.

3.4.7 Clinical implications

The clinica aim of GDM management is to have the glycaemic levels within target
limitswhich are reported to be associated with reduction in adverse outcomes of GDM.

As metformin can have better and faster postprandial glycaemic control than insulin,

141



metformin could be a more favourable option for GDM diagnosed with postprandial
hyperglycemia. However, there isrisk of prematurity with metformin therapy. On the
other hand, among studies with moderate hyperglycemia or with supplementary
insulin for fasting hyperglycaemia at metformin initiation or with exclusion of
metformin failure group from metformin anaysis group, prematurity risk was higher
ininsulin group. Thus, it should be noted that GDM with high fasting hyperglycaemia,
insulin or glibenclamide should be given or initiated earlier together with metformin.
The glycaemic levels at which additional non-metformin therapy should be added to

those risk of metformin failure is not yet determined.

Moreover, compared to insulin, metformin can significantly lower the incidence of
maternal weight gain. Thus, among GDM with increased BMI or obese mothers,
metformin could be a preferable option to offer. Furthermore, among available GDM
medication, metformin is the best anti-diabetic agent on the risk of neonatal
hypoglycaemia. This might suggest that metformin can have better reduction in
hyperglycemia of both mothers and intrauterine babies. In addition to positive effects
on immediate outcomes, the implementation of low-cost, highly efficient metformin
as afirst-line measure has potential to address the increasing prevalence of GDM and
the rising trend of metabolic diseases in the long run. Thus, every GDM mother, who
does not have any contraindication to metformin, should receive metformin with
appropriate add-on therapy. For this, the treatment algorithm for metformin in GDM

is necessary to develop.

At the same time, the current evidence is still limited and in certain outcomes, the
benefits of metformin have not been well-established. Therefore, methodologically

robust further studies with proper intervention strategy are still necessary. Moreover,
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although the data on outcomes beyond pregnancy have been reported, long-term saf ety

of metformin is still needed to be evaluated.
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CHAPTER 3

OVERVIEW OF CLINICAL STUDIES
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This chapter describes the characteristics of all 299 GDM women included in this

thesis which were sub-divided to be used in 2 different clinical chapters namely:

1. Chapter 4 - Predictors of metformin failurein GDM women (STUDY 2)
2. Chapter 5—Materna Vitamin B12, Folates and Homocystel ne as Determinants
of Glycaemia and Birth weight in GDM (STUDY 3)

3.1.Setting

This retrospective review included all consecutive pregnant women with newly
diagnosed GDM, according to NICE criteria, attending a GDM clinic in a District
General Hospital (George Eliot Hospital, Nuneaton), United Kingdom between
January 2009 to December 2012. If the woman had more than one pregnancy during
the period, each pregnancy was considered as a separate case. The inclusion and

exclusion criteria applied are as follows:

3.2. Study Population

Inclusion criteria

1. Age18-45years
2. Singleton pregnancy delivered at GEH hospital

3. GDM newly diagnosed by OGTT

Exclusion criteria

1. Pre-gestational diabetes mellitus (type 1 or 2)
2. History of preeclampsia
3. Medical conditions contraindicated to metformin (like impaired liver and

renal function)
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4. Women with multiple pregnancies
In this hospital, all high-risk pregnant women (BMI > 30 kg/m2, previous GDM,
previous unexplained still birth or baby > 4.5 kg, first degree relative with diabetes,
ethnic minority group (South Asians, Middle-Eastern, Afro-Caribbean)) attending
antenatal clinic were given 75-grams oral glucose tolerance test (OGTT) between the
gestational weeks of 24 and 28 if they were not pre-diabetic. GDM was diagnosed if
the fasting glucose of >6 mmol/l or/and 2hr postprandial glucose of >7.8 mmol/l as
per modified WHO 1999 criteria. The GDM clinic was run over this study period,
adhering similar GDM management guidelines. All the newly identified GDM were
taught by a specialist dietitian and were advised to do home glucose monitoring up to
7 times a day. Capillary blood glucose levels were self-monitored by gluco-meter
which were checked regularly and HbA1c levels were accessed every month. The
target fasting glucose levels were 4-6 mmol/l and 1hr post meals of < 7.8 mmol/l. All
new GDM women were firstly managed with lifestyle modification and if necessary,
medication was offered. If 10-20% of either fasting or 2hr postprandia glucose were
out of target, the treatment was escalated. The medication used were insulin
(intermediate-acting insulin/humulin at night and/or rapid acting insulin with meals)
and/or metformin. The allocation of treatment was done by patients agreement upon
the use of metformin after consultation. For most women who failed diet and lifestyle
treatment, metformin was limited unless rapid control of blood glucose levels were
required. The metformin-treated GDM were reviewed after 1 week and titrated against
daily blood glucose to the maximum of 2000 mg a day. Metformin was initiated with
500mg once daily at bedtime and increased against glycemic levels up to 2000mg/day.

