VK 575.1:612.399:616-036.22

https://doi.org/10.47526/YJoHS-2025.1-03

GENETIC DETERMINANTS OF VITAMIN D METABOLISM DISORDERS IN
METABOLIC SYNDROME

Kaldarkhan D.!, Sadykova K.*
Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan®

Abstract. Metabolic syndrome is a complex combination of metabolic changes, including
insulin resistance, and dyslipidemia, that can lead to various chronic diseases. Vitamin D has been
identified as a crucial regulator of metabolic processes, and its deficiency is frequently observed in
patients with metabolic syndrome. The genetic determinants that affect vitamin D metabolism
represent an essential aspect that necessitates further in-depth study. The present study investigates
the impact of diverse genetic polymorphisms associated with vitamin D metabolism on serum
vitamin D levels and their correlation with the components of metabolic syndrome. A particular
focus is placed on genes implicated in vitamin D synthesis, transport, and activation and their
interaction with other factors such as diet and climatic conditions. The study of genetic factors
affecting vitamin D metabolism may facilitate the development of individualized approaches to the
prevention and treatment of metabolic syndrome, as well as enhance the understanding of the
mechanisms of its pathogenesis.
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Anaarna. MeTaboaMKaablK CHHAPOM-OYJI opTYpPJIi CO3BUIMANIBI aypyJapFa oKelyl MYMKIH
WHCYJIMHTE TO3IMIAUIIK TEeH AWCIUIHIACMHSIHBI KOCa, METaOOJIMKAaIBIK ©3repiCTepAiH Kypaeni
KoMOuHaruscel. J| BUTaMUHI MeTaOOJMUKaIBIK MPOLECTePiH MAaHBI3Abl PETTEeYIici peTiHae
aHBIKTANABl KOHE OHBIH J>KETICIEeYHIUTIrlT MeTa0ONUKaJblK CHHIPOMBI Oap HaykacTapjaa XKui
Oaiikanaapl. J[ BUTAMUHIHIH METAa0OJM3MIHE ocep €TETiH TeHETHKANIBIK JIeTEPMUHAHTTAP 9pi Kapai
TEpeH 3epTTey/Al KaXeT €TEeTiH MaHBI3Ibl acnekT Oouibin TaObuiazbl. by 3eprrey D mopymeni
aJIMacybIMEH OailJIaHBICTBI OPTYPJIi TEHETHKAIBIK MOJUMOPPHUIMACPIIH capbicyaarbl D nopymeHi
JCHreiiHe oCepiH JKOHE OJIapJblH METa0OJMKAIBIK CHHIAPOM KOMIIOHCHTTEPIMEH OailIaHbICHIH
3eprTeiial. J| BUTaMHHIHIH CHHTE31HE, TachIMalJaHyblHa 3>KOHE OeJlCeHIIpiTyiHe, COHJIai-aK
OJlapJbIH JMeTa KOHE KOpIIaraH opTa CHUSKThI 0acka QakTopiapMeH e3apa JpeKeTTecyiHe
KaThICaThIH TEHJepre epekiie Hazap ayaapbuiafsl. J[ BUTAMUHIHIH MeTaOOJIM3MIHE dcep eTeTiH
TeHETUKANIBIK (haKTOpIap/bl 3epTTey MeTaOONMKANbIK CUHAPOMHBIH alblH aly MEH eMJeyre
KEKEICHIIPUITeH METUIIMHAHBIH JaMyblHA BIKIAal €Tyl MYMKiH, COHBIMEH KaTap OHBIH
NaTOreHEe31HIH MEXaHU3M/JIEPIH TYCIHYA1 KYIIEHTyl MyMKIH.

