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Abstract

Pregnancy is considered as a test for beta cell reserve. If there is a good function, insulin
resistance will overcome. If not, gestational diabetes will occur. Insulin resistance (IR) present
in normal pregnancy is required to provide nutrients to the growing fetus. There is a rapid
increase of insulin in such an insulin resistant state. The possibility of lipid deposition in muscle
fibers (intramyocellular) could be one of the possible mechanism of IR in gestational diabetes
mellitus (GDM). The poor response of insulin release, possible fat deposition in the skeletal
muscle or ectopic fat deposition may cause dysfunctional homeostasis in GDM. This will
definitely influence the fine tuning of metabolic machinery of a growing fetus. Children born
with such subtle metabolic state will probably be more prone to glucose intolerance and ectopic
lipid deposition. The finding that children born to GDM mothers are prone to glucose
intolerance may be an eye-opener to monitor such children for beta cell function.
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Introduction

Gestational diabetes mellitus (GDM) is one of the growing global health problems that afflicts the majority of pregnant
population. It has been considered as one of the risk factors for developing diabetes in children born to such mothers
[1, 2]. GDM is reported to vary from 5.4% in Europe to 14.0% in Africa [3, 4]. In Asia, the prevalence of GDM is
found to range from 0.7% to 51.0% [5-7]. Such wide variation cited in the literature may be due to variation in the
screening method or diagnostic criteria or ethnicity or the population taken for the study. Yet GDM poses a great
challenge for reproductive medicine and necessitates introspection and review the present status in the field of diabetes
and reproductive health.

Gestational diabetes mellitus and classification of diabetes mellitus

Pregnancy is considered as a test for beta cell function and insulin reserve [2]. The classification of diabetes mellitus
includes type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) as major categories apart from other
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glucose intolerant states. GDM is considered as a glucose intolerant state based upon hyperglycemia and perinatal
outcomes [2].

Diabetes can be classified into the following general categories:

e Type 1 diabetes (due to autoimmune B-cell destruction, usually leading to absolute insulin deficiency).

e Type 2 diabetes (due to a progressive loss of B-cell insulin secretion frequently on the background of insulin
resistance).

e Gestational diabetes mellitus (diabetes diagnosed in the second or third trimester of pregnancy that was not
clearly overt diabetes prior to gestation).

o  Specific types of diabetes due to other causes, e.g., monogenic diabetes syndromes (such as neonatal diabetes
and maturity-onset diabetes of the young [MODY1), diseases of the exocrine pancreas (such as cystic fibrosis
and pancreatitis), and drug or chemical-induced diabetes (such as glucocorticoid used in the treatment of
HIV/AIDS or after organ transplantation) [2].

Insulin and placental hormones in the early stage of pregnancy

One needs to appreciate that womb is the most wonderful biochemical and metabolic chamber that primes and
promotes the development, differentiation, and growth of a healthy fetus. It provides the required nutrition and nurture
the fetus [3]. Maternal liver and adipose tissue initially become a storehouse of glycogen and triglycerides with the
help of anabolic hormone insulin.

In other words, insulin sensitivity appears to be more at this stage where fuels are stored. With the growing fetus inside
the womb, there is a surge of placental hormones; placental lactogen (hPL), placental growth hormone, progesterone,
cortisol to overcome insulin action [4-8].

= |nsulin resistance
This is achieved by developing an insulin resistant state which numbs the anabolic action of insulin promoting the

release of glucose and fatty acids by enhancing glycogen breakdown and lipolysis in the liver and adipose tissue
respectively [4-8] (Figure 1).
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Figure 1: Insulin resistance in the pregnant mother to supply fuels to the growing fetus.
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= Tumor necrosis factor alpha and insulin resistance

Pregnancy is also considered as a pro-inflammatory state which releases factors like tumor necrosis factor alpha
(TNFa) which is reported to inhibit the binding of insulin to insulin receptor and therefore cause IR [5-9] (Figure 2).

4 )

Normal Pregnancy
Proinflammatory State

Tumor Necrosis Factor (TNF-a)
Inhibits

\ Insulin Binding to its Receptor /

Figure 2: Possible role of tumor necrosis factor alpha in inducing insulin resistant state.