If they failed to achieve target glucose with metformin alone or if they required met,
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appropriate insulin was added. And, these metformin-treated GDM women with on
top insulin were defined as metformin failure group. Metformin was stopped if there

were side-effects.

3.3. Data collection

The data set from PEER study group who collected complete data on pregnancy
women from booking to delivery of babies was obtained (Age, BMI, weight in
kilograms, parity, ethnicity, smoking status, socioeconomic status, birth weight,
gestational age at delivery, mode of delivery, shoulder dystocia, preeclampsia,
neonatal intensive care admission). The data set on glucose levels at OGTT during
pregnancy and postpartum was obtained from the GEH laboratory. The unique ID was
created for each eligible GDM and was matched against these 2 data and combined.
The missing data were then completed by manual data collection using pre-defined
data collection sheet (appendix 9.2.1). There were very few data on the availability of
maternal hypoglycaemia and thus they were excluded in analysis. Data on glycated
haemoglobin (HbA1c), vitamin B12, folate and homocystine levelswere al so recorded
from electronic clinical investigation results manually. Then, the data were entered
into excel sheet with respective ID. Finally, al the data were combined in one excel
Spreadsheset.

3.4. Statistical analysis

All statistical analysis were performed by using SPSS version 22.0 (SPSS Inc.,
Chicago, IL, USA). Non-normally distributed data were log-transformed and
appropriate statistical tests were applied. ‘p’ value of <0.05 were considered as
statically significant. The detailed analysis for each chapter were described separately

in relevant chapter.
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3.5. Data Presentation

The categorical variables were described as frequency and percentage and compared

using chi-squared test. Based on distribution of data, the continuous variables were

presented as meantstandard deviation (norma distribution) and median and

interquartile range (non-normal distribution).

3.6. Definition of Clinical Termsused

1)
2)

3)

4)
5)
6)
7)
8)

9)

Macrosomia - >4000 grams

Low birth weight (LBW) - <2500 grams

Centiles — calculated using Gestational Related Optimal Weight(GROW)
centile chart(adjusting for gestational age, gender, maternal BMI, ethnicity and
parity)

Large for gestational age(LGA) ->90%

Small for gestational age(SGA) - <10%

GA — Gestationa age

OGTT - Ora Glucose Tolerance test

MOD — Mode of delivery

NSVD — Normal spontaneous vaginal delivery

10) HbA1c — Glycated haemoglobin

11) Premature - <37 weeks

12) Postdate - >42 weeks
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13) HbA 1c control
1)Good (decrease in HbA1c)
2)Neutral (no change)

3)Not Good (increase in HbA1c)

14) Vitamin B12 (pmol/L)
1)low - <150 pmol/L

2)normal - >150pmol/L

15) Folate (ug/L)
1)low - <3.8 ug/L
2)normal — 3.8-16 ug/L

3)high - > 16 ug/L

16) Homocysteine (umol/L)

1)normal - <14umol/L

2)high - >14umol/L
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Table 3.1 Characteristics of 299 GDM women

Characters(n) All cases (299) Diet(31) Diet+Insulin(46) Diet+Metformin Diet+Metformin+ Unknown(71)
(62) Insulin(89)

Age(years)(299) 31(27, 35) 29(25, 32)(31) 31.5(27, 36.3)(46) 30(25, 34)(62) 32(29, 36)(89) 30(27, 34)(71)

