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ABSTRACT

The incidence of gestational diabetes mellitus (GDM) is increasing rapidly worldwide. Many women with gestational
diabetes mellitus are likely to have type 2 diabetes. With the extensive management protocol for GDM we are able to
obtain a good glycaemic control but still excess morbidity prevails among GDM pregnancy compared to normal
pregnancy. This may be due to the dysfunction of lipid metabolism. Changes in carbohydrate and lipid metabolism
occur during pregnancy to ensure a continuous supply of nutrients to the growing fetus despite intermittent maternal
food intake. Exaggerated reduction in insulin sensitivity in the peripheral tissues combined with peripheral adipose
tissue lipolysis in GDM pregnancy than normal pregnancy results in increased maternal lipoprotein concentrations
and elevated lipoprotein triglyceride content. An altered lipid profile on the maternal side would modulate the
quantity and quality of lipids being transferred to the fetus. Hypertriacylglycerolemia in gestational diabetes mellitus
has been related to a significant risk of having neonates that are large for gestational age and it is considered as a
major cause of preeclampsia in the late gestational age. So, the recent researchers emphasize on targeting lipid
metabolism in pregnant women with GDM to avoid the adverse outcomes of pregnancy.

Keywords: Dyslipidaemia, Gestational diabetes mellitus, Large for date baby, Preeclampsia

indicate the underlying metabolic dysfunction that
transiently manifests during pregnancy. In this review we
try to examine the association of dyslipidaemia with
pregnancy complicated by GDM.

INTRODUCTION

The incidence of gestational diabetes mellitus (GDM) is
increasing rapidly worldwide. Many women with
gestational diabetes mellitus are likely to have type 2
diabetes. We are able to obtain a good glycaemic control
with the extensive management protocol for GDM but
still excess morbidity prevails among GDM pregnancy

REVIEW OF LITERATURE

Lipid and glucose metabolism in a pregnant women

compared to normal pregnancy. It has been
acknowledged that elevated maternal lipids are associated
with preeclampsia, preterm delivery, and large-for
gestational-age infants in the pregnant women with
GDM.! The physiological changes in insulin and lipids
are exaggerated in pregnancy with GDM and this may

Lipid metabolism in pregnant women
Chylomicrons formed by the exogenous system of lipid

metabolism are the products of fat digestion and this is
absorbed by the intestinal mucosa. The chylomicrons are
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cleared from the circulation by the action of, action of
lipoprotein lipase, which is located on the surface of the
endothelium of the capillaries. The triglyceride in the
chylomicrons are broken down to FFA (free fatty acid)
and glycerol by the action of lipoprotein lipase.
Chylomicrons depleted of their triglyceride remain in the
circulation as cholesterol-rich lipoproteins called
chylomicron remnants, which are carried to the liver,
where they are internalized by receptor-mediated
endocytosis by binding to chylomicron remnant and LDL
receptors and are degraded in lysosomes.?

An endogenous system of lipid metabolism result in the
formation of very low-density lipoproteins (VLDL),
intermediate-density lipoproteins (IDL), low-density
lipoproteins (LDL), and high-density lipoproteins (HDL),
also transports triglycerides and cholesterol throughout
the body. VLDL are formed in the liver and transport
triglycerides formed from fatty acids and carbohydrates
in the liver to extrahepatic tissues. After their triglyceride
is largely removed by the action of lipoprotein lipase,
they become IDL. Some IDL are taken up by the liver.
The remaining IDL then lose more triglyceride and
protein, probably in the sinusoids of the liver, and
become LDL. LDL provide cholesterol to the tissues
where they are taken up by receptor-mediated
endocytosis.?

In the steady state, cholesterol leaves as well as enters
cells and this cholesterol is taken up by HDL.® These
lipoproteins are synthesized in the liver and the intestine.
The HDL system transfers cholesterol to the liver, which
is then excreted in the bile. In this way, it lowers plasma
cholesterol. Thus, the free fatty acid (FFA) are provided
to fat cells and other tissues by chylomicrons and VLDL.*
They are also synthesized in the fat depots in which they
are stored. They circulate bound to albumin and are a
major source of energy for many organs.?®

EXOGENOUS PATHWAY ENDOGENOUS PATHWAY
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Figure 1: Exogenous and the endogenous pathway of
lipid metabolism.3

The supply of FFA to the tissues is regulated by two
lipases. As noted above, lipoprotein lipase on the surface
of the endothelium of the capillaries hydrolyzes the
triglycerides in chylomicrons and VLDL, providing FFA
and glycerol, which are reassembled into new
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triglycerides in the fat cells. The intracellular hormone-
sensitive lipase of adipose tissue catalyzes the breakdown
of stored triglycerides into glycerol and fatty acids, with
the latter entering the circulation (Figure 1).34

