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Abstract: During pregnancy with diabetes mellitus (DM), the fetus undergoes many metabolic 

changes. The extent of these changes depends not only on the level of maternal glycemia, but 

also on the level of fetal glycemia. Other important alternating factors are fetal hyperinsulinemia 

and disturbances in the functioning of transporters of various substances. Most structural changes 

occur in the fetal part of the placenta. This is manifested by a thickening of the basement 

membrane, a decrease in the number of syncytiotrophoblast microvilli, disruption of the activity 

of various transport proteins and, as a consequence, a change in the cascade of all metabolic 

reactions. Literature data on the pathophysiological features of glucose metabolism in the fetus 

with diabetes mellitus were analyzed. 
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Relevance. The main nutrients for the fetus are glucose and amino acids. Glucose, including its 

metabolic product lactate, is the main energy substrate for the fetus, participating in maintaining 

basal metabolism and storing energy reserves necessary for protein synthesis and growth. Amino 

acids provide both a structural basis for protein synthesis and an oxidative substrate in energy 

production during glucose deficiency. Fatty acids are used by the fetus as structural components 

of membranes and also for the growth of adipose tissue. In humans, FA oxidation begins 

immediately after birth. This process occurs primarily in the fetus, in contrast to the oxidation of 

glucose. Hormonal regulation of the utilization of metabolic substrates and the effect of insulin 

and insulin-like factors (IGF) on the fetus are of secondary importance in the provision of 

nutritional substrates. When the fetal glycemic level decreases, glucose consumption decreases 

in direct proportion [17]. In a short period of time, fetal oxygen consumption remains at a level 

close to normal, which is ensured by active reciprocal oxidation of other substrates, such as 

glycogen, lactate, amino acids, fatty acids and ketone bodies. With a longer period of insufficient 

glucose supply (> 2 weeks), fetal oxygen consumption is reduced by 25–30%. A decrease in the 

degree of oxygenation of the fetus with prolonged nutrient deficiency reflects the dependence of 

the reduced level of synthesis of proteins and metabolites necessary for fetal growth. On the 

other hand, excessive delivery of nutrients to the fetus in maternal diabetes leads to a decrease in 

amino acid oxidation. The level of glucose transport to the fetus, as well as the amount of 

glucose uptake by the fetus, directly depends on maternal glycemia [18]. The growth rate, 

glycogen deposition, and fat formation also depend on the amount of glucose supplied to the 

fetus and the degree of its uptake. Not surprisingly, fetuses from mothers with diabetes have 

more liver glycogen, muscle glycogen, and fat than those from mothers with normal glycemic 

levels. The processes of glucose accumulation in the uterus and placenta are directly regulated by 

the level of glycemia in the fetus [19]. The relatively high concentration of fetal glucose reduces 

the degree of its transplacental transfer in favor of its consumption by the placenta. At the same 
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time, a relative decrease in fetal glucose concentration will limit glucose uptake by the placenta 

and increase glucose transport to the fetus. The glucose content in the fetal plasma is slightly 

reduced compared to that in the mother. This increases the concentration gradient, providing a 

steady flow of glucose to the growing fetus. Several physiological mechanisms underlie the 

maintenance of adequate transplacental glucose transfer to the fetus. First, increased cellular 

metabolism and growth of brain tissue requiring adequate glycemic levels. Secondly, an increase 

in the secretion of fetal insulin due to an increase in the number of pancreatic islets and beta cells 

of the pancreas. Thirdly, increased growth of insulin-sensitive tissues (skeletal muscle, cardiac 

and adipose tissue). The dependence of transplacental transport of glucose and its consumption 

by the tissue of the uterus and placenta was shown in studies on pregnant sheep, which were 

introduced into a state of chronic hypoglycemia. In this experiment, fetal gluconeogenesis 

increased, which maintained glucose consumption at the required level [20]. Thus, fetal glucose 

production can compensate for its deficiency during maternal hypoglycemia. There are a number 

of factors that can affect transplacental glucose transport: placental surface area, insufficiency of 

the barrier between maternal and fetal blood flow, changes in the speed of uterine and fetal blood 

flow, imbalance of glucose consumption by the placenta. The role of placental thickness in 