Ethnicity(262)

1) European 226(75.6) 26(83.9) 35(76.1) 47(75.8) 70(78.7) 48(67.6)

2)South Asian 23(7.7) 2(6.5) 3(6.5) 7(11.3) 5(5.6) 6(8.5)

3)Others 13(4.3) 1(3.2) 2(4.3) 1(1.6) 5(5.6) 4(5.6)

Unknown 37(12.4) 2(6.5) 6(13.1) 7(11.3) 9(10.1) 13(18.3)

Parity(254)

1) Nullip 96(32.1) 11(35.5) 16(34.8) 21(33.9) 28(31.5) 20(28.2)

2) Multip(=2) 64(21.4) 6(19.4) 10(21.7) 11(17.7) 24(27) 13(18.3)

3) Neither 94(31.4) 11(35.5) 12(26.1) 22(35.5) 25(28.1) 24(33.8)
Unknown 45(15.1) 3(9.7) 8(17.4) 8(12.9) 12(13.5) 14(19.7)
BMI(254) 30.5(26.0,36.3) | 27.5(22.8,32.8) 30.1(27.2,33.6) 31.6(27.5,38.0) 31.3(27.6,38.2) 29.3(24.0,36.7)
1)<30 117(39.1) 17(54.8) 18(39.1) 20(32.3) 33(37.1) 29(40.8)
2)>30 137(45.8) 11(35.5) 20(43.5) 35(56.5) 45(50.6) 22(36.6)
Unknown 45(15.1) 3(9.7) 8(17.4) 7(11.3) 11(12.4) 16(22.5)
Smoking 30(10) 2(6.5) 5(10.9) 6(9.7) 8(9.0) 9(12.7)
Unknown 76(25.4) 7(22.6) 11(23.9) 15(24.2) 18(20.2) 25(35.2)
Weight(223)(kg) 80(68, 97) 73(60.3,91) (24) | 80(73, 91)(35) 84(75, 99)(47) 84(70, 107)(71) 75(62, 94)(46)
Unknown 76(25.4) 7(22.6) 11(23.9) 15(24.2) 18(20.2) 25(35.2)
Treatment type
1)Diet only 31(10.4)
2)Diet+Insulin 46(15.4)
3)Diet+Metformin 62(20.7)

A)Diet+Metformintinsulin | 89(29.8)
Unknown 71(23.7)
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Table 3.1 Characteristics of 299 GDM women

Characters(n) All cases Diet(31) Diet+Insulin Diet+Metformin | Diet+Metformin+ | Unknown(71)
(299) (46) (62) Insulin(89)

OGTT (mmol/L)

1)fasting(299) 4.9(4.5,5.5) 4.5(4.2,5) 5(4.6, 6.1) 4.6(4.4,5) 5.2(4.6, 5.8) 4.8(4.3,5.7)

Missed 0 0 0 0 0 0

2)2hr postprandial (294) 8.5(8, 9.4) 8.1(7.8,8.8) 4.6(4.4,5) 8.4(8,9.1) 8.6(8.1,9.4) 8.5(8, 10.3)

Unknown 5(1.7) 0 1(2.2) 0 2(2.2) 2(2.8)

GA at OGTT (weeks)(223) 26'5(26,29'%) | 30%3(26"5,34) 27%(26,31%) 26'°(26"1,28') | 26'%(22,27*4) 275(26"1,31)

Unknown 76(25.4) 7(22.6) 11(23.9) 15(24.2) 18(20.2) 25(35.2)

Average HbA1c(220)(%) 5.5(5.3,5.7) 5.3(5.0,5.5) 5.6(5.5,5.9) 5.4(5.2,5.6) 5.5(5.2,5.7) 5.6(5.3,5.9)

Unknown 79(26.4) 14(45.2) 14(30.4) 11(17.7) 12(13.5) 28(39.4)

HbA1c at OGTT(298)(%) 5.5(5.2,5.7) 5.4(5.1,5.5)(31) 5.6(5.4,5.8)(46) | 5.3(5.2,5.6)(62) | 5.5(5.3,5.8)(88) 5.5(5.2,5.9)(71)

