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GestationalDiabetesMellitus(GDM) is an irregular glucose tolerance co
ndition that developsfirst and is recognized during pregnancy.The Oral
Glucose Tolerance Test (OGTT) is the gold standard for the diagnosis

of this disorder from 24 to 28 weeks. A number of adverse results,
including gestational hypertension, cardiovascular disease and
preeclampsia, havebeen associated with pregnant women. As for
maternal glucose levels in the second or third trimester the risk of
adverse outcomes drastically increases, even within ranges previously
considered normal for pregnancy. Excessive gestational weight gain in
women with GDM, it is very normal and closely correlated with
lifestyle factors during pregnancy. High fat consumption particularly
saturated fat, trans fat and cholesterol, increases GDM risk. A higher
intake of added sugar and lower intake of vegetable and fruit fiber are
independently linked to increased fasting glucose. Animal protein
consumption is positive and vegetable protein is inversely related to the
risk of GDM.Since fetuses and infants are particularly vulnerable to the
effects of toxic compounds, attempts should be made during the years
well before childbearing to reduce the exposure of girls and women to
dioxins in food, so that fewer quantities of these compounds
accumulate in their bodies and are passed on through the placenta and
breast milk.The key sources of exposure for most people are fats in
meat, food, fatty fish, whole milk and full-fat milk products and their
intake should be reduced.
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Introduction:-

Gestational DiabetesMellitus(GDM) is an irregular glucose tolerance condition that developsfirst and is recognized
during pregnancy.The Oral Glucose Tolerance Test(OGTT) is the gold standard for the diagnosis of this disorder
from 24 to 28 weeks".GDM is prevalent worldwide and its prevalence in some countries or areas even is higher
than 20%. More seriously, the incidence of GDM, which poses a great threat to maternal and neonatal health,
continues to increase. A number of adverse results, including gestational hypertension, cardiovascular disease and
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preeclampsia, have been associated with pregnant women®.The offspring will suffer from fetal macrosomia,
respiratory distress syndrome and type 2 diabetes.Proper prenatal care and positive lifestyle changes can improve
the adverse maternal outcomes of women with GDM®® As for maternal glucose levels in the second or third
trimester the risk of adverse outcomes drastically increases, even within ranges previously considered normal for
pregnancy®.Given the effects of GDM on the health of the mother and her offspring throughout pregnancy
focusing on modifiable risk factors during the pre-,peri and post natal era, namely diet , physical activity, and
psychosocial well-being , seems crucial®.Excessive gestational weight gain'” in women with GDM, it is very
normal and closely correlated with lifestyle factors during pregnancy''".High fat consumption particularly saturated
fat, trans fat and cholesterol, increases GDM risk'*'¥. A higher intake of added sugar and lower intake of vegetable
and fruit fiber are independently linked to increased fasting glucose"'? Animal protein consumption is positive and
vegetable protein is inversely related to the risk of GDM!®

Gestational Diabetes Mellitus:

Gestational Diabetes Mellitus (GDM) is defined as a women has a glucose intolerance with onset and first
recognition between 24 to 28weeks of gestation!™!” It usually resolves after childbirth'®, although it carries pre,
peri, and postnatal risks of adverse outcomes in the mother and the child for example, up to 40% of women with
GDM are known to have pre-diabetesis a common condition in which the blood sugar level is higher than normal
but not yet high enough to be considered diagnostic of diabetes. Prediabetes is considered to be a precursor of type 2
diabet%sg)and increases a person's risk ofdeveloping type 2 diabetes, Heart disease or stroke in the early postpartum
period

Causes:

Carbohydrate metabolism:

Normal glucose tolerance is maintained because of a balance between adequate insulin secretion and insulin
sensitivity. The secretory response of the pancreatic B-cells to glucose (particularly in the early phase) and the
sensitivity of the glucose utilizing tissues to insulin determine the ability of insulin to dispose of Carbohydrates®”
Pregnancy alters carbohydrate metabolism but adaptation occurs and there is no effect on mother and foetus as
insulin secretion increases. When there is abnormal response there is increased foetal risk. Abnormal glucose
tolerance occurs when the pancreatic B-cells output does not meet tissues insulin needs in response to changes in
insulin resistance®" Pregnancy is a diabetogenic, hyperlipidaemic andglucosuric state. After mid pregnancy
resistance to insulin develops due to placental reduction of anti-insulin hormones like human placenta lactogen,
cortisol, oestrogen and progesterone®

The effect of these hormones causes

1. Low FBS (Fasting Blood Sugar) with high PPBS (Post Prandial Blood Sugar)

2. Low renal threshold for glucose and increase in GFR leading to glusosuria

3. Increased production of insulin and high fasting insulin that may lead to functional failure of pancreas.

Fasting blood glucose decreases at early pregnancy and continuously during gestation™. Insulin sensitivity declines
with advancing gestation to reach at late gestation (34-36 weeks) 50—60% of pre-gravid state®”As a reflection of
insulin resistance occurrence, fasting insulin concentrations increase. The changes in insulin sensitivity are inversely
related to changes in maternal body fat mass'*>Hepatic glucose production increases during pregnancy suggest that
the defect in insulin action also targets the liver'®® found a significant increase in basal endogenous glucose
production at the end of gestation in spite of the important increase in fasting insulin concentration®”

First half of pregnancy (Anabolic):
1. Pancreatic beta cell hyperplasia causes hyperinsulinemia
2. Increased uptake and storage of glucose

Second half of pregnancy (Catabolic):

1. Placental hormones blocks glucose receptors and cause insulin resistance by increased lipolysis, increased
gluconeogenesis, decreased glycogenesis

2. Increased glucose and amino acid for the fetus.

Glycosuria in pregnancy:

It is an early indicator of gestational diabetes. During pregnancy renal threshold is diminished due to combined
effect of increases GFR and impaired tubular reabsorption of glucose, which is most common in mid pregnancy.
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Repeat and random urine sample taken on one or more occasion throughout pregnancy reveal glycosuria in 5 to 50%
cases. Glycosuria on one occasion before 20 weeks is an indicator for glucose tolerance test.

