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Abstract

Relevance. Metabolic syndrome is a cluster of interconnected metabolic abnormalities
characterized by central obesity, hypertension, dyslipidemia, and impaired glucose metabolism. One
important but under-studied factor influencing the development and severity of metabolic syndrome
is mineral metabolism, including calcium, magnesium, and phosphorus levels. An imbalance of
these minerals can disrupt insulin sensitivity, promote inflammatory processes, and affect lipid and
carbohydrate metabolism.

Objective. To summarize and critically evaluate current evidence on the relationship between
mineral metabolism (calcium, magnesium, phosphorus, parathyroid hormone, and vitamin D) and the
clinical and metabolic manifestations of metabolic syndrome in adults.

Materials and methods. A structured literature search was conducted in PubMed, Scopus, and
Google Scholar. The review primarily included studies published between January 2018 and March
2026, while earlier landmark publications were included when necessary to provide physiological
background.

Homuoicenepi. O nebuerrepai Tayiiay MUHEPAJABIK aJIMacy OY3bUTBICTaPBIHBIH META0OTU3MIIK
CUHPOMHBIH JIAMYbI ’KOHE OHBIH KIIMHUKAJIBIK-METa00TMKAIBIK KOPIHICTEPIMEH THIFbI3 OAIaHBICTHI
eKkeHIH kepceTTi. EH ceHimial aepekTep MarHui TammibUIbIFbIHA, COHJAW-aK KaibIui, docdop,
MapaTupeouaAThl TOPMOH koHE D BUTaMUH1 anMacybIHbIH OY3bUIbICTAphIHA KATBHICTHI AJIBIH/BI, OJlap
WHCYJIWHTE TO3IMIUTIKIICH KoHEe 0acKa ga METaOOIMKaIBIK OY3bIIBICTAPMEH OaliIaHbICTHI OOJIBI.

Conclusions. The literature review confirms that mineral metabolism disorders, including
serum calcium, magnesium, and phosphorus levels, are closely related to the clinical and metabolic
manifestations of metabolic syndrome.
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Introduction

Metabolic syndrome (hereinafter - MetS) is
a cluster of interconnected metabolic abnormalities
characterized by central obesity, hypertension, dys-
lipidemia, and impaired glucose metabolism, and is
associated with an increased risk of cardiovascular
disease and type 2 diabetes mellitus.Disorders of
mineral metabolism can be particularly important for
calcium, magnesium, and phosphorus levels in the
context of MetS pathogenesis and may modify its

clinical and metabolic manifestations. Understand-
ing these associations is essential to identifying pre-
ventive and therapeutic approaches.

MetS and its components were adjusted
according to their various risk factors in a meta-
analysis study; the prevalence of MetS in 2000 us-
ing World Health Organization (WHO) references
was then compared with the prevalence of MetS
in 2023, modeled via Bayesian modeling of all
relevant data points obtained from a systematic re-
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view and cross-correlation across studies. During
this period, the prevalence of metabolic syndrome
(MetS) increased from 14.7 % (13.1-16.7) to 31.0 %
(28.5-33.9) in women and from 9.0 % (6.9-12.1) to
25.7 % (21.5-31.1) in men. Globally, it was estimat-
ed that 1.54 billion adults (1.35-1.76) had MetS in
2023, including 846 million (776-924) women and
692 million (579-837) men. MetS prevalence was
highest in older, urban, and higher-income regions
and ranged from 7.5 % to 45.0 % in women (6.5 %
to 59.6 % in men) by world region. Rates of disease
have steadily increased in 196 countries and territo-
ries, for both women and men [1]. The analysis in-
cluded data on MetS prevalence from 1,129 studies
involving 28,193,768 subjects. The global frequency
of MetS was estimated to be between 12.5 % (95 %
CI: 10.2-15.0) and 31.4 % (95 % CI: 29.8-33.0)
when the diagnostic criteria that were applied [2].

