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ABSTRACT

This study highlights data on the increasing role of incretins in interdisciplinary
therapy for endocrinopathies, particularly glucagon-like peptide-1 (GLP-1),
which affects carbohydrate metabolism, insulin secretion, and other metabolic
processes. The mechanisms of secretion, biological activity, and degradation
of these peptides are described, along with their role in regulating appetite,
gastrointestinal motility, and carbohydrate metabolism. This information allows
for a comprehensive understanding of the effects of synthetic GLP-1 analogs.
We also explore modern approaches to treating obesity in children and
adolescents, including the use of GLP-1receptor agonists such as liraglutide. It
presents the results of a clinical study confirming the effectiveness and safety
of liraglutide in reducing body weight and improving metabolic indicators in
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children with obesity. It is shown that liraglutide not only promotes weight loss
but also has cardioprotective effects, improving lipid profiles and reducing
blood pressure. The efficacy of liraglutide in children aged 12-18 with obesity
was amount to 43.3 - 76.5%. The prevalence of hypertension in obese children
decreased from 30.9% to 4.8%, carbohydrate metabolism disorders from
41.1% to 19.4%, dyslipidemia from 20.6% to 9.7%. Liraglutide reduces the
risk of major adverse cardiovascular events by 13-22% in patients with type
2 diabetes and high cardiovascular risk. This effect is attributed to moderate
blood pressure reduction, improved lipid profiles, enhanced endothelial
function, and anti-inflammatory and antioxidant actions. Additionally, the
article discusses the prospects for using GLP-1receptor agonists in cardiology,
including their ability to reduce the risk of cardiovascular events in patients with
type 2 diabetes and obesity.
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The Role of Incretins in the Body

Incretins are hormones produced by intestinal cells in response to food
intake, contributing to 50-70% of postprandial insulin secretion in healthy
individuals. This process in referred to as the incretin effect. Glucagon-
like peptide (GLP) and gastric inhibitory polypeptide (GIP) (also known as
glucose-dependent insulinotropic polypeptide) both belong to the glucagon
protein family, sharing significant amino acid homology [1]. GIP is secreted
by K-cells in the upper small intestine (duodenum and proximal jejunum) in
response to carbohydrate and fat intake. GLP-1, GLP-2, and glicentin (the
intestinal form of glucagon) are produced by L-cells, predominantly located
in the distal intestine. Additionally, GLP-1 is also expressed in pancreatic
alpha cells and neurons in certain brain regions, including hypothalamus,
pituitary, reticular nucleus [2]. Despite the distal location of L-cells in the
gastrointestinal tract, GLP-1is released into the bloodstream within minutes
after food intake. This indicates an indirect neuroendocrine regulation,
rather than direct nutrient stimulation. Experimental studies in animals
have confirmed the important role of the parasympathetic nervous system,
particularly the vagus nerve, in transmitting neuroendocrine signals through
muscarinic receptors [2].

The concentration of GLP-1 and GIP in fasting plasma is extremely low
but increases significantly after meals. Both peptides are rapidly degraded by
the enzyme dipeptidyl peptidase-4 (DPP-4), which is expressed in capillary
endothelial cells. As a result, a large portion of GLP-1 and GIP is inactivated
before entering the portal bloodstream, explaining their short half-life. Studies
with intravenous administration of GIP and GLP-1 in healthy volunteers and
patients with diabetes have shown that the half-life of GIP is 5-7 minutes, while
that of intact GLP-1is 1-2 minutes [3].

GIP receptors are expressed in pancreatic islet cells, the intestine,
adipose tissue, the heart, the pituitary, and various brain regions. GLP-
1 receptors, in turn, are found in the gastrointestinal tract, the endocrine
pancreas (alpha and beta cells), the lungs, kidneys, heart, and various brain
regions [4] (Fig. 1).
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FIG. 1. Metabolic effects of glucagon-like peptide-1 (GLP-1)

A significant portion of secreted GLP-1 is inactivated in the intestine
before entering the systemic circulation, suggesting that its biological
activity may occur locally or through interaction with afferent sensory nerve
fibers transmitting signals to the central nervous system. This interaction
modulates the activity of efferent parasympathetic fibers of the vagus nerve,
regulating key intestinal functions such as secretory and motor activity, as
well as pancreatic secretion [4].