Inflammatory mediators and their role in pregnancy and diabetes:

Pregnancy has been characterized as a chronic low-grade inflammatory condition because of the increase in
activation of circulating blood leukocytes,the inflammation of pregnancy is further enhanced by maternal
prepregnancy obesity. This increase in low-grade inflammation, particularly observed in obese women, has been
related to increases in macrophage infiltration in both maternal white adipose tissue and the placenta. The increase
in inflammation has been associated with increased circulating C-reactive protein (CRP) and interleukin-6 (IL-6).
Both of these factors may exacerbate the increased insulin resistance previously noted in obese women with normal
glucose tolerance because of effects on the postreceptor insulin-signaling cascade. These inflammatory cytokines
may then relate to increased substrate availability for the developing fetus and resultant macrosomia. TNF-o was the
strongest independent predictor of insulin sensitivity in pregnancy, accounting for about half of the variance in the
decrease in insulin sensitivity during gestation®

Role of adipoinsular axis:

An endocrine feedback loop calledadipoinsular axis connects the endocrine pancreas with adipose tissue and the
brain. This axis regulates hunger and fat storage through the hormones named insulin and leptin. Insulin is
responsible for promoting the development of fat mass and leptin production. Leptin reduces energy intake and
supresses the insulin secretion via leptin receptors on pancreatic beta cells. Abnormal functioning of this axis may
lead to hyperphagia, dysregulation of the energy balance and excessive adiposity®”

Growth hormone in diabetes:

Growth hormone may antagonise the peripheral effect of insulin, and may cause it to be utilised in the tissues at such
a high rate, that the level of insulin in the blood falls and as a result the islet may be stimulated even more to produce
insulin®’

Vitamin D3:

The prevalence of type 1 diabetes has inversely correlated. Low vitamin D synthesis may be important in the
pathogenesis of type 1 diabetes. Lack of vitamin D3 supplementation in infants has been associated with increased
risk of type 1 diabetes later in life®”

Anaemia with diabetes:

Occurs due to following reasons:

1. Inflammation which up regulates hepcidin and prevents the release of iron from tissue stores leading to
functional iron deficiency.

2. Erythropoietin deficiency due to down regulation of hypoxia inducible factor 1.

3. Sympathetic denervation of kidney due to autonomic neuropathy.

Thyroid disorders and diabetes in pregnancy:

Thyroxine is an anti-insulin hormone. Thyroid hormones raise the rate of hepatic glucose output, increases
gluconeogenesis, increases availability of substrates like amino acids and free fatty acids. Thus, hyperthyroidism
causes hyperglycaemia and worsens the pre-existing impaired glucose tolerance®”

Pathophysiology of Gestational Diabetes Mellitus:

GDM is usually the result of cell dysfunction on a background of chronic insulin resistanceduring pregnancy and
thus both cell impairment and tissue insulin resistance represent critical components of the pathophysiology of
GDM. In most cases, these impairments exist prior to pregnancy and can be progressive representing an increased
risk of T2DM post-pregnancy®”. A number of additional organs and systems contribute to, or are affected by,
GDM. These include the brain, adipose tissue, liver, muscle, and placenta(3 D

Beta-Cell Dysfunction:

The primary function of cells is to store and secrete insulin in response to glucose load. When cells lose the ability to
adequately sense blood glucose concentration, or to release sufficient insulin in response, this is classified as cell
dysfunction. cell dysfunction is thought to be the result of prolonged, excessive insulin production in response to
chronic fuel excess®’However, the exact mechanisms underlying cell dysfunction can be varied and complex®**¥
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Defects can occur at any stage of the process: pro-insulin synthesis, post-translational modifications, granule
storage, sensing of blood glucose concentrations, or the complex machinery underlying exocytosis of granules.
Indeed, the majority of susceptibility genes that are associated with GDM are related to cell function, including
potassium voltage-gated channel KQT-like 1 (Kcngl) and glucokinase (Gck).Minor deficiencies in the cell
machinery may only be exposed in times of metabolic stress, such as pregnancy®?

Beta cell dysfunction is exacerbated by insulin resistance. Reduced insulin-stimulated glucose uptake further
contributes to hyperglycemia, overburdening the cells, which have to produce additional insulin in response””. This
loss of cell mass has been linked toepigenetic downregulation of pancreatic homeobox transcription factor (Pdx1),
which is essential for normal cell differentiation in the embryo®®Prolactin is also essential for adequate
cellproliferation, as demonstrated in mouse knockouts of the prolactin receptor (PrIR)®” In addition, glucotoxicity is
also thought to result in cell apoptosis over time. Therefore, reduced cell mass, reduced cell number, cell
dysfunction, or a mix of all three contribute to GDM, depending on the individual®®.

Chronic Insulin Resistance:

Insulin resistance occurs when cells no longer adequately respond to insulin. At the molecular level, insulin
resistance is usually a failure of insulin signaling, resulting in inadequate plasma membrane translocation of glucose
transporter 4 (GLUT4)—the primary transporter that is responsible for bringing glucose into the cell to use as
energy. The rate of insulin-stimulated glucose uptake is reduced by 54% in GDM when compared with normal
pregnancy®”. While insulin receptor abundance is usually unaffected, reduced tyrosine or increased serine/threonine
phosphorylation of the insulin receptor dampens insulin signalling®” In addition, altered expression and/or
phosphorylation of downstream regulators of insulin signaling, including insulin receptor substrate (IRS)-1,
phosphatidylinositol 3-kinase (PI3K), and GLUT4, has been described in GDM“"

Neurohormonal Networks:

Neurohormonal dysfunction has been implicated in the pathogenesis of diseases of insulin resistance, such as that
present in GDM. This network regulates appetite, active energy expenditure, and basal metabolic rate, and it is made
up of a complex network of central (e.g., cortical centersthat control cognitive, visual, and “reward” cues) and
peripheral (e.g., satiety and hunger hormones) signals“?.These contribute toGDMby influencing adiposity and
glucose utilization. This network is highly regulated by the circadian clock, which may explain why pathological
sleep disorders or those individuals undertaking shift work are correlated with GDM rate*? Some of the most
important regulators of neurohormonal metabolic control are adipokinescellsignalling proteins that are secreted
primarily by adipose tissue. These include leptin and adiponectin.

