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Chapter 1

Introductory Chapter: Gestational 
Diabetes Mellitus
Amita Ray

1. The condition

Pregnancy, though a physiological condition, involves increased stress on a 
mother’s biological processes. Advanced age, frequent pregnancies with shortened 
intervals, and several other risk factors may cause one of these processes to buckle 
under the stress giving rise to a disease state [1].

Gestational diabetes is a typical example which occurs as a temporary condition 
during pregnancy and is characterized by hyperglycemia and its varied manifesta-
tions. The word “gestational” implies exaggerated physiological response in preg-
nancy. Pregnancy is a state of insulin resistance, which has been designed by nature 
with the aim to supply the fetus with adequate nutrition at all times, irrespective of 
the mother’s feeding cycles or habits. When this resistance, which is a physiological 
response to pregnancy, becomes aggravated and overcomes the pancreas capacity 
to secrete extra insulin, the result is a constant state of hyperglycemia. Risk factors 
and risk markers for GDM are age (the older a woman the higher her risk of GDM), 
overweight or obesity, excessive weight gain during pregnancy, a family history of 
diabetes, and GDM during a previous pregnancy [2].

Human placental lactogen and prolactin, the levels of which steadily increase 
during pregnancy, also contribute to the phenomena of increased insulin resistance 
by preventing the intake of insulin into peripheral tissue. A lesser explored hor-
mone adiponectin exerts a protective effect by inhibiting hepatic glucose produc-
tion. In GDM pregnancies, there is a significant decrease in placental adiponectin 
from an early stage of pregnancy, which now appears to be another independent 
risk factor for GDM. Adiponectin levels are also affected by pro-inflammatory 
cytokines, thus indicating a relationship between inflammation and carbohydrate 
metabolism or even a gross metabolic dysregulation [2].

2. The magnitude of the problem

According to the International Diabetes Federation (2017), 21.3 million or 16.2% 
of live births had some form of hyperglycemia in pregnancy, and a majority of these 
(85.1%) were due to gestational diabetes and one out of seven births is affected by 
gestational diabetes. The WHO Global Report on diabetes (2016) also gives similar 
figures: 75–90% of cases of hyperglycemia in pregnancy are due to gestational dia-
betes and 10–25% of pregnancies are affected by gestational diabetes. To complicate 
matters, a maximum number of these cases are from the low- and middle-income 
countries emphasizing the fact that diabetes per se as well as gestational diabetes 
are not the diseases of the affluent society who have access to quality health care [3]. 
A large number of these cases are from those sections of the population who do have 
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access to basic antenatal care, where missing gestational diabetes is common and 
associated with grim outcomes for the mother and baby.

3. Maternal and fetal complications

Undetected, unmonitored, and uncontrolled gestational diabetes leads to severe 
maternal and fetal morbidity and mortality. GDM has a spectrum of both short- 
and long-term complications for both the mother and the fetus [4].

Among the short-term complications, are those that happen in the index 
pregnancy, hypertension is often associated with type 2 diabetes and so is true for 
GDM. Women who have GDM often develop hypertension during pregnancy and 
when compared to women who are euglycemic during pregnancy the difference 
is significant. Pregnancy-induced hypertension leads to several other problems in 
terms of preeclampsia and even eclampsia.

Several reasons for short-term morbidity in the mother are related to the 
increased size of the fetus. Nonprogress of labor and cephalopelvic disproportion 
due to a large-sized baby may lead to instrumental deliveries, perineal injuries, and 
C-sections.

For the fetus, the hallmark complication of GDM is macrosomia and the prob-
lems resulting from it. These could be sudden fetal demise, shoulder dystocia, 
obstructed labor, hydramnios, malpresentations, and cord prolapse. Macrosomia 
also leads to earlier onset of labor, giving rise to a preterm baby with all the associ-
ated risks of prematurity. The chief among these is the respiratory distress syn-
drome (RDS) due to lack of surfactant: this is a combined effect of prematurity as 
well as the fact that hyperglycemia per se also delays lung maturity.

The baby of a GDM mother has more chances of admission to intensive care 
due to RDS and also because it is more prone to metabolic derangements which are 
typical of this condition. Hypoglycemia, hyperbilirubinemia, and hypomagnesemia 
are significantly more in babies of GDM mothers.

When considering long-term complications of GDM recurrence of GDM in 
subsequent pregnancies and the development of type 2 diabetes in later life are the 
ones of major concern. A GDM mother has about 30–60% chance of recurrence 
in subsequent pregnancies. A systematic review of 28 studies covering the same 
number of years showed that a GDM mother has a cumulative incidence ranging 
from 2.6 to 70% of type 2 diabetes. Recurrence of GDM in subsequent pregnancies 
and the development of type 2 diabetes in later life are linked to risk factors like 
obesity, interval between pregnancies, and the amount of insulin needed during the 
index pregnancy.

Long-term complications in the neonate of a GDM mother are obesity and type 2 
diabetes in adult life. The girl child also runs the risk of GDM in her pregnancy.

4. The controversies

Screening and diagnosis of gestational diabetes is varied and till date a single 
universal guideline has been elusive. This is compounded by the fact that both 
gestational diabetes and type 2 diabetes are very dependent on ethnicity. This often 
leads to the question as to whether a single mathematical figure would actually 
reflect hyperglycemia and its complications in different ethnic groups.

International and national bodies advise various ways to screen gestational dia-
betes. Large numbers of such guidelines confuse the primary health provider and 
the practicing obstetrician. In this era of evidence-based medicine, there is need 
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for a single robust, evidence, practical guideline, the use of which would ensure the 
early detection and adequate management of gestational diabetes at the earliest in 
different countries and ethnic groups.

5. Recent advances

Although screening for GDM remains the mainstay for early detection, bio-
markers for predicting, and monitoring the condition have also been identified. 
These biomarkers are altered as a result of the underlying pathology of GDM and 
thus help in predicting the condition before it actually becomes manifest clinically. 
These biomarkers may be related to insulin resistance, chronic inflammation, 
and altered placental function all of which are related to the patho-physiology of 
GDM. Micro-RNAs, one such group of biomarkers are a class of RNAs which are 
not involved in coding but can modulate gene expression. Thus, particular levels of 
circulating micro-RNAs can be used as biomarkers to predict GDM.

Efforts are also being made to combine several biomarkers to form a risk score 
for prediction of GDM. Combining clinical risk factors and biomarkers to predict 
the condition are also in the process.

6. The way ahead

Gestational diabetes mellitus has a well-documented link with maternal age, 
family history, diet, obesity, and lack of exercise. Both ethnicity and deprivation are 
major contributors to an increased risk of GDM. Research has confirmed that a bet-
ter diet, increased physical activity, an appropriate pre-pregnancy Body Mass Index 
could reduce the development of gestational diabetes mellitus. The challenge now 
is to find ways of delivering these benefits in real life rather than in purely research 
settings. Keeping these things in mind, the first aim should be primary preven-
tion. It plays the most significant role in creating awareness as regards gestational 
diabetes among public. Awareness should particularly target the groups which are 
at high risk for developing diabetes. Primary steps in preventing gestational diabe-
tes can delay or halt further developments which in turn reduce both the need for 
gestational diabetes care and other required treatments. Prevention of gestational 
diabetes and diabetes per se should be considered a public health priority. The big-
gest task faced by the medical fraternity is lack of awareness across all segments of 
society about this epidemic.

A uniform consensus on how to screen for and diagnose gestational diabetes 
is another focus area for national and international bodies. As both ethnicity and 
deprivation are major contributors to this disease condition, the guidelines framed 
should make allowance for both [5, 6].

Another area that needs looking into is the identification of markers which could 
predict the condition with reasonable accuracy. It is also essential that such markers 
be cost-effective as both diabetes and gestational diabetes can no longer be consid-
ered as the disease of the elite society.
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Chapter 2

A Clinical Insight into Gestational 
Diabetes
HH Siddiqui, Tarique Mahmood, Mohd. Haris Siddiqui, 
Paramdeep Bagga, Farogh Ahsan and Arshiya Shamim

Abstract

Pregnancy is a diabetogenic state manifested by insulin resistance and hyperglycae-
mia. The age group at risk of getting gestational diabetes is between 20 and 39 years in 
96.8% of cases. Gestational diabetes is the development of symptoms and signs of diabe-
tes mellitus during pregnancy and the glucose level reverting to normal during puerpe-
rium. Depending on the type of population and the diagnostic criteria used, gestational 
diabetes is said to complicate 1–16% of all pregnancies. Many researchers in American, 
European and Asian surveys have reported 3–6% of prevalence. Compared with white 
European women, the prevalence rate for GD is increased approximately elevenfold in 
women from the Indian subcontinent, eightfold in South East Asia, sixfold and threefold 
in Arab and black Afro-Caribbean women, respectively. Such figures draw a potent 
clinical interest towards gestational diabetes (GD), and this chapter attempts to highlight 
some major aspects of GD in respect to both the mother and the foetus or the newborn 
specially emphasizing on its management as per the World Health Organization (WHO) 
and International Federation of Gynaecology and Obstetrics (FIGO).

Keywords: antenatal care, hyperinsulinaemia, impaired glucose tolerance, 
International Federation of gynaecology and obstetrics, medical nutrition therapy

1. Introduction

Gestational diabetes (GD) is characterised with impaired glucose tolerance 
(IGT) whose first recognition or onset is during pregnancy. International statistics 
claim that out of 10 pregnancies, at least 1 is associated with diabetes, most of 
which are GD. Lack 0f diagnosis or treatment of GD can lead to significant mater-
nal and foetal complications. Moreover, women with GD and their offsprings are 
comparatively at higher risk of developing type 2 diabetes later [1–10].

The incidence of GD is expected to increase at an expedited rate in the near future, 
amounting to one in every five pregnant women suffering from GD. According to a 
field study conducted in one of the Indian states under the ‘Diabetes in Pregnancy’—
Awareness and Prevention project, in most of the pregnant women screened in 
urban, semiurban and rural areas, respectively, the prevalence of GD was reported to 
be 17.8% in the urban, 13.8% in the semiurban and 9.9% in the rural areas [11–16].

GD may result in development of many pregnancy-associated disorders like 
polyhydramnios, pre-eclampsia, prolonged labour, obstructed labour, caesarean 
section, uterine atony, postpartum haemorrhage, infection and progression of reti-
nopathy which are the leading global causes of maternal morbidity and mortality. 
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Moreover, GD could also pose foetal risks including spontaneous abortion, intra-
uterine death, stillbirth, congenital malformation, birth injuries, neonatal hypogly-
caemia and infant respiratory distress syndrome.

Long-term clinical effects of GD are important contributors to the burden of 
non-communicable diseases in many countries [17, 18].

2. Aetiology and pathophysiology of GD

During normal pregnancy, resistance to insulin action increases. In most pregnan-
cies, the pancreas is able to meet the increased insulin demands, and normal blood 
glucose level is maintained. On the contrary, women who develop GD have impaired 
beta-cell response resulting in insufficient insulin secretion to meet the increased 
insulin demands. The following factors tend to enhance the chances of developing GD:

• Age: Due to age-related decreased pancreatic beta-cell reserve.

• Obesity: Leads to increased insulin resistance, which is further compounded by 
pregnancy.

• Smoking: Increases insulin resistance and decreases insulin secretion.

• Polycystic ovarian syndrome: Associated with insulin resistance and obesity.

• Nonwhite ancestry.

• Family history of type 2 diabetes.

• Intake of diet with low-fibre and high-glycaemic index.

• Weight gain.

• Lack of physical activity: Exercise increases insulin sensitivity.

• Prior GD: GD recurs in as many as 80% of subsequent pregnancies.

Products of the placenta, including tumour necrosis factor-alpha (TNF-α) 
and human chorionic somatomammotropin, are considered to play pathological 
roles in inducing maternal insulin resistance. Insulin resistance is observed at peak 
levels in the third trimester of pregnancy. Women who develop GD have pathologi-
cally impaired beta-cell function that leaves them with inability of adapting to 
pregnancy. In GD, as in type 2 diabetes, the deficit in beta-cell function is usually 
multifactorial and polygenetic. However, unmasked by the increased insulin needs 
of pregnancy, autoimmune diabetes and maturity-onset diabetes of youth (MODY) 
may occasionally be first recognised as GD. Hyperglycaemia in late pregnancy is 
associated with macrosomia and neonatal hypoglycaemia, hyperbilirubinemia and 
hypocalcaemia, as well as adverse maternal outcomes, including gestational hyper-
tension, pre-eclampsia and caesarean delivery [19–35].

3. Strategical diagnosis of GD

Profound international evidences and standard protocols suggest definite guidelines 
for screening pregnant women for GD.
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The American and Canadian guidelines recommend universal screening by 
two-step approach. This includes a screening with 50-g 1-hour blood glucose test 
(>140 mg/dL taken as screen positive). Women who screen positive are subjected 
to 100-g oral glucose tolerance test (OGTT), and those with 2 or more abnormal 
values of blood glucose are diagnosed with gestational diabetes.

Similarly, the National Institute for Health and Care Excellence (NICE), UK, 
and Australian guidelines recommend a slightly different risk-based screening.  
It recommends a 75-g 2-hour OGTT. Women with fasting blood glucose ≥126 mg/dL  
and postprandial (PP) blood glucose ≥140 mg/dL are diagnosed with  
GD [36, 37].

The WHO and International Federation of Gynaecology and Obstetrics (FIGO) 
endorse universal screening for GD at 24–28 weeks of gestation using the 75-g 
2-hour blood sugar (fasting ≥126 mg/dL and PP ≥140 mg/dL).

Almost all guidelines agree to the management of GD using medical nutri-
tion therapy (MNT) which is a standard diet plan for GD-diagnosed mothers 
and insulin therapy if required. Recently, global evidences have also concluded 
that the traditional biguanide—metformin—is safe and effective for GD  
management after 20 weeks of gestation if blood glucose level is not controlled 
alone by MNT [38–42].

GD pregnant women should be managed by medical nutrition therapy (MNT) 
and metformin or insulin therapy as required. In the postpartum period, OGTT must 
be repeated at 6 weeks post delivery; if blood glucose is <140 mg/dL, then women 
should be referred for postprandial blood glucose (PPBS) testing annually [43, 44].

3.1 Testing and management of GD

Ideally, all pregnant women should be screened for gestational diabetes, espe-
cially those who have one or more risk factors discussed above.

Trained human resources are required to manage the cases after diagnosis. 
Testing for GD is recommended twice during ante natal care (ANC).

The first testing should be done during the first antenatal contact as early as 
possible in pregnancy. If the first test result is negative, the test must be repeated 
between the second and third trimester of pregnancy. It is important to conduct a 
second test as most pregnant women develop blood glucose intolerance during this 
period (24–28 weeks). Mostly, one third of all GD-positive women are diagnosed 
during the first trimester. Hence, the test is repeated after the second trimester.

There should be at least a gap of 4 weeks between the two tests. The test should 
be conducted for all pregnant women even if she comes late in pregnancy for 
ANC. However, if the woman is over 28 weeks of pregnancy, only one test should be 
conducted if it is her first visit for ANC [45–51].

3.2 Methodology for diagnosis

The following stepwise protocol complies with the WHO guidelines for screening 
of pregnant women:

• The test is conducted with intake of 75 g of oral glucose dissolved in approximately 
300 mL of water, irrespective of whether the pregnant woman comes in fasting 
or non-fasting state, followed by measuring the blood glucose level by a plasma-
standardised glucometer after 2 hours of ingestion (postprandial blood glucose).

• If within 30 minutes of oral glucose intake the mother vomits, the test has to be 
repeated the next day. If vomiting occurs after 30 minutes, the test continues.
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• The threshold blood glucose level of ≥140 mg/dL is considered as limit for  
diagnosis of GD [52–61].

4. Internationally acceptable guidelines for management of GD

4.1 Guiding principles

All pregnant women who screen positive for GD in the first test are subjected to 
medical nutrition therapy (MNT) and physical exercise for 2 weeks. The woman is 
advised to walk or exercise for at least 30 minutes a day.

After 2 weeks on MNT and physical exercise, a 2-hour PPBS (post meal) should 
be done. All standardised protocols for management of GD suggest initial manage-
ment with MNT and physical exercise strictly. If diabetes is not controlled with 
MNT (lifestyle changes) alone, metformin or insulin therapy is recommended.

If 2-hour PPBS is <120 mg/dL, the test is to be repeated as per high-risk preg-
nancy protocol, i.e. to undertake eight tests (four regular tests and four additional). 
It is recommended to conduct at least one test every month during the second and 
third trimester. More follow-up tests can be done as recommended by the gynaeco-
logist. If 2-hour PPBS is ≥120 mg/dL, medical management (metformin or insulin 
therapy) has to be started as per guidelines (Figure 1) [62–66].

Figure 1. 
Standard health management protocol for pregnant women with GD.
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4.2 Medical nutrition therapy (MNT)

4.2.1 Healthy eating during pregnancy

All pregnant women with GD should get medical nutrition therapy (MNT) 
as soon as diagnosis is made. MNT for GD primarily involves a carbohydrate-
controlled balanced meal plan which promotes:

• Optimal nutrition for maternal and foetal health

• Adequate energy for appropriate gestational weight gain

• Achievement and maintenance of normoglycaemia [67, 68]

4.3 The significance of the individualised nutrition plan assessment in GD

Assessment of diet or nutrition plan in GD is an important criterion for diagno-
sis and subsequent follow-up on mother’s and foetus’ development. The nutrition 
plan must be individualised from patient to patient so that accurate appraisal of the 
woman’s nutritional status could be assessed. This assessment includes defining her 
body mass index (BMI) or percentage of desirable weight during pre-pregnancy to 
the optimal weight gain during the entire tenure of pregnancy [24, 69].

4.4 Monitoring calorie intake in GD

The energy demand of the body during pregnancy increases many times than 
that in a nonpregnant state. Individualization of nutritional requirement proves to 
be very helpful in determining the energy requirement and making amendments in 
the diet plan based on weight change patterns.

Normally calorie monitoring is not a point of concern in the first trimester 
unless a woman is underweight. It becomes more significant during the second and 
third trimester to monitor the energy requirements. Calorie intake should suffice 
the appropriate weight gain during gestation.

Ideally, for an average woman, weight gain of 10–12 kg is considered normal 
during pregnancy; an additional 350 kcal/day intake to the adult requirement is 
recommended during the second and third trimester.

Severe caloric restriction is strictly prohibited as it may cause ketonaemia and 
ketonuria in the mother as well as impair physical and mental growth in the off-
spring (Tables 1 and 2)[70–72].

Energy requirement can be calculated as follows:

  Energy requirement  (kcal / day)  = BMR × PAL   (1)

*BMR = basal metabolic rate; *PAL = physical activity level.
where the basal metabolic rate (BMR) for an adult female in the age group of 

18–30 years is calculated as 14 × BW (kg) + 471 and similarly BMR for adult females 
of age group 30–60 years as 8.3 × BW (kg) + 788 (*BW = body weight).

4.4.1 Daily intake of carbohydrates

Carbohydrates are essential for both the mother and the baby. They are the 
ultimate source of glucose in the blood. Hence, the nature, quantity and frequency 
of carbohydrate intake influence greatly the blood glucose level.
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The carbohydrates must be evenly distributed through the daily food chart foods 
in order to avoid high blood glucose level. It is better to spread carbohydrate foods 
over three small meals and two to three snacks each day than taking three large 
meals [8, 73–78].

Complex carbohydrates (like whole-grain cereals like oats, vegetables and fruits) 
should be preferred over simple carbohydrates like food with lots of added sugar or 
honey. Also keeping a record of the number of carbohydrate serves that a mother 
eats during the day helps her to eat the right amount of carbohydrates [79].

4.4.2 Daily intake of fats

Overall fat intake by a pregnant woman should be planned in a manner that 
saturated fat such as butter, coconut oil, palm oil, red meat, organ meat and full 
cream milk amounts to less than 10% of total calories. The dietary cholesterol must 
be less than 300 mg/dL. In obese and overweight patients, a lower-fat diet overall 
can help slow the rate of weight gain [80].

4.4.3 Daily intake of proteins

Proteins are a very important dietary element for the growth and health of the 
foetus.

At least three servings of protein foods are recommended every day to meet the 
increased demand. Milk and milk products, egg, fish, chicken, pulses, nuts, etc. are 
all rich sources of protein that a mother can take during her pregnancy [80].

5. Pharmacotherapy of GD with metformin and insulin

The widely accepted treatment protocol for gestational diabetes advocates 
metformin or insulin therapy for clinical management of pregnant women diag-
nosed with GD that is not well controlled with MNT alone. Insulin is the first drug 
of choice for GD mothers.

The advantage of insulin therapy over metformin is that it can be started any 
time during pregnancy for GD management. If the gestation is less than 20 weeks, 

S. no. Body mass index Calorie requirement

1. <18.5 (underweight) Calorie requirement as per activity + 500 kcal/day

2. 18.5–22.9 (normal) Calorie requirement as per activity

3. 23–24.9 (overweight) Calorie requirement as per activity

4. >25 (obese) Calorie requirement as per activity—500 kcal/day

Table 2. 
Calorie requirement according to body mass index (BMI).

S. no. Nature of lifestyle Energy requirement during pregnancy Total energy requirement (kcal/day)

1. Sedentary 1900 + 350 2250

2. Moderately active 2230 + 350 2580

3. Highly active 2850 + 350 3200

Table 1. 
Energy requirement in relation to nature of lifestyle.
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and medical nutrition therapy (MNT) is not effective in controlling blood glucose 
levels, insulin should be started, but metformin can be considered only after 
20 weeks of gestation for clinical management of GD.

Metformin therapy can be started at 20 weeks of pregnancy, if MNT has not 
been able to control blood glucose alone. In the cases where the woman’s blood 
glucose is not controlled even with the maximum dose of metformin and MNT, the 
therapy must be switched to insulin therapy. The dose of metformin is 500 mg BID 
orally up to a maximum dose up to 2 g/day.

The incidence of hypoglycaemia and weight gain with metformin is less than 
insulin. If insulin is required in high doses, metformin may be added to the treat-
ment. Any pregnant women on insulin therapy should be instructed to keep sugar/
glucose powder handy at home to treat hypoglycaemia if it occurs [81–84].

5.1 Common side effects with metformin

• Diarrhoea

• Nausea

• Stomach pain

• Heartburn

• Lactic acidosis

• Low blood glucose

5.2 Types of insulins

Unlike the nonpregnant patients with diabetes who have a plethora of choices to 
achieve glucose control, the pregnant cases with GD offer a big challenge to the cli-
nicians when it comes to the choice of drugs for its management. In the recent years, 
we have come across a variety in new insulins, novel delivery systems and additional 
concentrations of existing insulins. With an alarming increase in the gestational 
diabetic population, the demands of the newer insulins will be ever increasing; 
hence, understanding these insulins becomes crucial. Additional pharmacokinetic 
and pharmacodynamic studies of these insulins in pregnancy are also required [85].

5.2.1 Short-acting insulin and rapid-acting insulin analogues

5.2.1.1 Regular (U-100) insulin

It is identical to human insulin and is synthesised in Escherichia coli bacteria. It 
is used before meal to compensate for heavy carbohydrates. The onset of action is 
around 30 minutes but can range from 10 to 75 minutes. The peak action is achieved 
at 3 hours (range 20 minutes to 7 hours), and the overall duration of action is 
~8 hours. U-100 vials can stay at room temperature for 31 days [86].

