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A B S T R A C T

This is the protocol for a review and there is no abstract. The objectives are as follows:

The aim is to provide a comprehensive synthesis of evidence from randomised trials in relevant published Cochrane systematic reviews
of interventions for treating women with gestational diabetes mellitus (GDM), and to report any adverse events associated with the
treatments. A further aim is to identify specific significant research gaps requiring further primary research of treatment for women
with GDM.

B A C K G R O U N D

Gestational diabetes mellitus (GDM) is a medical condition that
may occur in the second half of pregnancy when effective blood
glucose control is more difficult to achieve, leading to hypergly-
caemia (abnormally high concentration of glucose in the blood)
that may effect the woman and her baby (ADA 2004; Holt 2013).
The World Health Organization (WHO 2013) defines GDM as
“Carbohydrate intolerance resulting in hyperglycaemia or any de-
gree of glucose intolerance with onset or first recognition during
pregnancy usually from 24 weeks gestation onwards” and resolves
following the birth of the baby. This definition clearly excludes
women who may have undiagnosed pre-existing type 1 (T1DM)
or type 2 diabetes (T2DM) first detected during screening in preg-

nancy (Nankervis 2013).

Recognised risk factors for developing GDM include obesity, ad-
vanced maternal age, weight gain in pregnancy, family history of
diabetes and previous history of GDM, macrosomia (large baby),
or unexplained stillbirth (Mokdad 2003; Yogev 2004; Boney 2005;
Rosenberg 2005; Zhang 2010; Teh 2011). Certain ethnicities,
such as Asian, African American, Native American, Hispanic, and
Pacific Island women have an increased risk (Rosenberg 2005;
Schneider 2012).

The prevalence of GDM is increasing globally and has been docu-
mented with significant variation between 2% to 26% depending
on the ethnicity of the population screened and the diagnostic
criteria used (Cheung 2003; Ferrara 2007; Sacks 2012; Nankervis
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2013; NZ Ministry of Health 2014; NICE 2015). The reported
global obesity epidemic is likely to increase the incidence of GDM
(Zhang 2010; Schneider 2012) and a recurrent GDM diagnosis in
subsequent pregnancies for women who have had previously been
diagnosed with GDM (Bottalico 2007; England 2015; Poomalar
2015). Therefore, GDM is a serious public health issue.

Successful glycaemic treatments for GDM have the potential to
significantly impact on the short- and long-term health for the
woman and her baby. Treatment aims to keep glucose levels within
the recommended glycaemic reference range to prevent mater-
nal hyper- or hypoglycaemia (low concentration of glucose in the
blood). Treatments may include dietary and exercise advice, sub-
cutaneous insulin, oral pharmacological medications or non-phar-
macological oral hypoglycaemic agents (Horvath 2010; Kavitha
2013; Ryu 2014; Kalra 2015).

Currently there are several Cochrane systematic reviews assessing
different treatment for women with GDM.This makes it difficult
for clinicians, consumers and guideline developers to easily inter-
pret the available information. A Cochrane overview of systematic
reviews would provide summary evidence of the effectiveness for
each treatment option as a one-stop resource for health profession-
als, consumers and guideline developers aiding the simplifying of
clinical treatment decision-making, and assisting with the process
of guideline development.

Description of the condition

During pregnancy the continuous supply of appropriate and bal-
anced nutrients from the pregnant woman to her fetus is essential
for optimal health and growth. Glucose is the primary source of
energy for the fetus (Wilcox 2005; Hay 2006). Insulin is a peptide
hormone secreted by the β cells of the pancreatic islets of Langer-
hans and maintains normal glucose concentration by facilitating
cellular glucose uptake, regulating carbohydrate, lipid and pro-
tein metabolism and promoting cell division and growth (Wilcox
2005). Either inadequate insulin secretion (such as in T1DM) or
insulin resistance (such as in T2DM or GDM) (Devlieger 2008;
Petry 2010) can result in hyperglycaemia. During the second half
of the pregnancy insulin sensitivity falls by about 50% (Di Cianni
2003; Lain 2007). This is a normal physiologic response ensuring
that the growing fetus receives sufficient glucose and other nu-
trients from the mother via the placenta (Buchanan 1991). For
some pregnant women abnormal insulin resistance may occur if
they are unable to compensate for the increased demand of insulin
(Ragnarsdottir 2010; McCance 2011; Catalano 2014) resulting
in GDM (ADA 2004; Holt 2013). It is known that the maternal-
fetal placental glucose transfer favours the fetus (Suman Rao 2013;
Sadovsky 2015). Women with GDM therefore transfer higher lev-
els of glucose to the fetus when uncontrolled severe and prolonged
maternal hyperglycaemia is present (Wilcox 2005), resulting in a

