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ABSTRACT: While extensive studies observe the impact of hyperglycemia on the health
of both mothers and their children, this article review specifically highlights the
significance of role of fetal insulin resistance (FI) in intrauterine environment during fetal

growth and the offspring's long-term health.

Recent studies highlight that insulin has fundamentally different functions in fetal
development compared to adult homeostasis, where fetal insulin primarily serves as an
anabolic growth factor, while adult insulin acts as a metabolic regulator.Unbalance in
insulin action, during embryonic life, often is associated with disordered growth.This is
associated with reduced levels of circulating Insulin growth factors (IGF's) which may be

partly responsible for the growth failure.

During intrauterine life the placentaprevent cross the maternal insulin to the fetus, but in
the other hand the maternal glucose does, the maternal hyperglycemia induces by placenta
itself to increase insulin resistance in mother so more glucose will be available to fetus in
this way more glucose will pass to feed the fetus, lead to exhaust premature pancreas to

produce and secrete elevated insulin.

Elevated levels of fetal insulin (fetal hyperinsulinemia) promotes the growth of fetus also

forces fetal tissue to convert the excessive amounts of glucose into triglyceride in fetal
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liver and adipose tissue. After the baby is born, the supply of maternal glucose stop, yet the
baby's elevated insulin production persists this led to rapid decline in blood sugar
(hypoglycemia) with no good fetal care management this condition will cause many

immediate complications or even later in life.
Introduction

Insulin is an essential polypeptide hormone; it consists of 51 amino acids. This hormone
has a vital biological activity like cytological glucose homeostasis, supporting the growth
of cells, and in metabolism of biological process. The production and release of insulin are

affected by circulating glucose concentration [1].

The process of glucose metabolism is started by the consumption of food, which results in
a simultaneous rise in insulin production and secretion from the pancreatic - cells and in
return a reduction in glucagon secretion from pancreatic a- cells, to restore blood glucose
levels to the normal range [2]. After secretion of insulin, it circulates through the body and
inters hepatocytes, which are stimulated to transform glucose into glycogen for storage.
Additionally, some other tissues like, skeletal muscle cells and adipocytes, which are
important targets of circulating insulin, they absorb glucose to release energy and store the

additional glucose, thus lowering the blood glucose levels and back to baseline. [3].
Fetal Insulin Dynamics

The study of fetal insulin hypothesis is not a newconcept in the medical sciences, but with
the progressive scientific ways and more frequent fetal defects the articles focused on

much information.

Fetal insulin has a main role in the regulation of prenatal growth during the fetal stage [4].
It functions as an anabolic hormone especially in the final trimester. This hormone help the
cellular absorption of glucose, amino acids, and other nutrients, in that way facilitating
tissue proliferation, protein synthesis, and fat accumulation [5] insulin promotes the shift of
glucose into glycogen for energy storageand promotes fat accumulation, helping the fetus
grow and build body mass [ 6 fetal insulin acts on placenta receptors to control nutrient
transport [ 7].During Pregnancy Fetal liver insulin degradation is low until third trimester,

meaning the placenta take a significant role in insulin turnover. At third trimester the
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human placental lactogen (HPL) facilitate maternal insulin resistance through produce of
insulin-like growth factors (IGFs) in the fetus, which is ensuring increased glucose

availability for the fetus [8].
Fetal Insulin and Placenta Interactions

The surfaces of the placenta that are exposed to the two blood circulations differ;
specifically, trophoblast cells of the maternal circulation, and endothelial cells are in
contact with the fetal circulation. Both types of cells exhibit elevated levels of insulin

receptors [9].