Under physiological conditions, the intake of small amounts of food or
easily digestible nutrients primarily stimulates the release of GIP, an incretin
secreted in the proximal intestine [5]. Conversely, the digestion of larger
volumes of food or complex nutrients activates both GIP and GLP-1. GLP-1
secretion correlates with insulin release throughout the day. Importantly, the
action of GLP-1is strictly glucose-dependent, meaning its effects are directly
linked to blood glucose levels. The minimal threshold for glycemia at which
GLP-1's effect on insulin secretion ceases is approximately 4.5 glycemia. This
indicates that GLP-1's influence on insulin secretion is not associated with
a risk of hypoglycemia, as its effect diminishes as glucose levels approach
normal. In addition to directly stimulating insulin secretion, GLP-1 promotes
insulin gene transcription and all stages of insulin biosynthesis, helping to
replenish insulin stores, especially when depleted. GLP-1 is also a potent
stimulator of somatostatin secretion, an effect independent of blood glucose
levels [5].

GLP-1 inhibits glucagon secretion, likely mediated by increased insulin
and somatostatin secretion. Direct effects on alpha cells, which express GLP-1
receptors, also play a role. This inhibition of glucagon secretion is glucose-
dependent, ensuring that GLP-1 does not impair the counter-regulatory
response to hypoglycemia [6].
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GLP-1 slows gastric emptying by inhibiting gastrointestinal motility and
secretory functions, likely through neural mechanisms involving the vagovagal
reflex pathway [7]. This physiological role of GLP-1 helps regulate intestinal
absorption, synchronizing the movement of food with secretory activity. In
pathological conditions such as diabetes, delayed gastric emptying can
reduce postprandial glucose fluctuations.

One of the key properties of GLP-1 is its ability to reduce food intake
by promoting satiety [8]. This effect is mediated by central mechanisms,
with GLP-1 acting on brain regions such as the hypothalamus and nucleus
tractus solitarius. Peripheral GLP-1 also influences afferent fibers of the
parasympathetic nervous system, transmitting signals to the central nervous
system to modulate food intake.

Incretin-Based Therapies for Pediatric Obesity

The first line of therapy for constitutional-exogenous obesity involves diet
and lifestyle modifications [9]. However, this approach is often ineffective, as
it fails to address all the consequences of obesity [10,11]. This is due to low
patient engagement, rapid weight gain, having eating disorders, and poor
parental compliance. Additionally, obesity-related comorbidities in childhood
tend to progress more aggressively than those developing later in life [12]. This
situation necessitates the consideration of pharmacotherapy.

The treatment of obesity in children and adolescents aims to achieve two
goals: maintaining the BMI SDS (body mass index standard deviation score)
in the short term (for 6-12 months) and significantly reducing BMI SDS while
controlling and preventing complications in the long term [9]. According
to clinical guidelines in Russia, pharmacotherapy (combined with lifestyle
changes) is recommended for children aged 12 and older when lifestyle
interventions over at least one year have not yielded the desired results [9].

Currently, five medications are the United States Food and Drug
Administration (FDA) approved for treating obesity in children and adolescents
[13]. Prior to 2022, only three drugs were available: orlistat (for adolescents over
12), phentermine (in individuals over 16), and liraglutide (for adolescents over
12). In 2022, the FDA approved the combination drug phentermine/topiramate
in a controlled-release form for once-daily use in adolescents over 12 with
obesity. However, the efficacy and safety of these drugs do not fully meet
desired outcomes. In January 2023, the FDA also approved semaglutide (a
GLP-1receptor agonist) for adolescents over 12 with obesity.

Liraglutide, a GLP-1 receptor agonist, mimics the action of endogenous
GLP-1, which is produced in the intestine in response to food intake [14]. Its
mechanism of action involves activating GLP-1 receptors in various organs
and tissues, including the pancreas, gastrointestinal tract, and central
nervous system. In the pancreas, liraglutide stimulates beta cells, enhancing
glucose-dependent insulin secretion and improving glycemic control. It also
suppresses glucagon release from alpha cells, reducing hepatic glucose
production and preventing hyperglycemia. In the gastrointestinal tract,
liraglutide delays gastric emptying, prolonging satiety and reducing appetite.
In the central nervous system, particularly the hypothalamus, liraglutide acts
on satiety centers, reducing hunger and food intake. Additionally, liraglutide
exhibits cardioprotective effects by lowering blood pressure and improving
lipid profiles through reduced cholesterol and triglyceride levels. Liraglutide
has fewer contraindications and better tolerability compared to other weight-
loss medications, making it a safer option for pediatric patients [14].
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The efficacy and safety of liraglutide has been demonstrated in a large
randomized SCALE Teen trial. It involved 251 patients (126 received liraglutide).
A body weight loss of =5% was achieved in 43.3% in the liraglutide group
versus 18.7% in the placebo group [14].