baby born large-for-gestational age (Ornoy 2005; Metzger 2008;
Young 2013).
Lapolla 2005 suggests the two main contributors to insulin re-
sistance include increased maternal adiposity and the insulin de-
sensitising effects of hormones produced in the pregnancy, espe-
cially in the placenta. As the placenta grows during the pregnancy,
so does the production of the placental hormones, leading to a
more insulin-resistant state (Evans 2009). GDM usually resolves
following the birth of the baby and the placenta, indicating in-
sulin resistance decreases rapidly after birth. The identified hor-
mones are tumour necrosis factor-alpha (TNF-α), placental lac-
togen, placental growth hormone human chorionic somatomam-
motropin (HCS), cortisol, oestrogen, and progesterone (Clapp
2006; Devlieger 2008). HCS stimulates pancreatic secretion of
insulin in the fetus and inhibits peripheral uptake of glucose in
the mother (Lapolla 2005). If the pregnant woman’s metabolic
processes cannot compensate adequately for this, maternal hyper-
glycaemia results.
Maternal hyperglycaemia or glucose intolerance of varying de-
grees of severity has major short- and long-term health implica-
tions for the woman and her baby. For the woman, these include a
higher risk of developing gestational hypertension and pre-eclamp-
sia during her pregnancy, having an increased risk of induction of
labour, preterm birth, caesarean section, perineal trauma, postpar-
tum haemorrhage (Crowther 2005; HAPO 2008; McCance 2011;
NICE 2015), and significant long-term risks of developing cardio-
vascular disease with half the women with GDM at risk of develop-
ing type 2 diabetes within five to 10 years (Bellamy 2009; Garrison
2015). Health implications for the baby include an increased risk
of being born macrosomic and large-for-gestational age (Ornoy
2005; Young 2013), birth trauma (e.g. shoulder dystocia, bone
fractures and nerve palsy) (Athukorala 2010), hyperbilirubinaemia
(Harris 1997; Hedderson 2006), respiratory distress syndrome
(Landon 2009) and neonatal hypoglycaemia (Devlieger 2008;
Harris 2013). Neonatal hypoglycaemia may be associated with de-
velopmental delay in childhood (Lucas 1988), and which, if pro-
longed or severe, may cause brain injury. Long-term health risks
include higher rates of obesity, development of type 2 diabetes in
childhood (Page 2014) and late onset diabetes, hypertension and
cardiovascular disease in adulthood (Ornoy 2011).

Description of the interventions

Effective interventions for treatment of GDM aim to reduce the
risks of GDM for the mother and baby by normalising mater-
nal glycaemia through treating maternal hyperglycaemia (Alwan
2009). Glucose control is usually measured by monitoring capil-
lary blood glucose concentrations to ensure glucose concentrations
are maintained within pre-defined glycaemic thresholds (Garrison
2015). This may be achieved through interventions such as the use
of diet modifications (American Dietetic Association 2001; NZ
Ministry of Health 2014; NICE 2015), physical exercises (Harris
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2005), pharmacological interventions such as oral hypoglycaemic
medications or subcutaneous insulin (ACOG 2013; NZ Ministry
of Health 2014; NICE 2015), nutraceuticals (Thomas 2005; Hui
2009; Bagchi 2015) or other dietary supplements (D’Anna 2015;
Paivaa 2015).

Different types of diet

The initial treatment recommended for women with GDM is diet
modification (Bonomo 2005; Crowther 2005; Landon 2009; NZ
Ministry of Health 2014; NICE 2015). Dietary advice is aimed
at preventing maternal hyperglycaemia and ensuring the woman’s
diet provides sufficient energy and nutrients to enable normal fe-
tal growth while avoiding accelerated fetal growth patterns, and
minimising excessive maternal weight gain (Dornhorst 2002). The
recommendation is that all women diagnosed with GDM need
to consult with a diabetic specialised dietitian or experienced nu-
tritionist to determine the appropriate individualised diet, taking
cultural preferences into account (Cheung 2009; Serlin 2009).
Different types of diets recommended for treatment include low
or moderate glycaemic index (GI) diets, high fibre or high-fibre
enriched diets, energy restricted diets, low carbohydrate diet or
high complex carbohydrate diet and/or low monounsaturated fat
diets (Rae 2000; Zhang 2006; Radesky 2008; Wolff 2008; Cheung
2009; Moses 2009; Louie 2011; Han 2013; Moreno-Castilla
2013; Hernandez 2014; Viana 2014; Markovic 2015; NICE
2015).

Physical activity

It is unusual for GDM treatment recommendation to advise any
physical activity modification alone. There are some trials evaluat-
ing the effects of physical exercises for women with GDM or type
2 diabetes. Physical exercises are usually recommended as low-
impact activities, such as walking or swimming or special exer-
cise classes for pregnant women (Ceysens 2006; Davenport 2008;
Mottola 2008; de Barros 2010; Manders 2010; Barakat 2012;
Stafne 2012; Garrison 2015; Padayachee 2015).

Combined dietary modification and exercise

While often the initial treatment recommendation for women
diagnosed with GDM is diet modification, it is common in clinical
practice to combine this with exercise advice during pregnancy (
ACOG 2013; NZ Ministry of Health 2014; Garrison 2015; NICE
2015). This is often referred to as dietary and lifestyle advice (Artal
2007) or lifestyle modification programmes (LMP) where women
participate in a comprehensive program on nutrition, exercise,
and weight control in pregnancy (Harris 2005; Cheung 2009;
Shirazian 2010).