Leptin:
Leptin is a satiety hormone secreted primarily by adipocytes in response to adequate fuel stores.

It primarily acts on neurons within the arcuate nucleus of the hypothalamus to decrease appetite and increase energy
expenditure. Specifically, leptin inhibits appetite-stimulators neuropeptide Y (NPY) and agouti-related peptide
(AgRP), and it activates the anorexigenic polypeptide pro-opiomelanocortin(POMC)“When leptin was first
discovered, it was lauded as a potential treatment for obesity*® .However, it was soon revealed that the majority of
obese individuals do not respond to leptin, and instead demonstrate leptin resistance. While leptin treatment is
effective in obesity that is caused by leptin and leptin receptor genetic polymorphisms, these are rare (<5% of obese
individuals)*”. Therefore, obesity is associated with excessive plasma leptin concentration (hyperleptinemia) as a
result of leptin resistance, and plasma leptin concentrations are generally proportional to the degree of adiposity(48).
Leptin resistance can occur either as a defect in blood-brain barrier leptin transport, or through intracellular
mechanisms that are similar to insulin resistance®”. Like insulin resistance, a degree of leptin resistance occurs in
normal pregnancy, presumably to bolster fat stores beyond what would usually be required in the non-pregnant state.
Leptin resistance is further increased in GDM, resulting in hyperleptinemia(so). However, pre-pregnancy BMI is a
stronger predictor of circulating leptin than GDM®"

The placenta also secretes leptin during human pregnancy. In fact, the placenta is responsible forthe majority of
plasma leptin during pregnancy®.Placental leptinproduction is increased in GDM, probably as a result of placental
insulin resistance, and this further contributes to hyperleptinemia. This is also thought to facilitate amino acid
transport across the placenta, contributing to fetalmacrosomia®®
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Adiponectin:

Similar to leptin, adiponectin is a hormone that is primarily secreted by adipocytes. However,plasmaadiponectin
concentrations are inversely proportional to adipose tissue mass, with lowconcentrations in obese individuals. GDM
is similarly associated with decreased adiponectin®® In contrast to leptin, there is a stronger association of
adiponectin with insulin resistance than withadiposity®>. This suggests that adiponectin plays an important role in
the pathogenesis of GDM,independent of obesity. Adiponectin enhances insulin signaling and fatty acid oxidation,
and it inhibits gluconeogenesis®®.It does so by activating AMP-activated protein kinase (AMPK) within insulin-
sensitive cells, which facilitates the action of IRS-1, and by activating the transcription factor peroxisome
proliferator-activated receptor alpha (PPAR) in the liver. Furthermore, adiponectinlstimulates insulin secretion, by
upregulating insulin gene expression and exocytosis of insulin granules from betacells®”

Adiponectin is also expressed at low concentration from the syncytiotrophoblast of the placenta where it is regulated
by cytokines, such as tumor necrosis factor alpha (TNF), interleukin (IL) 6, interferon gamma (IFN-), and leptin(sg).
However, emerging evidence suggests adiponectin impairs insulin signaling and amino acid transport across the
placenta, limiting fetal growth. Therefore, adiponectin gene methylation in the placenta is associated with maternal
glucose intolerance and fetalmacrosomia®

Adipose Tissue:
Adipose tissue actively secretes circulatory factors, including adipokines (leptin and adiponectin) and cytokines
(such as TNF-_, IL-6, and IL-1 ), which have wide-ranging metabolic effects”

Factors influencing timing of delivery in GDM:

Biomedical factors:

The obstetrician considers many obstetric and medical factors while planning the delivery in a woman with GDM.In
general, waiting at least until 38 completed weeks’ gestation improves fetal outcome, especially in diabetic
patients®" .However, if an indication for early delivery exists, GDM should not be considered as a contraindication
to proceed with interventionsfor early delivery. Also, if a spontaneous preterm delivery seems imminent, it should
not be postponed®® At times, in fact, an early, planned operative delivery may be appropriate for women with
ketosis or ketoacidosis, difficult-to-control diabetes, with frequent episodes of hypoglycemia or hyperglycemia,
excessively high insulin requirements, or any other clinical situation which may put the fetus at risk.This may also
be true for women with compromised cardiovascular, renal, or retinal function®” Macrosomia refers to a baby who
is considerably larger than normal. All of the nutrients the fetus receives come directly from the mother's blood. If
the maternal blood has too much glucose, the pancreas of the fetus senses the high glucose levels and produces more
insulin in an attempt to use this glucose. The fetus converts the extra glucose to fat. Even when the mother has
gestational diabetes, the fetus is able to produce all the insulin it needs®”. The combination of high blood glucose
levels from the mother and high insulin levels in the fetus results in large deposits of fat which causes the fetus to
grow excessively large. Macrosomia is a common accompaniment of GDM, especially in women with uncontrolled
glycemia. The risk of cephalopelvic disproportion (CPD) and shoulder dystocia increases as fetal weight gain occurs
with advancing gestational age. The chances of a normal vaginal delivery, therefore, may recede as gestation
progresses in women with refractory GDM cost-effectivein reducing maternal complications®

Psychosocial factors:

The Psychosocial factors are depression, panic disorder, drug use, domestic violence, and having two or more
medical comorbidities. This issue is important in cultures where a premium is placed upon a woman’s ability to have
normal childbirth, where the parturient is unable to afford the physical rest required after surgical delivery, or if the
financial burden associated with an operative delivery has to be paid by the patient. These realities imply that an
earlier, planned delivery at 36-37 weeksgestation,may be indicated in select women, who wish to try and maximize
the chances of a normal vaginal delivery. Induction of labor at less than 40 weeks gestation in women with mild
GDM does notincrease their risk of LSCS. In fact the risk of LSCS rises threefold in women who are induced at 41
weeks,as compared to those who are induced at 39 weeks'®”

Environmental factors:

