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Abstract. Insulin resistance (IR) is a significant pathological condition marked by the
impaired response of peripheral tissues such as skeletal muscle, liver, and adipose tissue to insulin,
which results in disrupted glucose homeostasis. This dysfunction in insulin action is a key
contributor to the development of numerous chronic diseases, including type 2 diabetes mellitus
(T2DM), metabolic syndrome, and cardiovascular diseases. The increasing prevalence of IR
worldwide has sparked widespread concern in public health, as it plays a pivotal role in the onset
and progression of these conditions. In addition to its physical manifestations, IR is also linked to a
range of molecular and biochemical alterations, which compound its detrimental effects on overall
metabolic health. At the molecular level, the pathogenesis of IR involves a complex interplay of
multiple mechanisms, including dysregulated insulin signaling, chronic low-grade inflammation,
lipotoxicity, and endoplasmic reticulum (ER) stress. These cytokines promote the phosphorylation
of insulin receptor substrates at serine residues, hindering the cascade of events required for
effective glucose uptake and utilization. In addition, the accumulation of lipids in non-adipose
tissues—termed lipotoxicity—further exacerbates insulin resistance by impairing the function of
insulin receptors and signaling molecules, contributing to the progression of metabolic dysfunction.
As this complex condition progresses, it is associated with an increased risk of several other serious
health issues, including cardiovascular disease, kidney dysfunction, and certain forms of cancer.
Consequently, understanding the underlying mechanisms of IR is crucial for the development of
targeted therapies and interventions aimed at preventing and managing these associated diseases.
Studies from various countries, including Turkey, Russia, and Azerbaijan, provide valuable insights
into the prevalence and impact of IR across different populations, highlighting the need for context-
specific approaches to diagnosis and treatment.