5.2.1.2 Regular (U-500) insulin

It is identical to human insulin but more concentrated than the U-100 formulation; 
its pharmacokinetic profile differs from U-100 as well. The onset is ~30 minutes, but 
the duration of action can last up to 24 hours. Severe hypoglycaemia may occur 24 hours 
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honey. Also keeping a record of the number of carbohydrate serves that a mother 
eats during the day helps her to eat the right amount of carbohydrates [79].

4.4.2 Daily intake of fats

Overall fat intake by a pregnant woman should be planned in a manner that 
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S. no. Body mass index Calorie requirement

1. <18.5 (underweight) Calorie requirement as per activity + 500 kcal/day

2. 18.5–22.9 (normal) Calorie requirement as per activity

3. 23–24.9 (overweight) Calorie requirement as per activity

4. >25 (obese) Calorie requirement as per activity—500 kcal/day

Table 2. 
Calorie requirement according to body mass index (BMI).

S. no. Nature of lifestyle Energy requirement during pregnancy Total energy requirement (kcal/day)

1. Sedentary 1900 + 350 2250
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3. Highly active 2850 + 350 3200

Table 1. 
Energy requirement in relation to nature of lifestyle.
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and medical nutrition therapy (MNT) is not effective in controlling blood glucose 
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after the initial dose, although there are clinical reports suggesting that in pregnancy, 
severe hypoglycaemia is rare with U-500 insulin. Two to three injections daily are 
required, and a U-500 vial is good for 40 days at room temperature while in use [87–89].

5.2.1.3 Insulin aspartate

It is produced in a type of yeast, Saccharomyces cerevisiae, and is homologous 
to human insulin. It should be taken 5–10 minutes prior to meals. It can be 
administered as injections or in an insulin pump. The time of peak concentration 
ranges between 40 and 50 minutes, and the duration of action is 3–5 hours. It is 
also available in the forms of pens, penfills and vials that retain their pharma-
cological potency for at least 28 days at room temperature while in use. The risk 
of developing hypoglycaemia with insulin aspartate is less than regular insulin, 
although patients allergic to yeast must avoid it as this could potentially cause a 
site reaction [90].

5.2.1.4 Insulin lispro (U-100 and U-200)

It is an analogue produced in Escherichia coli. Its onset of action is 10–15 minutes, 
peak action is attained in 30–90 minutes and the duration of action is 3–4 hours. 
Intraperitoneal injections are preferred for the maximum absorption and shortest 
duration of action. It can be used in the form of insulin pumps or as multiple daily 
injections. The U-100 and U-200 formulations are bioequivalent, having the same 
pharmacokinetics. Insulin lispro U-200 is only available in pens to avoid administra-
tion errors. Pens, penfills and vials can be stored for 28 days at room temperature 
while in use [91].

5.2.2 Intermediate insulin and long-acting insulin analogues

5.2.2.1 Insulin isophane (NPH)

It is a U-100, intermediate-acting insulin. It is produced in Escherichia coli 
and is identical to human insulin available as a suspension. The onset of action is 
1–2 hours, with an average peak action of 4 hours (range, 4–8 hours). Duration of 
action lasts for 10–20 hours. Vials remain usable for 31 days at room temperature, 
whereas pens can be used for 14 days [92].

5.2.2.2 Insulin detemir (U-100)

This is a long-acting analogue of insulin produced in S. cerevisiae. One of the set-
backs with this formulation is that it can potentially cause a reaction in patients who are 
allergic to yeast. Detemir lacks a defined peak of action, but the pharmacological action 
lasts for up to 20 hours. The time to onset of action ranges between 1 and 2 hours. The 
pen and vial can be used up to 42 days at room temperature while in use. The chances 
of developing hypoglycaemia with detemir are less than NPH in pregnant women [93].

5.2.2.3 Insulin glargine (U-100)

It is a long-acting analogue produced in Escherichia coli. It differs from other con-
temporaries in terms of its distribution in plasma; the acidic solution is neutralised in 
subcutaneous tissue to form microprecipitates. These microprecipitates slowly release 
glargine over a duration of 24 hours, resulting in no well-defined peak. Its onset of 
action is 1–2 hours. Vials and pens are reusable for 28 days at room temperature.
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5.2.2.4 Insulin degludec U-100 and U-200

They are long-acting analogues approved by the US Food and Drug 
Administration (FDA) in September 2015. The U-100 and the U-200 are consid-
ered bioequivalent. Insulin degludec is extracted by means of recombinant DNA 
technology implemented in S. cerevisiae, to avoid potential reaction to the yeast, 
if allergic. Insulin degludec’s slow absorption into blood and prolonged action are 
attributed to the formation of soluble multi-hexamers. Its onset of action is ~1 hour 
and takes 8 days to reach steady state, and, once achieved, its duration of action 
lasts for 42 hours. It is usually administered once daily at any time of the day due to 
its long duration of action. Noncompliant patients may inject their dose at intervals 
of 8–40 hours without significant decreases in glycosylated haemoglobin (HbA1C) 
compared to taking it at the same time every day. U-100 degludec and U-200 
degludec are only dispensed in pens to decrease administration errors. Pens are 
good for up to 56 days at room temperature while in use [93].

5.3 Novel drug delivery system for insulin

Insulin in the form of inhalational powder is a newer form of insulin introduced 
in recent years. Human insulin inhalation powder was approved by the FDA in 2014. 
Inhaled human insulin is produced in Escherichia coli and is adsorbed onto fumaryl 
diketopiperazine and polysorbate 80 carrier particles. Inhalation powder is equiva-
lent unit for unit to insulin lispro. Its onset is 12–15 minutes, and it takes ~57 min-
utes to reach peak levels in plasma. The duration of action is ~2 hours. Inhaled 
human insulin is contraindicated in patients with chronic pulmonary obstructive 
disease as it may precipitate chronic bronchospasm. Sealed blister cards at room 
temperature must be discarded after 10 days. If kept in the refrigerator, they are 
good for use up to 1 month (Figure 2)[94, 95].

5.4 Glyburides-new hypoglycaemic drugs

A new advent in the field of glucose-lowering agents is glyburides. It is an oral 
hypoglycaemic class of drugs used for the management of type-II diabetes mellitus. 
Pharmacologically it belongs to sulphonylurea class of insulin secretagogues. These 
agents stimulate β cells of the pancreas to release insulin. The members of this class 
have different binding sites on their target pancreatic β-cell receptor. Their dose, 
rate of absorption, duration of action and route of elimination also differ from the 
conventional hypoglycaemic agents. Apart from lowering the blood glucose level 
directly, glyburide also increases peripheral glucose utilisation, decreases hepatic 
gluconeogenesis and may increase the number and sensitivity of insulin receptors. 
Glyburides proved to be advantageous over insulin because weight gain associated 
with it is less than in the case of insulin. However, one of its fallacies is that it may 
cause hypoglycaemia and require consistent food intake to decrease this risk. The risk 
of hypoglycaemia is increased in elderly, debilitated and malnourished individuals. 
Glyburide has been shown to decrease fasting plasma glucose, postprandial blood 
glucose and glycosylated haemoglobin (HbA1c) levels. It is metabolised in the liver. Its 
metabolites are excreted in urine and faeces in approximately equal proportions [96].

5.4.1 Indication

It is prescribed to be taken at meal time to lower the blood glucose level in 
patients with non-insulin-dependent diabetes mellitus where hyperglycaemia can-
not be controlled by diet alone.
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5.4.2 Half-life (t 1/2) and duration of action

The half-life of unchanged drug lies between 1 and 2 hours and its metabolites 
have an extended half-life of 10 hours. Duration of action is 12–24 hours.

5.4.3 Side effects

Nausea, heartburn, stomach fullness and weight gain may occur.

5.4.4 Precautions

• Contraindicated in hypersensitive patients.

• Given the high risk of hypoglycaemia associated with it. Patients must be counselled 
to avoid driving, the use of machinery or any activity that requires alertness or clear 
vision as low blood glucose levels may cause drowsiness, fatigue and blurred vision.

Figure 2. 
Insulin therapy for GD*.
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• Alcohol intake must be avoided under its medication as it aggravates hypogly-
caemia and may cause disulfiram-like reaction.

• Older adults may be more sensitive to the side effects of this drug, especially low 
blood sugar.

• During pregnancy, this medication should be used only when clearly needed. 
Pregnancy may cause or worsen diabetes.

Hypoglycaemia Considerations

Criteria • Mild hypoglycaemia: Blood glucose level is <4.0 mmol/L and may or may not be 
associated with symptoms of a low blood glucose level

• Severe hypoglycaemia: Blood glucose level is very low, generally <3.0 mmol/L, and 
is associated with confusion and potential loss of consciousness. The woman 
requires third-party assistance to manage the episode

Causes • Extensive physical activity

• Insulin overdose

• Lack or inadequate carbohydrate in meal

• Alcohol consumption (decreases blood glucose)

Symptoms • Hunger

• Light headedness/headache

• Sweating/shaking/weakness

• Tingling around the lips

• Irritability

• Blurred vision

• Severe hypoglycaemia (when unable to self-treat) can lead to confusion and loss 
of consciousness and requires urgent medical treatment

Treatment • Consume one 15-g serve of fast-acting carbohydrates (one of the following)

• 5–7 glucose candies

• Glass of soft drink rich in calories

• Three-heaped teaspoons of sugar or honey dissolved in water

• If after 15 minutes symptoms persist or BGL is less than 4.0 mmol/L, repeat one 
serve of fast-acting carbohydrates

• Do not overtreat with fast-acting carbohydrates as this may lead to rebound 
hyperglycaemia

• When BGL is 4.0 mmol/L or above, eat longer-lasting carbohydrate

• Eat a snack (e.g. sandwich or glass of milk) or usual meal if within 30 minutes

• Avoid overtreatment of hypoglycaemia resulting in hyperglycaemia

• Document BGL and time of hypoglycaemic episode

Lifestyle management • Plan to eat regular meals with adequate carbohydrate serves

• Be prepared and carry a food snack at all times (including while exercising)

• Aim to take long- or intermediate-acting insulin at the same time each day

• Identify causal factors of the hypoglycaemic episode and avoid/mitigate for the 
future

• Carry blood glucose metre at all times so BGL can be checked if symptoms 
present

Table 3. 
Aspects surrounding hypoglycaemia in women under oral hypoglycaemic drugs or insulin.
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• If glyburide is used, it may be switched to insulin at least 2 weeks before the 
expected delivery date because of glyburide’s risk of causing low blood sugar in 
your newborn.

• It is unknown if this medication passes into breast milk. However, similar 
drugs pass into breast milk [97].

5.5 Monitoring blood glucose levels in GD mothers

The blood glucose monitoring in gestational diabetic cases remains a bone of 
contention amongst clinicians worldwide. There have been various cohort studies 
propounding different procedures for blood glucose level monitoring. Some suggest 
the evaluation of HbA1C levels as accurate parameter; others suggest ultrasonogra-
phy and laboratory testing of postprandial blood glucose levels every 2 weeks. For 
women whose fasting blood glucose levels remain <105 md/dL are well managed 
alone with medical nutrition therapy, whereas for those whose blood glucose levels 
are >105 mg/dL require additional medical assistance including insulin therapy. 
The foetal abdominal circumference (AC) is also considered a pivotal parameter for 
monitoring the GD mothers. If the foetal AC is <70th percentile at 30 weeks, peri-
natal outcomes will be free from any complications with continued management on 
diet therapy and without glucose self-monitoring. The excess risk of macrosomia 
is attributed to women with a foetal AC >70th percentile at 30 weeks. Such preg-
nancies will benefit only from aggressive glucose lowering by insulin therapy. The 
fasting or preprandial glucose targets of 60–80 mg/dL have to be met in such cases 
to eliminate the excess risk of stillbirth [98–101].

5.6 Hypoglycaemia

Hypoglycaemia is uncommon in women with GD who are only on MNT; the risk 
of developing hypoglycaemia is however increased in women on pharmacotherapy, 
i.e. insulin or metformin. Hypoglycaemia incurs potent hazards to the health of 
the foetus. Hence, management of hypoglycaemia is also a crucial aspect in GD. If 
hypoglycaemia is asymptomatic, BGL results must be confirmed prior to starting 
the treatment (Table 3)[102].

6. Special obstetric care for pregnant women with GD

6.1 Antenatal care (ANC)

Antenatal care is defined as the procedure of regular check-ups that allow 
clinicians to treat and prevent potential health problems throughout the course of 
the pregnancy and to promote healthy lifestyles that benefit both the mother and 
child. In the case of pregnant women with GD, they must be closely monitored. GD 
women who are diagnosed before 20 weeks of pregnancy undergo foetal anatomical 
survey by means of ultrasonography within 18–20 weeks of pregnancy.

At 28–30 weeks of gestation, a foetal growth scan should be performed and 
repeated at 34–36 weeks of gestation. There should be at least 3-week gap between 
the two ultrasounds, and it should include foetal biometry and amniotic fluid 
estimation.

In GD women having uncontrolled blood glucose level or any other complication 
of pregnancy, the antenatal visits should be programmed at least once monthly as 
per the protocol for high-risk pregnancy.
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Monitoring of abnormal foetal growth and amniotic fluid volume for growth 
restriction and polyhydramnios, respectively, at each ANC visit is clinically impor-
tant. Pregnant women with GD should be diligently monitored for gestational 
hypertension, proteinuria and other obstetric complications.

Antenatal steroids in pregnant women with GD between 24 and 34 weeks of 
gestation requiring early delivery should be administered as per standardised guide-
lines. Most guidelines like FIGO suggest dexamethasone injection. More vigilant 
monitoring of blood glucose levels should be done for the next 72 hours following 
injection. In the case of raised blood glucose levels during this period, adjustment of 
insulin dose should be made as required [103–105].

6.2 Monitoring foetal health in pregnant women with GD

The rate of foetal morbidity in pregnant women with GD is more than the nor-
mal ones. This risk is further accelerated in pregnant women under drug manage-
ment. Hence vigilant foetal surveillance is required that includes foetal heart rate 
monitoring by auscultation on each antenatal care visit [105, 106].

6.3 Management of parturition in the case of GD

Pregnant women with GD but well controlled of blood glucose (2-hour 
PPBS <120 mg/dL) levels may be delivered at their respective health facil-
ity just like any normal pregnant woman. However, pregnant women with 
GD on insulin therapy with uncontrolled blood glucose levels (2-hour PPBS 
≥120 mg/dL) on MNT and physical exercise and metformin or insulin require-
ment >20 U/day should be referred at 34–36 weeks for delivery planning at 
Comprehensive Emergency Obstetric Care (CEmOC) centres under supervi-
sion of a gynaecologist [107].

6.4 Timing of delivery

Most GD pregnancies are associated with delayed lung maturity of the foetus; 
hence routine delivery prior to 39 weeks is not recommended. Such referred cases 
must get assured indoor admission or can be kept in a birth waiting home with 
round-the-clock availability of gynaecologist for monitoring.

Managing the delivery timing in GD mother is very crucial if pregnant 
women with GD and well-controlled blood glucose have not undergone parturi-
tion spontaneously; induction of labour should be scheduled at or after 39 weeks 
of pregnancy.

If pregnant women with GD present poor blood glucose levels, accompanied 
with risk factors like gestational hypertension, previous stillbirth and other com-
plications, then the timing of delivery has to be individualised by the obstetrician 
accordingly.

Vaginal delivery is preferred, and lower segment caesarean section (LSCS) is 
done for obstetric indications only such as in the case of foetal macrosomia, a condi-
tion where the estimated foetal weight is >4 kg where vaginal delivery may cause 
shoulder dystocia in the newborn.

Regular blood glucose monitoring of the pregnant women with GD on metfor-
min or insulin is required during labour. The morning dose of insulin/metformin is 
withheld on the day of induction of labour, and pregnant women are subjected to 2 
hourly monitoring of blood glucose.

IV infusion with normal saline (NS) is to be started and regular insulin to be 
added according to blood glucose levels as per Table 4 [105–108].
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IV infusion with normal saline (NS) is to be started and regular insulin to be 
added according to blood glucose levels as per Table 4 [105–108].
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6.4.1 Neonatal care for baby of a GD mother

Immediate and timely management of all neonates in a proper NICU facility 
emphasising on early breastfeeding is done on a priority basis to prevent hypogly-
caemia. Under any emergency situations, the sick neonates must be immediately 
resuscitated as per standard guidelines.

Hypoglycaemia monitoring of the newborn is started within an hour of delivery and 
repeated every 4 hours (prior to next feed) until four stable glucose values are obtained.

The newborn with the normal birth weight and blood glucose level of <45 mg/dL 
is considered hypoglycaemic and requires immediate medical management. In the 
case of intrauterine growth restriction (IUGR), newborns’ Blood Glucose level limit 
is <54 mg/dL [108].

6.4.2 Diagnosis of hypoglycaemia

The glucometers’ testing method is not very reliable for diagnosis of hypogly-
caemia as their precision decreases at lower blood glucose level. The most definite 
diagnosis of hypoglycaemia is by measurement of blood glucose using established 
laboratory methods such as glucose oxidase method by calorimeter. However, if 
laboratory facility is unavailable at the place of childbirth, then the treating physi-
cian can take a decision to send a blood glucose sample to the laboratory at the near-
est location without delaying the next management step. However, under adverse 
circumstances, blood glucose values obtained by glucometers may be considered for 
all operational steps if it’s the question of newborn’s wellbeing.

6.4.3 Symptoms of hypoglycaemia

Symptoms of hypoglycaemia are difficult to observe as in most cases it is 
asymptomatic, variable and observed only in a smaller proportion of patients or 
newborns:

• Stupor or apathy

• Jitteriness or tremors

• Episodes of cyanosis

• Convulsions

• Intermittent apnoeic spells or tachypnoea

• Weak and high-pitched cry, limpness and lethargy

Blood glucose level Amount of insulin to be added in  
500 mL of NS

Rate of NS infusion

90–120 mg/dL 0 100 ml/hour (16 drops/min)

120–140 mg/dL 4 U 100 ml/hour (16 drops/min)

140–180 mg/dL 6 U 100 ml/hour (16 drops/min)

>180 mg/dL 8 U 100 ml/hour (16 drops/min)

Table 4. 
Rate and amount of insulin-normal saline infusion in relation to blood glucose level.
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• Difficulty in feeding

• Eye rolling

• Episodes of sweating

• Any unexplained clinical feature in baby of diabetic mother

6.4.4 Management of hypoglycaemia in newborn

All cases of newborn with hypoglycaemia should be managed in the following 
manner:

6.4.4.1 Step 1

Whether there are any symptoms of hypoglycaemia or not, if a baby is born to 
a GD mother, its blood glucose level must be checked immediately between 1 and 
2 hours after birth. If blood glucose values are <45 mg/dL, this should be considered 
as ‘hypoglycaemia’. The primary management in such cases is that the newborn 
should be given breastfeed without any delay. Direct breastfeeding is the best man-
agement step for neonatal hypoglycaemia. If the infant is unable to suck, expressed 
breast milk from the mother should be given. If the mother is not in a position to 
give breastfeed or in the case of no breast milk secretion, the baby should be given 
any formula feed. If the lactation management centres (human milk banks) are 
available at the facility, then it can also be involved in feeding the baby.

After an hour of breastfeeding the newborn, blood glucose level must be moni-
tored again. If it is found to be more than 45 mg/dL, 2 hourly feeding (breastfeeding 
if not available, formula feed can be given) should be ensured by explaining to the 
mother/relatives and supervised.

6.4.4.2 Step 2

If at any point of time the blood glucose level drops below 20 mg/dL, immediate 
intravenous bolus injection of 10% dextrose at 2 mL/kg body weight of baby should 
be given. This should be followed by intravenous infusion of 10% of dextrose at a 
rate of 100 mL/kg/day. Blood glucose should be checked 30 minutes after starting 
the infusion. If it is still less than 20 mg/dL, the infant should be referred to a higher 
centre where a paediatrician is available [109, 110].

6.4.5 Postdelivery follow-up of pregnant women with GD

Immediate postpartum care required for women with GD is a lot similar to that 
for women without GD, but these women are at high risk to develop type 2 diabetes 
mellitus in the future, although in 80% of cases, the glucose level usually returns to 
normal postdelivery.

Subsequently, ANC must be performed 75-g OGTT (fasting and 2-hour PP) at 
6 weeks postpartum to evaluate glycaemic status of a woman. Cut-off for normal 
plasma and abnormal blood glucose levels in the fasting and 75-g OGTT values are 
[111–113]:

• Fasting blood glucose (≥126 mg/dL)

• 75-g OGTT (2-hour blood glucose)
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• Normal (<140 mg/dL)

• IGT (140–199 mg/dL)

• Diabetes (≥200 mg/dL)

7. Conclusion

This chapter summarises all the clinical aspects surrounding gestational diabe-
tes, ranging from its pathophysiology, aetiology right to its proper clinical manage-
ment, for both the mother and the newborn, to a GD mother. Pregnancy affects 
both the maternal and foetal metabolisms, and even the nondiabetic woman exerts 
a diabetogenic effect. Amongst pregnant women, 2–17.8% develop GD. Metabolic 
changes in the normal pregnant women also have a degree of insulin resistance that 
shunts glucose preferentially to the foetus. To maintain blood glucose levels within 
a tight range, the normal pregnant woman must increase her insulin secretion up 
to fourfold. When the pancreas is not able to compensate for the increased insulin 
needs of pregnancy, GD occurs resulting in hyperglycaemia and hyperinsulinemia.
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Treatment of Gestational Diabetes
Ahmed Mohamed Maged

Abstract

Management of gestational diabetes mellitus (GDM) should consider both 
the maternal, fetal, and neonatal effects of the disease, line of treatment, and 
physiological changes during pregnancy. Women with GDM are classified into 
two categories according to their fasting blood glucose levels. Dietary control is 
mandatory in both classes, and the addition of pharmacological agents in those with 
fasting and 2-h postprandial plasma glucose levels <95 and 120 mg/dL is controver-
sial (American College of Obstetricians and Gynecologists, 2013). Individualization 
of the diet in GDM according to women weight and height is recommended by the 
American Diabetes Association (ADA), and restriction of carbohydrate to a level 
that maintains normal glucose level is mandatory with individualization of the 
caloric intake according to women BMI and weight gain during pregnancy.

Keywords: gestational diabetes, management, diabetic diet, insulin, exercise,  
oral hypoglycemic

1. Introduction

The main aim of treatment of gestational diabetes is to prevent fetal, maternal, and 
neonatal complications. A randomized controlled trial which involved 1000 women with 
GDM showed that treatment of GDM is associated with the reduction of all neonatal 
complications, namely, birth injuries, shoulder dystocia, and perinatal morbidity and 
mortality. Treatment also reduced the rate of development of preeclampsia from 18 to 
12% and the rate of large for gestational age (LGA) from 22 to 13% [1]. Even in women 
with mild GDM, treatment reduced the rate of LGA, the mass of neonatal fat, shoulder 
dystocia, cesarean section, and hypertensive disorders associating pregnancy [2, 3].

Improving the pregnancy outcome in women with GDM can be achieved 
through maintenance of fasting blood sugar levels <95 mg/dl (5.3 mmol/L), 1-h 
postprandial blood sugar <140 mg/dl (7.8 mmol/L), and 2-h postprandial blood 
sugar <120 mg/dl as recommended by both the American College of Obstetricians 
and Gynecologists (ACOG) and American Diabetes Association [4].

The treatment of GDM starts with dietary modifications along with particular 
nutritional approaches [5–7] combined with exercise [8, 9]. If this combination 
failed to maintain the needed glucose levels, pharmacological treatment starts, 
regardless of the lines used for treatment, proper monitoring of maternal health, 
fetal condition, and blood sugar levels.