In the etiopathogenesis of diabetes , environmental factors play a part. Polluted air, soil water, unhealthy diet, stress,
lack of physical activity, vitamin D deficiency, enterovirusexposure , and immune cell damage are all included®”
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Air pollution:

Air pollution is one of the risks to GDM’s environmental health. Endothelial dysfunction, dysregulation of visceral
adipose tissue through inflammation, hepatic insulin resistance and changes in autonomic tone that may increase
peripheral insulin resistance may be the underlying mechanism®Type 2 diabetes and GDM share common risk
factors, and both are characterized by insulin resistance and impaired insulin secretion®

Exposure to chemicals:
To improve insulin resistance and diabetes, contaminants from water contamination, plastic packaging, cleaning and
beauty care products have all been identified””

Persistant organic pollutants(POPs) are pollutants that, due to the widespread use of pesticides and industrial
chemical products, persist throughout the setting, Environmental contaminants consumer products and cosmetics
can all increase the risk of developing diabetes. Endocrine- disrupting chemicals are substances present in the
environment, food and consumer products that have the ability, among other functions, to influence hormone
production and metabolism'’"

Risk factors for Gestational Diabetes Mellitus:

Risk factors for GDM is physical activity, which decreases insulin resistance, reduces future risk of type 2
diabetes’? ,and limits gestational weight gain by increasing energy expenditure and altering food intake’®, Thus,
physical activity has a protective effect on the development of GDM*™. Finally, psychological factors also play an
important role in GDM. Higher stress exposure and perceived stress are associated with increased fasting glucose
levels in pregnant women, even before they know their diagnosis”®Psychological stress and negative life events can
be associated with higher salivary cortisol levels during pregnancy, which might influence glucose levels”.
Depressive symptoms in early pregnancy also increase the risk for GDM.For example, physical activity may reduce
symptoms of depression”® probably by reducing plasma kynurenine!”’*”Physical activity increases energy
expenditure can influence total food intakereduces stress-induced food intakeand can also regulate eating behavior
via endocrine mediators such as insulin, leptin, and ghrelin®"Eating behavior, such as emotional eating or unhealthy
habitual eating plays an important role in explaining the depression-BMI relationship. Finally, the higher risk for
maternal postpartum depression is also associated with reduced parenting skills, which may have negative
consequences for the development of the child®?

Complications on delivery:

Fetal effects:

Spontaneous abortion:

Early miscarriage is associated with poor glycemic control. Up to 25 percent of diabetic gravidas have an early
pregnancy loss. Those whose HbAlc concentrations were >12 percent or whose preprandial glucose concentrations
were persistently >120 mg/dL had an elevated risk.

Malformations:

The incidence of major malformations in women with type 1 diabetes is at least doubled and approximates 11
percent. Cardiovascular malformations accounted for more than half of the anomalies. The risk of an isolated
cardiac defect was fivefold higher in women with type 1 diabetes. Three interrelated molecular chain reactions have
been linked to congenital malformations. They are

1. Alterations in cellular lipid metabolism,

2. Excess production of toxic superoxide radicals,

3. Activation of programmed cell death.

Altered fetal growth:

Diminished growth may result from congenital malformations or from substrate deprivation due to advanced
maternal vascular disease. That said, fetal overgrowth is more typical of pregestational diabetes. Maternal
hyperglycemia prompts fetal hyperinsulinemia, and this in turn stimulates excessive somatic growth. Except
for the brain, most fetal organs are affected by the macrosomia. Diabetic woman have excessive fat deposition
on the shoulders which predisposes to shoulder dystocia or caesarean delivery®®
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Neonatal effects:

Modern neonatal care has reduced neonatal death rates dueto immaturity; however neonatal morbidity due
to preterm birth continues to be a serious consequence of pregestational diabetes. Preterm neonates, those
born to diabetic women treated with insulin prior to pregnancy were at greater risk for necrotizing
enterocolitis and late-onset sepsis than neonates of mothers without diabetes.

Respiratory distress syndrome:

Gestational age rather than overt diabetes is likely the most significant factor associated with respiratory
distress syndrome. Indeed, very-low-birth weight neonates delivered between 24 and 33 weeks gestation,
rates of respiratory distress syndrome in newborns of diabetic mothers were not higher compared with rates
in neonates of nondiabetic mothers.

Hypoglycemia:

Newborns of a diabetic mother experience a rapid drop in plasma glucose concentration after delivery. This
is attributed to hyperplasia of the fetal B-islet cells induced by chronic maternal hyperglycemia. Low glucose
concentrations—defined as <45 mg/dL—are particularly common in newborns of women with unstable
glucose concentrations during labor.

Hypocalcemia:

Defined as a total serum calcium concentration <8 mg/dL in term newborns, early onset hypocalcemia is
one of the potential metabolic derangements in neonates of diabetic mothers. Its cause hasnot been
explained. Theories include aberrations in magnesium—calcium economy, asphyxia, and preterm birth.

Complications on childbirth:

Macrosomia:

Is defined as an estimated fetal weight of more than 4000gms to 4500gms or more than 90th percentile at any
gestational age.It occurs in 25% to 42% in hyperglycemic pregnancies.Diabetic macrosomia is characterised by
specifically by a large fetal abdominal circumference and decreased head to abdominal circumference ratio because
fetal hyperinsulinemia leads to abdominal fat distribution.

Hyperbilirubinemiaand polycythemia:

The pathogenesis of hyperbilirubinemiain neonates of diabetic mothers is uncertain. A major contributing factor
is newborn polycythemia, which raises the bilirubin load. Polycythemia is thought to be a fetal response to
relative hypoxia. According to Hay (2012), the sources of this fetal hypoxia are hyperglycemia-mediated
elevations in maternal affinity for oxygen and fetal oxygen consumption. Together with insulin like growth
factors, this hypoxia leads to elevated fetal erythropoietin levels and red cell production. Fetal renal vein
thrombosis is reported to result from polycythemia.