Tyiiin ce3nep: MeTaboONMKAIBIK CUHIPOM, FeHIIK noaumopdusm, D nopymeni, 25(OH)D, D
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AHHoOTanusl. Meraboau4eckuii CHUHAPOM NPEACTaBIsE€T COOOW CIOKHOE COYETaHHE
MeTa0OJIMYECKUX HM3MEHEHUH, BKIIIOYAsh HWHCYIMHOPE3UCTEHTHOCTh M JTUCIUIHAEMHUIO, KOTOpBIC
MOTYT TPUBOJUTH K Pa3IMYHBIM XPOHHYECKHM 3a0ojeBaHusM. Butamun D Obur ompeneneH kak
BAKHEHIINN PEryasTOp MEeTa0O0JMYECKUX IPOIECCOB, W €ro AepuuUT yacTo HaOIomaercs y
MAalMEHTOB € METAa00IMYECKUM CHUHAPOMOM. ['eHeTHYecKue [eTepMHUHAHTBI, BIUSIOLIME Ha
MeTaboin3M BUTaMHHA D, TpeACTaBISIIOT COOOM BaKHBIM AacmleKkT, TpeOyromuil aalbHEUIIero
yrayOleHHOro u3ydeHus. B HacToseM HCCleOBaHUM H3Y4aeTcs BIMSHUE pa3IUYHbIX
FeHETUYECKUX MOJMMOP(PHU3MOB, CBA3aHHBIX C MeTab0IM3MOM BUTaMuHa D, Ha ypoBeHb BUTaMHHA
D B cbIBOpPOTKE KPOBU U €r0 KOPPENALNIO C KOMIIOHEHTaMH MeTaboinueckoro cuuapoma. Ocoboe
BHUMAaHHE YJEJIEHO T€HaM, Y4acTBYIOLIMM B CHHTE3€, TPAHCIOPTE M aKTUBAlMU BuUTamMHuHa D, a
TaKXKe UX B3aMMOJICHCTBHIO C IPYTUMHU (DaKTOpaMH, TAKAMH KaK TUETa U KIMMATHICCKUE YCIOBUSI.
N3ydyenne reHeTHueckux (aKTOpOB, BIUSIOMMX Ha MeTabonu3M BuTamMuHa D, Moxer
CHOCcOOCTBOBATh pa3pabOTKe WHAWBUYaTU3UPOBAHHBIX MOJIXOJ0B K MPOQUIAKTHKE U JICYCHHUIO
MeTab0JIMYECKOro CUHIPOMa, a TAKXKE YIITyOUTh MOHUMaHUE MEXaHU3MOB €ro MmaToreHesa.

KitoueBble cjioBa: MeTa0OMUMYECKHM CHHIPOM, NOJUMOpP(GU3M TIE€HOB, BUTaMuUH D,
25(OH)D, peuentop Butamuna D, nuabet 2-ro THmna

Introduction. Metabolic syndrome (MetS) is a pathological condition associated with
abdominal obesity, insulin resistance (IR), hypertension, and dyslipidemia. The diagnosis of MetS
is made through the measurement of waist circumference, low-density lipoprotein (LDLP) levels,
triglycerides (TG), total cholesterol, and blood pressure (BP) [1].

The prevalence of MetS is increasing rapidly on a global scale. According to the
International Diabetes Federation, approximately one-quarter of the global adult population is
affected by MetS, which results in significant medical, social, and economic challenges [2]. MetS
has been observed in 25% of the global population, with notable variations in prevalence attributed
to factors such as gender, age, ethnicity, and geographical location[3].

The number of patients with MetS in Kazakhstan is increasing. According to the findings of
nationally representative studies conducted in the Republic of Kazakhstan, the prevalence of MetS
components among adults was 53.1%. In 2012, the Kazakh Academy of Nutrition conducted a
survey that revealed an average incidence of excess body weight of 30.6% among women and
36.8% among men. The survey also documented an average prevalence of obesity of 27.6% among
women and 15.9% among men[5].