= Normal insulin action

Normally insulin binds to its receptor which has an intrinsic tyrosine kinase activity. The increased tyrosine kinase
activity phosphorylates insulin receptor substrate (IRS-1). Phosphorylation of IRS-I receptor activates
phosphatidylinositol-3-kinase activity which promotes the conversion of phosphatidylinositol bisphosphate (PIP-) into
phosphatidylinositol trisphosphate (PIP3) (PIP>—PIP3) [6-10].

Insulin translates its intracellular pleiotropic effects via PIPs which acts through AKT-induced signaling promoting
glycogen and triglyceride storage and also through the mTOR pathway promoting DNA synthesis, transcription, and
translation inducing the synthesis of enzymes involved in glycogen storage and triglyceride formation [10].

Placental hormones, progesterone and insulin resistance

Increasing levels of maternal progesterone decrease PI3 kinase activity, thereby decreasing its insulin action. Elevated
concentration of progesterone inhibits translocation of GLUT-4 receptors inhibiting glucose uptake and utilization by
maternal adipose tissue and skeletal muscles respectively. It is shown that by experimental studies hPL can promote
lipolysis and free fatty acid release into the fetus [11, 12]. The cumulative actions of counter-regulatory hormones
blunts insulin action promoting the release and availability of maternal fuels for the fetus to utilize.

Gestational diabetes mellitus and glycemic control

In a normal pregnancy, there is a steady fall in insulin levels from 18 to 28 weeks of gestation. After delivery, it returns
to pre-pregnancy levels [13].

In GDM, the increase in basal insulin level is 3 or 4 times more than that of the levels seen in normal pregnancy. The
hyperglycemic status continues as evidenced by oral glucose tolerance test (OGTT). The glucose intolerant state of
GDM requires strict glycemic control and monitoring of fetal and maternal well-being. Increased BMI, advanced age,
family history and, polycystic ovarian disease are considered to be the risk factors for GDM just like type 2 diabetes
mellitus (T2DM) [9].
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Ectopic deposition of fat and insulin resistance

There is a considerable evidence to suggest that ectopic deposition of fat in the pancreas, skeletal muscle and liver
could be one of the factors that cause IR. Magnetic resonance study (MRS) has indicated that such deposition provides
evidence to suggest that it is not just a dysfunctional metabolism of glucose but also lipid metabolism could be the
cause for IR even in GDM [13].

Diet and life style

It is known that the western diet and sedentary lifestyle leads to fatty liver and intra-myocellular deposition of fat.
This may lead to insulin resistance due to the possibility of substrates, glucose and fatty acids fighting for insulin
receptor resulting in IR state in GDM like that may happen in obesity-related disorders. The increase in triglycerides
in islet cells of the pancreas may blunt the response to glucose-induced release and synthesis of insulin [14-16]. This
may lead to IR as depicted in the figure (Figure 3).
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Figure 3: Excess calories and insulin resistance.

GDM and Future Studies

GDM is becoming one of the common gynecological problems faced by reproductive medicine. A pregnant mother
with a previous history of GDM may be prone to incident T2DM. Children born to such mothers may also be
susceptible to glucose intolerance and T2DM [1].

It is known that GDM may be a risk factor for preeclampsia and cardiovascular disease. The present trend that GDM
may predispose the pregnant mothers and children to T2DM poses a challenge as well as lays emphasis on further
research in understanding the biochemistry of GDM [2].

Overweight or obesity associated with any of the following factors including GDM during gestation, previous history
of diabetes, ethnicity, hypertension, polycystic ovarian disease are cited to be the risk factors for precipitating diabetes
for asymptomatic children [2].

Conclusion

GDM is a manifestation of pregnancy-related hyperglycemia due to a possible defect in up-regulation of insulin
production to overcome IR or normalize insulin sensitivity to glucose intolerance. GDM is a sociological concern and
creates a marital fear among families with challenging marital relationship [17]. Like diabetes, GDM is also a global
economic issue and may be one of the health concerns of reproductive medicine.
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