Metabolic syndrome (MetS) is observed in
40 % of Kazakhstan’s population [3]. With the diag-
nostic criteria of the International Diabetes Federa-
tion (IDF), the prevalence of metabolic syndrome in
Kazakhstan was found to be common among 21.8 %
females and 23.9 % males [5]. Among the compo-
nents of metabolic syndrome, abdominal obesity
was the most commonly affected component, fol-
lowed by disorders of carbohydrate metabolism
and increased systolic and diastolic blood pressure
[4]. Then in a later study carried out in Kazakhstan
among women, the prevalence of metabolic syn-
drome was 17.9 % (95 % CI: 14.7-21.1) by NCEP
criteria, 25.8 % (95 % CI:22.5-29.1) by AHA crite-
ria and 21.8 % (95 %C 1:18.5-25.2)by IDF criteria
based on European standard population For men,
the overall prevalence rates were 15.3 % (95 %
CI: 10.7-19.9) for NCEP criteria, 26.6 % (95 %
CI: 21.2-32.9) for AHA criteria and 23.9 % (95 %
CI: 18.6-29.2) [5].

More recently, the evidence base has concen-
trated on mineral metabolism underlying metabolic
syndrome (MetS). For example, a necessary mineral
found in biological systems, such as phosphate, is
phosphorus. Many studies have reported that dis-
turbances in phosphate homeostasis are involved
in the development of obesity and hyperglycemia
[6]. Association of genetic variants, mineral status,
and components of MetS by systematic reviews and
meta-analysis. Mineral metabolism is associated
with the clinical and metabolic indicators of MetS,
as shown by numerous studies on the roles of mag-
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nesium, calcium, and phosphorus in its pathogen-
esis and manifestations. Considering the above, it is
worth exploring the association between clinical and
metabolic parameters of MetS and mineral metabo-
lism indicators.

Objective. To summarize and critically eval-
uate current evidence on the relationship between
mineral metabolism (calcium, magnesium, phospho-
rus, parathyroid hormone, and vitamin D) and the
clinical and metabolic manifestations of metabolic
syndrome in adults.

Materials and methods

Study design. This study was conducted as a
narrative literature review with a structured literature
search aimed at summarizing and critically evaluat-
ing current evidence on the relationship between
mineral metabolism and the clinical and metabolic
manifestations of metabolic syndrome (MetS). Ow-
ing to the heterogeneity of the available evidence
with respect to study design, study populations,
investigated biomarkers, and reported outcomes,
quantitative synthesis or meta-analysis was not per-
formed. Instead, the evidence was synthesized nar-
ratively according to the principal components of
mineral metabolism.

Literature search strategy. A structured lit-
erature search was conducted using the PubMed,
Scopus, and Google Scholar databases. The review
primarily included studies published from January
2018 to March 2026. Earlier landmark publications
were also included, when appropriate, to provide es-
sential background on the physiological regulation of
mineral metabolism, including calcium-phosphorus
homeostasis, parathyroid hormone regulation, and
vitamin D metabolism. The final literature search
was conducted in March 2026.

The search strategy combined Medical Sub-
ject Headings (MeSH), where applicable, with free-
text keywords. The following search terms were
used individually and in various combinations using
the Boolean operators AND and OR:

«metabolic syndrome», «MetS», «mineral
metabolismy, «calciumy», «magnesiumy, «phospho-
rus», «phosphate», «vitamin D», «parathyroid hor-
money, «insulin resistance», «lipid profile», «hyper-
glycemia», and «obesity».

The search strategy was adapted to the index-
ing system of each database.

Study selection. After duplicate records had
been removed, titles and abstracts were screened
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to identify studies investigating the association be-
tween mineral metabolism and metabolic syndrome
or its clinical and metabolic components. Potentially
eligible publications subsequently underwent full-
text assessment according to predefined eligibility
criteria.

The initial search identified 283 publications.
After duplicate removal, 203 articles remained for
title screening. Following title and abstract assess-
ment, 108 publications were selected for full-text
evaluation. Fifty-two studies were excluded because
they were conference abstracts, study protocols,
animal studies, or did not report clinically relevant
metabolic outcomes. A total of 56 full-text articles
were assessed for eligibility. Ten additional studies
were excluded because of insufficient methodologi-
cal information or the absence of relevant baseline
or outcome data. Ultimately, 36 publications met
the eligibility criteria and were included in the final
narrative review. Only studies meeting all eligibility
criteria were included in the final evidence synthesis.

Eligibility criteria

Studies were considered eligible if they met
the following criteria:

» original clinical studies, observational stud-
ies, randomized controlled trials, systematic reviews,
or meta-analyses;

« investigated the association between min-
eral metabolism (calcium, magnesium, phosphorus,
parathyroid hormone, or vitamin D) and metabolic
syndrome or its individual clinical and metabolic
components;

« included adult participants (>18 years);

 were published in peer-reviewed scientific
journals;

* reported clinically relevant biochemical,
metabolic, or clinical outcomes;

» were primarily published between 2018 and
2026.