Pharmacological hypoglycaemic agents

Oral hypoglycaemic agents

When glycaemic treatment targets are unable to be achieved, phar-
macological hypoglycaemic agents may be considered. While this
traditionally has meant subcutaneous insulin for the woman with
GDM, there has been an increase in the use of oral pharmacologi-
cal hypoglycaemic agents as an alternative (Tieu 2010; Ogunyemi
2011). Oral agents have lower costs, are easier to administer and
have greater acceptability for women with GDM (Ryu 2014). The
most commonly used oral agents are sulphonylureas, which in-
clude acetohexamide, chlorpropamide, tolazamide, tolbutamide
(first generation, usually not used to treat women with GDM)
and glyburide (glibenclamide), glipizide and glimepiride (second
generation) (Holt 2013; Kalra 2015) and biguanide (metformin)
(Cheung 2009; Simmons 2015). Other oral hypoglycaemic agents
used less frequently include alpha-glucosidase inhibitors (acarbose
and miglitol) (Kalra 2015), thiazolidinediones (TZDs) (pioglita-
zone and rosiglitazone) and meglitinides (repaglinide and nateglin-
ide) (Kavitha 2013).
Trials have compared different oral pharmacological hypogly-
caemic agents with each other or with placebo or with subcuta-
neous insulin and/or physical exercise and different diets (Langer
2000; Bertini 2005; Moretti 2008; Cheung 2009; Balsells 2015;
Carroll 2015; Casey 2015).
Despite the wide use of oral pharmacological hypoglycaemic
agents, these oral hypoglycaemic agents are not licensed for use
during pregnancy in many countries (including the USA, UK,
Australia, New Zealand) (Berggren 2013). This is due to the con-
cern that in particular first-generation oral hypoglycaemic agents
cross the placenta. At this stage, randomised controlled trials con-
ducted with glyburide (second-generation sulphonylureas) and
metformin (biguanide) have not demonstrated short-term harm
to the mother or her growing baby (Langer 2000; Bertini 2005;
Blumer 2013; Kelley2015), but the long-term safety of these drugs
remains unknown.

Insulin

Women with GDM, who have difficulty controlling their glu-
cose concentrations with lifestyle changes, such as diet and ex-
ercise, with or without the addition of an oral pharmacologi-
cal agent require insulin (Mpondo 2015). Human insulin does
not cross the placenta in clinically significant amounts and there-
fore is considered safe for the fetus when administered subcuta-
neously in pregnancy (Menon 1990; ADA 2015; Garrison 2015;
Kelley2015). Subcutanous exogenous insulin is designed to mimic
the physiological secretion of endogenous insulin (Magon 2014;
Home 2015). Some studies with insulin analogues indicate that
they can cross the placenta when they form an antigen-antibody
complex with immunoglobulins, which can carry the insulin ana-
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logues though the placenta (Jovanovic 2007, Durnwald 2013; Lv
2015).There is a particular need for large randomised controlled
trials to establish the safe use in pregnancy of long-acting insulin
analogues (glargine and detemir), as the effect of the transplacen-
tal insulin bound IgA’s is unclear (Balsells 1997; Negrato 2012;
Durnwald 2013). While fetal macrosomia has been identified in
some observational and randomised controlled studies of long-act-
ing insulin analogues other concerns, including fetal death, have
been raised (Gamson 2004; Negrato 2012; Coiner 2014).
There are several methods of administering insulin analogues.
Historically and currently, they have been administered subcu-
taneously as a basal-bolus regimen (given prior to each meal) as
this provides the most effective glycaemic control(Nachum 1999;
Cheung 2009). These daily multiple subcutaneous injections may
include short- or rapid- (lispro, aspart, glulisine), intermediate-
(neutral protamine hagedorn (NPH)) and long-acting (glargine
and detemir) insulin analogues (Singh 2007; Horvath 2010). Fast-
acting and intermediate-acting insulin analogues are currently the
preferred choice of treatment for women with GDM as there is
only limited data available for long-acting insulin in pregnancy
(Jovanovic 2007; Durnwald 2013).
An alternative insulin administration method is via a continu-
ous subcutaneous insulin infusion pump (CSII). Modern pumps
are small and lightweight, battery operated and hold enough in-
sulin for several days, which means frequent daily injections are
not required. CSII pumps aim to maintain the basal rate of in-
sulin, reducing the risk of maternal hypoglycaemia and decreas-
ing the risk of fasting hyperglycaemia and are not associated with
worse maternal and perinatal outcomes (Simmons 2001; Secher
2010; Bernasko 2012). Women using a CSII pump during their
pregnancy for GDM and T2DM treatment preferred the flexible
lifestyle with comparable healthcare costs (Gabbe 2000; Gonalez
2002; Farrar 2016).
Oral and nasal insulin are other alternatives to subcutaneous in-
sulin and are currently under research development because of
their convenience, quick liver absorption and potentially avoiding
adverse effects of weight gain and hypoglycaemia (Woodley 1994;
Wang 1996; Carino 1999; Arbit 2004; Iyer 2010; Heinemann
2011; Fonte 2013). Although some pharmaceutical companies
have stopped developing inhaled (nasal) insulin, some trials are still
ongoing (Hompesh 2009; Rosenstock 2009; Hollander 2010). It
must be noted that research trials for oral and nasal insulin do not
include women with GDM at this stage but are being considered
for future research.

Other interventions

Other interventions reported in the literature for preventing
GDM or treating women with GDM include dietary supple-
ments and nutraceuticals. The term nutraceutical was created by
Dr Stephen DeFelice, chairperson of the Foundation for Inno-
vation in Medicine in 1989, who combined the terms nutrition