Annomayus. IncynuHoBasi pe3ucteHTHOCTh (MP) siBnsieTcss 3HAaUUTEIHHBIM MATOJIOTHYECKUM
COCTOSIHUEM, XapaKTEePH3YIOUIMMCs HapYIICHWEM peaknuu rnepu(epuiftHbIX TKaHeH, TaKuX Kak
CKEJICTHBIC MBIIIIBI, TIeYeHh W JKUPOBas TKaHb, HA HWHCYJIWH, YTO TPUBOIUT K HAPYIICHHUIO
roMeocTasa TJIOKO3bl. OTOT AMCHYHKIMOHAIBHBIA Mpolecc B JACHCTBUM HMHCYJIHMHA HIpaeT
KIIIOYEBYIO POJIb B Pa3BUTHH MHOXKECTBA XPOHUUECKUX 3a00JIeBaHM, BKIIIOYast caxapHbIi Auader 2
tuma (CJI 2), Merabonnueckuii CHHAPOM U CEPJICYHO-COCYIAUCThIe 3aboneBanus. [loBpIieHHAs
pacmpocTpaneHHOCT, VP BO BceM wMupe BBI3BIBa€T BceoOmee OECTTOKOMCTBO B 00JacTH
OOIIIECTBEHHOTO 3/paBOOXPAHEHHUs, TaK KaK OHAa UrpaeT BaXHYIO pOJIb B Hayaie U
nporpeccupoBaHuu 3TUX 3aboneBanuil. Kpome ¢usnueckux nposisnenuit, P Takxke cBsizaHa c
PSIOM MOJIEKYJISIPHBIX ¥ OMOXMMHUYECKUX W3MEHEHHI, KOTOPBIe YCYT'YOISIOT e€ maryOHoe BIHSHHE
Ha oOmmui merabonmmueckuit mpornecc. Ha MonekymnsipHom ypoBHe mnarorenes MP Bxirouaer
CIIO)KHOE B3aUMOJICMCTBUE HECKOJBKUX MEXaHU3MOB, TAKMX KaK JUCPETYJSILUS WHCYIMHOBBIX
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CUTHAJIM3aLMOHHBIX IyTeH, XPOHMYECKOE BOCHAJIEHHE HU3KOH CTENEHH, JIMIIOTOKCHUYHOCTH M
cTpecc  JHAOIUIa3MaTHdeckoro  perukyiayma (OP). OTM  LUTOKMHBI  CIIOCOOCTBYIOT
¢dochopunupoBaHuio cyOCTpaTOB MHCYJIMHOBBIX PpELENTOPOB Ha CEPUHOBBIX OCTAaTKaX, 4TO
IPEMATCTBYET KacKaay COOBITUH, HEOOXOAUMBIX Ul 3(PPEKTUBHOIO YCBOEHHS M UCIOJIb30BAHUSA
roko3pl.  Kpome TOro, HakomjieHue JIMINUIAOB B HEAIUIIO3HBIX TKaHAX, Ha3bIBAEMOeE
JUIOTOKCUYHOCTBIO, JIONOJHUTENIBHO YCYTyOJlsieT MHCYJIMHOBYIO PE3UCTEHTHOCTh, Hapylas
(GYHKLIMIO HHCYIMHOBBIX PpELENTOpPOB M  MOJEKYJd CHTHaJIW3alUd, 4YTO CHOCOOCTBYET
IIPOrpeccupoBaHuI0 MeTaboanuecko auchyHkuuu. C pa3BUTHEM 3TOrO CIOXKHOIO COCTOSIHUSA
YBEJIMUMBAETCS PUCK BO3HUKHOBEHUS HECKOJBKHUX JPYIMX CEpbE3HbIX 3a00JIeBaHUM, TaKUX Kak
CepACYHO-COCYaUCThIe 3a0osieBaHUs, JOUCOYHKLIUS TOYEK W HEKoTophle (opmbl  paka.
CrnenoBarenbHO, HOHUMaHUE OCHOBHBIX MexaHU3MOB WP kpaiiHe BakHO AJis1 pa3pabOTKU LeNEeBbIX
TEpareBTUUYECKUX METOZO0B M BMEUIATENbCTB, HAIIPABICHHBIX HAa NPOQHIAKTUKY U YIpaBICHHE
STUMHM CBA3aHHBIMU 3a0o0sieBaHUsAMU. MccnenoBanus U3 pasHbIX cTpad, BKiatodas Typuuto, Poccuro
u A3sep0aiikaH, TPEAOCTABISAIOT IIEHHBIE JAaHHBIE O PACIPOCTpaHEHHOCTH W BiusHuM MNP Ha
pasiuyHble MOMYJSALMM, NOJYEPKUBAsT HEOOXOAMMOCTh NPHUMEHEHHs CHElU(PHUUHBIX MOAXOJO0B K
JMArHOCTHKE U JIEYCHUIO.
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Insulin resistance is a central feature of metabolic disorders, including type 2 diabetes mellitus
(T2DM), obesity, and cardiovascular diseases. It is defined by the reduced ability of insulin to exert
its effects on glucose uptake and utilization in target tissues such as muscle, adipose tissue, and liver
[1].

The growing prevalence of insulin resistance in both developed and developing countries has
become a primary concern in public health. While environmental factors such as poor diet,
sedentary lifestyle, and obesity have long been associated with the rise in IR, increasing evidence
suggests a complex interaction of genetic, epigenetic, and environmental factors contributing to its
development. In many cases, insulin resistance occurs silently, without overt symptoms, which is
why early detection and intervention are crucial in managing and preventing its long-term
consequences. Furthermore, the mechanisms underlying insulin resistance are multifaceted. They
involve a range of molecular, cellular, and biochemical processes, including disrupted insulin
signaling pathways, chronic low-grade inflammation, lipid accumulation in non-adipose tissues
(lipotoxicity), and endoplasmic reticulum (ER) stress. These mechanisms interact and create a cycle
that exacerbates the condition, making IR a progressive and challenging disorder to manage.The
chronic inflammatory state associated with IR further aggravates the risk of developing related
complications such as cardiovascular disease, kidney disease, and certain cancers.

Material and research methods
Molecular Mechanisms of Insulin Resistance.Impaired Insulin Signaling. The insulin
signaling pathway involves the activation of the insulin receptor (IR), followed by phosphorylation
of insulin receptor substrates (IRS), leading to downstream effects that facilitate glucose uptake. In
IR, serine phosphorylation of IRS proteins impairs their function, disrupting the signaling cascade

[2].
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Inflammatory Pathways. Chronic low-grade inflammation contributes to IR by activating pro-
inflammatory cytokines such as TNF-a and IL-6, which interfere with insulin signaling [11]. These
cytokines promote serine phosphorylation of IRS proteins, further impairing insulin action.