It has been demonstrated that MetS increases the risk of developing long-term microvascular
and macrovascular damage-related diabetes and diseases of the cardiovascular system diseases
(CVSD) [6]. CVSD is a major cause of disability and mortality around the globe [7].
Atherosclerosis, a chronic inflammatory disease, constitutes the primary etiology of CVSD. A body
of research has indicated that diminished antioxidant levels, alongside heightened inflammation and
oxidative stress biomarkers, may play a role in the pathophysiology of T2DM complications [9] and
the development of CVSD [10]. The inflammatory process can be triggered by metabolic disorders,
such as atherogenic dyslipidemia (characterized by elevated levels of triglycerides and
apolipoproteins, small particles of LDLP, and diminished concentrations of high-density
lipoproteins (HDLP)) and increased levels of T2DM and inflammatory cytokines [11].

Vitamin D has been identified as a significant antioxidant and a potential risk factor for
developing CVSD in patients with vitamin D deficiency [12]. Vitamin D deficiency has been



demonstrated to influence insulin secretion and sensitivity, thus playing a pivotal role in the
development of MetS [13]. In addition, a study found that vitamin D intake positively affects lipid
profile, insulin resistance, hyperglycemia, obesity, hypertension, and the treatment of MetS-
associated disorders [14].

In recent years, there has been a growing interest in research on vitamin D. This hormone
plays a pivotal role in regulating calcium and phosphorus levels, inflammatory responses, insulin
resistance, and obesity. The two primary forms of vitamin D, cholecalciferol (vitamin D3) and
ergocalciferol (vitamin D2) are converted into the active form (1,25-dihydroxy vitamin D) by two
hydroxylases found in the liver, kidneys, pancreas, and immune cells. Research has shown that
vitamin D elevates the production of some anti-inflammatory cytokines but reduces other anti-
inflammatory cytokines[15].

Vitamin D is a fat-soluble vitamin, which means it is stored in adipose tissue. However,
studies have shown that the bioavailability and circulatory levels of vitamin D are lower in
individuals with central obesity compared to those who are healthy. Vitamin D plays an essential
role in regulating the expression of the insulin receptor. Therefore, an increase in insulin receptor
substrate (IR) in glucose transport is directly related to low serum levels of vitamin D. Additionally,
vitamin D deficiency has been observed to induce hypertension, as it functions as an
antihypertensive agent by inhibiting the renin-angiotensin-aldosterone system at physiological
concentrations. A growing body of research has identified a link between vitamin D deficiency and
an increase in lipogenesis, a process which involves the accumulation of fat within adipocytes. This
phenomenon is thought to occur due to the suppression of lipolysis, where adipocytes break down
fat for energy. The underlying mechanism appears to involve elevated parathyroid hormone and
calcium flux within adipocytes, suggesting a potential role for vitamin D in modulating energy
metabolism in these cells[16].

In recent years, the prevalence of hypovitaminosis D has increased in developed countries
due to lifestyle changes and the emergence of harmful habits. Vitamin D deficiency has been linked
to various diseases, including MetS, which is clinically defined by a combination of metabolic and
vascular disorders. A substantial body of research has documented the beneficial effects of vitamin
D supplementation on outcomes for individuals with MetS. Concurrently, there is an ongoing
exploration of measures aimed at maintaining optimal vitamin D levels as a potential preventive
strategy against the progression of MetS. Assessing the vitamin D level influencing insulin
resistance and glucose metabolism, which presents a risk for developing insulin resistance-related
disorders, is a significant issue today. While recent studies have shown a biological connection
between vitamin D and insulin resistance, more research is needed to validate these findings with
specific molecular evidence. Evaluating serum D levels in relation to the pathogenesis of the
exchange process that occurs in the early stages of MetS is crucial for both the patient and the
doctor [17]. This is mainly because it facilitates the prediction of subsequent changes in MetS and
the implementation of a personalized therapeutic and preventive strategy for each individual patient.
Interventions for early diagnosis and timely prevention are essential steps in the optimal path to
reducing the incidence of MetS, to study of early laboratory predictors of MetS and gene
polymorphism was conducted for early diagnosis.

The aim of the study: Conduct a literature review of the relationship between serum
vitamin D levels and gene polymorphism in metabolic syndrome.