1.1 Dietary modifications

Dietary counseling should be individualized according to women weight and 
height [10] through a registered dietitian [11].
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JSOG committee on nutrient and metabolism problems described a caloric 
intake of 25–30 kcal/kg (+150 Kcal for the first half and + 350 kcal for the second 
half of pregnancy) [12].

The Ministry of Health and Welfare recommended a caloric intake of 
25–30 kcal/kg (+ 50,250 and 450 kcal for the first, second, and third trimester, 
respectively) [13].

The ideal diet components are not yet determined. However excessive weight 
gain with postprandial hyperglycemia is commonly associated with diet that 
included 50–60% of carbohydrate. ACOG recommended the limitation of carbohy-
drate to 33–40% of the required calories and the remaining 60% to be gained from 
proteins (20%) and fats (40%) [4].

The complex form of carbohydrates is preferable over simple ones as they are 
absorbed slower without producing significant hyperglycemia. Complex carbohy-
drates also decrease insulin resistance [6].

If the routine three meals daily failed to achieve the target blood sugar, each 
meal should be divided in 2:1 or 1:1 ratio to eat 4–6 meals per day [14].

The ADA recommended “MyPlate” as a healthy guide for each meal which 
consists of 25% protein, 25% starch, and 50% non-starchy foods as vegetables espe-
cially steamed ones. Creating MyPlate is a simple and effective method allowing 
proper control of the blood glucose levels and losing weight (http://www.diabetes.
org/food-and-fitness/food/planning-meals/create-your-plate/).

Some foods to be avoided include highly processed foods as white bread, fast 
foods, alcohol, baked products as muffins and cakes, sugary drinks, candy, and high 
starch foods as white rice and white potatoes.

2. Exercise

Although there are many randomized studies done to evaluate the effects of 
physical exercise and lifestyle modifications in adults with diabetes, only few ones 
evaluated these effects in pregnant women with GDM. These studies proved that 
exercise improves the blood glucose [8, 15–18]. These beneficial effects may occur 
as a result of the increase of lean muscle mass with subsequent increase in insulin 
sensitivity. So a moderate exercise program is highly recommended for women 
with GDM [11]. A moderate intensity aerobic exercise for at least 150 minutes 
weekly [19] or simple exercise as walking after each meal for 10–15 minutes [20] is 
recommended.

The Finnish GDM prevention trial (RADIEL)—a multicenter randomized 
controlled study—evaluated the efficacy of combined dietary and physical activity 
modifications in prevention of GDM and obesity-related perinatal complications 
[21]. Counseling was achieved through three visits to the study nurse at 13, 23, 
and 35 weeks of pregnancy. Dietary modification was done according to Nordic 
Nutrition Recommendations encouraging the intake of vegetables, fruits and ber-
ries, high-fiber whole-grain products, low-fat dairy products, vegetable fats high 
in unsaturated fatty acids, and fish and low-fat meat products with lower intake 
of sugar- and saturated fatty acid-rich foods. [22]. Physical moderate exercise for 
150 minutes at least per week is recommended [23]. They found that these modifica-
tions had no effects on either the incidence of GDM or perinatal complications [24].

2.1 Pharmacologic treatment

Pharmacologic treatment is indicated when dietary management and exercise 
failed to achieve the target glucose levels.
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Basically, insulin is the standard treatment for GDM [11]. Insulin has the 
advantage of non-crossing of the placenta. It is given according to the timing of the 
occurrence of hyperglycemia. If hyperglycemia is present throughout the day both 
in the fasting and postprandial state, a divided dose of combination of either long 
or intermediate acting insulin with the short acting one is recommended. The typi-
cal total starting dose is 0.7–1 unit/ kg of body weight. If hyperglycemia is detected 
only at a specific times, focusing the insulin dose at that specific time of hyperglyce-
mia is done, e.g., high fasting blood sugar is treated using a nighttime intermediate-
acting insulin, while elevated post-breakfast blood sugar is treated by short-acting 
insulin before breakfast. The maintenance dose is then adjusted according to the 
monitored blood glucose [4].

The insulin analogs as insulin aspart and lispro are preferred over the regular 
insulin as a short-acting type. They do not cross the placenta, and their main advan-
tage is their faster onset of action allowing the women to receive their injection at 
the time of the meal not 10–15 minutes before it as needed in the regular type. This 
advantage provides better control of the glucose level, and less attacks of hypogly-
cemia resulted from timing error [25, 26]. Intermediate- and long-acting insulin 
include the basic isophane insulin (NPH) and recent insulin glargine and detemir 
(Table 1) [27–29].

2.1.1 Oral antidiabetic medications

Historically oral hypoglycemics should be avoided as early agents cross the 
placenta, resulting in fetal hyperinsulinemia with subsequent macrosomia and 
congenital malformations (most commonly in the ear) and severe neonatal hypo-
glycemia. Now their use in GDM is increasing despite them not approved by the US 
Food and Drug Administration [31] and the recommendation of ADA that insulin 
is the first-line therapy for GDM [11] as these products have advantages as ease of 
tablet intake, ease of storage, and safe needle disposal.

Oral antidiabetic medications include biguanides, sulfonylurea, acarbose, Guar 
gum, and thiazolidinedione.

Metformin is a biguanide that decreases intestinal glucose absorption and 
hepatic gluconeogenesis and increases peripheral glucose uptake. Historically, it was 
given to women used in pregestational diabetic women and women with polycystic 
ovary syndrome who suffer from infertility. In the latter group, it was continued 
until completion of the first trimester, despite the limited evidence of its ability to 
improve pregnancy outcome [32].

Type Onset 
(min)

Peak  
(h)

Duration 
(h)

Insulin lispro 1–15 1–2 4–5

Insulin aspart 1–15 1–2 4–5

Regular insulin 30–60 2–4 6–8

Isophane insulin suspension (NPH) 60–180 5–7 13–18

Insulin glargine 60–120 No peak 24

Insulin detemir 60–180 Minimal at 8–10 18–26

Modified from Gabbe and Graves [30].

Table 1. 
Describes the onset, peak, and duration of action of the commonly used insulins.
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Basically, insulin is the standard treatment for GDM [11]. Insulin has the 
advantage of non-crossing of the placenta. It is given according to the timing of the 
occurrence of hyperglycemia. If hyperglycemia is present throughout the day both 
in the fasting and postprandial state, a divided dose of combination of either long 
or intermediate acting insulin with the short acting one is recommended. The typi-
cal total starting dose is 0.7–1 unit/ kg of body weight. If hyperglycemia is detected 
only at a specific times, focusing the insulin dose at that specific time of hyperglyce-
mia is done, e.g., high fasting blood sugar is treated using a nighttime intermediate-
acting insulin, while elevated post-breakfast blood sugar is treated by short-acting 
insulin before breakfast. The maintenance dose is then adjusted according to the 
monitored blood glucose [4].

The insulin analogs as insulin aspart and lispro are preferred over the regular 
insulin as a short-acting type. They do not cross the placenta, and their main advan-
tage is their faster onset of action allowing the women to receive their injection at 
the time of the meal not 10–15 minutes before it as needed in the regular type. This 
advantage provides better control of the glucose level, and less attacks of hypogly-
cemia resulted from timing error [25, 26]. Intermediate- and long-acting insulin 
include the basic isophane insulin (NPH) and recent insulin glargine and detemir 
(Table 1) [27–29].

2.1.1 Oral antidiabetic medications

Historically oral hypoglycemics should be avoided as early agents cross the 
placenta, resulting in fetal hyperinsulinemia with subsequent macrosomia and 
congenital malformations (most commonly in the ear) and severe neonatal hypo-
glycemia. Now their use in GDM is increasing despite them not approved by the US 
Food and Drug Administration [31] and the recommendation of ADA that insulin 
is the first-line therapy for GDM [11] as these products have advantages as ease of 
tablet intake, ease of storage, and safe needle disposal.

Oral antidiabetic medications include biguanides, sulfonylurea, acarbose, Guar 
gum, and thiazolidinedione.

Metformin is a biguanide that decreases intestinal glucose absorption and 
hepatic gluconeogenesis and increases peripheral glucose uptake. Historically, it was 
given to women used in pregestational diabetic women and women with polycystic 
ovary syndrome who suffer from infertility. In the latter group, it was continued 
until completion of the first trimester, despite the limited evidence of its ability to 
improve pregnancy outcome [32].

Type Onset 
(min)

Peak  
(h)

Duration 
(h)

Insulin lispro 1–15 1–2 4–5

Insulin aspart 1–15 1–2 4–5

Regular insulin 30–60 2–4 6–8

Isophane insulin suspension (NPH) 60–180 5–7 13–18

Insulin glargine 60–120 No peak 24

Insulin detemir 60–180 Minimal at 8–10 18–26

Modified from Gabbe and Graves [30].

Table 1. 
Describes the onset, peak, and duration of action of the commonly used insulins.
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Although metformin can cross the placenta, its long-term metabolic effects 
on the growing fetus are not known [33]. One study showed the absence of any 
developmental effects till the age of 2 years of life [34].

In a randomized controlled trial, 751 pregnant women having GDM were 
assigned to treatment with insulin or metformin ± insulin. The perinatal outcome 
was similar among the two groups [35].

Another smaller trial showed that women assigned to metformin had lower 
blood glucose, lower maternal weight gain during pregnancy, and lower incidence 
of neonatal hypoglycemia [36].

In a network meta-analysis that included unpublished trials, there was a differ-
ence between insulin and metformin treatments regarding neonatal birth weight, 
hypoglycemia, or mode of delivery [37].

Therefore, women with GDM are carefully counseled about the use of metfor-
min. They should know that it is not superior to insulin, there are no definitive data 
about its long-term effects of the growing fetus, and 26–46% of women on metfor-
min will need to add insulin to replace it or to potentiate its effects for better glucose 
control [35, 36].

Metformin starting dose is usually 500 mg once daily at nighttime for 1 week, 
and then the dose is increased according to the response. The maximum daily dose 
is 2500–3000 mg daily in two–three divided doses.

Contraindications to metformin include impaired kidney function, and serum 
creatinine should be evaluated before the start of treatment.

Side effects of metformin occur in 2.5–45.7% of cases [38], and the commonest 
is GIT upset in the form of abdominal pain and diarrhea. Its use may be associated 
with higher rate of lactic acidosis, preeclampsia, and neonatal jaundice. So the 
drug is instructed to be administered with meals and to increase the needed dose 
gradually.

A systematic review stated that metformin use during pregnancy is safe and 
effective regarding the short-term pregnancy outcomes. There are no solid guide-
lines about the duration of metformin use during pregnancy, so it is based on 
clinical experience on a case-by-case basis [39].

Sulfonylurea used in GDM includes glyburide, tolbutamide, glibenclamide, and 
gliclazide. Chlorpropamide crosses, while glibenclamide does not cross the placenta.

Glyburide augments insulin secretion by pancreas (through binding adenosine 
triphosphate potassium channel receptors of the beta cells) and extrapancreatic tis-
sues. It also increases insulin sensitivity of peripheral tissues. It should not be used 
as a first-line treatment as most studies showed inferior results when compared to 
insulin or metformin [31].

The dose of glyburide is 2.5–20 mg per day in divided doses. The maximum dose 
is 30 mg daily [40]. Even with these high doses, 4–16% of patients will need the 
addition of insulin for adequate glycemic control [41–44].

Contraindications include allergy to sulfa, and side effects include mild infre-
quent GIT side effects as nausea, vomiting, and diarrhea.

Although some individual trials showed no difference regarding blood glucose 
control between glyburide and insulin [41–46], meta-analyses reported higher 
incidence of macrosomia, maternal, and neonatal hypoglycemia [35, 36, 47]. Other 
trials found that women used glyburide and had higher incidence of hypertension, 
hyperbilirubinemia, and still birth than those on insulin therapy [31, 42, 48–52].

Other sulfonylurea include Thiazolidinedione as Pioglitazone & Rosiglitazone 
which decrease insulin resistance by reducing RESISTIN hormone released from 
adipose tissue. Their use during pregnancy cannot be recommended as no enough 
reports to support their use.
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A Cochrane meta-analysis evaluated 7381 women with GDM and reported 
similar pregnancy outcomes when insulin therapy is compared with oral anti-
diabetic agents (metformin, glyburide, both, and acarbose) [53]. However these 
oral antidiabetic agents have different safety and efficacy, so pooling all of them 
together against insulin weakens that meta-analysis.

To sum up, the current available data show the absence of short-term hazards, 
but the long-term effects are still unknown. So, the women should be counseled 
about the unknown proven safety of the oral antidiabetic agents and the high rate of 
need for adding insulin before describing it.

ACOG considers insulin as the first-line treatment for GDM and describes oral 
agents (mainly metformin and rarely glyburide) as an alternative in women who 
decline insulin use (for financial issues or non-availability of safe administration) 
after proper consultation.

3. Other medications used in GDM

As there are many evidences that link oxidative stress and development of 
complications of diabetes with pregnancy, the use of antioxidants was suggested 
to improve pregnancy outcome [54]. Oxygen free radicals released during aerobic 
metabolism cause cellular damage [55, 56]. Many authors reported the participation 
of reactive oxygen species in diabetes associated with pregnancy [57, 58].

An interesting randomized controlled trial was conducted that involved 200 
women with GDM who were assigned to receive antioxidant (1 gram L-ascorbic 
acid daily) or placebo. Maged and colleagues found that antioxidants significantly 
decreased the required insulin dose to control blood sugar and oxidative markers 
(glutathione, malondialdehyde, superoxide dismutase). In placental tissue homog-
enate, maternal blood and neonatal blood were significantly different between 
the two groups. In the antioxidant group, the neonatal blood sugar was more 
stable within 2 h of delivery, and the neonatal ICU admission was lower than other 
women. They concluded that the use of antioxidant administration during preg-
nancy in women with GDM reverses the oxidative stresses resulting in the improve-
ment of neonatal outcome [59].

4. Glucose monitoring

Monitoring of glucose control is through blood testing urine analysis for glucose 
and ketone bodies and glycosylated hemoglobin.

The optimal frequency of blood glucose testing in women with GDM is not 
known. However, four evaluations daily seem to be satisfactory (fasting and after 
each meal) [4].

Fasting blood sugar is predictive of neonatal fat mass and subsequent devel-
opment of childhood obesity and diabetes [60], and 1-h postprandial level was 
predictive of better blood sugar control and subsequent development of LGA and 
cesarean delivery [61], so both should be measured. The postprandial measurement 
can be after 1 or 2 h as the peak glucose level occurs almost 90 min after meals [62]. 
Measurement neither at 1 h nor at 2 h is superior to the other [63–65].

After stabilization of the blood sugar, individualization of the frequency of 
glucose measurement according to the gestational age, adherence of the patient 
to treatment and the needs of further adjustment is recommended. However the 
minimum is two measurements per day [4].
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Women under self-monitoring of blood glucose daily had significantly lower 
incidence of fetal macrosomia and less weight gain than those under intermittent 
measurement of fasting glucose during semi-weekly antenatal visits [66].

de Veciana and colleagues randomly assigned 66 women with GDM for prepran-
dial or 1-h postprandial measurement of blood sugar. They found that postprandial 
group had better blood glucose control with less macrosomia, cesarean delivery for 
cephalopelvic disproportion, and neonatal hypoglycemia [61].

A review included 10 trials of 538 women (468 and 70 women with type 1 and 
type 2 diabetes). Different glucose monitoring methods were compared without 
clear advantage of one method over the others. Two trials (43 women) comparing 
self-monitoring versus standard care proved no difference for cesarean section 
or glycemic control. One study (100 women) compared self-monitoring versus 
hospitalization and found no clear difference for hypertensive disorders, cesarean 
section, or preterm birth. Another study (61 women) which compared preprandial 
versus postprandial glucose monitoring proved no clear difference regarding 
cesarean section, macrosomia, or glycemic control. Three studies (84 women) 
which compared automated telemedicine monitoring versus conventional 
system found no clear difference for cesarean section and mortality or morbidity. 
CGM was compared to intermittent monitoring in two studies (225 women), and 
there was no difference for preeclampsia and cesarean section and large for gesta-
tional age. One trial (25 women) compared constant CGM versus intermittent 
CGM and found no clear difference between groups for cesarean section, glycemic 
control, or preterm birth [67].

4.1 Glycosylated hemoglobin

Hemoglobin (Hb) A forms about 90% of hemoglobin in adults, and its glyco-
sylation occurs due to irreversible nonenzymatic binding of glucose to N-terminal 
of β chain. Hb A1 is divided into Hb A1 a1, Hb A1 a2, Hb A1 b, and Hb A1 C (the most 
important). The mean plasma glucose over the erythrocyte life span is correlated 
with the degree of glycosylation. Its advantages include that it is a single, non-
fluctuating blood test that reflects the glucose levels over the last 4–8 weeks. So, 
HbA1c is an attractive test that can be added to routine investigations done in the 
first antenatal evaluation as it serves as a diagnostic tool for women with undi-
agnosed diabetes or at risk of its development [68]. If measured during the first 
trimester, it gives an idea about blood glucose control in the periconceptional period 
and during organogenesis. Its main disadvantage is its affection by red blood cell 
turnover [6] which results in the absence of clear recommendations for its use to 
diagnose GDM [69–71]. HbA1C increases also in cases of non-hemolytic anemias 
and chronic renal failure [72]. Women with A1c of 10–12% have up to a 25% risk of 
major malformations.

4.2 Fetal assessment

Like women with pregestational diabetes, women with GDM should follow 
antenatal fetal assessment especially those with poor glycemic control and women 
under medical treatment with insulin or oral antidiabetic agents [73]. It should start 
at 32 weeks of gestational age and earlier in women with GDM associated with other 
factors that may adversely affect fetal outcome as hypertensive disorders [74].

There is no consensus about antepartum fetal monitoring in properly controlled 
women without medical treatment, and if done it usually starts to alter at 32 weeks. 
The specific test used and its frequency are dependent on the regional practice, but 
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amniotic fluid measurement is probably included as polyhydramnios is commonly 
associated with fetal hyperglycemia [4].

At Parkland Hospital, women with GDM are routinely asked to count daily fetal 
kick especially during the third trimester, and women on insulin treatment are 
offered for hospital admission and CTG monitoring three times weekly [74].

5. Obstetrical management

Timing and management of delivery of women with GDM are dependent on 
glycemic control, fetal condition, and associated complications. Women with proper 
glycemic control without associated medical problems are followed up till term [75, 76].

A comparison was done between women with GDM who were subjected to labor 
induction at 38 weeks and those who were followed up till 41 weeks of gestation, 
which revealed similar CS rate and all other outcomes except the higher occur-
rence of neonatal hyperbilirubinemia in one study [77], lower incidence of LGA in 
another study [78], and lower incidence of shoulder dystocia in a third one [79] in 
the induction group. A more recent study found a lower rate of CS in the induction 
group [80]. So women with GDM using medications with proper control of blood 
sugar delivered better during the 39 weeks of gestation [4].

In women with poor control of their blood sugar, timing of delivery is deter-
mined by balancing the risk of prematurity and the ongoing risk of intrauterine 
fetal death. In general earlier delivery in women with good glycemic control is 
recommended [75, 76], but the clear guides for glycemic control and timing of 
delivery are absent [81]. In general delivery between the start of 37 weeks and the 
completion of 38 weeks appears appropriate, while delivery at 34 weeks till the 
completed 36 weeks should be attempted only in women with abnormal fetal well-
being assessment and those with failed hospital control of blood sugar [4].

Ultrasound assessment of fetal size should be done in all women with 
GDM. However only 22% of fetuses diagnosed as LGA by ultrasound had macroso-
mia after birth [82]. To prevent one case of permanent brachial plexus injury, 588 
and 962 CS should be performed for ultrasonographic estimated fetal weight of 
4500 and 4000 gm, respectively [83, 84]. So women with GDM and macrosomic 
fetus should be counseled about the elective CS risks and benefits [85].

6. Postpartum evaluation

Women with GDM should be evaluated postpartum as 15–70% will develop dia-
betes later in life [86–90]. These women were estimated to have sevenfold increased 
risk of developing type 2 DM when compared to controls [91]. So, screening after 
4–12 weeks of delivery is recommended to identify those with diabetes, impaired 
fasting glucose levels, or impaired glucose tolerance [11] (Figure 1).

ACOG practice bulletin No. 190: Gestational diabetes mellitus [4].
The Fifth International Workshop-Conference on Gestational Diabetes recom-

mended that women with GDM undergo evaluation with a 75-g oral glucose tolerance 
test at 6–12 weeks postpartum [92]. These recommendations are shown in Table 2.

Women with GDM are at an increased risk for cardiovascular complications 
associated with dyslipidemia, hypertension, and abdominal obesity—the metabolic 
syndrome [74].

Kessous and colleagues found that women with GDM were 2.6 times more likely 
to be hospitalized for cardiovascular morbidity [93].
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Kessous and colleagues found that women with GDM were 2.6 times more likely 
to be hospitalized for cardiovascular morbidity [93].
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Shah and coworkers also reported excessive cardiovascular disease by 10 years in 
women with GDM [94].

7. Recurrent gestational diabetes

The risk of recurrence of GDM is estimated to be 40% in primiparous women [95]. 
Women with higher body mass index are more likely to have impaired glucose toler-
ance in subsequent pregnancies. Therefore, lifestyle modifications, including weight 
control and exercise between pregnancies, may prevent the recurrence of GDM [96]. 
Overweight and obese women in their first pregnancy will lower the risk of GDM, if 
they lose 2 or more units of their body mass index [97]. The risk of GDM in second 
pregnancy was 4.2% in women without GDM in their first pregnancy against 41.3 
percent in those with a history of gestational diabetes in their first pregnancy [98].

8. Contraception

Women with recent GDM can use low-dose hormonal contraceptives safely as 
the rate of developing of diabetes is similar in oral contraceptive users and nonusers 

Figure 1. 
Management of postpartum screening results. Abbreviations: FPG, fasting plasma glucose, OGTT, oral glucose 
tolerance test; IGT, impaired glucose tolerance.

Time Test Purpose

Post-delivery 1–3 days Fasting or random plasma 
glucose

Detect persistent, overt diabetes

Early postpartum 
(6–12 week)

75 g, 2-h OGTT Postpartum classification of glucose 
metabolism

1-year postpartum 75 g, 2-h OGTT Assess glucose metabolism

Annually Fasting plasma glucose Assess glucose metabolism

Triannually 75 g, 2-h OGTT Assess glucose metabolism

Prepregnancy 75 g, 2-h OGTT Classify glucose metabolism

Metzger et al. [92].

Table 2. 
Fifth international workshop-conference: Metabolic assessments recommended after pregnancy with gestational 
diabetes.
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of any hormonal contraception [99]. Care should be taken in women at risk of 
cardiovascular diseases as obese, hypertensive, and dyslipidemic women with direc-
tion of the contraceptive choice toward a method without potential cardiovascular 
consequences as intrauterine device.

Studies were reviewed and evaluated for quality according to the method 
outlined by the US Preventive Services Task Force:

I Evidence obtained from at least one properly designed randomized controlled 
trial.

II-1 Evidence obtained from well-designed controlled trials without 
randomization.

II-2 Evidence obtained from well-designed cohort or case–control analytic stud-
ies, preferably from more than one center or research group.

II-3 Evidence obtained from multiple time series with or without the interven-
tion. Dramatic results in uncontrolled experiments also could be regarded as this 
type of evidence.