Earlier landmark publications were also in-
cluded when they provided essential information on
the physiological regulation of mineral metabolism
or represented foundational evidence in the field.

Studies were excluded if they were animal
or in vitro investigations, conference abstracts, edi-
torials, letters, commentaries, case reports, study
protocols, duplicate publications, articles lacking
sufficient methodological description or clinically
relevant outcome measures, studies that did not di-
rectly investigate the relationship between mineral

metabolism and metabolic syndrome, or publica-
tions for which the full text was unavailable.

Data extraction and evidence synthesis

For each eligible study, the following infor-
mation was extracted: first author, year of publica-
tion, country, study design, sample size, investigated
biomarkers, and principal findings.

Because of the methodological heterogene-
ity among the included studies, statistical pooling of
the data was not performed. Instead, the available
evidence was synthesized narratively and organized
according to the principal biomarkers of mineral
metabolism, including calcium, magnesium, phos-
phorus, parathyroid hormone, and vitamin D. The
consistency and discrepancies of the findings across
observational studies, randomized controlled trials,
systematic reviews, and meta-analyses were criti-
cally assessed to provide a comprehensive overview
of the current evidence.

Results

Serum calcium and metabolic syndrome

Several observational studies and meta-anal-
yses have evaluated the association between cal-
cium metabolism and metabolic syndrome (MetS).
Overall, the available evidence indicates that dietary
calcium intake and circulating serum calcium con-
centrations exhibit different relationships with MetS.

Two recent meta-analyses consistently dem-
onstrated an inverse association between dietary
calcium intake and the risk of metabolic syndrome.
Han et al. reported that higher dietary calcium in-
take was associated with a 26% lower risk of MetS
among women (OR 0.74, 95% CI 0.66-0.83). Like-
wise, Nematbakhsh et al., in a dose-response meta-
analysis including 17 studies (74,720 participants),
demonstrated that individuals with the highest di-
etary calcium intake had a 23% lower risk of MetS
than those with the lowest intake (OR 0.77, 95% CI
0.66-0.89). Furthermore, each additional 100 mg/
day of dietary calcium intake was associated with
an approximately 3% reduction in the risk of MetS
[7,8].

In contrast to dietary calcium intake, elevat-
ed circulating calcium concentrations were positive-
ly associated with metabolic syndrome. Chen et al.
evaluated 1,580 Taiwanese adults and demonstrated
that higher serum calcium concentrations were inde-
pendently associated with an increased prevalence
of MetS, particularly among overweight and obese
individuals. Elevated serum calcium levels were also
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associated with higher fasting plasma glucose, sys-
tolic blood pressure, and triglyceride concentrations,
whereas no significant associations were observed
with abdominal obesity or HDL cholesterol [9].

Osadnik et al. further investigated the rela-
tionship between calcium and phosphorus metabo-
lism in normal-weight individuals and reported that
both serum calcium and phosphorus concentrations
were independently associated with metabolic syn-
drome. In addition, the authors identified significant
relationships between calcium, phosphorus, and
gamma-glutamyl transferase (GGT), suggesting that
disturbances in mineral metabolism may occur be-
fore the development of obesity and could contribute
to early metabolic abnormalities [10].

Overall, the available evidence suggests that
higher dietary calcium intake is associated with a
lower risk of metabolic syndrome, whereas elevated
serum calcium concentrations are consistently asso-
ciated with an increased prevalence of MetS.

Serum magnesium and metabolic syndrome

Magnesium, an essential macromineral, is
present in green leafy vegetables, legumes (includ-
ing beans and peas), nuts, and whole grains [11].

Magnesium (Mg) is an essential element for
human health; its deficiency is associated with the
development of lipid metabolism disorders and re-
lated diseases, including metabolic syndrome, type
2 diabetes, and cardiovascular disease [12]. Several
observational studies, meta-analyses, and random-
ized controlled trials have investigated the rela-
tionship between magnesium status and metabolic
syndrome (MetS). Overall, the available evidence
suggests a consistent inverse association between di-
etary magnesium intake, serum magnesium concen-
trations, and the risk of MetS.