Adipose tissue metabolism and the placental transfer of
lipids

The body fat gets accumulated during the early
pregnancy as long chain Poly unsaturated fatty acid (LC -
PUFA) from the maternal diet and maternal metabolism.
In the late stage of pregnancy the lipolytic activity
mediated by hormone sensitive lipase of adipose tissue
increases releasing more fatty acid into the circulation
which enters the liver for the synthesis of triglycerides or
triacylglycerol (TG) so there is increased release of TG
rich lipoproteins like VLDL into the circulation.® This
VLDL is not removed from the circulation due to reduced
lipoprotein lipase.® During early pregnancy, long-chain
polyunsaturated fatty acids (LC-PUFA) may accumulate
in maternal fat depots and become available for placental
transfer during late pregnancy when the fetal growth rate
is maximal and fetal requirements for LC-PUFAs are
greatly enhanced. During this late part of gestation,
enhanced lipolytic activity in adipose tissue contributes to
the development of maternal hyperlipidemia, there is an
increase in plasma triacylglycerol concentrations, with
smaller rises in  phospholipid and cholesterol
concentrations. Besides the increase in plasma very-low-
density lipoprotein, there is a proportional enrichment of
triacylglycerol in both low-density lipoproteins and high-
density lipoproteins. These lipoproteins transport LC-
PUFA in the maternal circulation.® The presence of
lipoprotein receptors in the placenta allows their placental
uptake, where they are hydrolysed by lipoprotein lipase,
phospholipase A and intracellular lipase. The fatty acids
that are released can be metabolized and diffuse into the
fetal plasma. Although present in smaller proportions,
maternal plasma non-esterified fatty acids are also a
source of LC-PUFA for the fetus, their placental transfer
being facilitated by the presence of a membrane fatty
acid-binding protein. There is very little placental transfer
of glycerol, whereas the transfer of ketone bodies may
become quantitatively important under conditions of
maternal hyperketonaemia, such as during fasting, a high-
fat diet or diabetes.>” The demands for cholesterol in the
fetus are high, but maternal cholesterol substantially
contributes to fetal cholesterol during early pregnancy but
fetal cholesterol biosynthesis is rather main mechanism
for satisfying fetal requirements during late trimester than
cholesterol transfer from maternal lipoproteins. The LDL
and HDL are enriched with TG by two other mechanisms
that take place in the mid pregnancy. There is increased
activity of cholesterol ester transfer protein (CETP) that
mediates transfer of TG from VLDL to LDL and HDL
lipoproteins. Conversion of TG rich HDL2b to HDL3
which is rich in esterified cholesterol is reduced due to
decreased activity of hepatic lipase (HL). All these lead
to increased plasma triacylglycerol in the maternal
circulation during the last trimester (Figure 2).78
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Figure 2: Proposed mechanism for increased
triaclylglycerol in the maternal circulation during the
last trimester.!!

Maternal Circulation
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NEFA - Non esterified fatty acid, LPL - Lipoprotein lipase, TG
- Triglycerides, VLDL - Very low-density lipoprotein, CETP -
Cholesterol ester transfer protein, HL - Hepatic lipase, HDL -
High density lipoprotein, EFA - Esterified fatty acid, EC -
Esterified cholesterol, LC PUFA - Long chain polyunsaturated
fatty acid.

Figure 3: Proposed mechanism of placental transfer
of lipids to the fetus.%S

Thus, formed maternal free fatty acids (FFAS) can be
directly taken up into the trophoblast by the action of
lipoprotein lipases, that release FFA from the maternal
circulating lipoproteins. The trophoblast expresses
receptors for VLDL cholesterol (VLDL receptor), LDL-C
(LDL receptor), and HDL-C [scavenger receptor class B
type 1 (SR-B1)] on the maternal side of
synchiotrophoblast that mediates the uptake of
lipoproteins along the placenta. The placenta takes up
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cholesterol from the maternal circulation. This
cholesterol is used in steroid synthesis in the placenta and
is transported to the fetus.® The denova synthesis of
cholesterol is predominant in the fetus than the placental
transfer of cholesterol also takes up cholesterol. FFAs
move to the fetal circulation by facilitated diffusion or
using fatty acid translocase (FAT/CD36) and fatty acid
transport protein (FATP) in the fetal side of
syncytiotrophoblast basal membrane. Cholesterol is
moved out of the trophoblast by secretion of lipoproteins,
through complex formation with apoE, and efflux by SR-
B1, ABCAL, and ABCG1 which are expressed on the
fetal side of the trophoblast. Direct uptake of
chylomicron remnant particles has been demonstrated in
mouse placenta, raising the possibility that this may also
occur in human pregnancy (Figure 3).8°