Unknown 1(0.3) 0 0 0 1 0

Average HbA1c after 5.5(5.2,5.8) 5.3(5,5.6) 5.7(5.5,6) 5.4(5.15.7) 5.5(5.2,5.7) 5.5(5.1,5.9)

treatment (221)(%)

Unknown 78(26.1) 14(45.2) 14(30.4) 11(17.7) 11(12.4) 28(39.4)

HbA1c control (220)

1)Good 105(35.1) 7(22.6) 8(17.4) 24(38.7) 45(50.6) 21(29.6)

2)Neutra 24(8) 3(9.7) 3(6.5) 4(6.5) 8(9) 6(8.5)

3)Not Good 91(30.4) 7(22.6) 21(45.7) 23(37.1) 24(27) 16(22.5)

Unknown 79(26.4) 14(45.2) 14(30.4) 11(17.7) 12(13.5) 28(39.4)

PIH 7(2.3) 0 1(2.2) 2(3.2) 2(2.2) 2(2.8)

PE 3(1) 0 0 0 3(3.9) 0

Unknown 76(25.4) 7(22.6) 11(23.9) 15(24.2) 18(20.2) 25(35.2)

Postnatal OGTT(mmol/L)

1)Fasting (115) 4.9(45,5.2) 4.4(4.3,49)(11) 5(4.6, 5.4)(17) 4.8(4.4,5.3)(25) | 4.9(4.7,5.2)(39) 5.1(4.5, 5.7)(23)

Missed 184(61.5) 20(64.5) 29(63) 37(59.7) 50(56.2) 48(67.6)

2)2hrpostprandial (115) 5.4(4.6, 6.4) 5.4(5.1, 5.5)(11) 5.9(5.2,7.3)(17) | 5.4(4.6,6.4)(25) | 5.3(4.5,6.2)(39) 5.7(4.7,7)(23)

Unknown 184(61.5) 20(64.5) 29(63) 37(59.7) 50(56.2) 48(67.6)
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Table 3.1 Characteristics of 299 GDM women

Characters(n) All cases (299) Diet(31) Diet+Insulin(46) Diet+Metformin(62) Diet+Metformin+ | Unknown(71)
Insulin(89)
Birthweight(277)(grams) 3210(2950,3560) | 3240(2840,3550) | 3225(3042.5,3460) | 3190(2928.8,3542.5) 3260(2965,3618) | 3180(2885,3580)
1) Macrosomia 18(6) 2(6.5) 0 2(3.2) 5(5.6) 9(12.7)
2) LBW 18(6) 3(9.7) 2(4.3 3(4.8) 6(6.7) 4(5.6)
3) Normal 241(80.6) 22(71.0) 42(91.3) 51(82.3) 75(84.3) 51(71.8)
Unknown 22(7.4) 4(12.9) 2(4.3 6(9.7) 3(3.4) 7(9.9)
GA at delivery(weeks)(283) | 38%(38',38") 38'(3870,39"4) 38+3(38'0,38") 38+3(38'0,38") 38(37"1,38") 38+4(38"0,39"4)
1)premature 34(11.4) 2(6.5) 4(8.7) 5(8.1) 20(22.5) 3(4.2)
2)normal 248(82.9) 27(87.1) 40(87) 52(83.9) 66(74.2) 63(88.7)
3)postdate 1(0.3) 0 0 0 0 1(1.4)
Unknown 16(5.4) 2(6.5) 2(4.3) 5(8.1) 3(3.4) 4(5.6)
Centiles (272) 42.8(17.0,74.7)
1)SGA 41(13.7) 6(19.4) 4(8.7) 8(12.9) 10(11.2) 13(18.3)
2)Normal 203(67.9) 19(61.3) 36(78.3) 43(69.4) 63(70.8) 42(59.2)
3)LGA 28(9.4) 2(6.5) 3(6.5) 3(4.8) 12(13.5) 8(11.3)
Unknown 27(9) 4(12.9) 3(6.5) 8(12.9) 4(4.5) 8(11.3)
MOD(222)
1NSVD 122(40.8) 13(41.9) 23(50) 29(46.8) 35(39.3) 22(31)
2)Assisted 21(7) 5(16.1) 3(6.5) 5(8.1) 7(7.9) 1(1.4)
3)Cs 79(26.4) 6(19.4) 9(19.6) 12(19.4) 29(32.6) 23(32.4)
i)Emergency 33(41.8) 3(50) 3(33.3) 4(33.3) 12(41.4) 11(47.8)
ii)Elective 45(57) 3(50) 6(66.7) 8(66.7) 16(55.2) 12(52.2)
iii)Unknown 1(1.3) 0 0 0 1(3.9) 0
Unknown 77(25.8) 7(22.6) 11(23.9) 16(25.8) 18(20.2) 25(35.2)
NICU admission(195) 1(0.3) 0 0 1(1.6) 0 0
Unknown 104(34.8) 9(29) 17(37) 20(32.2) 24(27) 34(47.9)
Shoulder dystocia(153) 3(1) 0 0 2(3.2) 1(1.1 0
Unknown 146(48.8) 17(54.8) 25(54.3) 28(45.2) 33(37.1) 43(60.6)
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Table 3.1 Characteristics of 299 GDM women