Kim and Je, in a meta-analysis of observa-
tional studies, demonstrated that higher magnesium
intake was associated with a significantly lower risk
of MetS. The pooled relative risk in prospective co-
hort studies was 0.79 (95% CI 0.71-0.88), whereas
the pooled odds ratio in cross-sectional studies was
0.61 (95% CI 0.39-0.94). Subgroup analyses indi-
cated that this inverse association remained signifi-
cant among women but not among men [13].

Evidence from randomized controlled trials
also supports the beneficial effects of magnesium
supplementation on lipid metabolism. Asbagi et al.,
in a meta-analysis of 12 randomized controlled tri-
als, demonstrated significant reductions in total cho-
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lesterol following 12 weeks of magnesium supple-
mentation. Lower daily doses (<300 mg/day) were
associated with significant reductions in low-density
lipoprotein (LDL) cholesterol [14].

Similarly, Hariri et al. reported that magne-
sium supplementation significantly increased high-
density lipoprotein (HDL) cholesterol concentra-
tions, whereas no significant effects were observed
on LDL cholesterol, triglycerides, or total choles-
terol [15].

In a large observational study, Shugaa et al.
demonstrated that lower serum magnesium concen-
trations were independently associated with elevated
fasting plasma glucose. However, no consistent as-
sociations were observed between serum magne-
sium levels and the remaining components of meta-
bolic syndrome [16].

Overall, the available evidence indicates that
lower dietary magnesium intake and reduced serum
magnesium concentrations are consistently associ-
ated with an increased risk of metabolic syndrome
and impaired glucose metabolism.

Serum phosphorus and metabolic syndrome

Several observational studies have investi-
gated the association between phosphorus metabo-
lism and metabolic syndrome (MetS). Overall, the
available evidence suggests that disturbances in
phosphate homeostasis are associated with meta-
bolic abnormalities, although the findings remain
less consistent than those reported for calcium and
magnesium.

Wong et al. concluded that alterations in
phosphate metabolism are associated with obesity,
insulin resistance, dyslipidemia, and cardiovascu-
lar disease, suggesting that phosphate homeostasis
may contribute to the development and progression
of metabolic syndrome [6]. Similarly, Mironov et al.
highlighted the role of phosphorus in cellular me-
tabolism and inflammatory regulation, supporting its
potential involvement in metabolic disorders [17].

In a large population-based cohort study
conducted in Taiwan, Jhuang et al. demonstrated
that higher serum phosphorus concentrations were
significantly associated with an increased risk of
metabolic syndrome and several of its components,
including body mass index, serum triglycerides, and
HDL cholesterol [18]. In contrast, Raikou et al. re-
ported no significant differences in serum phospho-
rus concentrations between elderly patients with and
without diabetes mellitus, indicating that the associa-
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tion between phosphorus status and metabolic disor-
ders may vary among different populations [19].

Current evidence also suggests that abnor-
malities in phosphate homeostasis are associated
with insulin resistance and other metabolic com-
plications. Wong et al. reported that elevated serum
phosphorus concentrations were associated with an
increased risk of insulin resistance and emphasized
the importance of phosphate homeostasis as a poten-
tially modifiable factor in metabolic syndrome [6].

Overall, the available evidence indicates that
disturbances in phosphorus metabolism are associat-
ed with several components of metabolic syndrome,
although further prospective studies are required to
clarify the causal relationship between phosphate
homeostasis and metabolic dysfunction.

Parathyroid hormone and metabolic syn-
drome

Several observational studies have investi-
gated the relationship between parathyroid hormone
(PTH) and metabolic syndrome (MetS). Current
evidence suggests that elevated circulating PTH
concentrations are associated with hypertension, re-
duced insulin sensitivity, obesity, and dyslipidemia.
In addition to its central role in calcium-phosphate
homeostasis, PTH has been implicated in the patho-
genesis of metabolic syndrome through its effects on
mineral metabolism and endocrine regulation [20—
22]. Ahlstrom et al. reported positive associations
between circulating PTH concentrations and several
components of metabolic syndrome. Higher PTH
levels were positively correlated with systolic and
diastolic blood pressure and were inversely associ-
ated with insulin sensitivity, suggesting a potential
contribution of PTH to cardiometabolic risk [23]. .

In contrast, Yamaguchi et al. demonstrated
that, among men with type 2 diabetes mellitus, insu-
lin resistance and hyperglycemia were more strongly
associated with serum calcium concentrations than
with circulating PTH levels, indicating that calcium
metabolism may have a greater impact on metabolic
dysfunction than PTH alone [24].