Glucose metabolism in pregnant women

Glucose metabolism mainly aim at providing sufficient
nutrients to the developing fetus. During early pregnancy,
glucose tolerance is normal or slightly improved and
peripheral insulin sensitivity and hepatic basal glucose
production is normal. It is almost same as that of pre-
gravid values. As gestational age progresses the
fetoplacental unit develops and start secreting the
placental hormones such as human chorionic
somatomammotropin (HCS), progesterone, cortisol, and
prolactin. This hormonal milieu brings about the insulin
resistance state and impaired B cell response to increased
hepatic gluconeogenesis in the late gestational age.
Prevailing insulin resistance produces exaggerated
changes in postprandial concentrations of metabolic fuels
(e.g., glucose, VLDL, and amino acids).>'° Insulin
resistance serves to shunt ingested nutrients to the fetus
after feeding. In addition to maternally and placentally
derived hormones, changes in the production of
inflammatory mediators by the placenta (e.g., tumor
necrosis factor-a) and cytokines produced by adipose
tissue also contribute to the decrease in insulin sensitivity
in peripheral tissues. The levels of the adipocyte-derived
hormone leptin are found to be increased in the late
gestational age also contribute to the insulin resistant
state. 1113

GDM cause dyslipidemia

Changes in carbohydrate and lipid metabolism occur
during pregnancy to ensure a continuous supply of
nutrients to the growing fetus despite intermittent
maternal food intake. These metabolic changes are
progressive and may be accentuated in women who
develop  gestational  diabetes mellitus (GDM).
Exaggerated reduction in insulin sensitivity in the
peripheral tissues combined with peripheral adipose
tissue lipolysis in GDM pregnancy than normal
pregnancy results in increased maternal lipoprotein
concentrations and elevated lipoprotein triglyceride
content, including VLDL, HDL, and LDL.? There is
concomitantly increased maternal hepatic
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gluconeogenesis and preferential maternal utilization of
ketones in the fasting state, freeing maternal glucose for
use as the primary substrate for fetal energy production.
An altered lipid profile on the maternal side would
modulate the quantity and quality of lipids being
transferred to the fetus. Hypertriacylglycerolemia in
gestational diabetes mellitus has been related to a
significant risk of having neonates that are large for
gestational age.'® The cord blood glucose, NEFA, insulin
and HOMA were higher in GDM than in controls
suggesting that maternal lipids are strong predictors of
fetal lipids and fetal growth. This mechanism is also
facilitated by the secretion of certain adipocytokines from
the adipose tissue.416

Adipocyte fatty acid-binding protein (AFABP) is secreted
from the adipose tissue. This protein is responsible for
intracellular fatty acid trafficking. In pregnant women it
has been found that there are higher concentrations of
AFABP in GDM than in control subjects thus favouring
the increased transfer of FFA to the fetus giving rise to
increased fat mass in fetus.!” Another protein leptin is
secreted from the adipose tissue and placenta. The plasma
concentration of leptin is found to be more in GDM than
control subject and is strongly correlated to fetal
macrosomia.’* Retinol binding protein 4 (RBP4) is
another adipocytokine secreted from adipose tissue and
placenta. RBP4 is found to higher in GDM pregnant
women not only correlate with macrosomia but also with
the insulin resistant state in them.'® Adiponectin is
another protein that is secreted from the adipocyte and
many fetal tissue also correlate with macrosomia.’®
Angiopoietin like protein 4 (ANGPTL4) is the protein
that is secreted from adipose tissue, liver and placenta is
found to inhibit the LPL activity in the placenta.
Normally LPL has been associated with the transport of
fatty acid to the fetus. There is an enhanced LPL activity
in the placenta at late pregnancy in GDM and this process
is facilitated by the reduction of ANGPTL4 in the
maternal circulation.?° Inadequate placental supply of free
fatty acid and dysfunction of placental endothelial lipase
and LPL has been reported in IUGR pregnancies. All
these findings are suggestive of the role of lipids in
macrosomia in the pregnant women with GDM.?

GDM also increases the risk of preeclampsia in the late
gestational period. Increase in triacylglycerol during the
last trimester is the underlying cause for insulin resistance
and endothelial dysfunction which may lead to the
development of preeclampsia.??> Though many studies
suggest the increasing prevalence of preeclampsia in
pregnant women with GDM, further research is needed in
examining the predictive markers, pathophysiology,
treatment and the long term health implications of
preeclampsia in this population.?®

DISCUSSION

There is an evidence that abnormal maternal lipids in
pregnant women with GDM are associated with adverse
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pregnancy outcomes for mother and infant.® Treating
GDM to have a good glycemic control is mandatory till
date but recent researchers emphasize on targeting lipid
metabolism in pregnant women with GDM to avoid the
adverse outcomes of pregnancy.® Therefore considerable
work has to be done in assessing the pathophysiology
underlying dyslipidaemia in GDM before we can
routinely adjust maternal lipids in pregnancy.
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