and pharmaceutical. Nutraceuticals are marketed as nutritional
supplements and sold with the intent to treat or prevent disease
(Brower 1999; Gupta 2010; LakshmanaPrabu 2012). They are not
governmentally regulated or licensed (Zeisel 1999; Rajasekaran
2008). Currently over 470 nutraceutical products are available
with reported health benefits (Brower 1999; Eskin 2005; Gupta
2010). While randomised controlled trials involving nutraceuti-
cals are scant in the literature for the treatment or prevention of
GDM, there is some evidence, from mainly observational stud-
ies. Dietary fibres from psyllium has been used for glucose con-
trol and reducing lipid levels in hyperlipidaemia (Hamid 2000;
Baljit 2007; Rajasekaran 2008; Babio 2010). Omega-3 fatty acids
have been suggested to reduce glucose tolerance for humans pre-
disposed to diabetes, as insulin is required for synthesis of the long
chain n-3 fatty acids (Sirtori 2002). The omega-3 fatty acid do-
cosahexaenoic acid (DHA) involved with regulating insulin resis-
tance has been recommended for women with GDM (Coleman
2001; Sirtori 2002; Thomas 2006; Gupta 2010). Magnesium has
been shown to improve insulin sensitivity in non-diabetic par-
ticipants (Guerrero-Romer 2004; Mooren 2011; Wang 2013), as
has chromium picolinate (Broadhurst 2006; Martin 2006; Paivaa
2015), calcium and vitamin D (Dror 2011; Burris 2012; Poel
2012; Asemi 2014). Cinnamon and extracts of bitter melon may
have some effect as co-treatments in the prevention of diabetes
(Rajasekaran 2008; Hui 2009). Nutraceuticals should not be con-
fused with the term dietary supplement, which is a product that
is intended to supplement the diet that contains one or more in-
gredients such as vitamins, mineral, a herb, an amino acid or a
concentrate, metabolite, constituent, extract or combinations of
these (Rajasekaran 2008).
Myo-inositol, an isomer of inositol, is a dietary supplement of nat-
urally occurring sugar commonly found in cereals, corn, legumes
and meat. Small randomised studies of low quality have shown
potential beneficial effect on improving insulin sensitivity and sug-
gests that myo-inositol may be useful for women in preventing
GDM but not for treatment of GDM (Facchinetti 2013; Malvasi
2014; Crawford 2015; D’Anna 2015).

How the intervention might work

Treatment for women with GDM aims to normalise maternal
fasting and postprandial glucose concentrations and modify fe-
tal physiological responses to maternal hyperglycaemia, thereby
reducing maternal and associated fetal and neonatal short-term
morbidity. Two large randomised trials (Crowther 2005; Landon
2009) demonstrated reductions in birthweight and large-for-ges-
tational-age infants in women with GDM who received treatment
compared with women who were not treated. Any intervention
that normalises maternal glucose concentrations therefore may be
a useful treatment for women with GDM.
Human insulin stimulates glucose and amino acid uptake from the
blood to various tissues and stimulation of anabolic processes such
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as glycogen, protein and lipid synthesis. Glucagon has opposing
effects, causing release of glucose from glycogen, release of fatty
acids from stored triglycerides and stimulation of gluconeogene-
sis. Metabolic homeostasis is maintained by the balance between
insulin and glucagon (Wahlqvist 1978; Bantle 1983).
Different types of diet

One of the aims of dietary advice for women with GDM is to
prevent maternal hyperglycaemia. Different types of diets recom-
mended for treatment include low or moderate GI diets, high fibre
or high-fibre enriched diets, energy restricted diets, low carbohy-
drate diet or high complex carbohydrate diet and/or low monoun-
saturated fat diets.
Carbohydrates absorbed following digestion are converted into
glucose (Wahlqvist 1978; Bantle 1983). Current recommenda-
tions for women with GDM are for carbohydrate-controlled and
low-GI diets, evenly distributed throughout the day, when remain-
ing within the recommended glucose treatment targets (Clapp
2002; Dornhorst 2002; Ludwig 2002). GI quantitatively defines
the effect of carbohydrate-based foods on glucose concentrations
(Foster-Powell 2002). Consumption of carbohydrates triggers the
release of insulin and inhibits secretion of glucagon. Glucagon
stimulates gluconeogenesis and release of the newly formed glu-
cose from the liver into the blood. These actions produce a rapid
return to fasting blood glucose levels and storage of glucose as
glycogen or lipid (Kershaw 2006; Duncan 2007).
Likewise, a protein-rich meal leads to the release of insulin and
glucagon. This rise of insulin associated with the protein meal
stimulates uptake of the glucose formed in the liver by muscle and
fat tissue (Nuttall 1984; van Loon 2000).
Other different types of diets such as fat (polyunsaturated fatty
acids may be protective against impaired glucose tolerance, while
saturated fatty acids can increase glucose and insulin concentra-
tions) and soluble fibre (which may lower blood cholesterol by
binding to it bile acids) are also thought to influence blood glucose
concentrations (Zhang 2006; Babio 2010; Kim 2010).
Physical activity

Physical activity results in shifting fuel usage by the working mus-
cle from primarily non-esterified fatty acids (NEFAs) to a blend of
NEFAs, glucose, and muscle glycogen and improves insulin sen-
sitivity in skeletal muscle and glucose control (Sigal 2004; Asano
2014). Glucose enters skeletal muscle cells via facilitated diffu-
sion through a glucose transporter (GLUT4) and peripheral clear-
ance of glucose in skeletal muscle depending on the blood flow
to muscle through glycolysis and glycogenesis (Sakamoto 2002;
Rose 2005; Richter 2013). Translocation of the GLUT4 trans-
porter is induced by insulin and insulin-independent mechanisms
(Richter 2001; Sigal 2004; Richter 2013). The improvements in
insulin sensitivity after regular and sustained exercise, which im-
proves blood supply to active skeletal muscle, include a decrease
of insulin secretion and an increase of glucagon (Coderre 1995;
Wojtaszewski 2002; Sigal 2004; Clapp 2006).
Oral hypoglycaemic agents