Search strategy: The literature review analyzed articles published from the scientific
databases PubMed, Medline, Google Scholar, Embase, and Web of Science from 2019 to 2024. The
keywords "metabolic syndrome", "gene polymorphism”, "vitamin D", "25(OH)D", "T2DM",
"VDR" were used for the search.

For the literature review, articles were considered that meet the following criteria:

1. full-text articles;

2. relationship between MetS and vitamin D;

3. articles that publish the research results focused on identifying gene polymorphisms
responsible for vitamin D metabolism.



The relationship between vitamin D and metabolic syndrome and its components.

The relationship between visceral obesity and vitamin D metabolism. The impact of vitamin
D on the biology and modulation of adipose tissue in visceral obesity is a topic of significant
interest and has been extensively studied. Both preclinical and clinical studies have demonstrated
that the anti-inflammatory effects of vitamin D are evident and consistent in human adipose tissue
[18]. Most studies conducted on 3T3-L1 (pre-mouse adipocytes) cells have reported that 1.25(OH)
2D3 inhibits adipocyte differentiation (18). However, contradictory findings have emerged from
studies involving mesenchymal stem cells from pigs [19] and mice derived from bone marrow,
revealing a role for 1.25(0OH) 2D3 in promoting adipocyte differentiation. Several studies on human
primary fat stem cells and primary subcutaneous preadipocytes have shown that vitamin D
enhances adipocyte differentiation and lipid accumulation [20].

Insulin resistance and vitamin D metabolism. The relationship between insulin resistance
and vitamin D metabolism involves molecular mechanisms related to the pathophysiological
hypothesis of a possible link between hypovitaminosis D and insulin resistance. These mechanisms
are primarily associated with insulin receptor expression, as well as the formation of inflammatory
cytokines and the polymorphism of vitamin D receptors (VDR) expressed in pancreatic B cells.
Notably, vitamin D influences gene transcription through both genomic and non-genomic
mechanisms. The evidence suggests a genetic interrelation between hypovitaminosis D and insulin
resistance[21].

Dyslipidemia and vitamin D metabolism. Both genetic and non-genetic mechanisms
influence vitamin D and lipids. A primary function of vitamin D is to regulate calcium metabolism.
In this capacity, vitamin D affects lipid metabolism through the following mechanisms: Enhanced
calcium absorption in the intestinal tract may modulate the microsomal protein of triglyceride
transport, thereby reducing triglyceride synthesis and secretion[22]; increased calcium levels in the
intestine decrease the absorption of fatty acids due to the formation of insoluble calcium-fat
complexes; calcium promotes the conversion of cholesterol into bile acids, which leads to lower
cholesterol levels. Furthermore, 25-OH-D regulates parathyroid hormone (PTG) levels. Previous
research on rat tails has shown a correlation between hyperparathyroidism and elevated triglyceride
levels[23]. Consequently, vitamin 25-OH-D, a regulator of PTG, may also modulate triglyceride
levels. Vitamin D influences beta cell function and insulin resistance, impacting lipoprotein
metabolism and increasing triglyceride levels while simultaneously reducing TSLP concentrations
[24].

Diseases of the cardiovascular system and vitamin D metabolism. Vitamin D has been
demonstrated to play a role in calcium homeostasis; however, recent studies have identified its
deficiency as a novel risk factor in the development of CVSD. Specifically, epidemiological and
clinical studies have reported a close relationship between low vitamin D levels and CVSD, which
encompasses coronary heart disease, heart failure, and cardiac arrhythmias [23]. The
pathophysiological mechanisms through which vitamin D deficiency may function as a risk factor
for the development of CVSD are postulated to include the following: activation of the renin-
angiotensin-aldosterone system, abnormal regulation of nitric oxide, oxidative stress, or changes in
inflammatory pathways[25].