III Opinions of respected authorities, based on clinical experience, descriptive 
studies, or reports of expert committees.
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Chapter 4

Insulin Therapy in Gestational 
Diabetes
Anca Pantea-Stoian, Roxana Adriana Stoica 
and Simona Diana Stefan

Abstract

The prevalence of gestational diabetes risen in several populations during the 
past 20 years, and increased direct and indirect healthcare costs, including those 
for insulin treatment. Establishing the optimal treatment and initiation momentum 
are critical to achieve glycemic control and minimize the impact on fetal develop-
ment and perinatal complications. Insulin is the only therapy that does not cross the 
placenta, and some of its types were proved to be safe in pregnancy. Intrapartum 
management is based on intravenous insulin administration, and standard protocols 
should be implemented in every center. Postpartum management requires special 
attention, as insulin necessary has a fast decline exposing mothers to hypoglycemia.
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1. Introduction

Gestational diabetes (GD) is one of the most common pathologies in pregnancy. 
Gestational diabetes has been defined as any degree of glucose intolerance with 
onset or first recognition during pregnancy [1]. In pregnancy, there are multiple 
hormonal changes, including hyperinsulinemia and an insulin-resistant state; thus 
the pancreatic beta cell function becomes insufficient to meet the body’s reasonable 
needs, and insulin must be injected.

There is also the possibility that hyperglycemia was present before the preg-
nancy; therefore International Association of Diabetes and Pregnancy Study 
Groups (IADPSG) defined the pregnancy hyperglycemia as either ‘overt diabetes’ or 
‘gestational diabetes mellitus’ (GDM) [2].

Considering the ascending trend of type 2 diabetes mellitus and obesity from 
the last decades, GD has intuitively the same tendency [3, 4]. The prevalence of GD 
is estimated at approximately 135,000 cases per year in the US [5], representing on 
average 3–8% of all pregnancies [6]. It is estimated that the prevalence of GD has 
increased by 10–100% in several racial groups during the past 20 years, increasing 
direct and indirect healthcare costs [5].

The goal of treatment for women with GD (recommended by both American 
Diabetes Association-ADA, and the American College of Obstetricians and 
Gynecologists-ACOG) is a fasting plasma glucose level <95 mg/dl, a 1-hour post-pran-
dial glucose level of less than 140 mg/dl and a 2-hour post-prandial glucose level of 
less than 120 mg/dl, whereas for the HbA1c the target is <6–6.5% (42–48 mmol/mol); 
lower HbA1c—6% (42 mmol/mol) is optimal if it can be achieved without significant 
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hypoglycemia; also, the target may be relaxed to 7% (53 mmol/mol) in order to prevent 
hypoglycemia [7, 8].

2. Lifestyle intervention

After diagnosis GD, to reach the goals for plasma glucose levels, the first step 
is the initiation of a lifestyle intervention program (including medical nutrition 
therapy—MNT and physical activity—PA).

MNT is the cornerstone of the GDM treatment. MNT alone can assure glycemic 
targets in 80–90% of GDM patients [9]. Maternal height and weight are key factors 
for the medical nutrition therapy, providing adequate calories and nutrients for 
both maternal and fetal nutrition, maintaining glycemic targets and the absence of 
ketones with appropriate weight gain [10–12]. For a GDM mother with a normal 
body mass index (BMI) of 18.5–24.9 kg/m2, the number of adequate calories is 
about 30 kcal/kg [9]. Nevertheless, since more than 60% of women diagnosed with 
GDM are overweight or obese, a caloric restriction is needed. The ADA states that 
no research identifies a specific optimal calorie intake for women with GDM and 
that the calorie needs are no different from those of pregnant women without GDM 
[7]. Therefore, ADA issued only general recommendations (following the dietary 
reference intakes) for 175 g of carbohydrate, 71 g of protein, 28 g of fiber, emphasiz-
ing the importance of the amount and type of carbohydrate with significant impact 
concerning the glucose levels, especially postprandial glucose peak [7]. ADA recom-
mends individualized nutrition plan developed by a registered dietitian familiar with 
the management of GDM [7]. The National Institute for Health and Care Excellence 
(NICE) guidelines recommend a healthy diet, emphasizing the importance of low 
glycemic index foods (that should replace those with a high glycemic index) for GDM 
women; also there is the recommendation for a dietitian when GDM is present [13].

The carbohydrate intake should be reduced to 33–45% of the total calories, and 
distributed over 3 meals, and 2–4 snacks/day, thus reducing postprandial glucose 
peak [8, 14], while as the rest of the calories should be divided between protein (20%) 
and lipids (40%) [15].

Excessive weight gain during pregnancy should be avoided for GDM women 
[16]. The weight gain during pregnancy depends on pre-pregnancy BMI:

• 12.5–18 kg of weight gain for underweight women (BMI <18.5 kg/m2);

• 11.5–16 kg for normal weight (BMI 18.5–24.9 kg/m2);

• 7–11.5 kg for overweight (BMI 25–29.9 kg/m2)

• 5–9 kg for obese (BMI ≥30.0 kg/m2) [17]

Physical activity improves glycemic control in GDM women. The generally accepted 
recommendation is daily moderate-intensity regular exercise (walking 30 minutes/day 
or more—if no medical contraindications) improves blood glucose control [13, 14].

3. Pharmacological treatment

Pharmacological treatment is recommended when lifestyle intervention does 
not reduce hyperglycemia to reach the glycemic target. There is no international 
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consensus on when to start pharmacological treatment of GDM [18]. The Canadian 
Diabetes Association (CDA) and NICE guidelines, both recommend beginning 
pharmacological treatment if glycemic control is not achieved after 1–2 weeks of 
lifestyle intervention [13, 19].

Oral antidiabetic medication has been described in a previous chapter. The 
authors want to resume the most important clinical implications and the compari-
sons with insulin treatment.

3.1 Metformin

The use of metformin in GDM after the glycemic target is not reached with 
lifestyle intervention is recommended by the NICE guidelines [13]. Metformin is 
classified as a category B drug, which implies that there is no evidence of animal, 
or fetal toxicity or teratogenicity. In general, metformin appears to be a safe alter-
native to insulin for the GDM treatment, but it crosses the placenta, and it may 
be present in a higher concentration in the fetal circulation than in the maternal 
circulation [19]. Studies were performed for the assessment of metformin expo-
sure in-utero. There is no evidence that the metformin is affecting the fetus with 
regards to an early motor, linguistic, social, [20], metabolic [20, 21], and neuro-
developmental [22, 23] outcomes, but long-term follow up studies are needed. 
The metformin was associated with a lower risk of neonatal hypoglycemia and 
less maternal weight gain than insulin in two systematic reviews [24, 25]. Almost 
half of the patients with GDM who were initially treated with metformin needed 
insulin to achieve acceptable glucose control [26]. Metformin remains an option as 
a second line treatment in GDM women who refuse insulin treatment or who are 
unable to administer insulin safely.

3.2 Glyburide

Glyburide (glibenclamide) was associated with increased birth weight, macro-
somia and neonatal hypoglycemia compared with insulin [20, 25], and similar to 
metformin, crosses the placenta [27]. Glyburide therapy during pregnancy is not 
recommended as first- or second-line treatment, but it may be used as third-line 
treatment if insulin is refused, and metformin is either refused or insufficient to 
reach targeted glycemic control [19].

There is no human data for the use of any other antihyperglycemic medication in 
the treatment of GDM (DPP-4 inhibitors, GLP-1 receptor agonists or SGLT2 inhibi-
tors) [19]. Patients treated with oral therapy should be informed that they cross the 
placenta. No adverse effects on the fetus have been demonstrated; long-term studies 
are lacking [7].

3.3 Insulin therapy

Insulin is the first-line antihyperglycemic medication recommended for treat-
ment of GDM [7, 19]. None of the currently available insulin preparations has 
been demonstrated to cross the placenta [7]. If glycemic control is not achieved 
after 1–2 weeks of lifestyle intervention, insulin treatment should be initiated 
[19]. Insulin remains the gold standard treatment for GDM women that do not 
reach glycemic targets with lifestyle intervention, as recommended by several 
guidelines (see Table 1 below). Insulin use reduces fetal and maternal morbidity 
[28, 29].



Gestational Diabetes Mellitus - An Overview with Some Recent Advances

52

hypoglycemia; also, the target may be relaxed to 7% (53 mmol/mol) in order to prevent 
hypoglycemia [7, 8].

2. Lifestyle intervention

After diagnosis GD, to reach the goals for plasma glucose levels, the first step 
is the initiation of a lifestyle intervention program (including medical nutrition 
therapy—MNT and physical activity—PA).

MNT is the cornerstone of the GDM treatment. MNT alone can assure glycemic 
targets in 80–90% of GDM patients [9]. Maternal height and weight are key factors 
for the medical nutrition therapy, providing adequate calories and nutrients for 
both maternal and fetal nutrition, maintaining glycemic targets and the absence of 
ketones with appropriate weight gain [10–12]. For a GDM mother with a normal 
body mass index (BMI) of 18.5–24.9 kg/m2, the number of adequate calories is 
about 30 kcal/kg [9]. Nevertheless, since more than 60% of women diagnosed with 
GDM are overweight or obese, a caloric restriction is needed. The ADA states that 
no research identifies a specific optimal calorie intake for women with GDM and 
that the calorie needs are no different from those of pregnant women without GDM 
[7]. Therefore, ADA issued only general recommendations (following the dietary 
reference intakes) for 175 g of carbohydrate, 71 g of protein, 28 g of fiber, emphasiz-
ing the importance of the amount and type of carbohydrate with significant impact 
concerning the glucose levels, especially postprandial glucose peak [7]. ADA recom-
mends individualized nutrition plan developed by a registered dietitian familiar with 
the management of GDM [7]. The National Institute for Health and Care Excellence 
(NICE) guidelines recommend a healthy diet, emphasizing the importance of low 
glycemic index foods (that should replace those with a high glycemic index) for GDM 
women; also there is the recommendation for a dietitian when GDM is present [13].

The carbohydrate intake should be reduced to 33–45% of the total calories, and 
distributed over 3 meals, and 2–4 snacks/day, thus reducing postprandial glucose 
peak [8, 14], while as the rest of the calories should be divided between protein (20%) 
and lipids (40%) [15].

Excessive weight gain during pregnancy should be avoided for GDM women 
[16]. The weight gain during pregnancy depends on pre-pregnancy BMI:

• 12.5–18 kg of weight gain for underweight women (BMI <18.5 kg/m2);

• 11.5–16 kg for normal weight (BMI 18.5–24.9 kg/m2);

• 7–11.5 kg for overweight (BMI 25–29.9 kg/m2)

• 5–9 kg for obese (BMI ≥30.0 kg/m2) [17]

Physical activity improves glycemic control in GDM women. The generally accepted 
recommendation is daily moderate-intensity regular exercise (walking 30 minutes/day 
or more—if no medical contraindications) improves blood glucose control [13, 14].

3. Pharmacological treatment

Pharmacological treatment is recommended when lifestyle intervention does 
not reduce hyperglycemia to reach the glycemic target. There is no international 

53

Insulin Therapy in Gestational Diabetes
DOI: http://dx.doi.org/10.5772/intechopen.84569

consensus on when to start pharmacological treatment of GDM [18]. The Canadian 
Diabetes Association (CDA) and NICE guidelines, both recommend beginning 
pharmacological treatment if glycemic control is not achieved after 1–2 weeks of 
lifestyle intervention [13, 19].

Oral antidiabetic medication has been described in a previous chapter. The 
authors want to resume the most important clinical implications and the compari-
sons with insulin treatment.

3.1 Metformin

The use of metformin in GDM after the glycemic target is not reached with 
lifestyle intervention is recommended by the NICE guidelines [13]. Metformin is 
classified as a category B drug, which implies that there is no evidence of animal, 
or fetal toxicity or teratogenicity. In general, metformin appears to be a safe alter-
native to insulin for the GDM treatment, but it crosses the placenta, and it may 
be present in a higher concentration in the fetal circulation than in the maternal 
circulation [19]. Studies were performed for the assessment of metformin expo-
sure in-utero. There is no evidence that the metformin is affecting the fetus with 
regards to an early motor, linguistic, social, [20], metabolic [20, 21], and neuro-
developmental [22, 23] outcomes, but long-term follow up studies are needed. 
The metformin was associated with a lower risk of neonatal hypoglycemia and 
less maternal weight gain than insulin in two systematic reviews [24, 25]. Almost 
half of the patients with GDM who were initially treated with metformin needed 
insulin to achieve acceptable glucose control [26]. Metformin remains an option as 
a second line treatment in GDM women who refuse insulin treatment or who are 
unable to administer insulin safely.

3.2 Glyburide

Glyburide (glibenclamide) was associated with increased birth weight, macro-
somia and neonatal hypoglycemia compared with insulin [20, 25], and similar to 
metformin, crosses the placenta [27]. Glyburide therapy during pregnancy is not 
recommended as first- or second-line treatment, but it may be used as third-line 
treatment if insulin is refused, and metformin is either refused or insufficient to 
reach targeted glycemic control [19].

There is no human data for the use of any other antihyperglycemic medication in 
the treatment of GDM (DPP-4 inhibitors, GLP-1 receptor agonists or SGLT2 inhibi-
tors) [19]. Patients treated with oral therapy should be informed that they cross the 
placenta. No adverse effects on the fetus have been demonstrated; long-term studies 
are lacking [7].

3.3 Insulin therapy

Insulin is the first-line antihyperglycemic medication recommended for treat-
ment of GDM [7, 19]. None of the currently available insulin preparations has 
been demonstrated to cross the placenta [7]. If glycemic control is not achieved 
after 1–2 weeks of lifestyle intervention, insulin treatment should be initiated 
[19]. Insulin remains the gold standard treatment for GDM women that do not 
reach glycemic targets with lifestyle intervention, as recommended by several 
guidelines (see Table 1 below). Insulin use reduces fetal and maternal morbidity 
[28, 29].



Gestational Diabetes Mellitus - An Overview with Some Recent Advances

54

3.3.1 Types of insulin

3.3.1.1 Human insulin

3.3.1.1.1 Regular insulin

Regular insulin (U-100, U-500) is identical to human insulin, and it is used as meal-
time insulin to cover postprandial hyperglycemia. Its time to onset is about 30 minutes 
(10–75 minutes), the peak effect is in 3 hours (2.5–5 hours), and the effect ends at 
about 8 hours (up to 24 hours for U500). The FDA pregnancy category is B [30].

3.3.1.1.2 Human insulin inhalation (nasal insulin)

Human insulin inhalation (nasal insulin) is equivalent unit-for-unit to insulin 
lispro. Its onset is 15 minutes, and its peak action time is ∼50 minutes. Duration of 
action is about 2 hours. Inhaled human insulin carries a boxed warning for broncho-
spasms in patients with chronic lung disease. It is a pregnancy category C drug [30].

3.3.1.2 Rapid-acting insulin analogs

Another analog of human insulin is insulin aspart produced from Saccharomyces 
cerevisiae, a type of yeast. Aspart should be taken 5–10 minutes before a meal. It 
can be used like for multiple subcutaneous injections or in insulin pumps. Its peak 
action time is 40–50 minutes, and its duration of action is 3–5 hours. Insulin aspart 
produce less hypoglycemia than the regular insulin [31]. The FDA pregnancy cat-
egory is B and can be used in pregnancy. Data from two clinical trials (349 exposed 
pregnancies) do not indicate any adverse effect on pregnancy or fetal/neonatal 
health compared with human insulin [30].

3.3.1.2.1 Insulin aspart

Insulin aspart was introduced on the market with nicotinamide and L-arginine 
hydrochloride as excipients to enhance its absorption. Although the active molecule 
is identical, there are no available data for its use in pregnancy and its excretion in 
human milk [30].

International Federation of Gynecology and 
Obstetrics (FIGO), 2015

 - Oral therapy failure or
 - One of the risk factors:

• Diagnosing diabetes before 20 weeks of gestation

• Oral therapy for more than 30 weeks

• Fasting plasma blood glucose above 110 mg/dl

• 1-hour postprandial glycemia above 140 mg/dl

• Weight gain over 12 kilograms during pregnancy

Canadian Diabetes Association (CDA), 2018 If glycemic control is not achieved in 2 weeks after the 
initiation of medical, nutritional intervention

American Diabetes Association (ADA), 2018 First line therapy if glycemic control is not achieved after 
diet intervention

American College of Obstetricians and 
Gynecologists (ACOG), 2018

First line therapy if glycemic control is not achieved after 
diet intervention

Table 1. 
Insulin initiation recommendations.
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3.3.1.2.2 Insulin lispro

Insulin lispro (U-100 and U-200) is an analog produced in Escherichia coli 
cultures. Its onset of action is 10–15 minutes. The peak is at 30–90 minutes, and its 
duration of action is 3–4 hours. Also, it can be used in insulin pumps or pens. The 
U-100 and U-200 formulations have the same bioequivalence and pharmacokinet-
ics. The FDA pregnancy category is B and can be used in pregnancy. The data from a 
large number of exposed pregnancies do not indicate any adverse effect on preg-
nancy or fetal/neonatal health [30].

3.3.1.2.3 Insulin glulisine

Insulin glulisine is a recombinant insulin. It is obtained using Escherichia coli. It 
works fast nearly in 10–15 minutes. Its peak installs in 55 minutes, and its full dura-
tion is 4–5 hours. Although it can be used in some insulin pumps, it is not approved 
for all pump brands. The FDA pregnancy category is C. In this case, the vigilance 
should be given when prescribing glulisine to pregnant women, and the drug 
should only be used if the potential benefit justifies the potential risk to the fetus. 
There are limited data (less than 300 pregnancy outcomes) from the use of insulin 
glulisine in pregnant women [30].

3.3.1.3 Intermediate insulin

3.3.1.3.1 Insulin isophane

Insulin isophane (NPH) is an intermediate-acting insulin. It is also produced in 
Escherichia coli. It is similar to human insulin and is presented in a liquid suspension. 
Its onset of action is maximum 2 hours, with an average peak of 4 hours. NPH full 
duration of action is 10–20 hours. No restrictions on use in gestational diabetes or 
pregnancy; do not cross the placental barrier. The FDA pregnancy category is B [30].

3.3.1.4 Basal analogs

3.3.1.4.1 Insulin detemir

Insulin detemir (U-100) is a long-acting analog produced in Saccharomyces 
cerevisiae. Detemir insulin lacks a defined peak and lasts for up to 24 hours, and 
time to onset of action can be 1–2 hours. The detemir insulin has less incidence of 
hypoglycemia compared to NPH regimen in pregnant women [32]. The FDA preg-
nancy category is B; considered during pregnancy. The potential benefit must be 
considered against the possible increased risk of adverse pregnancy outcomes. One 
clinical trial suggests a possible increased risk of serious adverse maternal outcomes 
compared with isophane insulin and data from an additional 250 outcomes from 
pregnant women exposed to insulin detemir suggest no maternal or fetal/neonatal 
toxicity [30].

3.3.1.4.2 Insulin glargine

Insulin glargine (U-100) is a long-acting analog produced in Escherichia coli. 
The acidic solution is neutralized in subcutaneous tissue, and micro precipitates are 
formed. These micro precipitates slowly release glargine over 24 hours. Its onset of 
action is 1–2 hours, its duration of action are 24 hours and has no peak. The FDA 
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compared with isophane insulin and data from an additional 250 outcomes from 
pregnant women exposed to insulin detemir suggest no maternal or fetal/neonatal 
toxicity [30].

3.3.1.4.2 Insulin glargine

Insulin glargine (U-100) is a long-acting analog produced in Escherichia coli. 
The acidic solution is neutralized in subcutaneous tissue, and micro precipitates are 
formed. These micro precipitates slowly release glargine over 24 hours. Its onset of 
action is 1–2 hours, its duration of action are 24 hours and has no peak. The FDA 
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pregnancy category was previously C, no human pregnancy data. May be consid-
ered during pregnancy, if necessary, but we do not have clinical data on exposed 
pregnancies from controlled clinical studies available. The data from pregnant 
women (between 300 and 1000 pregnancy outcomes) indicate no adverse effects 
on pregnancy, nor malformations or feto-neonatal toxicity [30].

3.3.1.4.3 Insulin glargine

Insulin glargine (U-300) is a long-acting insulin. It is not bioequivalent to 
glargine U-100, but it had the same structure and was approved in February 2015. 
Glargine U-300 is produced in Escherichia coli. Its peak action develops over 6 hours 
and continues for an entire 24 hours. The serum concentrations decline after 
16–36 hours. It is dosed once daily. There is no clinical experience until now with 
the use of insulin glargine (U-300) in pregnant women [30].

3.3.1.4.4 Insulin degludec

Insulin degludec U-100 and U-200 are considered bioequivalent. The insulin 
degludec’s mode of slow absorption and prolonged action is based on the forma-
tion of soluble multi-hexamers. Insulin degludec onset of action is nearly 1 hour 
and has no peak. It is dosed once daily. It can be dosed at any time of the day 
because of its long duration of action. There is no clinical experience in pregnant 
women [30].

3.3.2 Insulin regimens

There are many insulin regimens proposed for treating hyperglycemia, but 
the multiple daily injections (MDI) is by far the most efficient and the most 
flexible [33].

The insulin regimen should be chosen based on the blood glucose profile. 
Therefore, if fasting glycaemia is higher than 90–95 mg/dl, basal insulin 
should be initiated. It can be a long-acting insulin analog or neutral protamine 
Hagedorn. The basal insulin dose can be calculated according to the weight: 
0.2 units/kg/day.

If the hyperglycemia follows a meal, than rapid-acting insulin or regular insulin 
should be initiated before that m74eal (begin with 1 u of insulin for 10–15 g of 
carbohydrates).

Sometimes both fasting and postprandial glycaemia are elevated, thereby need-
ing MDI: 3 mealtime insulin and basal insulin. The total daily insulin requirement 
during the first trimester, is 0.7 units/kg/day, while in the second trimester it is 
0.8 units/kg/day, and in the third trimester, it is 0.9–1.0 units/kg/day. This does not 
necessarily fit all pregnancies. Usually, in pregestational diabetes, the total insulin 
dose is up to twice higher than in GDM.

In the case of morbid obesity, the initial doses of insulin can be increased to 
1.5–2.0 units/kg to overcome the combined IR of pregnancy and obesity [9].

Usually, the calculated total daily dose of insulin should be divided in two as 
for type 1 and type 2 diabetes: 50% as basal insulin at bedtime, and 50% divided 
between 3 meals and given as rapid-acting, or regular insulin before meals.

The doses of insulin have to be continuously optimized, so the self-monitoring 
blood glucose is essential.

Rapid-acting insulin analogs are preferred over regular insulin in pregnancy 
because there is a lower risk of hypoglycemia, and because they provide a better 
postprandial blood glucose control [29, 33].
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3.3.3 Insulin initiation

Insulin initiation is synthesized in Table 1.

3.4 Glycemic targets and control

Blood glucose control in important in gestational diabetes because it confers the 
future mother a sense of disease control and validation that diet and treatment are 
doing their effect as the glycemic control improves, the risk of maternal and fetal 
complications decreases, a principle that was demonstrated by HAPO study results 
[34]. The results of this landmark study and other seven randomized trials have been 
included in a Cochrane analysis that compared the treatment of gestational diabetes 
mellitus (GDM) with standard care. It demonstrated a lower risk of a composite 
endpoint (death, shoulder dystocia, humerus, clavicle fracture or nerve palsy), and 
also a lower risk of pre-eclampsia and macrosomia (birth weight over 4000 g or 90th 
percentile), with no differences between oral and injectable treatment [35].