Second-generation sulphonylureas such as glyburide (gliben-
clamide), glipizide and glimepiride (Holt 2013; Kalra 2015) work
by lowering glucose concentration through stimulating the release
of insulin by binding to specific receptors in pancreatic β cell
plasma membrane (Simonson 1984; Groop 1987; Groop 1991).
First-generation sulphonylureas have been identified in the liter-
ature as crossing the placenta, secreted in breast milk and have
been associated with prolonged neonatal hypoglycaemia (Kemball
1970; Christesen 1998). Second-generation sulphonylureas are re-
ported in the literature as less likely to cross the placenta (Elliott
1991; Langer 2000; Kraemer 2006; Cheung 2009; Schwarz 2013;
Kalra 2015).
Biguanide (metformin) increases insulin sensitivity through the
rate of hepatic glucose production, hepatic glycogenolysis and by
increasing insulin-stimulated uptake of glucose in skeletal muscles
(Sirtori 1994; Langer 2007; Cheung 2009; Kavitha 2013; Kalra
2015; Simmons 2015). This process reduces insulin resistance.
Biguanide does not stimulate the fetal pancreatic β cells to pro-
duce insulin and hence is not associated with neonatal hyperin-
sulinaemia (Sirtori 1994; Ho 2007; Kavitha 2013).
Alpha-glucosidase inhibitors (acarbose and miglitol) reduce post-
prandial hyperglycaemia by slowing the absorption of carbohy-
drates in the intestines (Lebovitz 1997; Ho 2007; Kalra 2015).
The effects of alpha-glucosidase inhibitors have not been stud-
ied well in pregnancy. Animal studies suggest that alpha-glucosi-
dase inhibitors are not teratogenic (Young 2009; Holt 2013; Kalra
2015; Simmons 2015).
Thiazolidenediones (pioglitazone and rosiglitazone, Kavitha
2013) activate the peroxisome proliferator-activated receptor
(PPAR) (a group of nuclear receptor proteins) reducing insulin
resistance (Young 2009). The pharmacodynamics of these drugs
are similar to glyburide (a second-generation sulphonylurea). Thi-
azolidenediones are bound to plasma proteins (99.8 %) and are
metabolised in the liver (Stumvoll 2003; Langer 2007). While it
appears that thiazolidenediones are not teratogenic, a high risk of
placental transfer and an association with fetal death and growth
restriction have been reported (Chan 2005; Holt 2013).
Meglitinides (repaglinide and nateglinide, Kavitha 2013) act sim-
ilarly to sulphonylurea but use different receptors by stimulating
the pancreas to release insulin in response to a meal. They block
ATP-dependent potassium channels in functioning pancreatic β

cells leading to the opening of calcium channels resulting in an
influx of calcium. Increased intracellular calcium initiates and en-
hances insulin secretion (Rendell 2004; Kavitha 2013). Megli-
tinides agents have only been studied in non-pregnant T2DM
participants showing some improvements with postprandial gly-
caemic results and HbA1c (Goldberg 1998; Rosenstock 2004). At
this stage, meglitinides cannot be recommended for use in preg-
nancy (Kavitha 2013).
Insulin

Human insulin is a pancreatic hormone (secreted by the β cells of
the pancreatic islets of Langerhans) that regulates the movement of
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glucose from blood into cells. Insulin lowers glucose concentration
by stimulating peripheral glucose uptake and by inhibiting glucose
production and release by the liver. Insulin inhibits lipolysis, pro-
teolysis and gluconeogenesis and increases protein synthesis and
conversion of excess glucose into fat (Kersten 2001; Wilcox 2005;
Proud 2006). Treatment with exogenous subcutaneous insulin for
women with GDM aims to achieve a close as possible physiological
profile by mimicking the pancreatic basal insulin release. However,
this is based on average plasma insulin profiles and it is difficult
to factor in the individual variability of absorption, dietary intake
and exercise (Hartman 2008; Grunberger 2013; Pagliuca 2014).
Insulin treatment for women with GDM can include short- or
rapid- (lispro, aspart, glulisine) and intermediate- and long acting-
(neutral protamine hagedorn (NPH), glargine, detemir) insulin
analogues (Singh 2007; Horvath 2010; Pollex 2011; Ansar 2013;
Magon 2014) given usually by daily multiple or single subcuta-
neous injections guided by recommended glycaemic targets. Table
1 identifies how the different subcutaneous insulin analogues act
to achieve a more physiological profile. Please note that some stud-
ies results cited in Table 1 are for pregnant women who have ei-
ther T1DM or T2DM only. More studies are needed to include
women with GDM.
Other interventions

Supplemental nutraceuticals are believed to support the chem-
ical food elements (nutrients) needed for the human body’s
metabolism and prescribed when there is a diagnosis of a nutri-
ent depletion or required for strengthening the metabolism or
prevention of disease (LakshmanaPrabu 2012). Currently there
are over 470 nutraceuticals available including supplements for
GDM (Eskin 2005; Gupta 2010). The mechanism of action for
nutraceuticals and other dietary supplements are often not clear
and further high-quality research is needed.
Myo-inositol is required for cell membrane formation and works
on the insulin receptors of each cell so insulin can bind effectively
thus reducing insulin resistance (Croze 2013). It is involved with
mediating the pathway of intracellular insulin signals increasing
cellular effectiveness of insulin within the cell (Larner 2010). Small
randomised trials of low quality conducted in Italy have shown
some effect in preventing GDM (D’Anna 2013; Facchinetti 2013;
Malvasi 2014; D’Anna 2015). Further high-quality research is
needed to establish if it improves health outcomes for mothers and
their babies.