The relationship between vitamin D receptor polymorphisms and the risk of
developing MS:

The vitamin D receptor (VDR) gene has been demonstrated to influence lipid and glucose
metabolism in humans. In humans, the VDR gene is located on chromosome 12913.11. Among its
many single-nucleotide polymorphisms (SNPs), five variants have been previously described: Taqgl
(rs731236 T > C), Apal (rs7975232 C > A), Bsml (rs1544410 G > A), Fokl (rs2228570 G > A), and
Cdx2 (rs11568820 G > A). Numerous studies have demonstrated a correlation between
polymorphisms in the VDR gene and vitamin D deficiency, obesity, and glucose intolerance in
children and adolescents [26].



A thorough analysis of the relationship between genetic variants of VDR and parameters
such as glycemia, body mass index, fat mass, and lipid levels can deepen our understanding of the
pathogenesis of T2DM, MS, overweight, and obesity. A solid understanding of this association can
provide individuals with essential information for preventing these diseases.

The association between vitamin D receptor polymorphisms, T2DM, and glycemic status. In
a study by Xu et al., individuals with the A/A genotype of the polymorphism rs2189480 (G>A, C,
T) in the VDR gene exhibited a lower incidence of T2D development compared to those with the
G/A and G/G genotypes [27]. This polymorphism is known to influence the function of regulatory
T cells within the 4th intron, thereby modulating inflammatory activity. It is hypothesized that by
affecting the inflammatory response, this polymorphism may provide a protective effect against the
development of T2DM [28].

The connection between vitamin D receptor polymorphisms and metabolic syndrome. In a
study of Brazilian adolescents aged 10-19 years, rs7975232 was not associated with an increased
risk of developing CVSD. However, the C/C genotype in the recessive model was consistently
associated with arterial hypertension. In the case of other VDR polymorphisms, no significant
associations with the components MetS and MetS were observed. Researchers emphasize the
importance of identifying genetic markers associated with vitamin D metabolism in overweight or
obese children and adolescents. Identifying these genetic markers is imperative for determining the
risk of developing MetS at an early age. Consequently, this facilitates a more expeditious diagnosis
of the disease and enables effective coping strategies for individuals affected by it [29].

In a study by Tong Zhao et al., the CA+AA genotypes of the rs4588 gene and AC carriers of
the rs2282679 genotype were shown to be prone to decreased susceptibility to metabolic syndrome
in rural Chinese populations. Concurrently, the analysis of MetS components revealed significant
negative correlations between the AA genotype of the rs4588 gene and the SS genotype of the
rs2282679 gene of the GC gene and the levels of TG and HDLP in blood plasma [30].

Concurrently, recent findings have indicated that genetic polymorphisms of VDR may be
associated with components of MS, including abdominal obesity, BMI >30, prediabetes, diabetes,
increased LDLP levels, high blood pressure, or hypertension [31].

The association between vitamin D receptor polymorphisms and obesity. The findings,
which have emerged from recent studies, suggest a potential link between genetic variations in the
VDR and the presence of MetS. The relationship between vitamin D receptor polymorphisms
and obesity focuses on the correlation between these polymorphisms and body mass index (BMI).
A study examined the association between polymorphisms of the DVR gene rs731236, rs7975232,
and rs1544410 and the risk of obesity. The results of an Iranian study indicated that the rs7975232
allele and the A/A genotype may be predictors of obesity. A notable finding was the observation of
elevated mean oral glucose levels and fasting glucose concentrations in individuals bearing the A/a
genotype. The polymorphism rs7975232 may predict an elevated risk of obesity and could facilitate
the development of novel therapeutic interventions for this metabolic disorder [32].

Conclusion. Polymorphisms in the VDR gene have been shown to influence the development
of MetS, obesity and insulin sensitivity. A comprehensive analysis of the potential interplay
between the genetic basis of VDR and critical parameters such as glycaemia, adipose tissue
condition and lipid metabolism promises to deepen our current understanding of the multifaceted
pathogenesis of CD, MetS, overweight and obesity. Confirmation of the influence of specific VDR
genetic polymorphisms on the parameters associated with these pathological conditions and
diseases will facilitate the development of personalized therapeutic interventions for patients in the
future. In addition, this knowledge will provide individuals with valuable information to help
prevent the development of cardiometabolic disorders.
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