In the study of Vitsebskaya AV. and Popovich AV. 10 patients with obesity
and gastrointestinal diseases were included. The use of liraglutide for 3 months
resulted in a significant decrease in BMI SDS to 2.8 kg/m?2. The severity of
obesity decreased by 0.4 kg/m? BMI SDS. During liraglutide therapy, there was
a statistically insignificant decrease in fasting glucose, glycated hemoglobin,
cholesterol, triglycerides and transaminases [15].

The efficacy of liraglutide in children aged 12-18 with obesity was
demonstrated in a single-center, observational, single-arm, prospective,
uncontrolled study conducted at the Endocrinology Department of the Burdenko
Voronezh State Medical University [16]. The study included 68 children with grade
1I-11 obesity and morbid obesity (BMI SDS = 2.5) and a body weight of at least
60 kg. Positive dynamics, defined as a reduction in BMI SDS by 0.25 or more,
were observed in 47 children (69.1%). Five patients (7.4%) showed a reduction in
BMI SDS of less than 0.25, while 3 children (4.4%) had no change in body weight
(BMI SDS change + 0.05), and 7 patients (10.3%) experienced weight gain
(BMI SDS increase > 0.05). During the first month of therapy, 2 patients (2.9%)
transitioned from morbid to grade Il obesity, 9 children (13.2%) from grade Ill to
grade ll, and 3 patients (4.4%) from grade |l to grade |. Pairwise comparisons
of BMI SDS before treatment and at 1, 4, and 8 months showed statistically
significant differences (p < 0.001), indicating meaningful changes rather than
random fluctuations. Average weight loss was 4.8 kg (4.6%) at 1 month, 8.1 kg
(7.7%) at 4 months, 9.7 kg (9.2%) at 8 months, and 6 kg (5.7%) at 12 months.
Some patients lost over 20 kg (23-25%) [16].

Adverse effects were reported by 10 patients (14.7%) during dose escalation.
Nausea occurred in 8 patients (11.7%), vomiting in 4 (5.9%), abdominal pain in
4 (5.9%), diarrhea in 3 (4.4%), and belching in 1 child (1.5%). One patient (1.5%)
with non-alcoholic fatty liver disease developed cholelithiasis after one month
of liraglutide therapy. No cases of hypoglycemia were reported.

Liraglutide demonstrated significant efficacy in addressing the primary
goals of obesity treatment: positive weight loss dynamics were achieved in
76.5% of patients, and weight stabilization in 4.4% of children. The greatest
effect was observed after 8 months of therapy, particularly in children with higher
BMI SDS values but not morbid obesity. Weight normalization was accompanied
by a reduction in obesity-related complications. The prevalence of hypertension
decreased from 30.9% to 4.8% (p < 0.004); carbohydrate metabolism disorders
from 411% to 19.4% (p = 0.004); dyslipidemia from 20.6% to 9.7%; and non-
alcoholic fatty liver disease from 60.3% to 50% [16].

The use of liraglutide for the treatment of obesity in children in younger
age groups is being studied. Thus, when 56 children aged 6-12 years were
treated for 56 weeks, the average percentage change in body mass index from
baseline was -5.8% among those receiving liraglutide, compared with 1.6% in
the placebo group [17].

Cardioprotective Effects of Incretins

Beyond obesity treatment, another promising area is their application
in cardiovascular diseases. The cardioprotective effects of GLP-1 receptor
agonists (e.g., liraglutide, semaglutide, dulaglutide) are a key focus in modern
cardiology and endocrinology. Initially developed for type 2 diabetes, these
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drugs have shown significant benefits for the cardiovascular system. Large
clinical trials (e.g., LEADER, SUSTAIN-6, REWIND) have demonstrated that
GLP-1 agonists reduce the risk of major adverse cardiovascular events,
such as myocardial infarction, stroke, and cardiovascular death [18-21]. For
example, liraglutide reduces the risk of major adverse cardiovascular events
by 13-22% in patients with type 2 diabetes and high cardiovascular risk.
This effect is attributed to moderate blood pressure reduction, improved
lipid profiles (lower triglycerides and higher high-density lipoproteins (HDL)),
enhanced endothelial function, and anti-inflammatory and antioxidant
actions [21] (Fig. 2).
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FIG. 2. Cardioprotective effects of incretins on the cardiovascular system