Characters(n) All cases (299) Diet(31) Diet+Insulin(46) Diet+Metformin Diet+Metformin+ Unknown(71)
(62) Insulin (89)
GA at B12(weeks)(174) | 281(25%¢,30%) 30(275,34"Y) 29%Y(27,32*1) 28(25%,30*9) 27+%(21%2,29%) 28"5(26%7,33%)
Unknown 125(41.8) 18(58.1) 21(45.7) 20(32.3) 21(23.6) 45(63.4)
Vitamin B12 (207) 165.3(136.5,212.5) | 187.5(136.5,218.4) | 169.7(134.3,212.5) | 156.8(132.8,214.9) | 163.8(134.7,201.5) | 170.9(144.7,215.1)
pmol/L
Dlow 64(21.4) 4(12.9) 11(23.9) 15(24.2) 26(29.2) 8(11.3)
2)normal 143(47.8) 11(35.5) 16(34.8) 35(56.5) 55(61.8) 26(36.6)
Unknown 92(30.8) 16(51.6) 19(41.3) 12(19.4) 8(9) 37(52.1)
Folate(188) ug/L 9.7(6.8, 13.4) 10.4(7.7,16.5) 9(6,15.6) 10(5.5,13.4) 9.7(6.8,13.3) 9.8(7,13.2)
Dlow 6(2) 2(6.5) 3(4.8) 1(1.2)
2)normal 150(50.2) 8(25.8) 20(43.5) 36(58.1) 61(68.5) 25(35.2)
3)high 32(10.7) 4(12.9) 6(13) 6(9.7) 12(13.5) 4(5.6)
Unknown 111(37.1) 17(54.8) 20(43.5) 17(27.4) 15(16.9) 42(59.2)
Hcy(115) umol/I 5.7(4.9,7) 5.2(5.8) 6(5,7) 6(4.75, 8) 5(4,7) 5.5(4,7)
1)Normal 114(38.1) 9(29) 12(26.1) 30(48.4) 43(48.3) 20(28.2)
2)High 1(0.3) 1(1.2)
Unknown 184(61.5) 22(71) 34(73.9) 32(51.6) 45(50.6) 51(71.8)

153



CHAPTER 4

PREDICTORS OF METFORMIN FAILURE

IN GESTATIONAL DIABETESMELLITUS

(STUDY 2)

154



4.1 1ntroduction

Based on our systematic review in earlier chapter, it isevident that metforminisclearly
shown to be superior to insulin in some pregnancy outcomes, whereas glyburide is
found to be inferior to metformin in GDM (Balsells et al 2015). Moreover, women
preferred metformin over insulin. However, there are up to 50% of metformin-treated
GDM that are at risk of requiring additional insulin for optimal glycaemic control
(referred as metformin failure). If these women are able to be identified at GDM
diagnosis, it will enable healthcare professionals to target these women 