Why it is important to do this overview

Currently there are several Cochrane systematic reviews for treat-
ing women with GDM. These include different types of diet, ex-
ercise, subcutaneous insulin, oral hypoglycaemic agents and other
oral supplements. An overview of reviews summarises evidence of
the effectiveness of different treatment options in a one-stop re-
source for health professionals, consumers and guideline develop-
ers enabling the simplifying of clinical treatment decision-making

and assists the process of guideline development. It is anticipated
that this overview review will identify effective interventions that
may be of benefit to women with GDM, alert any treatment(s)
identified as causing potential harm and may identify specific sig-
nificant research gaps requiring further primary research.

O B J E C T I V E S

The aim is to provide a comprehensive synthesis of evidence from
randomised trials in relevant published Cochrane systematic re-
views of interventions for treating women with gestational dia-
betes mellitus (GDM), and to report any adverse events associated
with the treatments. A further aim is to identify specific significant
research gaps requiring further primary research of treatment for
women with GDM.

M E T H O D S

The methodology for data collection and analysis is based on
Chapter 22 (Overviews of Reviews) of the Cochrane Handbook of
Systematic Reviews of Interventions (Becker 2011). Only published
Cochrane systematic reviews of randomised controlled trials fo-
cusing on treatments for GDM will be considered in this overview.
We will identify published Cochrane protocols and title registra-
tions that will be included in future updates when they are pub-
lished as reviews. For reviews that are more than two years past
their search date, we will contact the review authors to ascertain if
they are able to update their Cochrane reviews. If the authors are
unable to update their reviews, if feasible, we will then update the
relevant Cochrane reviews.

Criteria for considering reviews for inclusion

Participants

The participants will be all women diagnosed with gestational
diabetes mellitus receiving any form of treatment (as identified
by the review). Women with type 1 and type 2 diabetes will be
excluded.

Interventions

• Any diet modifications.
• Physical exercises.
• Pharmacological interventions (oral hypoglycaemic agents

or subcutaneous insulin).
• Nutraceuticals or other dietary supplements.
• Other interventions as identified by included reviews.
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Outcomes

The outcomes for this review are those agreed by consensus of
authors of Cochrane reviews relating to GDM, including the out-
comes that would be used in ’Grading of Recommendations As-
sessment, Development and Evaluation’ (GRADE).

Primary outcomes

Maternal

• Hypertensive disorders of pregnancy (including pre-
eclampsia, pregnancy-induced hypertension, eclampsia as
defined in reviews).

• Mode of birth (caesarean section).
• Development of type 2 diabetes.

Neonatal

• Perinatal (fetal and neonatal death) and later infant
mortality.

• Large-for-gestational age (as defined in reviews).
• Death or serious morbidity composite (as defined in

reviews, e.g. perinatal or infant death, shoulder dystocia, bone
fracture or nerve palsy).

• Neurosensory disability in later childhood (as defined in
reviews).

Secondary outcomes

Maternal

• Use of additional pharmacotherapy.
• Maternal hypoglycaemia (as defined in the reviews).
• Glycaemic control during/end of treatment (as defined in

the reviews).
• Weight gain in pregnancy.
• Adherence to the intervention.
• Induction of labour.
• Placental abruption.
• Postpartum haemorrhage (as defined in the reviews).
• Postpartum infection.
• Perineal trauma/tearing.
• Breastfeeding at discharge, six weeks postpartum, six

months or longer.
• Maternal mortality.
• Sense of well-being and quality of life.
• Behavioural changes associated with the treatment.
• Women’s view of the intervention.
• Relevant biomarker changes associated with the

intervention (including adiponectin, free fatty acids,

triglycerides, high-density lipoproteins, low-density lipoproteins,
insulin).

Maternal long-term outcomes

• Postnatal depression.
• Body mass index (BMI).
• Postnatal weight retention or return to pre-pregnancy

weight.
• Development of type 1 diabetes.
• Development of type 2 diabetes.
• Impaired glucose tolerance.
• Subsequent gestational diabetes.
• Cardiovascular health (as defined in the reviews including

blood pressure, hypertension, cardiovascular disease, metabolic
syndrome).

Fetal/neonatal outcomes

• Stillbirth.
• Neonatal death.
• Macrosomia (greater than 4000 g; or as defined in the

reviews).
• Small-for-gestational age (as defined in the reviews).
• Birth trauma (e.g. shoulder dystocia, bone fracture, nerve

palsy).
• Gestational age at birth.
• Preterm birth (< 37 weeks’ gestation and < 32 weeks’

gestation).
• Five-minute Apgar < 7.
• Birthweight and z score.
• Head circumference and z score.
• Length and z score.
• Ponderal index.
• Adiposity (including skinfold thickness measurements

(mm), fat mass).
• Neonatal hypoglycaemia (as defined in the reviews).
• Respiratory distress syndrome.
• Neonatal jaundice (hyperbilirubinaemia) (as defined in the

reviews).
• Hypocalcaemia (as defined in the reviews).
• Polycythaemia (as defined in the reviews).
• Relevant biomarker changes associated with the treatment

(including insulin, cord c-peptide).

Later infant/childhood outcomes

• Weight and z scores.
• Height and z scores.
• Head circumference and z scores.
• Adiposity (including BMI, skinfold thickness, fat mass).
• Educational attainment.
• Blood pressure.
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• Development of type 1 diabetes.
• Development of type 2 diabetes.
• Impaired glucose tolerance.
• Dyslipidaemia or metabolic syndrome.