Thereby, gestational auto monitoring and surveillance by an obstetrician in col-
laboration with the diabetologist, nutritionist and midwife is essential for achieving 
glycemic targets during pregnancy, labor and after birth. These targets are synthe-
sized in Tables 2 and 3.

3.5 Methods for glucose monitoring

3.5.1 Glycated hemoglobin (HbA1c)

Although glycated hemoglobin values must be interpreted with caution in 
patients with dilution anemia, iron deficiency anemia or other hematological 

5th International Workshop Conference Gestational 
Diabetes and International Association of Diabetes and 
Pregnancy Study Group, 2007

Capillary pre-prandial glucose <95 mg/dl 
(5.3 mmol/l)
Capillary 1 hour post-prandial glucose 
<140 mg/dl (7.8 mmol/l)
Capillary 2 hour post-prandial glucose 
<120 mg/dl (6.7 mmol/l)

FIGO, 2015 Capillary pre-prandial glucose <95 mg/dl 
(5.3 mmol/l)
Capillary 1 hour post-prandial glucose 
<140 mg/dl (7.8 mmol/l)
Capillary 2 hour post-prandial glucose 
<120 mg/dl (6.7 mmol/l)

CDA, 2018 Capillary pre-prandial glucose <95 mg/dl 
(5.3 mmol/l)
Capillary 1 hour post-prandial glucose 
<140 mg/dl (7.8 mmol/l)
Capillary 2 hour post-prandial glucose 
<120 mg/dl (6.7 mmol/l)

ADA, 2018 Capillary pre-prandial glucose <95 mg/dl 
(5.3 mmol/l)
Capillary 1 hour post-prandial glucose 
<140 mg/dl (7.8 mmol/l)
Capillary 2 hour post-prandial glucose 
<120 mg/dl (6.7 mmol/l)

Table 2. 
Glycemic targets during pregnancy.
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pregnancy category was previously C, no human pregnancy data. May be consid-
ered during pregnancy, if necessary, but we do not have clinical data on exposed 
pregnancies from controlled clinical studies available. The data from pregnant 
women (between 300 and 1000 pregnancy outcomes) indicate no adverse effects 
on pregnancy, nor malformations or feto-neonatal toxicity [30].

3.3.1.4.3 Insulin glargine

Insulin glargine (U-300) is a long-acting insulin. It is not bioequivalent to 
glargine U-100, but it had the same structure and was approved in February 2015. 
Glargine U-300 is produced in Escherichia coli. Its peak action develops over 6 hours 
and continues for an entire 24 hours. The serum concentrations decline after 
16–36 hours. It is dosed once daily. There is no clinical experience until now with 
the use of insulin glargine (U-300) in pregnant women [30].

3.3.1.4.4 Insulin degludec

Insulin degludec U-100 and U-200 are considered bioequivalent. The insulin 
degludec’s mode of slow absorption and prolonged action is based on the forma-
tion of soluble multi-hexamers. Insulin degludec onset of action is nearly 1 hour 
and has no peak. It is dosed once daily. It can be dosed at any time of the day 
because of its long duration of action. There is no clinical experience in pregnant 
women [30].

3.3.2 Insulin regimens

There are many insulin regimens proposed for treating hyperglycemia, but 
the multiple daily injections (MDI) is by far the most efficient and the most 
flexible [33].

The insulin regimen should be chosen based on the blood glucose profile. 
Therefore, if fasting glycaemia is higher than 90–95 mg/dl, basal insulin 
should be initiated. It can be a long-acting insulin analog or neutral protamine 
Hagedorn. The basal insulin dose can be calculated according to the weight: 
0.2 units/kg/day.

If the hyperglycemia follows a meal, than rapid-acting insulin or regular insulin 
should be initiated before that m74eal (begin with 1 u of insulin for 10–15 g of 
carbohydrates).

Sometimes both fasting and postprandial glycaemia are elevated, thereby need-
ing MDI: 3 mealtime insulin and basal insulin. The total daily insulin requirement 
during the first trimester, is 0.7 units/kg/day, while in the second trimester it is 
0.8 units/kg/day, and in the third trimester, it is 0.9–1.0 units/kg/day. This does not 
necessarily fit all pregnancies. Usually, in pregestational diabetes, the total insulin 
dose is up to twice higher than in GDM.

In the case of morbid obesity, the initial doses of insulin can be increased to 
1.5–2.0 units/kg to overcome the combined IR of pregnancy and obesity [9].

Usually, the calculated total daily dose of insulin should be divided in two as 
for type 1 and type 2 diabetes: 50% as basal insulin at bedtime, and 50% divided 
between 3 meals and given as rapid-acting, or regular insulin before meals.

The doses of insulin have to be continuously optimized, so the self-monitoring 
blood glucose is essential.

Rapid-acting insulin analogs are preferred over regular insulin in pregnancy 
because there is a lower risk of hypoglycemia, and because they provide a better 
postprandial blood glucose control [29, 33].
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3.3.3 Insulin initiation

Insulin initiation is synthesized in Table 1.

3.4 Glycemic targets and control

Blood glucose control in important in gestational diabetes because it confers the 
future mother a sense of disease control and validation that diet and treatment are 
doing their effect as the glycemic control improves, the risk of maternal and fetal 
complications decreases, a principle that was demonstrated by HAPO study results 
[34]. The results of this landmark study and other seven randomized trials have been 
included in a Cochrane analysis that compared the treatment of gestational diabetes 
mellitus (GDM) with standard care. It demonstrated a lower risk of a composite 
endpoint (death, shoulder dystocia, humerus, clavicle fracture or nerve palsy), and 
also a lower risk of pre-eclampsia and macrosomia (birth weight over 4000 g or 90th 
percentile), with no differences between oral and injectable treatment [35].

Thereby, gestational auto monitoring and surveillance by an obstetrician in col-
laboration with the diabetologist, nutritionist and midwife is essential for achieving 
glycemic targets during pregnancy, labor and after birth. These targets are synthe-
sized in Tables 2 and 3.

3.5 Methods for glucose monitoring

3.5.1 Glycated hemoglobin (HbA1c)

Although glycated hemoglobin values must be interpreted with caution in 
patients with dilution anemia, iron deficiency anemia or other hematological 

5th International Workshop Conference Gestational 
Diabetes and International Association of Diabetes and 
Pregnancy Study Group, 2007

Capillary pre-prandial glucose <95 mg/dl 
(5.3 mmol/l)
Capillary 1 hour post-prandial glucose 
<140 mg/dl (7.8 mmol/l)
Capillary 2 hour post-prandial glucose 
<120 mg/dl (6.7 mmol/l)

FIGO, 2015 Capillary pre-prandial glucose <95 mg/dl 
(5.3 mmol/l)
Capillary 1 hour post-prandial glucose 
<140 mg/dl (7.8 mmol/l)
Capillary 2 hour post-prandial glucose 
<120 mg/dl (6.7 mmol/l)

CDA, 2018 Capillary pre-prandial glucose <95 mg/dl 
(5.3 mmol/l)
Capillary 1 hour post-prandial glucose 
<140 mg/dl (7.8 mmol/l)
Capillary 2 hour post-prandial glucose 
<120 mg/dl (6.7 mmol/l)

ADA, 2018 Capillary pre-prandial glucose <95 mg/dl 
(5.3 mmol/l)
Capillary 1 hour post-prandial glucose 
<140 mg/dl (7.8 mmol/l)
Capillary 2 hour post-prandial glucose 
<120 mg/dl (6.7 mmol/l)

Table 2. 
Glycemic targets during pregnancy.
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pathologies like minor thalassemia [36, 37], it proves to be useful in checking the 
self-reported date by the pregnant, especially if she is treated with insulin.

Other parameters that could be used for short-term (2–3 weeks) evaluation of 
blood glucose control is glycated albumin. It is not influenced by iron deficiency, but 
the values are low in nephrotic syndrome or thyroid disorders that sometimes are 
present in pregnancy. This marker was studied in GDM, but the cutoff limits are not 
precisely known with consideration of some population differences [38]. Molecules 
like fructosamine or 1,5-anhydroglucitol have not proven their utility [39–41].

3.5.2 Self-monitoring of capillary blood glucose (SMBG)

The efficiency of capillary blood testing (8 determinations per day) in pregnant 
diabetes patients has been demonstrated since the 1980s [42]. Current guidelines 
[7, 8, 12, 18] mention in general terms the frequency and optimal period (fasting, 
1 or 2 hours postprandial) when a test should be done without customizing for 
treatment, previous glycemic control.

In healthy adult pregnant women, 1-hour glycemia during a glucose challenge test 
was a better marker for insulin sensibility, being correlated with a fetal abdominal 
circumference in echography [43]. In Jovanovic and collab study [42], glycemia at 
1 hour after food intake in the third trimester was the best predictor for birth weight. 
Combs et al. used the same 1-hour glycemia to establish the best threshold (130 mg/dl) 
for which the risk for macrosomia and small for gestational age (SGA) is reduced [44]. 
Metzger was the one that proposed that 2-hours postprandial glycemia should be used 
in GDM with the limit of 120 mg/dl [34]. Two clinical studies compared the blood glu-
cose determination concluding that 1-hour glycemia is superior, but with two important 
biases—lack of randomization and low statistical power [45, 46].

A randomized clinical trial demonstrated that patients who adjusted insulin 
doses based on 1-hour postprandial glycemia had a lower risk of giving birth to a 
macrosomia, or to have a cesarean procedure; also, the risk for neonatal hypoglyce-
mia was smaller [47]. Not only the glycemic values per se is important, but also the 
pregnant women with GDM should be taught to estimate their carbohydrate intake 
and physical activity and adjust the insulin doses. Other factors that cannot be 
influenced are a hormonal secretion from the placenta, daily cortisol secretion vari-
ability that contributes to glucose excursions. Sivan et al. observed in their study a 
pattern in which 1-hour postprandial glycemia is abnormally raised in the morning, 
and 2 hours postprandial glycemia is abnormally raised in the evening [48].

The frequency of determination is as much as necessary. Based on a randomized 
control trial (RCT) the initial recommendation for SMBG is 4 tests per day, with the 
possibility to lessen the number of determinations according to if the patient has 
good control and the fetal morphology is normal [49]. In basal-bolus insulin-treated 
GDM 7 tests per day are recommended, but patient adherence is weak (a mean of 
4.2 in an observational study) [50].

The limit for SMBG consists in the accuracy bias: lowering hematocrit by 
dilution makes the capillary glucose to be overestimated. Some glucometers have 
included in their software functions to correct the hematocrit values, but the major-
ity uses colorimetric and amperometric methods that depend on it. Considering the 
tight glycemic control required during pregnancy and the fact that insulin doses are 

FIGO, 2015 Capillary glucose 72–126 mg/dl (4–7 mmol/l)

ACOG, 2018 Capillary glucose 70–110 mg/dl (3.9–3.1 mmol/l)

Table 3. 
Glycemic targets during labor.
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adjusted based on SMBG, some researchers recommend that the bias and impreci-
sion should be set at below 2% and the meters be verified according to international 
quality criteria [51].

3.5.3 Continuous interstitial glucose monitoring (glucose sensors, CGMS)

Systems for interstitial glucose monitoring have been used together with insulin 
pumps in type 1 diabetes pregnancies in RCTs and observational studies [52, 53]. In 
GDM pregnancies data come from small observational studies where they showed 
benefit for disclosing high and low glycemic excursions missed by SMBG [54].

Glycemic sensors can be used as a guide for therapy initiation, as demonstrated 
by Kestilä et al. [55]. The anti-diabetes medication was introduced in a higher 
proportion of GDM women with CGMS versus SMBG. Nevertheless, there were 
not any significant differences for the perinatal endpoints. The long-term impact 
of glycemic control during pregnancy is not known; therefore, the benefit of this 
intervention must be balanced with unnecessary treatment. The techniques for 
monitoring blood glucose are summarized in Table 4.

All these efforts in using the best method for monitoring insulin therapy 
in GDM are to maintain glycemic control for preventing fetal and maternal 
complications.

3.6 Fetal complications associated with insulin therapy

3.6.1 Neonatal hypoglycemia

Glucose is a nutrient that freely crosses the placenta from maternal to fetal 
circulation, to assure the energy required for growth. Immediately after birth, 
the glucose source disappears with a physiologic “hypoglycemia” in the blood of 
the newborn that triggers the secretion of counterregulatory hormones (glu-
cagon, steroids, catecholamines, growth hormone). In GDM pregnancies, the 
glycemia is continuously raised and determines a consecutive higher secretion 
of insulin that makes hypoglycemia more severe and prolonged than in normal 
newborns [56–59].

Regimen SBGM CGMS

GDM with diet or oral antidiabetics Fasting
1 hour postprandial

 - Fine-tune insulin dosing

 - Nocturnal hypoglycemia

 - Nocturnal hyperglycemia

 - Postprandial hyperglycemia

GDM with basal insulin Fasting

1 hour postprandial

Bedtime

GDM with premixed insulin Fasting

1 hour postprandial

Dinner preprandial

1 hour postprandial

GDM with basal bolus Fasting

Preprandial (lunch, dinner)

1 hour postprandial

Table 4. 
Insulin glucose monitoring techniques [adapted from American Association of Clinical Endocrinologist and 
American College of Endocrinology].
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pathologies like minor thalassemia [36, 37], it proves to be useful in checking the 
self-reported date by the pregnant, especially if she is treated with insulin.

Other parameters that could be used for short-term (2–3 weeks) evaluation of 
blood glucose control is glycated albumin. It is not influenced by iron deficiency, but 
the values are low in nephrotic syndrome or thyroid disorders that sometimes are 
present in pregnancy. This marker was studied in GDM, but the cutoff limits are not 
precisely known with consideration of some population differences [38]. Molecules 
like fructosamine or 1,5-anhydroglucitol have not proven their utility [39–41].

3.5.2 Self-monitoring of capillary blood glucose (SMBG)

The efficiency of capillary blood testing (8 determinations per day) in pregnant 
diabetes patients has been demonstrated since the 1980s [42]. Current guidelines 
[7, 8, 12, 18] mention in general terms the frequency and optimal period (fasting, 
1 or 2 hours postprandial) when a test should be done without customizing for 
treatment, previous glycemic control.

In healthy adult pregnant women, 1-hour glycemia during a glucose challenge test 
was a better marker for insulin sensibility, being correlated with a fetal abdominal 
circumference in echography [43]. In Jovanovic and collab study [42], glycemia at 
1 hour after food intake in the third trimester was the best predictor for birth weight. 
Combs et al. used the same 1-hour glycemia to establish the best threshold (130 mg/dl) 
for which the risk for macrosomia and small for gestational age (SGA) is reduced [44]. 
Metzger was the one that proposed that 2-hours postprandial glycemia should be used 
in GDM with the limit of 120 mg/dl [34]. Two clinical studies compared the blood glu-
cose determination concluding that 1-hour glycemia is superior, but with two important 
biases—lack of randomization and low statistical power [45, 46].

A randomized clinical trial demonstrated that patients who adjusted insulin 
doses based on 1-hour postprandial glycemia had a lower risk of giving birth to a 
macrosomia, or to have a cesarean procedure; also, the risk for neonatal hypoglyce-
mia was smaller [47]. Not only the glycemic values per se is important, but also the 
pregnant women with GDM should be taught to estimate their carbohydrate intake 
and physical activity and adjust the insulin doses. Other factors that cannot be 
influenced are a hormonal secretion from the placenta, daily cortisol secretion vari-
ability that contributes to glucose excursions. Sivan et al. observed in their study a 
pattern in which 1-hour postprandial glycemia is abnormally raised in the morning, 
and 2 hours postprandial glycemia is abnormally raised in the evening [48].

The frequency of determination is as much as necessary. Based on a randomized 
control trial (RCT) the initial recommendation for SMBG is 4 tests per day, with the 
possibility to lessen the number of determinations according to if the patient has 
good control and the fetal morphology is normal [49]. In basal-bolus insulin-treated 
GDM 7 tests per day are recommended, but patient adherence is weak (a mean of 
4.2 in an observational study) [50].

The limit for SMBG consists in the accuracy bias: lowering hematocrit by 
dilution makes the capillary glucose to be overestimated. Some glucometers have 
included in their software functions to correct the hematocrit values, but the major-
ity uses colorimetric and amperometric methods that depend on it. Considering the 
tight glycemic control required during pregnancy and the fact that insulin doses are 

FIGO, 2015 Capillary glucose 72–126 mg/dl (4–7 mmol/l)

ACOG, 2018 Capillary glucose 70–110 mg/dl (3.9–3.1 mmol/l)

Table 3. 
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adjusted based on SMBG, some researchers recommend that the bias and impreci-
sion should be set at below 2% and the meters be verified according to international 
quality criteria [51].

3.5.3 Continuous interstitial glucose monitoring (glucose sensors, CGMS)

Systems for interstitial glucose monitoring have been used together with insulin 
pumps in type 1 diabetes pregnancies in RCTs and observational studies [52, 53]. In 
GDM pregnancies data come from small observational studies where they showed 
benefit for disclosing high and low glycemic excursions missed by SMBG [54].

Glycemic sensors can be used as a guide for therapy initiation, as demonstrated 
by Kestilä et al. [55]. The anti-diabetes medication was introduced in a higher 
proportion of GDM women with CGMS versus SMBG. Nevertheless, there were 
not any significant differences for the perinatal endpoints. The long-term impact 
of glycemic control during pregnancy is not known; therefore, the benefit of this 
intervention must be balanced with unnecessary treatment. The techniques for 
monitoring blood glucose are summarized in Table 4.

All these efforts in using the best method for monitoring insulin therapy 
in GDM are to maintain glycemic control for preventing fetal and maternal 
complications.

3.6 Fetal complications associated with insulin therapy

3.6.1 Neonatal hypoglycemia

Glucose is a nutrient that freely crosses the placenta from maternal to fetal 
circulation, to assure the energy required for growth. Immediately after birth, 
the glucose source disappears with a physiologic “hypoglycemia” in the blood of 
the newborn that triggers the secretion of counterregulatory hormones (glu-
cagon, steroids, catecholamines, growth hormone). In GDM pregnancies, the 
glycemia is continuously raised and determines a consecutive higher secretion 
of insulin that makes hypoglycemia more severe and prolonged than in normal 
newborns [56–59].

Regimen SBGM CGMS

GDM with diet or oral antidiabetics Fasting
1 hour postprandial

 - Fine-tune insulin dosing

 - Nocturnal hypoglycemia

 - Nocturnal hyperglycemia

 - Postprandial hyperglycemia

GDM with basal insulin Fasting

1 hour postprandial

Bedtime

GDM with premixed insulin Fasting

1 hour postprandial

Dinner preprandial

1 hour postprandial

GDM with basal bolus Fasting

Preprandial (lunch, dinner)

1 hour postprandial

Table 4. 
Insulin glucose monitoring techniques [adapted from American Association of Clinical Endocrinologist and 
American College of Endocrinology].
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Neonatal transient hypoglycemia could have implications in the neurocogni-
tive development as was shown by magnetic resonance imaging [60]. Also, it has 
psychological implications on the mother-child relationship because they are 
separated after birth for treatment. Hence, based on their study results, Voormolen 
et al. recommend screening all newborns from GDM women in the first 12 hours 
after birth because the majority of the events occur in this interval, with a higher 
incidence being in the insulin-treated group [58].

A series of studies demonstrated that newborns of GDM patients that were 
treated with metformin had fewer hypoglycemic events than those of women 
treated with insulin [21, 61]. Insulin analogs have a lower rise in postprandial glyce-
mic values without elevating hypoglycemic risk and should be preferred to human 
insulins [29, 33].

Regarding sulfonylureas, a meta-analysis demonstrated that glyburide treatment 
GDM had a higher risk of neonatal hypoglycemia and also macrosomia that the 
metformin-treated GDM [62].

3.6.2 Congenital anomalies

The relationship between insulin therapy and congenital anomalies was studied, 
especially in type 1 diabetes. The most important confounding factor is glycemic 
control. Although some case reports indicate an association between the use of 
insulin lispro and the risk of teratogenesis [63], another meta-analysis supports the 
fact that it is safe for use [64]. This risk could be explained by mitogenesis stimula-
tion by binding with a higher affinity for IGF-1 receptors. Lispro insulin has a 1.5 
and insulin glargine a 6.5 fold increase of receptor binding [65]. There are only 
retrospective studies that indicate glargine as safe insulin in pregnancy [66].

3.7 Birth complications associated with insulin therapy

3.7.1 Cesarean section (CS)

A Cochrane analysis of 1481 women with GDM showed that in the treatment 
group there was a higher number of induced labors versus the group with standard 
antenatal care, but with no difference regarding the number of births by CS [35]. 
Another meta-analysis did not demonstrate a correlation between the use of dif-
ferent types of insulin-like aspart, lispro and the birth by CS [67, 68]. Although the 
risk is not influenced by insulin treatment, it can be reduced by induction of labor 
(IOL) in 38th–39th week of gestation with better outcomes for the fetus [69].

3.7.2 Vacuum-assisted birth

Although pre-gestational diabetes raises the risk for vacuum assisted birth (shoul-
der dystocia, humerus, clavicle, skull fracture, Erb’s palsy, subarachnoidian or sub-
dural hemorrhages, asphyxia, convulsion), in GDM the risk was similar to that in the 
general population and could not be related to insulin therapy [68, 70]. A particular 
situation is with GDM that appeared in pregnancies obtained by assisted reproduc-
tive technology where the risk for perinatal and obstetrical complications is probably 
increased by the adverse effect of hyperglycemia, not by insulin treatment [71].

3.7.3 Fetal morbidity

Evidence that indicates a higher risk for fetal morbidity and mortality in GDM a 
scarce and less pronounced as in pre-gestational diabetes. Current decisions of IOL 
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as compared to expectant management should be individualized because the studies 
lack in this area. An RCT that showed that there is no difference between the two 
strategies regarding morbidity, but the IOL reduces the risk for shoulder dystocia in 
the macrosomic fetus [72]. The use of insulin analogs like detemir does not influ-
ence the morbidity [73].

3.8 Maternal complications associated with insulin therapy

3.8.1 Maternal hypoglycemia

Hypoglycemia threshold is specific for every individual. In pregnancy, there is 
a reduction of this threshold by 20% [74]. Patients with GDM that are treated with 
insulin must maintain a glycemia above 3.7 mmol/l (66 mg/dl) according to CDA, or 
above 3.9 mmol/l (70 mg/dl) according to ADA [7].

Insulin analogs are superior to human insulin because the hypoglycemic events 
are less frequent in type 1 diabetic pregnancies [75]. The use of multiple daily injec-
tions is as effective as continuous subcutaneous insulin infusion [76].

Maternal hypoglycemia affects the fetus just in severe cases when is associ-
ated with loss of consciousness or secondary to trauma. Also, it was observed that 
repeated episodes could lead to growth over the 90th percentile [77]. These episodes 
are more likely to be present in the first trimester in women who had pregestational 
diabetes than in GDM [74].

3.8.2 Hypertension

There is moderate quality evidence that indicates higher hypertension associ-
ated hypertension without giving details in insulin-treated GDM. This fact should 
be further researched because it is in contradiction with a non-modified risk for 
pre-eclampsia [68].

3.9 Intrapartum management

During the latent phase of labor hepatic gluconeogenesis is sufficient for provid-
ing the caloric requirements, but becomes exiguous during the active phase when 
intravenous glucose is perfused.

The study of Rosenberg and collab. demonstrated there is no significant dif-
ference in neonatal hypoglycemia, neonatal injury, Apgar score at 1–5 minutes in 
patients with insulin therapy that were managed with two approaches: dextrose 5% 
125 ml/h with a simultaneous insulin drip (adjustable rate 0.5–2.5 u/h) or dextrose 
5% alternating with ringer lactate (125 ml/h) and insulin introduction when the 
targets are exceeded [77]. Other researchers recommend dextrose 10% with an 
insulin drip [78].