Cardiomyopathy:

Newborns of diabetic pregnancies may have hypertrophic cardiomyopathy that primarily affects the
interventricular septum. In the first trimester, fetal diastolic dysfunction was already evident. In the third
trimester, the fetal interventricular septum and right ventricular wall were thicker in fetuses of diabetic
mothers. Most affected newborns are asymptomatic following birth, and hypertrophy usually resolves in the months
after delivery.

Long-term cognitive development:

Intrauterine metabolic conditions have long been linked to neurodevelopment in offspring. The intelligence
quotient of those whose mothers had diabetes during pregnancy averaged 1 to 2 points lower. DeBoer and
associates (2005) demonstrated impaired memory performance in infants of diabetic mothers at age 1 year.
Results from the Childhood Autism Risks from Genetics and the Environment (CHARGE) study indicated
that al{g‘s)m spectrum disorders or developmental delay were also more common in children of diabetic
women

Ways to Control Gestational Diabetes Mellitus:

Since fetuses and infants are particularly vulnerable to the effects of toxic compounds, attempts should be made
during the years well before childbearing to reduce the exposure of girls and women to dioxins in food, so that less
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quantities of these compounds accumulate in their bodies and are passed on through the placenta and breast milk.
The key sources of exposure for most people are fats in meat, food, fatty fish, whole milk and full-fat milk products
and their intake should be reduced®

1. Choose leaner cuts of beef, pork, and poultry; trim the fat and remove skin from chicken before cooking.

2. Choose non fat and low-fat milk and milk products

3. Choose a diet high in fruits, vegetables, whole grains and lean proteins.

These strategies help lower the intake of saturated fats and total fats and therefore help reduce the risk of exposure to
dioxins®®

Reference:-

1. Jinfeng Wang, JiayongZheng, Wenyu Shi, et.al. Dysbiosis of maternal and neonatal microbiota associated with
gestational diabetes Mellitus. Journal of Gastroenterology(2018);1614-1625.

2. Damm P, Mathiesener. Diabetes: therapy for gestational diabetes mellitus—time for a change? Nat Rev
Endocrinol 2015;11:327-8.

3. Metzger Be, lowelP, Dyer ar, et al. Hyperglycemia and adverse pregnancy outcomes. N Engl J] Med
2008;358:1991-2002.

4. DabeleaD, Pettitt DJ. intrauterine diabetic environment confers risks for type 2 diabetes mellitus and obesity in
the offspring, in addition to genetic susceptibility. J PediatrEndocrMet 2001;14:1085-91.

5. Athukorala C, Crowther CA, Willson K. Australian Carbohydrate Intolerance Study in Pregnant Women
(ACHOIS) Trial Group . Women with gestational diabetes mellitus in the ACHOIS trial: risk factors for
shoulder dystocia. Aust N Z J Gobstet and Gynaecol. 2007;47(1):37-41.

6. Anjana RM, Sudha V, Lakshmipriya N, Anitha C, Unnikrishnan R, Bhavadharini B, et al. Physical activity
patterns and gestational diabetes outcomes—The wings project. Diab Res ClinPract. 2016;116:253—62.

7. Metzger BE, Coustan DR, Trimble ER. Hyperglycemia and adverse pregnancy outcomes. Clin chem.
2019;65(7):937-8.

8. Catalano PM, McIntyre HD, Cruickshank JK, McCance DR, Dyer AR, Metzger BE, et al. The Hyperglycemia
and Adverse Pregnancy Outcome Study. Assoc GDM Obes Pregnancy Outcomes. 2012;35(4):780-6.

9. Horsch A, Gilbert L, Lanzi S, Gross J, Kayser B, Vial Y, Simeoni U, Hans D, Berney A, Scholz U. Improving
cardiometabolic and mental health in women with gestational diabetes mellitus and their offspring: study.
British Medical Journal. 2018;10(1):1-18

10. Yaktine AL, Rasmussen KM. Weight Gain During Pregnancy: Reexamining the Guidelines: National
Academies Press; 2009.

11. Hui A, Back L, Ludwig S, Gardiner P, Sevenhuysen G, Dean H, Sellers E, McGavock J, Morris M, Bruce S.
Lifestyle intervention on diet and exercise reduced excessive gestational weight gain in pregnant women under
a randomised controlled trial. BJOG. 2012;119(1):70-7.

12. Bowers K, Tobias DK, Yeung E, Hu FB, Zhang C. A prospective study of prepregnancy dietary fat intake and
risk of gestational diabetes. Am J ClinNutr. 2012;95(2):446-53.

13. Koivusalo SB, Rono K, Klemetti MM, Roine RP, Lindstrom J, Erkkola M, Kaaja RJ, Poyhonen-Alho M,
Tiitinen A, Huvinen E, et al. Gestational Diabetes Mellitus Can Be Prevented by Lifestyle Intervention: The
Finnish Gestational Diabetes Prevention Study (RADIEL): A Randomized Controlled Trial. Diabetes Care.
2016;39(1):24-30.

14. Ley SH, Hanley AJ, Retnakaran R, Sermer M, Zinman B, O'Connor DL. Effect of macronutrient intake during
the second trimester on glucose metabolism later in pregnancy. Am J ClinNutr. 2011;94(5):1232-40.

15. Bao W, Bowers K, Tobias DK, Hu FB, Zhang C. Prepregnancy Dietary Protein Intake, Major Dietary Protein
Sources, and the Risk of Gestational Diabetes Mellitus A prospective cohort study. Diabetes Care.
2013:DC_122018.

16. American Diabetes Association. Standards of medical care in diabetes—2014. Diabetes Care.
2014;37(Supplement 1):S14-80.

17. Blumer I, Hadar E, Hadden DR, Jovanovi¢ L, Mestman JH, Murad MH, Yogev Y. Diabetes and pregnancy: an
endocrine society clinical practice guideline. J ClinEndocrinolMetabol. 2013;98(11):4227-49.

18. Association AD. Standards of Medical Care in Diabetes-2017: Summary of Revisions. Diabetes Care.
2017;40(Suppl 1):S4-s5.

19. Benhalima K, Jegers K, Devlieger R, Verhaeghe J, Mathieu C. Glucose Intolerance after a Recent History of
Gestational Diabetes Based on the 2013 WHO Criteria. PLoS One. 2016;11(6):e0157272.