glucose transport has not yet been fully studied, but a direct correlation has been found between 

the gradient of glucose concentration in the arterial blood of the mother and fetus and the 

thickening of the fetoplacental membrane [29]. The rate of glucose absorption by fetal organs 

depends on the level of glycemia. It is still unknown to what extent basal insulin concentration 

affects glucose uptake by individual tissues and organs in the fetus. Fetal hyperglycemia 

stimulates increased insulin production by the fetus. In contrast to a sharp increase in the 

concentration of fetal insulin, which increases the rate of glucose utilization and decreases its 

concentration in plasma, a sudden decrease in the level of this hormone (with somatostatin 

infusion) has no effect on the concentration of fetal glucose or the rate of its use [31]. It is 

possible that decreased insulin concentrations promote fetal gluconeogenesis, which limits the 

transfer of glucose to the fetus from the placenta, thereby preventing an increase in fetal plasma 

glucose concentrations. However, in experiments, chronic hypoinsulinemia in fetuses (during 

pancreatectomy or streptozotocin injections) leads to an increase in the level of glycemia in the 

fetus [32]. During hypoglycemia, as a result of a compensatory increase in fetal gluconeogenesis 

and a relative increase in glucose concentration, the degree of glucose transfer across the 

placenta and the synthesis of fetal insulin decreases. This confirms the somatotropic effect of 

insulin. GLUT1, being the main transporter of plasma glucose, is expressed in all fetal tissues. 

GLUT4 is found in the heart, adipose tissue, and skeletal muscle. In an experiment on pregnant 

sheep, the concentration of GLUT1 increases under conditions of hypoglycemia and 

hypoinsulinemia in skeletal muscle and adipose tissue, while remaining unchanged in nervous 

tissue. In contrast, hyperglycemia causes a decrease in GLUT1 concentrations in most tissues. 

GLUT4 activity is regulated by glycemic levels in fetal skeletal, muscle, and adipose tissue. In 

response to hyperglycemia, its concentration initially increases and then decreases to normal 

levels [33]. A sharp increase in insulin levels leads to an increase in glucose consumption by 

skeletal and cardiac muscle tissue of the fetus, while its plasma content decreases. Also, 

hyperinsulinemia in fetuses increases the concentrations of both GLUT1 and GLUT4 [32]. 

Various studies of tissue, gestational age, glycemic and insulinemic levels show significant 

variability in glucose transporter concentrations during pregnancy [34]. 

In sheep fetuses in the second half of pregnancy, glucose-stimulated insulin secretion increases 

more than fivefold [25]. It is assumed that the same thing happens in human fetuses. Such results 

were obtained in in vitro studies of pancreatic islets from human embryos and premature 

newborns [26]. Fetal insulin secretion can be characterized by the duration and pattern of 

changes in fetal plasma glucose concentrations. Experiments in fetal sheep have shown that 

sustained hyperglycemia actually reduces basal and glucose-stimulated insulin secretion [27]. In 

addition, sensitivity to amino acids (arginine) decreases. Similar results were found in sheep 

embryos that received a course of glucose bolus administration [38]. Thus, the main reason for 
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the increased secretion of fetal insulin is a change in the glucose concentration under conditions 

of wave-like hyperglycemia. Fatty acids also stimulate insulin secretion in the fetus. Their 

concentration increases in pregnant women with diabetes and in fetuses in late gestation [29]. 

Acute and chronic hypoglycemia, as well as a decrease in the concentration of amino acids in the 

blood plasma, cause a decrease in insulin secretion by the fetus [30]. The mechanisms for this 

effect are unknown, but it is believed that glucose directly affects the insulin gene. Interestingly, 

in late pregnancy sheep fetuses, insulin infusion-induced hypoglycemia leads to an increase in 

fetal blood insulin levels but decreases glucose-stimulated insulin secretion [39]. Sharp changes 

in the concentration of IGF-1 in fetal plasma have virtually no effect on glucose metabolism 

[40]. However, the effect of glucose is realized at the level of gene transcription by regulating 

the production of IGF-1 and IGF-2 [50]. Insulin also independently promotes IGF-1 synthesis. 