Evidence summarized by Modica et al. fur-
ther indicates that patients with primary hyperpara-
thyroidism exhibit a higher prevalence of obesity,
hypertension, diabetes mellitus, and dyslipidemia
than the general population, supporting a potential
relationship between disorders of parathyroid func-
tion and metabolic syndrome [22].

Overall, the available evidence suggests that

disturbances in PTH regulation are associated with
several components of metabolic syndrome; how-
ever, the underlying causal mechanisms remain in-
completely understood.

Vitamin D and metabolic syndrome

A growing body of evidence has demonstrat-
ed an inverse association between vitamin D status
and metabolic syndrome. Both observational stud-
ies and randomized controlled trials have evaluated
the relationship between serum 25-hydroxyvitamin
D [25(OH)D] concentrations, metabolic abnormali-
ties, and the effects of vitamin D supplementation
[25,26].

Xu et al. demonstrated that serum 25(OH)
D concentrations were inversely associated with the
severity of metabolic syndrome in middle-aged Chi-
nese adults. Lower vitamin D concentrations were
associated with higher MetS scores, indicating that
vitamin D deficiency may be linked to an unfavor-
able metabolic profile [27].

Similarly, Mutt et al. reported that adequate
vitamin D status (>75 nmol/L) was associated with
a lower prevalence of central obesity, impaired fast-
ing glucose, and other components of metabolic syn-
drome in an elderly Finnish population [28].

Evidence from randomized controlled trials
also supports a potential preventive role of vitamin
D supplementation in individuals at high metabol-
ic risk. Barbarawi et al., in a meta-analysis of nine
randomized controlled trials including 43,559 par-
ticipants, demonstrated that higher-dose vitamin
D supplementation significantly reduced the risk
of progression from prediabetes to type 2 diabetes.
However, no significant preventive effect was ob-
served among individuals with sufficient baseline
vitamin D status or in populations at average risk of
diabetes [29].

Perna et al., in a systematic review and meta-
analysis including more than 900 participants, dem-
onstrated that vitamin D supplementation signifi-
cantly reduced body mass index and waist circum-
ference in overweight and obese individuals [30].

Similarly, Cefalo et al. reported that vitamin
D supplementation combined with lifestyle modifi-
cation improved insulin sensitivity, glycemic con-
trol, and body composition in obese individuals with
vitamin D deficiency [31].

Overall, the available evidence indicates that
lower serum 25(OH)D concentrations are associ-
ated with a higher prevalence and greater severity

190



L ey

877

THE JOURNAL KAZAKH-RUSSIAN MEDICAL UNIVERSITY

of metabolic syndrome. Vitamin D supplementation
appears to provide the greatest benefit in individuals
with vitamin D deficiency or prediabetes, whereas
its effectiveness in metabolically healthy populations
remains less certain.

Table 1 summarizes representative studies
included in this narrative review, highlighting their
study design, sample size, investigated biomarkers,
and principal findings. The selected studies illustrate
the current evidence regarding the association be-

tween disturbances in mineral metabolism and the
clinical and metabolic manifestations of metabolic
syndrome.

Discussion

The available evidence suggests that calci-
um is associated with metabolic syndrome through
two distinct mechanisms. Higher dietary calcium
intake appears to exert a protective effect, where-
as elevated circulating calcium concentrations are
consistently associated with an increased risk of

Table 1. Summary of Representative Studies Included in the Narrative Review

Author

(Ref) Country

Study design

Sample
size

Biomarker

studied Main findings

Han D et al.

[7]

International |Meta-analysis [63017

Higher dietary calcium in-
take has been linked to a
lower risk of metabolic syn-
drome, particularly among
women.

Dietary calcium
intake

Nemat-
bakhsh R et

al. [8] Meta-analysis | 74720

International (17 studies)

participants

Higher calcium intake was
associated with a lower risk
of developing metabolic
syndrome, suggesting a pro-
tective role for dietary cal-
cium.

Calcium intake

Hariri et al.

[15] International

Meta-analysis

28 articles

Magnesium  supplementa-
tion was associated with
increased HDL cholesterol,
while showing no significant
effect on LDL cholesterol,
triglycerides, or total choles-
terol.