716



ISSN: 2320-5407 Int. J. Adv. Res. 8(12), 709-719

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Buchanan TA, Xiang A, Kjos SL, et al. What is gestational diabetes? Diabetes Care. 2007;30(Suppl 2):S105—
S111.

Fonseca VA. Defining and characterizing the progression of type 2 diabetes. Diabetes Care. 2009;32:S151—
S156.

Steven, Gabbe Jennifer, Niebyl Joe, Simpson Mark, Landon Henry, Galan Eric Jauniaux, Deborah
Driscoll, Vincenzo Berghella, William Grobman et.al. Gabbe obstetrics essentials 7 th edition.

Mills JL, Jovanovic L, Knopp R, et al. Physiological reduction in fasting plasma glucose concentration in the
first trimester of normal pregnancy: the diabetes in early pregnancy study. Metabolism: Clinical and
Experimental. 1998;47(9):1140—1144.

Catalano PM, Tyzbir ED, Roman NM, et al. Longitudinal changes in insulin release and insulin resistance in
nonobese pregnant women. Am J Obstet Gynecol. 1991;165(6 Pt 1):1667-1672.

Dahlgren J. Pregnancy and insulin resistance. Metabolic Syndrome and Related Disorders. 2006;4(2):149—
152.

Catalano PM, Drago NM, Amini SB. Longitudinal changes in pancreatic b-cell function and metabolic
clearance rate of insulin in pregnant women with normal and abnormal glucose tolerance. Diabetes Care.
1998;21(3):403-408.

Catalano PM, Tyzbir ED, Wolfe RR, et al. Longitudinal changes in basal hepatic glucose production and
suppression during insulin infusion in normal pregnant women. Am J Obstet Gynecol. 1992;167(4 Pt 1):913—
919.

Baz B, Riveline JP, Gautier JF. Endocrinology of Pregnancy: Gestational diabetes mellitus: definition,
actiological and clinical aspects. Eur J Endocrinol. 2016;174(2):R43-R51.

Metzger BE, Buchanan TA, Coustan DR, et al. Summary and recommendations of the Fifth International
Workshop-Conference on Gestational Diabetes Mellitus. Diabetes Care. 2007;30(suppl 2):S251-S260.

Homko, C.; Sivan, E.; Chen, X.; Reece, E.A.; Boden, G. Insulin secretion during and after pregnancy inpatients
with gestational diabetes mellitus. J. Clin. Endocrinol. MeTable2001, 86, 568—573.

Weir, G.C.; Laybutt, D.R.; Kaneto, H.; Bonner-Weir, S.; Sharma, A. Beta-cell adaptation and
decompensationduring the progression of diabetes. Diabetes 2001, 50 (Suppl. 1), S154-159.

DeFronzo, R.A. From the Triumvirate to the Ominous Octet: A New Paradigm for the Treatment of Type
2Diabetes Mellitus. Diabetes 2009, 58, 773—-795.

Zraika, S.; Hull, R.L.; Verchere, C.B.; Clark, A.; Potter, K.J.; Fraser, P.E.; Raleigh, D.P.; Kahn, S.E.
Toxicoligomers and islet beta cell death: Guilty by association or convicted by circumstantial evidence?
Diabetologia2010, 53, 1046—1056.

Prentki, M.; Nolan, C.J. Islet beta cell failure in type 2 diabetes. J. Clin. Investig. 2006, 116, 1802—1812.
Simmons, R.A.; Templeton, L.J.; Gertz, S.J. Intrauterine growth retardation leads to the development of type2
diabetes in the rat. Diabetes 2001, 50, 2279-2286.

Pinney, S.E.; Simmons, R.A. Epigenetic mechanisms in the development of type 2 diabetes.TrendsEndocrinol.
Metab. 2010, 21, 223-229.

Auffret, J.; Freemark, M.; Carré, N.; Mathieu, Y.; Tourrel-Cuzin, C.; Lombés, M.; Movassat, J.; Binart,
N.Defective prolactin signaling impairs pancreatic _-cell development during the perinatal period. Am.
J.Physiol. Endocrinol. 2013, 305, E1309-E1318.

Ashcroft, F.M.; Rohm, M.; Clark, A.; Brereton, M.F. Is Type 2 Diabetes a Glycogen Storage Disease
ofPancreatic _ Cells? 2017, 26, 17-23.

Catalano, P.M. Trying to understand gestational diabetes. Diabet. Med. 2014, 31, 273-281.

Barbour, L.A.; McCurdy, C.E.; Hernandez, T.L.; Kirwan, J.P.; Catalano, P.M.; Friedman, J.E.
Cellularmechanisms for insulin resistance in normal pregnancy and gestational diabetes. Diabetes Care 2007,
30(Suppl. 2), S112-S119.

Morton, G.J.; Cummings, D.E.; Baskin, D.G.; Barsh, G.S.; Schwartz, M.W. Central nervous system control
offood intake and body weight. Nature 2006, 443, 289-295.

Thorens, B. Glucose sensing and the pathogenesis of obesity and type 2 diabetes. Int. J. Obes.2005, 32(Suppl.
6), S62-S71.

Zhang, C. Risk Factors for Gestational Diabetes: From an Epidemiological Standpoint. In Gestational
Diabetesduring and after Pregnancy; Springer: London, UK, 2010; pp. 71-81. ISBN 978-1-84882-119-4.
Dahlquist, G. The aectiology of type 1 diabetes: An epidemiological perspective. ActaPaediatr. Oslo Nor.
1992Suppl. 1998, 425, 5-10.

Farr, O.M.; Gavrieli, A.; Mantzoros, C.S. Leptin applications in 2015: What have we learned about
leptinandobesity? Curr. Opin. Endocrinol. Diabetes Obes. 2015, 22, 353-359.