These data indicate that cellular glucose transport and concentration influence IGF-1 production 

in the fetus. In turn, increasing plasma concentrations of IGF-1 and insulin may inhibit protein 

dissimilation. Thus, insulin and IGF-I indirectly increase the ability of glucose to stimulate AA 

synthesis and fetal growth. In fetal sheep, a sharp increase in insulin concentration triggers an 

intracellular cascade of mitogen-dependent proteins, which can have a direct effect on protein 

synthesis, cell growth and division. A sudden increase in insulin concentration in fetal sheep 

enhances AA utilization. These effects are short-lived, since the constant supply of insulin into 

the fetal plasma slightly increases tissue growth. In addition, insulin has a positive effect on the 

production and storage of lipids in adipose tissue. 

In the presence of diabetes, increased transplacental glucose transport results from 

hyperglycemia and a large concentration gradient between the maternal and fetal bloodstreams. 

Another mechanism for the active transfer of glucose to the fetus may be an imbalance in the 

synthesis and activity of the main glucose transporters - GLUT 1, 3, 4, 12. A compensatory 

decrease in fetoplacental blood flow can counteract the excess supply of glucose to the fetus. An 

additional mechanism for protecting the fetus from hyperglycemia may be the accumulation of 

glycogen by the placenta. In response to hyperglycemia, the synthesis of fetal insulin naturally 

increases. Pathological hyperinsulinemia has a somatotropic effect, which leads to excessive 

fetal growth. One of the most significant factors in the regulation of glucose metabolism in the 

“mother-placenta-fetus” system are transporter proteins of the GLUT family. Paradoxically, 

there are not many works devoted to the features of the expression of these messengers in 

various types of diabetes, and the data presented are scattered. However, it has been shown that 

in type 1 diabetes, the expression and activity of GLUT1 are decreased, and GLUT3 is increased. 

Apparently, this is due to adaptive reactions to maintain normal fetal homeostasis by transferring 

excess glucose from the fetus to the placenta. In GDM, no distinctive features of the expression 

of these proteins have been identified, but it is noteworthy that in women with more severe 

disorders of carbohydrate metabolism (who received insulin therapy), the same patterns are 

observed as in type 1 diabetes. Analysis of the content of various amino acids in fetal plasma 

showed that in type 1 diabetes and GDM, the main pool of amino acids decreases on insulin 

therapy. In GDM on diet therapy, on the contrary, there is an increase in the content of various 

amino acids in the fetus. Assessing the transport activity of AK carrier proteins is difficult due to 

the small number of studies. Transplacental transfer and exchange of various lipids in diabetes 

have not been fully studied. Changes in FA uptake and metabolism have been described, but 

such data are lacking for triglycerides, phospholipids and cholesterol. It has been shown that the 

transport and distribution of lipids derived from arachidonic acid are impaired during pregnancy 

under conditions of type 1 diabetes [29]. Linolenic acid accumulates in the placenta, which is 

one of the main sources of arachidonic acid synthesis. In addition to this, the balance of the 

synthesis of other eicosanoids is disrupted towards an increase in thromboxane and a decrease in 

prostacyclin. The above disorders lead to vasoconstriction and more frequent development of 

preeclampsia in pregnant women with diabetes. GDM affects changes in maternal cholesterol 

levels and leads to maternal and fetal hypertriglyceridemia, especially in the VLDL and HDL 

fractions. In contrast to the placenta, plasma levels of arachidonic acid and docosahexaenoic acid 
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in fetuses from mothers with diabetes are lower than in normal pregnancies. As is known, 

diabetes is a “metabolic disease” that determines unfavorable fetal development and the 

development of perinatal complications. Based on this, it was extremely interesting to assess the 

degree of change in the metabolic activity of various nutrients in the “mother-placenta-fetus” 

system specifically in diabetes. Based on a review of the literature, it was established that women 

with various types of diabetes have disturbances in the fetoplacental complex, which not only 

cause dysmorphogenesis of the placenta, but also cause various changes in the fetus. A deeper 

understanding of these processes will further clarify the fundamental principles of these 

processes and will contribute to the possible prediction and prevention of perinatal complications 

associated with diabetes. 
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