Child as an adult outcomes

• Weight and z scores.
• Height and z scores.
• Adiposity (including BMI, skinfold thickness, fat mass).
• Blood pressure.
• Employment, education and social status/achievement.
• Dyslipidaemia or metabolic syndrome.
• Development of type 1 diabetes.
• Development of type 2 diabetes.
• Impaired glucose tolerance.

Health service use

• Number of antenatal visits or admissions.
• Number of hospital or health professional visits (including

midwife, obstetrician, physician, dietician, diabetic nurse).
• Admission to neonatal intensive care unit/nursery.
• Length of stay in neonatal intensive care unit or special care

baby unit.
• Length of antenatal stay.
• Length of postnatal stay (maternal).
• Length of postnatal stay (baby).
• Cost of maternal care.
• Cost of neonatal/child/adult care.
• Costs associated with the treatment.
• Costs to families associated with the treatment (e.g. change

of diet, extra antenatal visits, etc).

Search methods for identification of reviews

We will search the Cochrane Database of Systematic Reviews us-
ing the term ’gestational diabetes’ with the function search title,
abstract, keywords and identify from this search which reviews re-
late to treatment for women with GDM.

Data collection and analysis

Cochrane systematic reviews published addressing any treatments
for women diagnosed with GDM will be selected. The methodol-
ogy for data collection is based on chapter 22 of the of the Cochrane
Handbook of Sytematic Reviews of Interventions (Becker 2011).

Selection of reviews

We will select Cochrane systematic reviews evaluating the effec-
tiveness of treatments for women with GDM using a predefined
data extraction form. These reviews will be identified by one re-
view author (Ruth Martis (RM)) and confirmed by at least one
other review author (Caroline A Crowther (CAC), Julie Brown
(JB), Jane Alsweiler (JA) or MIchelle R Downie (MRD), as de-
scribed in the in chapter 22 of the Cochrane Handbook of Sytematic
Reviews of Interventions (Becker 2011). Disagreements will be re-
solved by consensus or discussion with a third author not involved
in the identifying process. Review authors who have been involved
as authors or co-authors of included Cochrane systematic reviews
in this overview review will not be part of the selection process.
Other researchers will be approached to confirm eligibility of these
reviews. For reviews that are more than two years past their search
date, we will contact the relevant review authors to ascertain if
they are able to update their Cochrane reviews. If the authors are
unable to update their reviews, if feasible, we will then update the
relevant Cochrane reviews.

Data extraction and management

Two review authors not involved in the identified potential
Cochrane systematic reviews will independently assess these for
inclusion using a predefined data extraction form. We will resolve
any disagreements by consensus or by discussion with a third party.
If any information from the reviews is unclear or missing, we will
contact the original review authors. Information will be extracted
on the following.

• Population demographics: we will summarise participant’s
characteristics.

• Review characteristics - we will state the number of
included trials; the number of participants in each review; the
date of search conducted for each review; up-to-date status (<
two years ago will be considered up-to-date); describe the
interventions and comparisons; include all outcomes; and
identify, if any, limitations of the reviews.

• Statistical summary: we will report the statistical summary
by interventions.

Assessment of methodological quality of included

reviews

Two review authors not involved in the included Cochrane sys-
tematic reviews will independently assess for methodological qual-
ity. We will use two different quality measurement assessment
tools for this overview: ’Grading of Recommendations Assess-
ment, Development and Evaluation’ (GRADE) (Balshem 2011;
GRADEpro) and ’Assessment of Multiple Systematic Reviews’
(AMSTAR) (Shea 2007).
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Quality of evidence in the included reviews

GRADEpro uses five criteria (study limitations, consistency of ef-
fect, imprecision, indirectness and publication bias) to assess the
quality of the body of evidence for each outcome, which we will
apply as described in chapter 5 of the GRADE Handbook. If an
included Cochrane systematic review has not produced a ’Sum-
mary of findings table’ using GRADE, we will generate one based
on our identified outcomes below. The following seven maternal,
seven child (as neonate, child, adult) and seven heath service costs
outcomes were agreed by consensus between the review authors
and all other review authors of Cochrane systematic reviews relat-
ing to GDM.
Maternal

• Hypertensive disorders of pregnancy (including pre-
eclampsia, pregnancy-induced hypertension, eclampsia).

• Caesarean section.
• Deveopment of type 2 diabetes.
• Perineal trauma.
• Return to pre-pregnancy weight.
• Postnatal depression.
• Induction of labour.

Child (as neonate, child, adult)

• Large-for-gestational age.
• Perinatal mortality.
• Death or serious morbidity composite.
• Neonatal hypoglycaemia.
• Adiposity.
• Diabetes.
• Neurosensory disability.

Health service use

• Number of antenatal visits or admissions.
• Length of postnatal stay (mother).
• Length of postnatal stay (baby) (including neonatal

intensive care unit or special care baby unit).
• Costs to families associated with the treatment.
• Costs associated with the treatment.
• Cost of maternal care.
• Cost of maternal child (as neonate, child, adult) care.

Overall quality of included reviews

We will use AMSTAR (Shea 2007) to assess the quality of the
included Cochrane systematic reviews by tabulating whether the
following items have been adequately addressed. AMSTAR is an
instrument that measures 11 components to assess the method-
ological quality of a systematic review. High-quality reviews score
eight or higher, moderate-quality reviews score between four and
seven and low-quality systematic reviews score three or fewer ‘yes’
answers.

• Pre-specified question and inclusion criteria.
• Duplicate study selection and data extraction.