717


https://www.ncbi.nlm.nih.gov/pubmed/19875543/
https://www.ncbi.nlm.nih.gov/pubmed/19875543/
https://www.ncbi.nlm.nih.gov/pubmed/9751245
https://www.ncbi.nlm.nih.gov/pubmed/9751245
https://www.ncbi.nlm.nih.gov/pubmed/9751245
https://www.ncbi.nlm.nih.gov/pubmed/1750458
https://www.ncbi.nlm.nih.gov/pubmed/1750458
https://www.liebertpub.com/doi/abs/10.1089/met.2006.4.149
https://www.liebertpub.com/doi/abs/10.1089/met.2006.4.149
https://www.ncbi.nlm.nih.gov/pubmed/9540023
https://www.ncbi.nlm.nih.gov/pubmed/9540023
https://www.ncbi.nlm.nih.gov/pubmed/9540023
https://www.ncbi.nlm.nih.gov/pubmed/1415425
https://www.ncbi.nlm.nih.gov/pubmed/1415425
https://www.ncbi.nlm.nih.gov/pubmed/1415425
https://www.ncbi.nlm.nih.gov/pubmed/26431552
https://www.ncbi.nlm.nih.gov/pubmed/26431552
https://www.ncbi.nlm.nih.gov/pubmed/17596481
https://www.ncbi.nlm.nih.gov/pubmed/17596481

ISSN: 2320-5407 Int. J. Adv. Res. 8(12), 709-719

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

Zhang, Y.; Proenca, R.; Maffei, M.; Barone, M.; Leopold, L.; Friedman, J.M. Positional cloning of the
mouseobese gene and its human homologue. Nature 1994, 372, 425-432,

Farooqi, 1.S.; O’Rahilly, S. 20 years of leptin: Human disorders of leptin action. J. Endocrinol. 2014, 223, T63—
T70.

Hamilton, B.S.; Paglia, D.; Kwan, A.Y.; Deitel, M. Increased obese mRNA expression in omental fat cells
frommassively obese humans. Nat. Med. 1995, 1, 953-956.

Koch, C.E.; Lowe, C.; Pretz, D.; Steger, J.; Williams, L.M.; Tups, A. High-fat diet induces leptin resistance
inleptin-deficient mice. J. Neuroendocrinol. 2014, 26, 58—67.

Honnorat, D.; Disse, E.; Millot, L.; Mathiotte, E.; Claret, M.; Charrie, A.; Drai, J.; Garnier, L.; Maurice,
C.;Durand, E.; et al. Are third-trimester adipokines associated with higher metabolic risk among women
withgestational diabetes? Diabetes 2015, 41, 393—400.

Maple-Brown, L.; Ye, C.; Hanley, A.J.; Connelly, P.W.; Sermer, M.; Zinman, B.; Retnakaran, R.
Maternalpregravid weight is the primary determinant of serum leptin and its metabolic associations in
pregnancy,irrespective of gestational glucose tolerance status. J. Clin. Endocrinol. 2012, 97, 4148-4155.
Masuzaki, H.; Ogawa, Y.; Sagawa, N.; Hosoda, K.; Matsumoto, T.; Mise, H.; Nishimura, H.; Yoshimasa,
Y.;Tanaka, I.; Mori, T.; et al. Nonadipose tissue production of leptin: Leptin as a novel placenta-
derivedhormone in humans. Nat. Med. 1997, 3, 1029-1033.

Pérez-Pérez, A.; Maymo, J.L.; Gambino, Y.P.; Guadix, P.; Dueifias, J.L.; Varone, C.L.; Sanchez-Margalet,
V.Activated translation signaling in placenta from pregnant women with gestational diabetes mellitus:Possible
role of leptin. Horm. Metab. Res. 2013, 45, 436—442.

Williams, M.A.; Qiu, C.; Muy-Rivera, M.; Vadachkoria, S.; Song, T.; Luthy, D.A. Plasma
adiponectinconcentrations in early pregnancy and subsequent risk of gestational diabetes mellitus. J.
Clin.Endocrinol. 2004, 89, 2306-2311.

Retnakaran, R.; Hanley, A.J.G.; Raif, N.; Connelly, P.W.; Sermer, M.; Zinman, B. Reduced
adiponectinconcentration in women with gestational diabetes: A potential factor in progression to type 2
diabetes Diabetes Care 2004, 27, 799-800.

Yamauchi, T.; Kamon, J.; Minokoshi, Y.; Ito, Y.;Waki, H.; Uchida, S.; Yamashita, S.; Noda, M.; Kita, S.; Ueki,
K.;et al. Adiponectin stimulates glucose utilization and fatty-acid oxidation by activating AMP-activatedprotein
kinase. Nat. Med. 2002, 8, 1288-1295.

Kishida, K.; Funahashi, T.; Shimomura, I. Molecular mechanisms of diabetes and atherosclerosis: Role
ofadiponectin. Endocr. Metab. Immune Disord. Drug Targets 2012, 12, 118-131.

Chen, J.; Tan, B.; Karteris, E.; Zervou, S.; Digby, J.; Hillhouse, E.W.; Vatish, M.; Randeva, H.S.
Secretionofadiponectin by human placenta: Differential modulation of adiponectin and its receptors by
cytokines.Diabetologia2006, 49, 1292—-1302.

Bouchard, L.; Hivert, M.-F.; Guay, S.-P.; St-Pierre, J.; Perron, P.; Brisson, D. Placental adiponectin gene
DNAmethylation levels are associated with mothers’ blood glucose concentration. Diabetes 2012, 61, 1272—
1280.

Succurro, E.; Marini, M.A.; Frontoni, S.; Hribal, M.L.; Andreozzi, F.; Lauro, R.; Perticone, F.; Sesti, G.Insulin
secretion in metabolically obese, but normal weight, and in metabolically healthy but obeseindividuals. Obesity
2008, 16, 1881-1886.

Gawlik S, Miiller M, Kuon RJ, Szabo AZ, Keller D, Sohn C. Timing of elective repeat caesarean does matter:
importance of avoiding early-term delivery especially in diabetic patients Journal of obstetrics and
gynaecology2015;35(5):455-460.

Aviram A, Guy L, Ashwal E, Hiersch L, Yogev Y, Hadar E. Pregnancy outcome in pregnancies complicated
with gestational diabetes mellitus and late preterm birth. Diabetes Res ClinPract. 2016.