Lowering maternal glycemia is necessary for preventing neonatal hypoglycemia, 
balancing this risk with that for ketosis. Capillary blood glucose should be tested 
every hour and urinary ketone bodies every time is possible [77]. ACOG agreed to 
the protocol proposed by Coustan [79] for maintaining a mean intrapartum glyce-
mic value of 100 mg/dl. For this, blood glucose should be tested every 2 hours with 
adjustments in insulin perfusion rates.

Women with GDM or type 2 diabetes, which were treated with oral therapy have a 
low insulin requirement and in most cases do not need treatment during labor. Thus, 
CDA recommends a “watchful waiting” and insulin initiation just in cases where 
glycemia is above 146 mg/dl (7.0 mmol/l) [19]. Ryan mentions the same principle in a 
review published before—if GDM pregnant had a necessary below 0.5 u/kg/day, they 
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Neonatal transient hypoglycemia could have implications in the neurocogni-
tive development as was shown by magnetic resonance imaging [60]. Also, it has 
psychological implications on the mother-child relationship because they are 
separated after birth for treatment. Hence, based on their study results, Voormolen 
et al. recommend screening all newborns from GDM women in the first 12 hours 
after birth because the majority of the events occur in this interval, with a higher 
incidence being in the insulin-treated group [58].

A series of studies demonstrated that newborns of GDM patients that were 
treated with metformin had fewer hypoglycemic events than those of women 
treated with insulin [21, 61]. Insulin analogs have a lower rise in postprandial glyce-
mic values without elevating hypoglycemic risk and should be preferred to human 
insulins [29, 33].

Regarding sulfonylureas, a meta-analysis demonstrated that glyburide treatment 
GDM had a higher risk of neonatal hypoglycemia and also macrosomia that the 
metformin-treated GDM [62].

3.6.2 Congenital anomalies

The relationship between insulin therapy and congenital anomalies was studied, 
especially in type 1 diabetes. The most important confounding factor is glycemic 
control. Although some case reports indicate an association between the use of 
insulin lispro and the risk of teratogenesis [63], another meta-analysis supports the 
fact that it is safe for use [64]. This risk could be explained by mitogenesis stimula-
tion by binding with a higher affinity for IGF-1 receptors. Lispro insulin has a 1.5 
and insulin glargine a 6.5 fold increase of receptor binding [65]. There are only 
retrospective studies that indicate glargine as safe insulin in pregnancy [66].

3.7 Birth complications associated with insulin therapy

3.7.1 Cesarean section (CS)

A Cochrane analysis of 1481 women with GDM showed that in the treatment 
group there was a higher number of induced labors versus the group with standard 
antenatal care, but with no difference regarding the number of births by CS [35]. 
Another meta-analysis did not demonstrate a correlation between the use of dif-
ferent types of insulin-like aspart, lispro and the birth by CS [67, 68]. Although the 
risk is not influenced by insulin treatment, it can be reduced by induction of labor 
(IOL) in 38th–39th week of gestation with better outcomes for the fetus [69].

3.7.2 Vacuum-assisted birth

Although pre-gestational diabetes raises the risk for vacuum assisted birth (shoul-
der dystocia, humerus, clavicle, skull fracture, Erb’s palsy, subarachnoidian or sub-
dural hemorrhages, asphyxia, convulsion), in GDM the risk was similar to that in the 
general population and could not be related to insulin therapy [68, 70]. A particular 
situation is with GDM that appeared in pregnancies obtained by assisted reproduc-
tive technology where the risk for perinatal and obstetrical complications is probably 
increased by the adverse effect of hyperglycemia, not by insulin treatment [71].

3.7.3 Fetal morbidity

Evidence that indicates a higher risk for fetal morbidity and mortality in GDM a 
scarce and less pronounced as in pre-gestational diabetes. Current decisions of IOL 
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as compared to expectant management should be individualized because the studies 
lack in this area. An RCT that showed that there is no difference between the two 
strategies regarding morbidity, but the IOL reduces the risk for shoulder dystocia in 
the macrosomic fetus [72]. The use of insulin analogs like detemir does not influ-
ence the morbidity [73].
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above 3.9 mmol/l (70 mg/dl) according to ADA [7].

Insulin analogs are superior to human insulin because the hypoglycemic events 
are less frequent in type 1 diabetic pregnancies [75]. The use of multiple daily injec-
tions is as effective as continuous subcutaneous insulin infusion [76].

Maternal hypoglycemia affects the fetus just in severe cases when is associ-
ated with loss of consciousness or secondary to trauma. Also, it was observed that 
repeated episodes could lead to growth over the 90th percentile [77]. These episodes 
are more likely to be present in the first trimester in women who had pregestational 
diabetes than in GDM [74].

3.8.2 Hypertension

There is moderate quality evidence that indicates higher hypertension associ-
ated hypertension without giving details in insulin-treated GDM. This fact should 
be further researched because it is in contradiction with a non-modified risk for 
pre-eclampsia [68].

3.9 Intrapartum management

During the latent phase of labor hepatic gluconeogenesis is sufficient for provid-
ing the caloric requirements, but becomes exiguous during the active phase when 
intravenous glucose is perfused.

The study of Rosenberg and collab. demonstrated there is no significant dif-
ference in neonatal hypoglycemia, neonatal injury, Apgar score at 1–5 minutes in 
patients with insulin therapy that were managed with two approaches: dextrose 5% 
125 ml/h with a simultaneous insulin drip (adjustable rate 0.5–2.5 u/h) or dextrose 
5% alternating with ringer lactate (125 ml/h) and insulin introduction when the 
targets are exceeded [77]. Other researchers recommend dextrose 10% with an 
insulin drip [78].

Lowering maternal glycemia is necessary for preventing neonatal hypoglycemia, 
balancing this risk with that for ketosis. Capillary blood glucose should be tested 
every hour and urinary ketone bodies every time is possible [77]. ACOG agreed to 
the protocol proposed by Coustan [79] for maintaining a mean intrapartum glyce-
mic value of 100 mg/dl. For this, blood glucose should be tested every 2 hours with 
adjustments in insulin perfusion rates.

Women with GDM or type 2 diabetes, which were treated with oral therapy have a 
low insulin requirement and in most cases do not need treatment during labor. Thus, 
CDA recommends a “watchful waiting” and insulin initiation just in cases where 
glycemia is above 146 mg/dl (7.0 mmol/l) [19]. Ryan mentions the same principle in a 
review published before—if GDM pregnant had a necessary below 0.5 u/kg/day, they 
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could be initially monitored. Otherwise, patients with type 1 diabetes or type 2, GDM 
with a necessary above this limit will need insulin perfusions [78]. Insulin perfusion 
rates could be adjusted using sliding scales as proposed by Dude [80].

Although most of the studies use protocols for intravenous insulin administration, 
patients with insulin pumps can choose to keep their device during labor [81, 82]. This 
is recommended in centers with experience because during labor they can become 
unable to handle the pump given the pain, or some incidents like catheter avulsion 
could appear. In these cases, the patient is informed that a switch to an insulin drip is 
needed [19].

Another problem comes out when betamethasone is administered for premature 
birth. In patients with type 1 diabetes, an increase up to 40% of all doses during the 
next 5 days assures an adequate glycemic control [83]. A retrospective analysis of 
insulin drips in pregnant with GDM injected by a standard anticipatory protocol 
and with higher doses was associated with improving glycemic variability and 
decreasing by 25% the absolute risk for neonatal hypoglycemia [84].

3.10 Postpartum management

Insulin requirements drop quickly after giving birth and women are exposed 
to hypoglycemia. Patients with GDM usually do not need insulin, and women 
with type 1 and type 2 diabetes return to the previous regimen, but at doses that 
are at 60% of the antepartum necessary [85]. In the case where the doses are not 
remembered, half of the third-trimester dose could be injected. Another alterna-
tive is calculating dose per kilogram. With an insulin pump, the doctor will titrate 
downward the basal rate and boluses on a similar algorithm or adjust based on the 
information from glucose sensors for newer models.

Breastfeeding influences insulin sensibility: as the frequency of lactation 
increases, the HOMA and ISI (0, 120) have better values [86], so during breastfeed-
ing the insulin requirement falls by 10% [87].

3.11 Future research directions

There is a lot of missing evidence in optimal treatment for GDM. Insulin treat-
ment could be improved by developing automatic algorithms for calculating the 
appropriate doses like that proposed by Dinglas [88]. Moreover, fetal morbidity can 
be influenced by better monitoring like using glucose sensors that are more accurate 
in the hypoglycemic range [89–91].

Micro-RNAs are now extensively studied in different domains and might apply 
to diagnosing and selecting GDM patients that require insulin treatment [92].

Not eventually, the whole perspective of insulin therapy will change if the oral 
bioavailability of this peptide hormone will be enhanced. Polymeric nanocarriers 
and mucoadhesive discs were studied in diabetic rats and are the future expectation 
for mothers with diabetes [93].
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Abstract

Breastfeeding is recommended as the preferred method of feeding for infants for
at least 1 year, because of its multiple immediate and long-term benefits for both the
mother and child. Among women with a history of gestational diabetes mellitus
(GDM), breastfeeding is associated with increased insulin sensitivity, improved
insulin secretion, improved glucose tolerance, and a reduced incidence of type
2 diabetes mellitus (T2DM). Lactation has also been associated with postpartum
weight loss, reduced long-term obesity risk, a lower prevalence of the metabolic
syndrome, hypertension, and cardiovascular disease. The mechanisms underlying
the benefits of breastfeeding for the mother are unclear. However, a role of adipose
tissue-produced cytokines (adipokines) has been suggested. Lactation appears to
mobilize adipose tissue accrued during pregnancy, and some changes in adipokine
levels have been reported. Higher lactation intensity has been associated with lower
plasma leptin, a peptide mainly associated with appetite regulation and insulin
resistance.

Keywords: gestational diabetes, breastfeeding, leptin, insulin resistance,
type 2 diabetes mellitus

1. Introduction

Breastmilk is the physiologic norm for infant nutrition, offering multiple health
benefits and protection for babies and mothers [1–4]. WHO recommends that
breastfeeding be initiated within 1 hour of birth, that it continue with no other
foods or liquids for the first 6 months of life, and that it be continued with comple-
mentary feeding (breastfeeding with other age-appropriate foods) until at least
24 months of age. However, global breastfeeding rates remain far below interna-
tional targets. In most high-income countries, the prevalence of breastfeeding at
12 months is lower than 20%, and it is highest in sub-Saharan Africa, south Asia,
and parts of Latin America [5]. In Mexico, rates of breastfeeding are particularly
low, 38.3% of Mexican women initiate breastfeeding soon after giving birth, only
14.4% of these women report exclusively breastfeeding at 6 months postpartum,
35.5% report any breastfeeding at 12 months postpartum, and 14.1% report any
breastfeeding at 2 years postpartum. Importantly, breastfeeding rates vary by
demographic area and are highest in rural over urban area [6].
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Breastfeeding has protective effects on maternal health, including a reduced risk
of breast cancer and ovarian cancer, obesity, hypertension, stroke, hyperlipidemia,
metabolic syndrome, and type 2 diabetes mellitus (T2DM) [7–11].

One of the strongest risk factors for T2DM is a history of gestational diabetes
mellitus (GDM). Among women with a history of GDM, the cumulative risk of
developing T2DM at 10 years postpartum ranges from 20 to 50% [12]. Infant
feeding method is a modifiable risk factor for the development of diabetes;
breastfeeding confers short- and long-term benefits on metabolism reducing the
risk of developing T2DM.

Despite the important benefits of breastfeeding, there is evidence to suggest that
lower rates of breastfeeding occur in women with GDM and that the duration of
breastfeeding is shorter compared with that of healthy mothers [13, 14]. The expla-
nations to account for these rates are higher rates of cesarean sections and neonatal
intensive care unit admissions, which include increased recovery time for the
mother, prolonged separation of mother and baby, and decreased or delayed bond-
ing [15]. Other factors influencing the lower rates of breastfeeding in GDM are
insulin therapy during pregnancy and obesity; women with insulin-treated diabetes
have less intention to breastfeed and women with high BMI may have different
hormonal patterns, delaying onset of milk production [16, 17].

Insulin treatment is related to severity of GDM, and this marked gestational
disturbance in insulin and glucose metabolism may interfere with the hormonal
pathways for initiation of lactogenesis. Results from a study of gene expression
profiles at different stages of lactation suggested that decreased insulin sensitivity
may delay milk production as a result of protein tyrosine phosphatase, receptor type
F overexpression in the mammary gland [18].

On the other hand, the GDM treatment with oral hypoglycemic agents has not
been related to milk production by the mothers [16]. Glyburide and metformin are
the two oral hypoglycemic agents most commonly used during pregnancy, and both
are safe with breastfeeding [19].

2. Short-term benefits of breastfeeding

Lactation confers favorable metabolic changes, including lower fasting and
postprandial blood glucose, as well as insulin, and triglycerides, and greater insulin
sensitivity, and plasma HDL-C [20]. Glucose is diverted for milk production via
noninsulin-mediated pathways of uptake by the mammary gland and, thus, lactat-
ing women exhibit lower blood glucose [21].

On the other hand, lactation promotes postpartum weight loss [22]; lactogenesis
increases maternal total energy expenditure by 15–25% [23]. Prospective studies
have reported more rapid weight loss within 6 months postpartum, and lower
weight retention at 1 year postpartum [24].

Studies in women with recent GDM report more favorable glucose tolerance
and lipid metabolism during 4 months postpartum for lactating compared with
non-lactating women [25]. At 6–9 weeks postpartum, the SWIFT cohort in a racially
and ethnically diverse group found a dose-response relationship between
increasing intensity of lactation and decreasing fasting plasma glucose and both
fasting and 2-h insulin, as well as improved insulin sensitivity [26].

In a retrospective cohort among Latinas with recent GDM, Kjos et al. reported
5 mg/dL lower fasting blood glucose for any intensity of lactation versus no lacta-
tion, and an improved glucose tolerance determined by the glucose area under the
curve from the oral glucose tolerance test (OGTT) [27].
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In a recent study of women with previous GDM diagnosed according to the new
“International Association of Diabetes and Pregnancy Study Groups” (IADPSG)
criteria, that included women with a milder metabolic impairment,
breastfeeding for almost 3 months improved the metabolic outcomes, such as
fasting and 2 h glycemia at OGTT, an index of insulin resistance (HOMA-IR)
and triglycerides [28].

It has been demonstrated that the favorable effects of lactation on glucose
metabolism persist after weaning. Chouinard-Castonguay et al., in a cross-sectional
study, showed that lactation duration was an independent predictor of fasting
insulin concentrations and insulin sensitivity indices up to a mean of 4 years after
delivery [29].

3. Long-term benefits of breastfeeding

It has been suggested that a longer duration of breastfeeding is associated with a
lower risk of T2DM. However, results in some studies have been inconsistent.
Chouinard-Castonguay found that women who reported lactating for >10 months
had impaired glucose tolerance less frequently compared with women who lactated
for <10 months at 4 years postpartum [29].

In a longitudinal analysis, Buchanan found no difference in the prevalence of
diabetes at 11–26 months postpartum [30]. Similarly, Kjos, in a retrospective
study, reported that breastfeeding was not associated with the progression to T2DM
within a follow-up of 7.5 years after delivery [27], and in a retrospective cohort
study, the Nurses’ Health Study, breastfeeding did not affect the risk of diabetes at
14 years [31].

However, of interest, one prospective study that assessed the development of
T2DM in women with GDM for up to 20 years after delivery found that
breastfeeding reduced the risk of diabetes by 46%; median time to postpartum
diabetes was 12.3 years for women who breastfed versus 2.3 years for women who
did not breastfeed, independently of maternal BMI and insulin use during preg-
nancy [32]. Moreover, women who breastfed for >3 months had lower risk of
diabetes than women who breastfed for ≤3 months (P = 0.029).

Also, the positive metabolic impact of breastfeeding has been reported in
women with mild forms of GDM. A recent study showed that women with glucose
intolerance in early postpartum breastfed less often than women with a normal
OGTT (69.5 vs. 84.2%, p = 0.041) [33].

The discrepancy among the different studies could be a result of the differences
in the design of the study, the severity of GDM, diagnosis of T2DM, breastfeeding
assessment, follow-up time postpartum sample size, lifestyle behaviors, ethnic
characteristics, and, finally, the use of oral contraceptives. Birth control with
progestin-only oral contraceptive pills has been associated with an increased risk of
T2DM during the first 2 years of use. Kjos reported a threefold increase in the risk of
T2DM at 7.5 years postpartum in breastfeeding women with recent GDM. By
contrast, use of low dose progestin/estrogen combination oral contraceptive pills
during breastfeeding does not increase the risk of T2DM [27].

4. Mechanisms in the protective effects of breastfeeding

The potential mechanisms involved in the protective effects of breastfeeding on
glucose metabolism include breastfeeding-related hormones such as prolactin and
estrogen [34]. Prolactin levels are elevated and estradiol is lower in breastfeeding
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women than in non-lactating women. In vitro experiments of rat pancreatic islets
cultured with prolactin have shown enhanced stimulated insulin secretion through
stimulation of b-cell proliferation by downregulating the expression of menin
[35, 36]. Also, prolactin modulates the transcription factors STAT5 and PPARg, and
the expression of lipoprotein lipase, which are co-expressed in breast, adipose
tissue, and skeletal muscle [37].

On the other hand, it has been suggested that lactation improves insulin
sensitivity by mobilizing lipids derived from liver and muscle for lactogenesis rather
than by redirecting lipids into adipocytes [34].

Another mechanism is the influence of lactation on regional fat tissue metabo-
lism; some studies have reported enhanced fat mass mobilization from the trunk
and thighs for lactating women [38, 39]. In keeping with this, another study
reported that lactation history is associated with a smaller visceral fat area in women
who reported they lactated for at least 3 months [40].

There is also evidence that leptin, which is an adipokine positively associated
with body adiposity and insulin resistance, is modified in breastfeeding women
with previous GDM [41]. Leptin directly affects whole-body insulin sensitivity by
regulating the efficiency of insulin-mediated glucose metabolism by skeletal muscle
and by hepatic regulation of gluconeogenesis through its action on gene expression
of phosphoenolpyruvate carboxykinase [42, 43]. Moreover, it exerts an acute
inhibitory effect on insulin secretion, and upregulates inflammatory mediators like
TNFα and interleukin-6, which contribute to excessive insulin resistance both at the
level of the whole body and in specific organs, including in the liver, muscle, and
brain [44].

Leptin is predominantly produced by adipocytes, but is also produced by
non-adipose tissues such as stomach, intestine, ovaries, and in particular, the
placenta [45]. Maternal leptin levels increase two- to threefold in pregnancy, with a
peak occurring around 28 weeks of gestation and decreasing to pre-pregnancy
concentrations after delivery [46]. It has been suggested that the rise in maternal
leptin concentration during pregnancy may result from an upregulation of adipo-
cyte leptin synthesis in the presence of increasing insulin resistance and
hyperinsulinemia in the second half of pregnancy [47]. However, there is strong
evidence that the placenta, rather than maternal adipose tissue, contributes to the
increase of maternal leptin concentrations during pregnancy [48]. Leptin induces
human chorionic gonadotropin production, regulates placental growth,
angiogenesis, trophoblast invasion, and nutrient transfer [49]. Leptin enhances
the mobilization of maternal fat stores to increase availability and to support
transplacental transfer of lipid substrates [50]. Moreover, leptin upregulates
placental System A amino acid transport, to increase fetal nutrient availability [51].
Leptin serves as a mitogen for a growing number of cell types, including endothelial
cells, hemopoietic cells, lung epithelial cells, and pancreatic b-cells in vitro [52].
Leptin could therefore be stimulating growth of tissues in the developing fetus.

Leptin contributes to the pathophysiologic relationship between GDM and
subsequent T2DM. In our previous study, we found that women with previous
GDM persisted with insulin resistance in the postpartum period, in association with
higher leptin levels compared with the control group [53]. It is possible that
postpartum insulin resistance may be contributing to these elevated levels. A posi-
tive association between leptinemia and insulinemia has been reported in numerous
studies of obese and non-obese humans [54, 55]. Experimentally, increased insulin
levels may stimulate leptin production in adipocytes, and vice versa, an increase in
leptin levels may lead to insulin resistance and alter b-cell secretory capacity
[56, 57]. Interestingly, we recently reported that breastfeeding was associated with
better metabolic profile in the early postpartum period in women with previous
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GDM, showing that women with longer duration of lactation had greater weight
loss at postpartum and lower leptin levels compared with women who lactated for a
short period. This difference remained statistically significant after adjustment for
weight [58]. Similarly, a previous study with a large cohort of women with recent
GDM that utilized a quantitative measure of lactation intensity found that mean
leptin concentrations were inversely associated with lactation intensity (lower by
15–21%) independent of maternal pre-pregnancy obesity, race, weight loss,
sociodemographics, and postpartum insulin resistance [41]. It has been suggested
that during lactation, prolactin suppresses leptin secretion [59].

On the other hand, leptin is a long-term regulator of appetite that serves as an
anorexigenic signal when adipose stores are high [60]. It has been detected in breast
milk at concentrations of 0.35–4.6 μg/L [61], and the concentration of leptin in
breast milk is correlated to indices of maternal adiposity, including body mass index
(r = 0.65, P < 0.02), and fat mass (r = 0.65, P < 0.02) [62]. This evidence provides
an attractive explanation for the ability of breast milk to regulate infant body
weight. Bouret has recently suggested that the presence of appetite hormones may
permanently affect the appetite-regulating system of the infant by affecting the
development of the hypothalamus. These differences in appetite hormone exposure
may create permanent changes in the way the brain reacts to appetite hormones and
satiety cues [63].

Another adipokine related to abnormal glucose metabolism during pregnancy is
adiponectin. It has been suggested that low levels of adiponectin may induce
severe insulin resistance prior to the onset of GDM [64]. Gunderson evaluated the
relationship between lactation intensity and plasma adiponectin among postpartum
women with previous GDM and found that higher lactation intensity was associated
with 6% lower adiponectin. This inverse association remained after adjustment
for insulin resistance [41]. This observation is consistent with the action of prolactin
in suppressing the production and secretion of adiponectin from human adipo-
cytes [13].

5. Implications of breastfeeding in the offspring of the GDM mother

Infants of mothers with GDM are at increased risk of prematurity, macrosomia,
hypoglycemia, respiratory distress, hypocalcemia, polycythemia, and hyperbilir-
ubinemia. Breastfeeding has many established benefits for child health; it prevents
child morbidity due to diarrhea, respiratory infections, and otitis media [5]. In
particular, in the offspring of the GDM mother, lactation has been associated with
lower episodes of hypoglycemia [65].

On the other hand, exposure to maternal gestational diabetes has been shown to
increase the risk of obesity, childhood-onset type 2 diabetes in offspring, as well as
the risk of adult-onset type 2 diabetes and gestational diabetes in those offspring
[66]. Breastfeeding confers protection against these medical complications; exclu-
sive breastfeeding decreases the risk of the development of childhood-onset type 2
diabetes and obesity [67].