Insulin receptors are found on both sides of the placenta, but their location shifts to support
fetal demand. The placenta exhibits elevated levels of insulin receptors (IRs) during early
pregnancy these receptors are located on the maternal-facing cyncytiotrophoblast; as
pregnancy progresses to term, they become concentrated on the fetal-facing endothelial
cells [10]. These receptors cooperate with fetal insulin, promoting fetal development and
nutrient transfer, while also expressing insulin-related genes like (Insulin-like growth
Factor Binding Protein 1) /GFBPIis a key gene the primary function is bind the circulating
insulin-like growth factor (IGFs) and finely regulate their bioavailability, determining how
much of the growth factor is free to activate cell-surface receptors and drive tissue growth
[11]. Insulin receptors are primarily found on the cyncytiotrophoblast, which is the outer
layer of the placenta that faces maternal blood. These receptors play a vital role in nutrient
absorption and placental metabolism during the early stages of pregnancy. The
concentration of insulin receptors diminishes on the maternal-facing side but shows a
significant increase on the fetal vascular endothelium, marks a dynamic transition in how
the placenta responds to maternal and fetal metabolic signals throughout pregnancy [12].
This distribution shows that the placenta is responsive to the mother' s insulin during the
early stages of gestation, while at term, it is more greatly influenced by fetal insulin [13].
The large molecular weight of maternal insulin prevents it from crossing the placenta and
being consumed by the embryo. Instead, the fetus is required to produce its own insulin to
manage blood glucose levels. The fetal pancreas starts producing insulin as early as the
10th to 12th week of gestation. [14]. By the second/third trimester, the developing fetal
endocrine pancreas produces both insulin and glucagon. These hormones do not cross the

placenta and must be metabolized within the fetal-placental unit [15].
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In a developing fetus, the placenta has the ability to transport the glucose of motherthis
process is essential for regulating glucose level as the primary energy source. During late
gestation, the metabolism of glucose in the fetus is critical for the growth of embryonic
liver, heart, adipose tissue, and skeletal muscles. Three important features that play a major
role in fetal glucose homeostasis include; the concentration of maternal glucose, the
transport of glucose from the mother to the placenta under the need of glucose utilized by

the fetus and, lastly, the production of insulin by the fetal pancreas [16].

Fetal insulin production progressively rises throughout the prenatal period unbalanced in
glucose levels support insulin secretion; but persistent hyperglycemia reduces insulin
sensitivity and glucose tolerance [17]. Congenital abnormalities, prenatal macrosomia, and
stillbirth are among the negative effects on the fetus in pregnant women with persistently

high blood glucose levels [18].

After birth, cutting of the umbilical cords simultaneously, insulin levels fall, which allows
the liver to shift from storing energy (anabolism) to producing energy
(catabolism)combined with massive surge in adrenaline/noradrenaline, glucagon, and
cortisol [19]. The liver of the newborn must promptly transition from the placental supply
to the self-regulation of blood glucose, primarily via liver glycogenolysis gluconeogenesis

[20].
Fetal Insulin Predict Adult Outcomes

The fetal period is a fundamental phase in utero which determines the lifelong health
outcomes of the offspring. According to the fetal insulin hypothesis, genetic variants
related to insulin that influence insulin sensitivity or secretion in the fetusoften leading to

low birth weightmay increase the risk of developing diabetes in adulthood [21].

The fetal insulin hypothesis suggests that insulin secretion and resistance, which are
genetically predetermined and exist from conception later influence intrauterine growth.
This also clarifies the connection between reduced birth weight and the onset of type 2
diabetes in adulthood, as seen in epidemiological research [22]. Prenatal pancreatic insulin
secretion is stimulated by the increasing blood glucose levels of mother, which in turn
raises fetus's glucose levels. The first releasing of insulin hormone occurs between weeks 7

and 8 of embryonic life, and the human pancreas begins to mature four weeks after
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conception. Insulin can be found in amniotic fluid starting at 12 weeks, which, as
demonstrated by high link between cord blood insulin levels at delivery and amniotic fluid
insulin at 31 weeks, is an excellent indicator for fetal serum insulin [23]. Research on both
human and animals has shown a link between prenatal insulin and fetal obesity. There
different functions for insulin one of them is the enhancement of adipose tissue growth,
which may describes the positive correlations between insulin and leptin levels in infants

who are large for gestational age.