• Comprehensive literature search.
• Grey literature included.
• Lists of included and excluded studies.
• Describes characteristics of included studies.
• Study quality assessed and documented.
• Scientific quality of studies used appropriately to form

conclusions.
• Studies combined using appropriate methods.
• Likelihood of publication bias considered/tested.
• Potential for conflict of interest addressed.

Data synthesis

We will undertake a narrative description of the included system-
atic reviews, and their summary statistics. We will not examine
indirect comparisons, and network meta-analyses will not be con-
ducted. We will summarise the main results of the included re-
views by categorising their findings in the following framework
organised by intervention topic.

• Effective interventions: indicating that the review found
high-quality evidence of effectiveness for an intervention.

• Promising interventions (more evidence needed): indicating
that the review found moderate-quality evidence of effectiveness
for an intervention, but more evidence is needed.

• Ineffective interventions: indicating that the review found
high-quality evidence of lack of effectiveness for an intervention.

• Probably ineffective interventions (more evidence needed):
indicating that the review found moderate-quality evidence
suggesting lack of effectiveness for an intervention, but more
evidence is needed.

• No conclusions possible due to lack of evidence: indicating
that the review found low- or very low-quality evidence, or
insufficient evidence to comment on the effectiveness of an
intervention.

This approach to summarising the evidence was based on the pub-
lication of Effective Care in Pregnancy and Childbirth (Vol. 2: Ma-
terials and methods used in synthesizing evidence to evaluate the
effects of care during pregnancy and childbirth) (Chalmers 1989)
and a Cochrane Overview of pain management in labour, which
categorises interventions as “What works,” “What may work”, and
“Insufficient evidence“ to make a judgement (Jones 2012).
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A D D I T I O N A L T A B L E S

Table 1. Type of subcutaneous insulin and action towards achieving a physiological profile

Type of Insulin Action

Short- and rapid-acting insulin

Lispro Amino acid substitutions (inverting lysine at position 28 and proline at position 29 on
the β-chain of the insulin molecule), monomeric in tissues (Magon 2014; Home 2015).
Peak insulin action achieved within 1 hour after injection and duration of action 2 to 4
hours (Durnwald 2008). Antibody levels not increased over those seen with regular human
insulin. Does not seem to cross the placenta (Jovanovic 2007).

Aspart Amino acid substitutions (proline at position 28 on the β-chain of the insulin molecule
with negatively charged aspartic acid), monomeric in tissues (Magon 2014; Home 2015)
. Peak action 31-70 minutes for 2 to 4 hours and lowers postprandial glucose levels
significantly better than human insulin (Jovanovic 2007; Magon 2014). No evidence that
insulin aspart is teratogenic (Hod 2005).

Glulisine Amino acid substitutions and reformulation, rapidly monomeric in tissues (Home 2015).
Produces peak blood glucose level at 15-20 minutes and lowers postprandial glucose levels
significantly better than human insulin (Jovanovic 2007). Adverse effects on embryo-fetal
development were only seen at animal maternal toxic dose levels inducing hypoglycaemia.
No clinical data currently available for the use of Insulin glulisine in pregnancy (Magon
2014).

Intermediate- and long-acting insulin

Neutral Protamine Hagedorn (NPH) Protamine crystal suspension (Home 2015). NPH has an onset of action approximately
after 90 minutes and a duration of action up to 16 to 18 hours (Jovanovic 2007; Magon
2014). No randomised controlled trials currently to confirm safety during pregnancy but
several case reports and one case-control study indicate no fetal morbidity or macrosomia
(Magon 2014).

Detemir Slowly absorbed and binds to albumin through a fatty-acid chain attached to the lysine at
residue B29 resulting in reduction in its free level which slows distribution to peripheral
target tissues with a duration of action of up to 24 hours (Magon 2014). Significant
improvement in fasting plasma glucose with insulin detemir during pregnancy for T1DM
without an increased incidence of hypoglycaemia, including at night. No adverse maternal
or neonatal effects were identified (Mathiesen 2012; Callesen 2013;Hod 2014). Suffecool
2015 conducted a small study including 11 women with GDM and five women with type
2 diabetes receiving detemir assessing maternal and cord blood at birth. The results showed
that while maternal detemir levels were in the expected range for adults, the hormone was
undetectable in the cord blood, indicating that detemir does not cross the human placenta.
Larger studies and randomised controlled trials are needed to confirm

Glargine Slowly absorbed and replaces the human insulin amino acid asparagine at position A21 of
the A chain with glycine and two arginine molecules are added to one end (C-terminal) of
the B-chain with onset of action approximately after 90 minutes of injection and lasting
for about 24 hours (Price 2007; Ansar 2013). Studies in non-pregnant participants have
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Table 1. Type of subcutaneous insulin and action towards achieving a physiological profile (Continued)

indicated that insulin glargine has a smooth peak-free profile of action, with a reduced
incidence of nocturnal hypoglycaemia and better glycaemic control (Woolderink 2005,
Graves 2006; Magon 2014). Concerns regarding insulin glargine’s use in pregnancy are
raised from case-control, case reports and retrospective studies (including women with
T1DM, T2DM and some with GDM) that have shown six- to eight-fold increased affinity
for insulin growth factor (IGF)-1 receptor compared with human insulin. However, results
of these studies found no association with increased fetal macrosomia or neonatal morbidity
with the use of glargine in pregnancy (Bolli 2000; Pöyhönen-Alho 2007; Egerman 2009;
Lv 2015). No randomised controlled trials currently to confirm safety during pregnancy

GDM: gestational diabetes mellitus
T1DM: type 1 diabetes mellitus
T2DM: type 2 diabetes mellitus
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