Benefits of breastfeeding on children’s health are likely due to the unique
composition of breast milk. Human milk is a source of immunoglobulins, hormones
and growth factors including leptin, adiponectin, ghrelin, peptide YY, glucagon-like
peptide-1, resistin, and obestatin, which are involved in food intake regulation
and energy balance, and may have a role in the regulation of growth and develop-
ment in the neonatal period and infancy, as well as long-term effects on metabolic
programming [68].
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6. Suggestions for mothers with GDM regarding breastfeeding

Women whose pregnancy is affected by GDM should be educated early as to
the benefits of breastfeeding their offspring. An increase in breastfeeding duration
among women with GDM has been demonstrated with prenatal education.
Breastfeeding support in the hospital immediately after delivery and during the
postpartum period as well as community support that encourages breastfeeding are
also essential. Electronic alerts via text message or email, automated letters, and
nurse phone contact may increase uptake. This targeted breastfeeding support for
women with GDM is feasible and efficacious, and could be integrated into GDM
management [69].

Likewise, insulin treatment during pregnancy should be considered a targeting
indicator for providing extra skilled breastfeeding support to GDM women who
decide to breastfeed [16].

7. Conclusions

Breastfeeding is recommended and encouraged for mothers, as it has multiple
benefits for both women and children. Mothers who breastfeed have been shown
to have reduced risk of developing subsequent breast cancer and ovarian cancer,
obesity, hypertension, stroke, hyperlipidemia, metabolic syndrome, and T2DM.
In women with GDM, several studies suggest that breastfeeding is associated with
reduced risk of T2DM. Despite this important benefit, there is evidence to suggest
that lower rates of breastfeeding occur in women with GDM. Evidence has shown
that healthcare provider support of breastfeeding along with patient education has
a significant impact on breastfeeding rates. The medical and behavioral communi-
ties should be better able to design, implement, and administer public health pro-
grams that may promote healthy lifestyle behaviors including breastfeeding among
GDM women, and mitigating T2DM risk.
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Abstract

Gestational diabetes mellitus (GDM) is associated with short- and long-term 
complications in both mothers and their offspring. Screening and early diagnosis of 
GDM is advocated as a strategy to prevent adverse pregnancy outcomes. However, 
there is currently no test that is amenable to routine screening, particularly in 
low-and middle-income countries. MicroRNAs (miRNAs) are small non-coding 
RNA molecules that regulate gene expression post-transcriptionally. In recent 
years, miRNAs have been the focus of increasing research due to their important 
role in regulating biological pathways and their aberrant expression during disease. 
The discovery of circulating miRNAs in maternal blood, and their altered expres-
sion during pregnancy-associated complications have increased interest into their 
potential as diagnostic biomarkers for GDM. In this review, we summarise studies 
that have investigated miRNAs in maternal blood thus providing an update of the 
current status of miRNAs as biomarkers for GDM. We also discuss the challenges of 
miRNA profiling, and highlight perspectives and recommendations for research.

Keywords: gestational diabetes mellitus, biomarkers, epigenetics, microRNAs, 
pregnancy

1. Introduction

Gestational diabetes mellitus (GDM) is defined as glucose intolerance that is 
first diagnosed during pregnancy with glucose homeostasis usually restored shortly 
after birth. The rate of GDM has constantly increased over the last 20 years [1], and 
in 2017 the International Diabetes Federation estimated that about 14% of women 
with live births had GDM [2]. Without appropriate glucose management, GDM 
is associated with short- and long-term complications in both mothers and their 
offspring [3–6]. Treatment of GDM is effective in preventing these adverse outcomes 
[7–11], thus, universal screening and early detection of GDM is widely advocated as 
a strategy to promote timely treatment and improve pregnancy outcomes [3]. The 
oral glucose tolerance test (OGTT) conducted between the 24th and 28th week of 
pregnancy, is currently the gold standard for GDM diagnosis [12]. However, the test 
is time-consuming, expensive and unfeasible in most countries. The identification 
of simple and cost-effective biomarkers that do not require fasting and multiple 
blood draws would be more acceptable to pregnant women, and thereby facilitate 
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screening for GDM. MicroRNAs (miRNAs) are small noncoding RNA molecules that 
regulate various metabolic pathways. They are implicated in the pathophysiology of 
various diseases and have attracted considerable interest as biomarkers of metabolic 
disease. Recently, several studies have explored their potential as biomarkers of 
GDM. The purpose of this review is to provide an update of the status of miRNAs as 
biomarkers for GDM. All studies that have profiled miRNAs in maternal blood dur-
ing GDM to date are summarised. We also discuss the challenges of miRNA research, 
and highlight perspectives and recommendations for future research.

2. Overview of gestational diabetes

Hyperglycaemia during pregnancy creates an adverse intrauterine environ-
ment that predisposes both mother and offspring to perinatal complications and 
future metabolic disease [3–6]. Maternal perinatal complications include caesarean 
section, preeclampsia and birth injuries. Women with pregnancies complicated by 
GDM also have an increased risk of developing disease in later life. In 2009, Bellamy 
et al. conducted a comprehensive review of the literature and found that women 
who have had GDM are at least seven-fold more likely to develop Type 2 diabetes 
(T2D) compared to women with normoglycaemic pregnancies [4]. Other studies 
showed that GDM is associated with the development of metabolic disease [13], 
cardiovascular disease [14] and breast cancer [15].

Foetal and neonatal complications associated with GDM include macrosomia, 
congenital malformations, perinatal death, hypertrophic cardiomyopathy, intrauter-
ine growth restriction, preterm birth, respiratory distress syndrome, hypoglycaemia, 
hypocalcaemia, polycythaemia and hyperbilirubinemia [5]. In recent years, increas-
ing evidence support the critical role of the intrauterine environment in program-
ming the foetus and influencing long-term offspring health [16]. In the 1980s, David 
Barker and his colleagues proposed Barker’s hypothesis or the developmental origins of 
adult disease, which suggests that metabolic diseases have their origins in early devel-
opment [17]. Subsequently, several other studies have reported that diabetes during 
pregnancy is associated with the development of obesity and diabetes in children [5].

The prevalence of GDM is rapidly increasing, spurred by the global obesity pan-
demic. Pregnant women who are overweight, obese or severely obese have a 2.14-, 
3.56- and 8.56-fold risk of developing GDM compared to normal weight women 
[18]. The short- and long-term consequences of GDM are likely to have a major 
negative impact, particularly on low- and middle-income countries that already 
have limited financial and human resources, and are least able to respond to the 
challenge. Screening and treatment of GDM leads to improved pregnancy outcomes 
[7–11], thus universal screening for GDM is widely advocated as a strategy to pre-
vent pregnancy complications. However, the OGTT, which is considered the gold 
standard for GDM diagnosis is not amenable to routine screening [3]. Currently, 
traditional risk-factor screening based on obesity, age older than ≥35 years, non-
white ethnicity, and having a family history of diabetes [3] is mostly employed. 
Unfortunately, these risk factors have poor predictive value [19, 20]. A number of 
other laboratory tests such as glycated haemoglobin (HbA1c), insulin, adiponectin, 
glycosylated fibronectin and C-reactive protein have been explored, however, they 
too have several challenges and are not yet clinically applicable [3].

3. Characteristics of ideal biomarkers

Biomarkers are defined as “cellular, biochemical or molecular alterations that 
are measurable in biological media such as human tissues, cells or fluids” [21]. 
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Screening, diagnostic and prognostic biomarkers offer several advantages and thus 
efforts to identify biomarkers of disease have intensified. They are clinically useful 
and can be used to detect or monitor disease progression, thus facilitating earlier 
diagnosis and disease management. Furthermore, biomarkers are able to monitor 
pharmacological responses and predict clinical outcome. As recently reviewed 
by Etheridge et al. [22], characteristics of the ideal biomarker include sensitivity, 
specificity, cost-effectiveness, reproducibility, robustness, accessibility, stability 
and ability to differentiate between pathologies. Recent advancements in molecular 
biology have led to the development of molecular biomarkers that are sensitive and 
specific, and are easily measured in biological fluids such as whole blood, plasma 
and serum [22].

4. MicroRNAs

MiRNAs are epigenetic mechanisms that reflect gene-environment interactions 
and are increasingly being implicated in the pathophysiology of metabolic diseases 
[23]. Since their discovery in Caenorhabditis elegans in 1993 [24], miRNAs have 
emerged as one of the most powerful epigenetic mechanisms regulating diverse 
biological processes including development, proliferation, differentiation and 
apoptosis [25]. They are short, single-stranded, highly conserved, non-coding RNA 
molecules of approximately 22 nucleotides in length that regulate gene expression 
through post-transcriptional mechanisms. MiRNAs bind to the 3′ untranslated 
region (UTR) of messenger RNA (mRNA) inducing degradation or translational 
repression of the mRNA transcript [26]. Using an elegant set of experiments, Guo 
et al. showed that destabilisation of target mRNAs rather than translational repres-
sion is the main mechanism whereby miRNAs reduce protein expression [26]. A 
single miRNA is able to regulate up to 200 target genes, implying that about 30% of 
the genome is regulated by miRNAs [27, 28] and confirming the important role of 
miRNAs as mediators of biological function. More than 2000 miRNAs are present 
in the human genome, and function in various biological processes [27–29].

Mature miRNAs are produced through a stepwise process. Briefly, primary 
miRNA transcripts (pri-miRNAs) are transcribed in the nucleus by RNA poly-
merase II (and possibly by RNA polymerase III), which are then cleaved by Drosha 
RNase III endonuclease to produce stem-loop precursor miRNAs (pre-miRNAs) 
that are approximately 70 nucleotides long. Ran-GTP and the export receptor, 
Exportin-5 transports pre-miRNAs to the cytoplasm, where Dicer, also a RNase III 
endonuclease, cleaves them to produce mature miRNAs. Mature miRNAs complex 
with the RNA-induced silencing complex (RISC) and bind to the 3’ UTR of mRNA 
to induce predominantly mRNA degradation [25, 26].

MiRNAs regulate a wide range of biological processes including cell proliferation 
and differentiation, apoptosis and metabolism, thus it is not surprising that altered 
miRNA expression have been shown to associated with various conditions including 
cancer, obesity, T2D and cardiovascular disease [30]. MiRNAs play a critical role in 
the pathophysiology of metabolic disease, and their aberrant expression is observed 
in tissues associated with disease. For example, various in vitro, in vivo animal 
models and studies in diabetic patients have demonstrated the altered expression 
of miRNAs that regulate insulin secretion, adipocyte differentiation, lipid metabo-
lism, inflammation and glucose homeostasis in dysfunctional pancreatic beta cells 
and insulin-resistant target tissues, such as adipose, liver and muscle during T2D 
[23]. Increasingly evidence show that correcting aberrant miRNA expression can 
prevent or treat T2D, making them attractive therapeutic targets [31].

The identification of circulating miRNAs in biological fluids such as whole 
blood, serum, plasma and urine has sparked research efforts to investigate their 
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feasibility as diagnostic or prognostic biomarkers of disease [32–34]. Circulating 
miRNAs are speculated to reflect tissue expression, to play a central role in cell-to-
cell communication and to be associated with disease progression [33–35]. Other 
attributes that make miRNAs attractive biomarkers is their stability and robust 
expression [22], even in degraded RNA samples [36]. Technological advances and 
the development of various platforms for miRNA profiling have bolstered the popu-
larity of miRNAs [37], and have enabled relative easy and cost-effective methods of 
quantification using sensitive techniques such as quantitative real time PCR (qRT-
PCR) [22, 32, 38]. Circulating miRNAs are thought to be released from cells as exo-
somes, microvesicles, apoptotic bodies, or are non-vesicle bound and encapsulated 
in protein or lipid complexes [32]. A number of studies [39–41], have demonstrated 
that circulating miRNAs are associated with glucose homeostasis and are dysregu-
lated during T2D progression. Recently, we showed that the expression of miR-27b 
is increased in peripheral blood cells and serum of South African women with 
impaired glucose tolerance compared to normoglycaemia [42] and identified novel 
miRNAs associated with dysglycaemia in these women [43]. Putative gene targets of 
these novel miRNAs were enriched in biological processes involved in key aspects of 
glucose regulation, and receiver operating characteristic (ROC) curve analysis dem-
onstrated that the diagnostic utility of these miRNAs were similar to fasting insulin 
[43]. Intriguingly, Parrizas et al. showed that an exercise intervention was able to 
reverse the aberrant expression of miR-192 and miR-193b induced by impaired 
glucose tolerance [44], while Luo et al. [45] showed that platelet-derived miR-126 
was altered during T2D progression, and that glucose lowering treatment was able 
to normalise its expression. These studies provide support for the use of miRNAs as 
diagnostic and prognostic biomarkers to monitor treatment response.

5. MicroRNAs, pregnancy and gestational diabetes

MiRNAs play an important role as metabolic and developmental regulators 
during pregnancy. They respond to changing physiological conditions during preg-
nancy, while their dysregulation contributes to pregnancy-related disorders [46]. 
Thus far over 600 placental miRNAs have been identified [47]. Altered placental 
miRNA expression has been demonstrated in several pregnancy related disorders. 
In 2007, Pineles et al. were the first to demonstrate altered miRNA expression dur-
ing preeclampsia. They reported that the expression of two miRNAs, miR-210 and 
miR-182, were increased during preeclampsia [48]. In 2009, using microarrays, Hu 
et al. and Zhu et al. identified seven and 34 miRNAs, respectively, that are dys-
regulated in preeclamptic compared to normal pregnancies [49, 50]. Subsequently, 
other studies have reported differential miRNA expression during preeclampsia and 
importantly provide experimental evidence to support the involvement of these 
miRNAs in disease pathophysiology [51, 52]. Altered miRNA expression has also 
been observed in other pregnancy complications such as macrosomia [53], preterm 
delivery and small for gestational age [54].

Placental-derived miRNAs in maternal blood have potential as biomarkers for 
pregnancy monitoring [54, 55]. It is suggested that miRNAs from placental tissue 
are exported into the maternal circulation via exosomes, and that these miRNAs 
reflect the physiological status of pregnancy and may thus have diagnostic potential 
[56]. Many of studies have reported that maternal circulating miRNAs are associ-
ated with placental weight [57], placental dysfunction [58, 59] and pregnancy 
complications [54, 60–63]. MiR-517c was increased in pregnancies complicated 
with placental abruption [59], miR-515, miR-516a, miR-516b, miR-518b, miR-519d, 
miR-520a, miR-520h, miR-525, miR-526b and miR-1323 were increased during 
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preeclampsia [63], miR-516, miR-517, miR-520a, miR-525 and miR-526a were 
upregulated during preeclampsia, gestational hypertension and foetal growth 
restriction [60], miR-517a was increased and miR-518b was decreased during pla-
centa previa [58], and miR-346 and miR-582 were increased during preeclampsia, 
preterm delivery and small for gestational age patients compared to normal con-
trols [54]. Importantly, Hromadnikova et al. showed that upregulation of plasma 
miR-517, miR-518b and miR-520h during the first trimester was associated with the 
development of preeclampsia, and provided evidence to suggest that miR-517 could 
predict preeclampsia [61]. Furthermore, a number of studies have reported that cir-
culating miRNAs are associated with macrosomia [62, 64, 65]. Jiang and colleagues 
demonstrated that maternal expression of miR-21, and to a lesser extent miR-20a 
in serum samples from pregnant women in the third trimester was associated with 
macrosomia [62], Hu et al. reported that macrosomia was associated with decreased 
serum expression of miR-376a [64], while Ge et al. reported that the expression of 
miR-18a, miR-141, miR-143, miR-200c and miR-221 were decreased, and miR-16, 
miR-30a and miR-523 were increased in the plasma of pregnant women with foetal 
macrosomia compared to normal controls [65], further supporting the use of 
miRNAs as predictive biomarkers for pregnancy complications.

Growing evidence implicate miRNAs in the pathogenesis of GDM [47] and 
suggest that maternal miRNA expression may be used as biomarkers to predict 
GDM. Indeed, many GDM associated miRNAs are also expressed in placentas of 
women with Type 1 diabetes and T2D, confirming that miRNAs expressed during 
GDM play an important role in metabolic regulation and reflects some of the shared 
aetiology between these different types of diabetes [66]. Interestingly, a subset 
of miRNAs were distinct for each type of diabetes, illustrating their potential to 
differentiate between GDM and other manifestations of diabetes. Several other 
studies have reported that placental miRNA expression is altered in women with 
GDM. Zhao et al. reported that miR-518d is upregulated in placentas of women 
with GDM compared to controls, and further showed that increased expression of 
miR-518d correlated with decreased protein expression of peroxisome proliferator-
activated receptor-α (PPARα) [67], a major regulatory transcription factor in lipid 
homeostasis and energy metabolism [68, 69]. Li et al. identified nine miRNAs 
that are dysregulated in placentas of women with GDM, the expression of miR-
508 was increased and miR-9, miR-27a, miR-30d, miR-33a, miR-92a, miR-137, 
miR-362 and miR-502 were decreased. Importantly, the decreased expression of 
these miRNAs correlated with increased protein expression of their gene targets, 
epidermal growth factor receptor (EGFR), phosphoinositide 3-Kinase (PI3K) and 
protein kinase B (Akt), key proteins in placental development and foetal growth 
[70]. Other studies showed that miR-98 [71] and miR-503 [72] are upregulated 
and miR-143 is downregulated [73] in placentas of women with GDM compared to 
women with normoglycaemic pregnancies. Intriguingly, the expression of miR-143 
differentiated between GDM managed by diet or medication [71], further support-
ing the clinical value of miRNAs.

Xu et al. showed that the increased expression of miR-503 in the placentas of 
women with GDM compared to normoglycaemic pregnancies, are reflected in 
plasma [72]. The studies that have quantified circulating miRNA expression during 
GDM are summarised in Table 1. In 2011, Zhao et al. were the first to profile the 
expression of serum miRNAs during GDM [74]. Using Taqman low density arrays, 
followed by confirmation with individual qRT-PCR, they found that serum expres-
sion of miR-29a, miR-132 and miR-222 were decreased during GDM. Importantly, 
these results were validated in an internal and external cohort. Notably, serum for 
miRNA profiling in the discovery cohort was collected at 16–19 weeks of preg-
nancy, while GDM was diagnosed at 24–28 weeks of pregnancy, thus illustrating 
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the potential of these miRNAs as screening tools for GDM. Recently, Pheiffer et al. 
reported that the expression of miR-29a, miR-132 and miR-222 were similarly 
decreased in the serum of South African women with GDM, however, only the 
latter was statistically significant [75]. Conflictingly, Tagoma et al. showed that 
miR-222 was increased in plasma of women with GDM compared to normogly-
caemic pregnancies [76]. Moreover, Wander et al., observed no differences in the 
expression of miR-29a and miR-222 in the plasma of American women with or 
without GDM [77], thus illustrating the heterogeneity of miRNA expression.

In 2015, Zhu et al. used high-throughput sequencing and qRT-PCR to investigate 
miRNAs in plasma samples of Chinese women with or without GDM [78]. Five 
miRNAs (miR-16, miR-17, miR-19a, miR-19b and miR-20a) were significantly 
upregulated in women with GDM compared to controls. Furthermore, the differen-
tial expression of these miRNAs were observed at 16–19 weeks of pregnancy, before 
GDM diagnosis, once again illustrating the diagnostic value of miRNAs [78]. Cao 
et al. similarly demonstrated increased expression of plasma miR-16, miR-17 and 
miR-20a in a larger cohort of Chinese women, however, they did not observe differ-
ences in the expression of miR-19a and miR-19b [79]. More recently, Pheiffer et al. 
reported conflicting results. The expression of all five miRNAs were decreased in 
South African women with GDM, however, only the decreased expression of miR-20a 
was statistically significant [75]. Interestingly, regression analysis showed that miR-
20a was a significant predictor of GDM, while age and body mass index were not.

Although these miRNAs were identified in plasma or serum, bioinformatics [75, 
78] and experimental [74] functional analyses provided support for their biologi-
cal relevance and role in the pathogenesis of GDM. Other studies also confirm the 
importance of miRNAs during GDM. For example, in 2014, Shi et al. reported that 
the expression of miR-222 is increased in omental tissue from women with GDM 
compared to women with normoglycaemic pregnancies, and conducted elegant 
in vitro experiments to demonstrate that miR-222 potentially regulates oestrogen-
induced insulin resistance during GDM. As shown in Table 1, many more miRNAs 
have been reported to exhibit altered expression in maternal blood during GDM, 
however, these were investigated in single studies only.

6. Gestational diabetes and foetal microRNA expression

Dysregulated miRNA expression has been reported in human umbilical vein 
endothelial cells (HUVECs) of foetuses exposed to GDM. Floris et al. reported that 
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method
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regulated
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change
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sation

Ref

67/74
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20–24 and 
24–28)

Serum qRT-PCR miR-183
miR-200b 
miR-125b
miR-1290

– – Cel-
miR-39

[95]

11/12 (third 
trimester)

Plasma qRT-PCR miR-137 – – RNU6 [81]

25/25
NK

Plasma qRT-PCR miR-503 – – NK [72]

*Validated in internal (36 GDM/36 controls) and two external cohorts (16 GDM/16 controls each).
GDM: gestational diabetes mellitus; qRT-PCR: quantitative real time polymerase chain reaction; NK: not known.
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Studies investigating microRNA expression in maternal blood during gestational diabetes mellitus.



Gestational Diabetes Mellitus - An Overview with Some Recent Advances

90

GDM/ 
controls

Bio 
logical 
source

Detection 
method

Up- 
regulated

Down-
regulated

No 
change

Normali 
sation

Ref

24/24*

(16–
19 weeks 
gestation)

Serum Taqman 
low density 
array
qRT-PCR

– miR-29a
miR-132
miR-222

– Cel-
miR-39

[74]

28/53
(13–
31 weeks 
gestation)

Serum qRT-PCR – miR-20a
miR-222

miR-16
miR-17
miR-19a
miR-19b
miR-29a
miR-132

Cel-
miR-39

[75]

13/9
(23–
31 weeks 
gestation)

Plasma qRT-PCR let-7e
let-7 g
miR-100
miR-101
miR-146a 
miR-8a
miR-195
miR-222
miR-23b
miR-30b
miR-30c
miR-30d
miR-342
miR-423
miR-92a

– – Cel-
miR-39

[76]

36/80
(7–23 weeks 
gestation)

Plasma qRT-PCR miR-155
miR-21

miR-
146b 
miR-517
miR-222
miR-210
miR-518a
miR-29a
miR-223
miR-126

Cel-
miR-39 
and 
miR-423

[77]

10/10
(16–
19 weeks 
gestation)

Plasma Sequencing 
qRT-PCR

miR-16
miR-17
miR-19a
miR-19b
miR-20a

– – miR-221 [78]

85 GDM 
and 72 
controls 
(16–20, 
20–24 and 
24–28 weeks 
gestation)

Plasma qRT-PCR miR-16
miR-17
miR-20a

– miR-19a
miR-19b

RNU6 [79]

21/10
(24–
33 weeks 
gestation)

Plasma qRT-PCR miR-330 – miR-
548c

miR-374
miR-320

[92]

30/30 (24–
32 weeks 
gestation)

Whole 
blood

Sequencing
qRT-PCR

miR-340 – – RNU6B [93]

20/20
NK

Whole
blood

qRT-PCR – miR-494 – RNU6 [94]

91

Screening for Gestational Diabetes Mellitus: The Potential of MicroRNAs
DOI: http://dx.doi.org/10.5772/intechopen.82102

the potential of these miRNAs as screening tools for GDM. Recently, Pheiffer et al. 
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impaired HUVEC function during GDM is associated with altered miR-101 expres-
sion [80]. Several other miRNAs, miR-137 [81], miR-let-7a, miR-let-7g, miR-30c, 
miR-126, miR-130b, miR-148a and miR-452 [82] were upregulated in HUVECs 
from infants born to mothers with GDM, suggesting that miRNAs reflect the 
adverse in utero environment imposed by GDM. Tryggestad et al. further showed 
that two of these miRNAs, miR-130b and miR-148a, target and decrease the expres-
sion of 5′ Adenosine monophosphate-activated protein kinase (AMPKα1), whose 
protein expression is decreased in placenta exposed to GDM [82]. Recently, altered 
miRNA expression in offspring blood was shown to be associated with birth weight 
[83]. MiR-33b and miR-375 were overexpressed during macrosomia, while miR-454 
was overexpressed in blood of both low birth weight and macrosomic compared 
to normal birth weight offspring [83]. Aberrant miR-346 and miR-582 expression 
in cord blood were shown to be associated with foetal complications [54]. Taken 
together, these studies provide evidence that GDM induces dysregulated miRNA 
expression in offspring, which may predispose them to metabolic disease in later 
life. Thus, miRNAs offer potential to predict disease in offspring, which could facili-
tate intervention strategies to prevent future disease.