This underscores the impact of prolonged hyperinsulinemia in the fetus on the expansion
of white adipose tissue and the synthesis of leptin in adipose tissue [24].Long exposure to
high glucose levels put the premature fetal pancreas under high metabolic stress, resulting
in both structural and functional alterations in pancreatic beta-cells. This early stress may
lead to a reduced ability to generate sufficient insulin, increasing the risk of impaired
glucose tolerance and Type 2 diabetes in the offspring and restricted fetal growth which is
linked to reduced insulin secretion (lower first-phase insulin) and increased insulin
resistance in later life [25].Overstimulation of the beta-Bcells can effect on the action of
mitochondria through produce high levels of reactive oxygen species (ROS) which attack

the pancreatic cells itself [26].

Throughout fetal development, the nutrients easily cross the placenta, prompting the fetal
pancreas to produce elevated concentrations of insulin; hyperinsulinemia this condition
may directly influences epigenetic programming in the intrauterine environment via DNA

methylation and histone acetylation of the fetus [27].

The epigenetic modifications lead to alteration in the expression of some genes related to
metabolic activity of fetus especially which control the appetite (like the hypothalamic
POMC gene) and glucose metabolism (like /RS and IGF?2) [28].

As shown in figure 1. Changes in the mother's intrauterine environment are the first step
towards the fetal origin of beta-cell malfunction, which impacts placental function,
involving molecules like miRNAs. These changes hold the potential to influence the
programming of various organs such as the reduction of functional beta-cell mass in the

offspring [29].

Page 5 of 11 DOI: 10.5281/zenodo.23467894


https://zenodo.org/uploads/23467894

Due to the high plasticity of the epigenome in early fetal development, protective care

underlines the importance of maternal BMI before pregnancy and rigorous glycemic

management.
Mother Fetal Placental Offspring
= B-cell function, &
L specific genes
) mTORC1 epigenetic
e} modifications?
= q,\ Nutrients Transporters
@ $ and Placental Nutrient/Secretome (i.e.,
£ & _, Function miRNASs; cytokines?) to
/ Fetal Pancreas
finsulin
) Placental Secretome to %
Inflammation Inflammation . Fetal circulation v
Pregnancy Complications: . Fetal Overgrowth or__ Obesity
Pre-diabetes, Obesity " Growth-Restricted = and T2D
Gestational Diabetes,
Preeclampsia, Parity

Figure 1. Factors influencing fetal pancreas development and function [29]

Future Insights in Fetal Insulin Research

The way of an individual's metabolic health begins to take character during perinatal phase,
continuing to the lactation period. Maternal metabolic health status play vital roles in heath
programs of offspring, the developing type 2 diabetes in adulthood, which is part of the
endocrine disorders of Pancreatic beta-cells, which are sensitive to nutrients at early

development [30].

The Developmental Origins of Health and Disease (DOHaD) concept suggests that the
intrauterine periods, and immediately after birth is critical for influencing how the
developing offspring's tissue are programmed. Consequently, if essential metabolic tissues
such as the pancreas are incorrectly programmed during these important vital periods, it
may lead to long-lasting effects on the health history and susceptibility of the offspring to
overweight and type 2 diabetes in adulthood [31].

There are multiple complications in prenatal like:mother malnutrition and gestational
diabetes have been related to adverse metabolic effects in the offspring, including elevated
glycemia, overweight, insulin resistance, and diminished pancreatic beta-cell mass all of
which are significant factors in the onset of type 2 diabetes and cardiovascular disease
[32].
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Conclusion

Pregnancy outcomes and the long-term of offspring are both impacted by the metabolic
health of the mother. Gestational diabetes, hypertensive diseases, and unfavorable newborn
outcomes such as macrosomia, hypoglycemia, and jaundice, however, these factors could
be accelerated by postnatal environmental effects, including dietary habits and availability
of calories. So the focus on these processes is crucial for improving the health of both

mothers and their offspring.
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