GLP-1 receptor agonists lower blood pressure through multiple
mechanisms, including direct and indirect effects on the cardiovascular
system. GLP-1 receptors are expressed in vascular smooth muscle cells and
cardiomyocytes. Activation of these receptors increases intracellular cyclic
adenosine monophosphate (CAMP) levels, activating protein kinase A, which
induces smooth muscle relaxation and vasodilation, thereby reducing blood
pressure. cCAMP also activates endothelial nitric oxide synthase, increasing
nitric oxide (NO) production, which further promotes vasodilation. Additionally,
GLP-1 reduces pro-inflammatory cytokines by inhibiting the Nuclear factor
kappa-light-chain-enhancer of activated B cells signaling pathway, a key
regulator of inflammatory gene expression, including cytokine genes such as
tumor necrosis factor a, interleukin-6, interleukin-13 [22-25]. It is worth noting
that GLP-1 suppresses macrophage activation and their transition into a pro-
inflammatory state, thereby contributing to a reduction in pro-inflammatory
cytokines [22,23,25,26].

GLP-1 modulates sympathetic nervous system activity, which plays a
crucial role in blood pressure regulation. GLP-1 and its agonists can cross the
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blood-brain barrier or act on brain regions with higher permeability (e.g., area
postrema). In the central nervous system, GLP-1 receptors are expressed in
key areas regulating sympathetic activity, such as the hypothalamus, nucleus
tractus solitarius, and rostral ventrolateral medulla [24,27,28,29]. Activation
of these receptors reduces sympathetic activity, heart rate, and blood
pressure [29]. GLP-1 receptors are also expressed in the nephron, where
their activation increases sodium and water excretion, reducing blood volume
and pressure. GLP-1 receptors are also expressed in various segments of
the nephron, including the proximal tubules and collecting ducts. Activation
of these receptors increases sodium excretion by suppressing the activity of
the Na+/H+ exchanger type 3in the proximal tubules, which reduces sodium
reabsorption and enhances its urinary elimination, as well as increases water
excretion by decreasing sodium reabsorption (osmotic diuresis) [30]. This
leads to a reduction in circulating blood volume and, consequently, a decrease
in arterial blood pressure.

GLP-1 positively influences lipid metabolism by increasing HDL levels and
reducing triglycerides [31]. It suppresses key lipogenic enzymes, such as acetyl-
CoA carboxylase and fatty acid synthase, through adenosine monophosphate
activated protein kinase activation. GLP-1 also enhances lipoprotein lipase
activity, which breaks down triglycerides in very low-density lipoproteins and
chylomicrons. Increased HDL levels result from enhanced apolipoprotein Al
synthesis, the primary structural protein of HDL [32-34].

These mechanisms contribute to GLP-1's beneficial effects on the
myocardium. GLP-1 improves energy metabolism in cardiomyocytes,
enhances mitochondrial function, reduces ischemia-reperfusion injury, and
decreases pro-inflammatory cytokines in the myocardium. It also prevents or
reduces myocardial hypertrophy by lowering blood pressure and sympathetic
activity, and it inhibits fibrosis by suppressing transforming growth factor-
beta activity [35].

GLP-1 receptor agonists do not replace standard cardiovascular
therapies (e.g., statins, antihypertensives) but serve as valuable adjuncts. Their
multifaceted cardioprotective effects, including blood pressure reduction,
improved lipid profiles, and anti-inflammatory and antioxidant actions, make
them important additions to standard cardiovascular disease management.

Conclusion

The article presents key directions for the development of incretin-based
therapy. The study confirmed the high efficacy of liraglutide in treating obesity
in children and adolescents, with significant weight reduction in 76.5% of
patients and weight stabilization in 4.4%. The cardioprotective properties of
liraglutide were also demonstrated, with improvements in lipid profiles and
blood pressure, reducing the risk of cardiovascular complications. These
findings align with international studies showing liraglutide’s ability to lower
cardiovascular risk in patients with obesity and type 2 diabetes. GLP-1receptor
agonists may become an essential component of comprehensive obesity
treatment, particularly in patients at high cardiovascular risk. Further research
with longer follow-up periods will clarify the long-term effects of liraglutide and
its role in preventing obesity-related complications.
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