7. Challenges of microRNA profiling

Despite their stability and relative ease of quantification, analysis of circulating 
miRNAs present several pre-analytical and analytical challenges [84] that must 
be addressed before they can be used clinically. Many studies have reported that 
miRNA expression is affected by sample type, method of miRNA extraction, and 
quantification and data normalisation strategies. Differences in miRNA expres-
sion between whole blood and serum [42], between different cell types in whole 
blood [85, 86], between plasma and serum [87, 88] and between placenta, plasma 
and cord blood [54] have been described. Furthermore, miRNA expression varies 
according to the extraction kit used [88]. Currently, qRT-PCR is considered the 
gold standard for miRNA analysis, however variations between qRT-PCR platforms 
[87] and between qRT-PCR and other measurement platforms [22, 42, 87, 88] have 
been widely reported. Furthermore, data normalisation is a significant challenge 
during miRNA profiling, particularly extracellular miRNAs [89]. Currently, there 
is no consensus on the best normalisation strategy to use when profiling circulat-
ing miRNAs, although strategies based on exogenous spike-in-controls such as C. 
elegans miR-39 have been shown to be less variable than using endogenous miRNAs 
[88]. Moreover, heterogeneous miRNA expression is observed between populations, 
mediated by both genetic and environmental factors [90, 91]. During pregnancy, 
gestation time is also reported to affect miRNA expression [55]. Lastly, miRNAs are 
non-specific. For example, a single miRNA can regulate up to 200 different genes 
[27, 28], thus miRNAs found to be associated with GDM, may possibly be involved 
in other conditions as well.

8. Perspectives and recommendations for future research

MiRNAs offer great potential as biomarkers for GDM. However, they face many 
challenges that need to be addressed before they can become clinically applicable. 
Standardisation of pre-analytical and analytical methods for miRNA research may 
minimise the lack of reproducibility between studies and should be prioritised 
in miRNA research [22]. MiRNAs are epigenetic mechanisms that are regulated 
by various factors [90, 91], which need to be considered in miRNA studies. Large 
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prospective cohort studies should be conducted to elucidate how biological, genetic 
and environmental factors affect miRNA expression, and to identify plausible 
diagnostic or prognostic candidates. Moreover, due to their non-specificity [27, 28], 
it is recommended that a panel of miRNAs, either alone, or in combination with 
other risk factors, should be used to increase the specificity of risk stratification 
models for GDM.

9. Conclusions

In this review the current status of miRNAs as biomarkers for GDM was dis-
cussed, together with recommendations for research. We provide evidence to show 
that miRNAs possess tremendous potential as routine screening tools, which could 
facilitate earlier diagnosis and management of GDM with dietary modifications or 
therapeutic intervention. A growing number of studies have demonstrated their 
clinical utility, and technological advances can lead to the development of inex-
pensive, point-of-care miRNA diagnostic tests in the future. However, at present 
miRNA profiling during GDM remains inconclusive, largely due to the irreproduc-
ibility of results between studies. Many technical, analytical and biological chal-
lenges hamper miRNA research, and must be addressed before these small RNA 
molecules, which are master regulators of gene expression, can become clinically 
applicable.
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Abstract

Emerging research has highlighted the importance of leptin in fetal growth and
development, independent of its essential role in the regulation of feeding and
energy metabolism. Leptin is now considered an important signaling molecule of
the reproductive system, since it regulates the production of gonadotropins, the
blastocyst formation and implantation, the normal placentation, as well as the feto-
placental communication. Placental leptin is an important cytokine which regulates
placental functions in an autocrine or paracrine manner. Leptin seems to play a
crucial role during the first stages of pregnancy as it modulates critical processes like
proliferation, protein synthesis, invasion, and apoptosis in placental cells. Further-
more, deregulation of leptin levels has been correlated with the pathogenesis of
various disorders associated with reproduction and gestation, including gestational
diabetes mellitus (GDM). Due to the relevant incidence of the GDM and the
importance of leptin, we decided to review the latest information available about
leptin action in normal and GDM pregnancies to support the idea of leptin as an
important factor and/or predictor of diverse disorders associated with reproduction
and pregnancy.

Keywords: leptin, reproduction, placenta, GDM, microRNAs

1. Introduction

Adipose tissue acts as an endocrine organ, secreting different molecules or
adipokines. A link between body weight, adipokines, and success of pregnancy has
been proposed, although it is not fully understood [1]. Leptin was the first adipokine
claimed to be the “missing link” between fat and reproduction [2]. Leptin is consid-
ered as a pleiotropic hormone that regulates not only body weight but also many other
functions, including the normal physiology of the reproductive system [3]. Impor-
tantly, this hormone is also produced by other tissues, especially placenta [4].

Placental formation during human gestation is crucial for embryonic progress
and successful pregnancy outcome, allowing metabolic exchange and producing
steroids, hormones, growth factors, and cytokines that are critical for the mainte-
nance of pregnancy [5, 6]. Trophoblast cells play an essential role in the develop-
ment of placenta. These cells differentiate in two distinct types: extravillous and
villous trophoblast. In the extravillous pathway, cytotrophoblasts proliferate,
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differentiate into an invasive phenotype, and penetrate in the maternal decidua and
myometrium. Meanwhile, in the villous pathway, mononuclear cytotrophoblasts
fuse to form a specialized multinuclear syncytium called syncytiotrophoblast [7]. In
normal pregnancy, trophoblast invasion is a critical step in remodeling the maternal
spiral arteries to adequately perfuse the developing placenta and fetus [8]. In this
sense, deregulation of leptin levels has been implicated in the pathogenesis of
gestational diabetes mellitus (GDM) [9].

2. Leptin and reproduction

Reproductive function depends on the energy reserves stored in the adipose
tissue. The large energy needs for a hypothetical pregnancy was the original ratio-
nale to explain the disruption of reproductive function by low fat reserves. This led
to the hypothesis of an endocrine signal that conveys information to the brain about
the size of fat stores [10]. Thus, leptin was the first adipokine claimed to be the
“missing link” between fat and reproduction [2]. Leptin modulates satiety and
energy homeostasis [11, 12] but is also produced by the placenta. Thus, it was
suggested that the effects of placental leptin on the mother may contribute to
endocrine-mediated alterations in energy balance, such as the mobilization of
maternal fat, which occurs during the second half of pregnancy [13, 14]. In addi-
tion, leptin has been found to influence several reproductive functions, including
embryo development and implantation [15]. Moreover, animal models have dem-
onstrated that leptin-deficient mice are subfertile and fertility can be restored by
exogenous leptin [16]. This adipokine may therefore play a critical role in regulating
both energy homeostasis and the reproductive system [17].

Leptin increments the secretion of gonadotropin hormones, by acting centrally
at the hypothalamus [18]. In addition, because leptin has been shown to be
influenced by steroid hormones and can stimulate LH release, leptin may act as a
permissive factor in the development of puberty [19].

Leptin can also regulate ovary functions [20–23]. Thus, leptin resistance and
hyperleptinemia in obesity lead to altered follicle function, whereas in conditions in
which nutritional status is suboptimal, leptin deficiency results in hypothalamic-
pituitary gonadal axis dysfunction [24, 25].

In addition, a significant role of leptin in embryo implantation was proposed.
Leptin receptor (LEPR) is specifically expressed at the blastocyst stage [26], and it
was also reported that leptin is present in conditioned media from human blasto-
cysts, promoting embryo development, suggesting a function in the blastocyst-
endometrial dialog [27].

3. Leptin and placenta

The implantation involves complex and synchronized molecular and cellular
events between the implanting embryo and uterus, and these events are regulated
by autocrine and paracrine factors [5]. Fetal growth depends on the ability of the
placenta to supply nutrients adequate to meet fetal demand, which increases as
gestation progresses. Villous cytotrophoblast is a progenitor cell population that
produces daughter cells to support the expansion of the syncytium as placental
surface area increases as well as the expansion of cytotrophoblast columns, which
contain the cells destined to invade maternal decidua [28]. The placenta grows
exponentially in the first and early second trimester, but growth has slowed down
by term [29]. Therefore, placental growth, especially in early gestation, is a
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prerequisite of a high-capacity transport interface. In 1997, leptin was described as a
new placental hormone in humans [14]. In fact, during pregnancy, circulating
leptin levels are also increased due to leptin production by trophoblastic cells [30].
After delivery, leptin levels return to normal levels [31].

To alter intracellular signaling and function, leptin must bind to the receptor
(LEPR) [32]. There are six different isoforms of LEPR (a–f) that are produced by
alternative RNA splicing [33]. The only isoform that has a transmembrane domain
that is capable of activating signal transduction pathways is LEPRb, whereas the
other five short LEPR isoforms have either a truncated or no transmembrane
domain and are unable to activate signaling pathways [33]. Activation of LEPRb
results in an upregulation of a number of signal transduction pathways, including
the Janus kinase/signal transducers and activators of the transcription pathway
(JAK/STAT), as well as the mitogen-activated protein kinase (MAPK) and
phosphatidylinositol 3-kinase (PI3K) pathways [34]. Research findings do indicate
that there may be fetal-to-maternal leptin exchange across the placenta [35]. How-
ever, to date, it is not known which receptor is mediating this transportation.

Leptin has physiological effects on the placenta, including angiogenesis, growth,
and immunomodulation [13]. Leptin is now considered an important regulator
during the first stages of pregnancy, modulating proliferation, invasion, apoptosis,
and protein synthesis, in placenta [36–41].

The control of cell proliferation is critical for a correct placental development,
and it is finely regulated [42]. Altered rates of cytotrophoblast proliferation are
associated with different pathologies; levels are enhanced with increased fetal
growth (macrosomia) and diminished in fetal growth restriction [42]. Others fac-
tors in maternal circulation might coordinately stimulate proliferation, differentia-
tion, and survival [43, 44] through the activation of multiple kinases [43–45] and
phosphatases [45].

During placentation, cytotrophoblasts and syncytiotrophoblast keep a subset of
cells in direct contact to the villous basement membranes. In the extravillous com-
partment, cell proliferation favors the invasion of the uterine stroma. Similarly, in
the villous compartment, cells undergo syncytial fusion directed by specific tran-
scription factors [46].

The role of MAPK in regulating trophoblast turnover is well documented in both
human and animal systems [43, 44, 47]. Moreover, it was shown that leptin induces
proliferative activity in many human cell types [48–50], mainly via MAPK activation
[51]. We have demonstrated that leptin promotes proliferation of trophoblast cells by
this MAPK pathway [41, 52]. We have also found that leptin dose-dependently
stimulates protein synthesis by the activation of translation machinery [36, 53].

In this context, it is interesting to mention the role of Sam68, an RNA-binding
protein originally identified as the substrate of Src during mitosis and a member of
the signal transduction and activation of RNA metabolism (STAR) family [54, 55].
Leptin stimulates Tyr-phosphorylation of Sam68 in the trophoblast, mediating the
dissociation from RNA, suggesting that leptin signaling could modulate RNA
metabolism [48, 56]. Recent data indicate that microRNAs have a fundamental role
in a variety of physiological and pathological processes. In this context, studies of
microRNA expression have revealed that some microRNAs are abundantly
expressed in the placenta [57]. However, the signature of miRNAs in the placenta
has yet to be elucidated.

In placental villi, cell turnover is tightly regulated, via apoptotic cascade [49]. In
normal pregnancy, apoptosis is an essential feature of placental development, and it is
well stablished that trophoblast apoptosis increases with placental growth and
advancing gestation [50]. Leptin prevents early and late events of apoptosis via
MAPK pathway [41, 52]. The role of leptin was also studied under different stress
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prerequisite of a high-capacity transport interface. In 1997, leptin was described as a
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domain and are unable to activate signaling pathways [33]. Activation of LEPRb
results in an upregulation of a number of signal transduction pathways, including
the Janus kinase/signal transducers and activators of the transcription pathway
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MAPK pathway [41, 52]. The role of leptin was also studied under different stress
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conditions like serum deprivation, hyperthermia, and acidic stress [39, 40]. Under
serum deprivation, leptin increased the anti-apoptotic BCL-2 protein expression,
while it downregulated the pro-apoptotic BAX and BID proteins expression as well as
caspase-3 active form and cleaved PARP-1 fragment in Swan-71 cells and placental
explants. In addition, it was demonstrated that p53 and its phosphorylation in Ser-46
are downregulated by leptin suggesting that leptin plays a pivotal role for apoptotic
signaling by p53 [37]. Recent studies have demonstrated that MAPK and PI3K path-
ways are necessary for this anti-apoptotic leptin action, and it was also demonstrated
that MDM-2 expression is regulated by leptin [38]. In placental explants cultured at
high temperatures (40 and 42°C) and a pH acid (<7.3), the expression of Ser-46 p53,
p53AIP1, p21, and caspase-3 is increased, and, these effects are significantly attenu-
ated by leptin, indicating that leptin is a pro-survival placental cytokine [39, 40].

4. Leptin and immune system in placenta

One of the most important placental functions is to prevent embryo rejection by
the maternal immune system to enable its correct development [51]. To ensure
normal pregnancy, trophoblast differentiation requires potent immunomodulatory
mechanisms to prevent rejection of syncytiotrophoblast and invasive trophoblast by
alloreactive lymphocytes and natural killer (NK) cells present in maternal blood and
decidua [58]. Inflammatory mediators such as IL-6, IL-1β, TNFα, and prostaglan-
dins are produced and secreted by the human placenta, and these cytokines play an
important role in a number of normal and abnormal inflammatory processes,
including the initiation and progression of human labor [59–61]. There are several
homologies between the expression and regulation of cytokines and inflammation-
related genes in the placenta and in the white adipose tissue. In this regard, leptin
effects include the promotion of inflammation and the modulation of adaptive and
innate immunity [56, 62, 63]. Thus, placental leptin acts as an immune modulator,
regulating the generation of matrix metalloproteinases, arachidonic acid products,
nitric oxide production, and T cell cytokines [61]. Interestingly, leptin expression is
also regulated by IL-6, IL-1α, IL-1β, and IFN-ϒ [31, 64, 65].

It was reported that leptin stimulates IL-6 secretion in human trophoblast cells
[66, 67]. In addition, TNFα release from human placenta is also stimulated by
leptin, and it was demonstrated that NF-ҡB and PPAR-γ are important mediators of
this effect [68]. Recently, we have found that leptin induces HLA-G expression in
placenta. HLA-G has potent immunosuppressive effects promoting apoptosis of
activated CD8+ T lymphocytes, the generation of tolerogenic antigen-presenting
cells, and the prevention of NK cell-mediated cytotoxicity. These data place leptin
as a placental cytokine which confers to trophoblast cells a tolerogenic phenotype to
prevent immunological damage during the first steps of pregnancy [69].

Pro-inflammatory leptin actions may also have significant implications in the
pathogenesis of various disorders during pregnancy, such as GDM, which is char-
acterized by increased leptin expression. In this sense, placental leptin may con-
tribute to the incremented circulating levels of pro-inflammatory mediators that are
evident in these pregnancy diseases, whereas successful pregnancy is associated
with downregulation of intrauterine pro-inflammatory cytokines [9, 70, 71].

5. Leptin and gestational diabetes mellitus

Gestational diabetes mellitus, characterized by glucose intolerance diagnosed
during pregnancy, is one of the most common complications in pregnancy and
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affects 3–8% of all pregnancies [72, 73]. The prevalence of GDM has increased in
recent decades due to increased average age of pregnant females and increased risk
of obesity [74]. However, GDM is associated with numerous complications includ-
ing macrosomia, neonatal metabolic disorders, respiratory distress syndrome, and
neonatal death as well as a predisposition for the development of metabolic syn-
dromes and typ. 2 diabetes [75, 76].

The placenta is thought to have a critical role in the pathogenesis of gestational
diabetes mellitus, as GDM-associated complications resolve following delivery.
Therefore, aberrant development and functions of the placenta, including placental
overgrowth, have been implicated as important factors that contribute to GDM-
associated complications [77, 78]. GDM is associated with insulin resistance,
hyperinsulinemia, and hyperleptinemia, and these GDM-associated conditions dis-
turb placental nutrient transport and fetal nutrient supply [79, 80].

It has been found that leptin and LEPR expressions are increased in placenta
from GDM [9, 70], and, in fact leptin was proposed as a first-trimester biochemical
predictor of GDM [81, 82]. In addition it was suggested that hyperinsulinemia may
regulate placental leptin production acting as a circulating signal to control fetal
homeostasis [73, 83]. Furthermore, it is thought that maternal glucose regulates
cord blood leptin levels, and this could explain why newborns exposed to GDM
have an increased risk of obesity [84]. Comparison of the placental gene expression
profile between normal and diabetic pregnancies indicates that increased leptin
synthesis in GDM is correlated with higher production of pro-inflammatory cyto-
kines such as IL-6 and TNFα, causing a chronic inflammatory environment that
enhances leptin production [85].

Our group has reported that insulin induces leptin expression in trophoblastic
cells by increasing leptin promoter activity [86]. It is known that leptin and insulin
share several signaling pathways, such as JAK2/STAT-3, MAPK, and PI3K. More-
over, we could demonstrate that in GDM, the basal phosphorylation of STAT-3,
MAPK 1/3, and Akt is increased in the placenta, with resistance to a further stimu-
lation with leptin or insulin in vitro, suggesting synergistic interaction between
insulin and leptin signaling and action in human placenta [9].

On the other hand, GDM is associated with increased incidence of
polyhydramnios, due to an increase in amniotic fluid volume, suggesting that
aquaporins (AQP), such as AQP9 expression, could be altered in GDM [87, 88].
Besides, when maternal circulating glucose levels are controlled, they have normal
amniotic fluid volume. AQP9 is also a transporter for glycerol and may also provide
this substrate to the fetus. In this context, we have found that AQP9 mRNA and
protein expressions are overexpressed in placentas from women with GDM. These
data could suggest that during GDM the overexpression of AQP9, which correlates
with higher leptin plasma levels, increments glycerol transport to the fetus which
may help to cover the increase in energy needs that may occur during this gesta-
tional metabolic disorder [89].

Nevertheless, even though any nutritional or lifestyle intervention aimed to
reduce weight produce a decrease in leptin levels, both in gestational diabetes and in
general population, no therapeutic intervention, using leptin as a pharmacological
target, has so far been used in the management of gestational diabetes.

6. Leptin and microRNAs

Gene expression can be regulated by short (18–22-nucleotide) noncoding RNAs,
microRNAs, derived from long primary transcripts (pre-microRNAs) through
sequential processing by two enzymes, Drosha and Dicer, and then incorporated
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into the RNA silencing complex, where they target homologous mRNAs. In mice,
loss or inactivation of Dicer leads to multiple developmental defects [90, 91], and it
has been demonstrated that in human placenta, cytotrophoblast proliferation is
increased following Dicer [92]; however, the individual microRNAs responsible for
these effects are unknown. In silico network analysis identified microRNAs (miR-
145 and let-7a) that influence the expression of components of nodal signaling
pathways. The large network is bridged by nodal molecules, such as mitogen-
activated protein kinase (MAPK1/2), and AKT, which are recognized components
of pro-mitogenic signaling pathways [20]. In fact, the role of MAPK1/2 in regulating
trophoblast turnover is well documented in both human and animal systems
[43, 44, 47]. In this context, we have reported an increased activation of MAPK 1/2
in response to leptin in trophoblastic cells from the human placenta. Thus, it is
tempting to speculate that altered microRNAs expression influences the leptin
expression and contributes to the pathogenesis of the GDM. However, the signature
of microRNAs in the leptin expression in the placenta both in normal pregnancy
and GDM remains to be elucidated. Therefore, it will be interesting to determine, in
future studies, the combined role of these microRNAs in the leptin expression in
normal placenta and in placenta from pregnancy pathology associated with altered
placental growth (e.g., GDM) in order to clarify the regulation of placental growth
by leptin.

7. Leptin in fetal development

Obesity is associated with significantly elevated plasma leptin concentrations
due to an increase in white adipose tissue compared with healthy individuals [93].
As obesity rates are increasing rapidly in the Western world, so is increasing the
number of obese women who become pregnant. Importantly, obese pregnant
women have significantly elevated plasma leptin concentrations compared with
nonobese pregnant women throughout pregnancy [94]. Even though no differences
in placental leptin production has been shown, there is a downregulation of LEPRb
expression in the placenta of obese mothers, which would cause placental leptin
resistance (in addition to the central leptin resistance that occurs during normal
pregnancy) that may be attempting to modulate fetal growth under high-energy
conditions [95, 96]. Despite the complications associated with pregnancies in obese
women, the offspring may be growth restricted, normal weight, or macrosomic.
However, after birth, babies born from obese mothers are exposed to elevated
leptin concentrations in the maternal milk [97], which suggests that the postnatal
environment may increase infant growth and development, increasing the risk of
developing a number of diseases in adulthood. Therefore, alterations in maternal-
placental-fetal leptin exchange may modify the development of the fetus and
contribute to the increased risk of developing disease in adulthood.

8. Conclusions

In conclusion, it could be affirmed that leptin controls reproduction depending
on the energy state of the body and sufficient leptin levels are a prerequisite for the
maintenance of reproductive capacity. The present review was focused in placental
leptin effects during gestation, when leptin levels are increased due to leptin pro-
duction by trophoblastic cells. Thus, leptin has a wide range of biological functions
on trophoblast cells and a role in successful establishment of pregnancy. In this
sense, leptin promotes proliferation, protein synthesis, and survival of placental
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cells. These actions are very important since cell proliferation and apoptotic cas-
cades are critical for the correct placental development and function. Moreover, an
important role of leptin in the regulation of immune mechanisms at the maternal
interface has been suggested.

Observational studies have demonstrated that states of leptin overabundance or
resistance can be associated with GDM. Moreover, it is also established that obesity
may lead to deregulation in leptin function that results in maternal disease and
clinical studies demonstrate an impact of obesity with an increased risk of a number
of diseases in adulthood, including metabolic disease. In this context, leptin dereg-
ulation has been implicated in the pathogenesis of GDM. It is well accepted that
leptin and LEPR expressions are increased in placentas from GDM, which may be
relevant to control fetal homeostasis. Moreover, a role for microRNAs in the regu-
lation of placental growth has been suggested, and expression profiling in the
studies has shown expression and gestational changes in microRNA levels that
demand functional evaluation. Further investigation is needed to fully elucidate the
association of leptin with GDM and to stablish leptin as a biomarker for this
pathology or the development of microRNA-based approaches to therapeutic
targeting for correcting the abnormal placental growth and cell turnover seen in
GDM.
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