Frise CJ, Ashcroft A, Jones BA, Mackillop L. Pregnancy and ketoacidosis: is pancreatitis Obstetrics medical
pregnancy2015.

Ballas J, Moore TR, Ramos GA. Management of diabetes in pregnancy. CurrDiab Rep. 2012;12(1):33-42.

Lee VR, Niu B, Kaimal A, Caughey AB. Induction of labor for suspected macrosomia: a cost-effectiveness
analysis. Obstet Gynecol. 2015;1(125):103S

Sutton AL, Mele L, Landon MB, Ramin SM, Varner MW, Thorp JM, et al. Delivery timing and cesarean
delivery risk in women with mild gestational diabetes mellitus. Am J Obstet Gynecol. 2014;211(3):244-245.
Beelen R, Raaschou-NielsenO, Stafoggia M, et al. Effects of long-termexposure to air pollution on natural-
causemortality: an analysisof 22 European cohorts within the multicentre escape project. Lancet2014;383:785—
95.

718



ISSN: 2320-5407 Int. J. Adv. Res. 8(12), 709-719

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

&3.

84.

85.

86.

Riant M, Meirhaeghe A, Giovannelli J, et al. Associations betweenlong-termexposure to air pollution,
glycosylated hemoglobin, fastingblood glucose and diabetes mellitus in northern France. Environ
Int2018;120:121-129.

.Ben-HarousA, Yogev Y, Hod M. Epidemiology of gestationaldiabetes mellitus and its association with type 2
diabetes. DiabetMed2004;21:103—13.

Needham LL, Barr DB, Caudill SP, Pirkle JL, Turner WE, Osterloh J, et al. Concentra-tions of environmental
chemicals associated with neurodevelopmental effects in US population. Neurotoxicology 2005;26:531-545.

Guo YL, Yu ML, Hsu CC, Rogan WIJ. Chloracne, goiter, arthritis, and anemia after polychlorinated biphenyl
poisoning: 14-year follow-up of the Taiwan Yucheng cohort. Environ Health Perspect1999;107:715-719.

Bao W, Tobias DK, Bowers K, Chavarro J, Vaag A, Grunnet LG, Strem M, Mills J, Liu A, Kiely M. Physical
activity and sedentary behaviors associated with risk of progression from gestational diabetes mellitus to type 2
diabetes mellitus: a prospective cohort study. JAMAMed. 2014;174(7):1047-1055.

Wang C, Guelf K, Yang H. Exercise and its role in gestational diabetes mellitus. Chronic Diseases and
Translational Medicine. 2016;2:208-214.

MASAO D. dos Santos IS: Non classical risk factors for gestational diabetes mellitus: a systematic review of the
literature. Cad SaudePublica. 2009;25(Suppl 3):S341-S359.

Sauder KA, Starling AP, Shapiro AL, Kaar JL, Ringham BM, Glueck DH, Leiferman JA, Siega-Riz AM,
Dabelea D. Diet, physical activity and mental health status are associated with dysglycaemia in pregnancy: the
Healthy Start Study. Diabet Med. 2016;33(5):663-667.

Horsch A, Kang JS, Vial Y, Ehlert U, Borghini A, Marques-Vidal P, Jacobs I, Puder JJ. Stress exposure and
physiological stress responses are related to glucose concentrations during pregnancy. Br J Health Psychol.
Accepted for publication. ]

Giesbrecht GF, Campbell T, Letourneau N, Kooistra L, Kaplan B. Psychological distress and salivary cortisol
covary within persons during pregnancy. Psychoneuroendocrinology. 2012;37(2):270-279.doi:
10.1016/j.psyneuen.2011.06.011.

Perales M, Refoyo I, Coteron J, Bacchi M, Barakat R. Exercise during pregnancy attenuates prenatal
depression: a randomized controlled trial. Eval Health Prof. 2015;38(1):59-72.

43. Schlittler M, Goiny M, Agudelo LZ, Venckunas T, Brazaitis M, Skurvydas A, Kamandulis S, Ruas JL,
Erhardt S, Westerblad H, et al. Endurance exercise increases skeletal muscle kynurenine aminotransferases and
plasma kynurenic acid in humans. Am J Physiol Cell Physiol. 2016;310(10):C836—C840.

44. Mudry JM, Alm PS, Erhardt S, Goiny M, Fritz T, Caidahl K, Zierath JR, Krook A, Wallberg-Henriksson H.
Direct effects of exercise on kynurenine metabolism in people with normal glucose tolerance or type 2
diabetes. Diabetes Metab Res Rev. 2016;32(7):754-761.

45. Thivel D, Isacco L, Montaurier C, Boirie Y, Duché P, Morio B. The 24-h Energy Intake of Obese
Adolescents Is Spontaneously Reduced after Intensive Exercise: A Randomized Controlled Trial in
Calorimetric Chambers. PLoS One. 2012;7(1):e29840.

King JA, Wasse LK, Broom DR, Stensel DJ. Influence of brisk walking on appetite, energy intake, and plasma
acylated ghrelin. Med Sci Sports Exerc. 2010;42(3):485-492.

Garrison A. Screening, diagnosis, and management of gestational diabetes mellitus. Am Fam Physician.
2015;91(7):460-467.

National Institute for Health and Clinical Excellence, diabetes in pregnancy: management of diabetes and its
complications from preconception to the postnatal period. 2016.

Pittas AG, Chung M, Trikalinos T, Mitri J, Brendel M, Patel K, Lichtenstein AH, Lau J, Balk EM. Systematic
review: Vitamin D and cardiometabolic outcomes. Ann Intern Med. 2010 Mar 2;152(5):307-14 [19]

Ottum MS, Mistry AM. Advanced glycation end-products: modifiable environmental factors profoundly
mediate insulin resistance. J ClinBiochemNutr 2015:57(i):1-12.

719


https://www.ncbi.nlm.nih.gov/pubmed/25884746
https://www.ncbi.nlm.nih.gov/pubmed/25884746