Lipotoxicity and Ectopic Fat Accumulation. Excessive accumulation of lipids in non-adipose
tissues, such as liver and muscle, leads to lipotoxicity, which impairs insulin signaling pathways
[1]. This ectopic fat deposition is associated with mitochondrial dysfunction and oxidative stress,
exacerbating IR.

Lipotoxicity refers to the detrimental effects of lipid accumulation in non-adipose tissues,
especially when the capacity of adipose tissue to store excess energy is exceeded. Under normal
physiological conditions, free fatty acids are safely stored in adipocytes and mobilized during
energy demand. However, when lipid intake chronically surpasses storage capacity or when adipose
tissue function is impaired, excess lipids are redirected and deposited in tissues not specialized for
fat storage, such as skeletal muscle, liver, and pancreatic p-cells.

This ectopic fat deposition disrupts cellular homeostasis by interfering with critical metabolic
pathways. Toxic lipid intermediates such as diacylglycerols (DAGs) and ceramides accumulate
within cells and impair insulin signaling by inhibiting key molecules in the insulin receptor
pathway. These bioactive lipids interfere with insulin-stimulated glucose uptake and promote serine
phosphorylation of insulin receptor substrates, leading to insulin resistance.

Furthermore, ectopic lipid accumulation imposes oxidative and endoplasmic reticulum stress,
contributing to mitochondrial dysfunction and the activation of inflammatory cascades. In
pancreatic p-cells, lipotoxicity reduces insulin secretion capacity and can lead to apoptosis,
exacerbating hyperglycemia and metabolic imbalance.

Altogether, lipotoxicity is a central pathological feature linking obesity to insulin resistance
and type 2 diabetes, highlighting the importance of proper lipid partitioning and adipose tissue
function in metabolic health.

Endoplasmic Reticulum Stress. The endoplasmic reticulum (ER) is a vital cellular organelle
responsible for the proper folding, modification, and trafficking of proteins. It also plays key roles
in lipid synthesis and calcium homeostasis. Under normal conditions, the ER maintains a finely
balanced environment that ensures the correct folding and maturation of newly synthesized
proteins. However, various physiological and pathological stimuli—including nutrient overload,
oxidative stress, and lipid accumulation—can disrupt ER homeostasis, leading to a condition known
as ER stress.

ER stress occurs when the protein-folding capacity of the ER is overwhelmed, resulting in the
accumulation of misfolded or unfolded proteins. In response, cells activate a highly conserved
signaling network known as the unfolded protein response (UPR). The UPR aims to restore ER
homeostasis by halting global protein synthesis, upregulating molecular chaperones to assist in
protein folding, and enhancing the degradation of misfolded proteins through ER-associated
degradation (ERAD).

Three primary ER stress sensors mediate the UPR: inositol-requiring enzyme 1 (IRE1),
protein kinase R-like endoplasmic reticulum kinase (PERK), and activating transcription factor 6
(ATF6). When activated, these pathways coordinate a complex response to mitigate cellular stress.
However, if the ER stress is prolonged or unresolved, the UPR shifts from a protective role to a pro-
apoptotic one, triggering programmed cell death via molecules such as C/EBP homologous protein
(CHOP) and caspase-12.

In pancreatic p-cells, ER stress is particularly detrimental due to their high demand for insulin
biosynthesis. Persistent ER stress in -cells contributes to dysfunction and apoptosis, accelerating
the progression of type 2 diabetes.
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Overall, ER stress is a critical factor in the pathophysiology of metabolic disorders. Targeting
ER stress pathways may offer promising therapeutic strategies for preventing or mitigating insulin
resistance and its complications.

In the context of insulin resistance and metabolic diseases, ER stress plays a significant role.
Chronic overnutrition and lipid overload lead to sustained ER stress in insulin-sensitive tissues like
the liver, adipose tissue, and skeletal muscle. This stress impairs insulin signaling by activating c-
Jun N-terminal kinase (JNK) and promoting serine phosphorylation of insulin receptor substrates.
Moreover, ER stress is closely linked with inflammation, mitochondrial dysfunction, and oxidative
stress—creating a vicious cycle that exacerbates insulin resistance and metabolic decline

The endoplasmic reticulum (ER) plays a crucial role in protein folding and secretion. ER
stress, resulting from the accumulation of misfolded proteins, activates the unfolded protein
response, which can inhibit insulin signaling pathways [1].

Clinical Implications. IR is a precursor to several metabolic disorders. In T2DM, IR leads to
compensatory hyperinsulinemia, eventually resulting in p-cell dysfunction and hyperglycemia. In
cardiovascular diseases, IR contributes to endothelial dysfunction, hypertension, and atherogenesis
[3].

Therapeutic Strategies.Lifestyle Modifications. Dietary interventions and physical activity are
first-line strategies to improve insulin sensitivity. Exercise enhances glucose uptake in skeletal
muscles independently of insulin, while dietary modifications can reduce adiposity and
inflammation [1].

Pharmacological Interventions. Medications such as metformin improve insulin sensitivity by
activating AMP-activated protein kinase (AMPK), which enhances glucose uptake and fatty acid
oxidation. Thiazolidinediones, another class of insulin sensitizers, act by activating peroxisome
proliferator-activated receptor gamma (PPARY) [2].

Results and discussion

Regional Perspectives. Research in Turkey has highlighted the prevalence of IR in obese
populations and its association with metabolic syndrome components. A study by Demir et al.
(2019) found a significant correlation between IR and elevated inflammatory markers in Turkish
adults [4].

In Russia, studies have focused on the genetic predisposition to IR and its impact on public
health. Ivanov et al. (2020) reported a high prevalence of IR among individuals with a family
history of T2DM, emphasizing the need for early screening and intervention.

Azerbaijani research has explored the relationship between dietary patterns and IR. Aliyev et
al. (2018) demonstrated that traditional diets rich in refined carbohydrates are associated with
increased IR risk, suggesting dietary modification as a preventive strategy [6].

Conclusion

Insulin resistance (IR) is a multifactorial metabolic disorder that serves as a core pathogenic
mechanism for several chronic diseases, including type 2 diabetes mellitus (T2DM), cardiovascular
diseases, non-alcoholic fatty liver disease (NAFLD), and polycystic ovary syndrome (PCOS). It
involves a complex network of biochemical and molecular disruptions—ranging from impaired
insulin receptor signaling and lipotoxicity to oxidative stress and endoplasmic reticulum
dysfunction—that collectively disturb systemic glucose and lipid homeostasis [7].

The heterogeneity of IR pathophysiology necessitates a comprehensive and integrative
approach to prevention and management. Therapeutic strategies include lifestyle interventions such
as diet and exercise, pharmacologic agents like metformin and thiazolidinediones, and emerging

M Tun nuyenzuu CC: Attribution 4.0 International (CC BY 4.0) 206



bBronnemens nayku u npaxmuxu | Bulletin of Science and Practice T. 11. Ne7 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/116

treatments targeting inflammatory pathways and cellular stress responses [8]. Furthermore, public
health initiatives that promote early screening and risk factor mitigation are essential to curb the
rising prevalence of IR-related disorders. Incorporating findings from Turkish, Russian, and
Azerbaijani literature expands the global perspective on IR. Regional studies have provided unique
insights into dietary patterns, genetic polymorphisms, and cultural health practices that influence the
development and progression of insulin resistance [9-11].

These localized perspectives are crucial for developing culturally sensitive interventions and
public health strategies that address the specific needs of various populations. In conclusion, insulin
resistance is not only a medical concern but also a public health priority. Addressing it through
multidisciplinary research, personalized medicine, and regional collaboration holds promise for
improving metabolic health outcomes worldwide. Insulin resistance is a multifaceted condition with
significant implications for metabolic health. Understanding its molecular mechanisms and clinical
consequences is essential for developing effective prevention and treatment strategies.
Incorporating regional research findings enriches our comprehension of IR and informs culturally
tailored interventions.
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