Magnesium

An inverse association was

Shugaa
Addin et al.
[16]

Augsburg,
Germany

Observational
study

Serum

2996 )
magnesium

observed between magne-
sium levels and elevated
fasting glucose.

Osadnik K
etal. [10]

Sosnowiec,
Poland

Clinical study

Serum calcium

460 and phosphorus

Higher serum calcium and
phosphorus  concentrations
were independently associ-
ated with metabolic syn-
drome in normal-weight
individuals, suggesting that
disturbances in mineral me-
tabolism may contribute to
early metabolic abnormali-
ties.

Barbarawi et
al. [29]

International

Meta-analysis
of RCTs

43559
participants

Vitamin D
supplementation

Vitamin D doses >1000 TU/
day significantly reduced
the risk of developing type 2
diabetes.
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Systematic
International |review &
meta-analysis

Perna S. >900

[30]

participants

Vitamin D supplementation
reduced BMI and waist cir-
cumference in overweight
individuals.

Cholecalciferol

Cefalo et al.

31] Rome, Italy

Clinical study |45

Vitamin D, combined with
lifestyle changes, improved
insulin sensitivity and body
composition in obese indi-
viduals with vitamin D defi-
ciency.

Vitamin D
supplementation

Source: Compiled by the authors

metabolic syndrome. This apparent discrepancy
may reflect the difference between dietary calcium
intake and serum calcium homeostasis, the latter
being tightly regulated by parathyroid hormone
(PTH) and vitamin D.

Among all minerals evaluated in this re-
view, magnesium demonstrated the most consistent
inverse association with metabolic syndrome. Both
observational studies and meta-analyses reported
lower dietary magnesium intake or lower serum
magnesium concentrations in individuals with
MetS. These findings are biologically plausible be-
cause magnesium serves as an essential cofactor for
numerous enzymes involved in glucose metabo-
lism, insulin signaling, and lipid metabolism [32] .

However, intervention studies have yielded
inconsistent findings regarding the effects of mag-
nesium supplementation on the lipid profile. These
discrepancies may be explained by differences in
baseline magnesium status, supplementation dose,
treatment duration, study populations, and method-
ological approaches [33].

Compared with magnesium, the evidence
regarding phosphorus is less consistent. While
several observational studies reported positive
associations between serum phosphate concen-
trations and metabolic syndrome, others failed
to demonstrate significant differences between
individuals with and without diabetes. These
inconsistencies may reflect variations in study
populations, renal function, dietary phosphorus
intake, and hormonal regulation involving PTH,
fibroblast growth factor 23 (FGF23), and vitamin
D [34].

Evidence regarding vitamin D also remains
heterogeneous. Observational studies consistently
demonstrate an inverse association between serum
25-hydroxyvitamin D [25(OH)D] concentrations

and the severity of metabolic syndrome. In contrast,
randomized controlled trials suggest that vitamin D
supplementation is most beneficial in individuals
with vitamin D deficiency or prediabetes, whereas
limited or no preventive effect has been observed in
populations with adequate baseline vitamin D sta-
tus [35].

Overall, the available evidence suggests
that assessment of mineral status may provide ad-
ditional information for metabolic risk stratification
in patients with metabolic syndrome. Particular at-
tention should be paid to magnesium deficiency
and vitamin D insufficiency, as these abnormalities
appear to be the most consistently associated with
adverse metabolic outcomes [36].

This review has several limitations. First,
most of the included studies were observational
in nature and therefore cannot establish causal re-
lationships. Second, substantial heterogeneity in
study populations, diagnostic criteria, laboratory
methods, and outcome measures limited direct
comparisons across studies. Third, only English-
language publications were included, which may
have introduced language bias.

Future well-designed prospective studies
and large-scale randomized controlled trials are
needed to clarify the causal relationships between
mineral metabolism and metabolic syndrome and
to determine whether correction of mineral metab-
olism abnormalities can prevent the onset or pro-
gression of metabolic syndrome.

Conclusions

The literature review demonstrates that
disturbances in mineral metabolism, particularly
involving calcium, magnesium, phosphorus, para-
thyroid hormone, and vitamin D, are closely associ-
ated with the clinical and metabolic manifestations
of metabolic syndrome. Current evidence indicates
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that magnesium deficiency and abnormalities in
calcium-phosphorus homeostasis are consistently
associated with impaired glucose metabolism, dys-
lipidemia, hypertension, and insulin resistance.

Although observational studies provide
substantial evidence supporting these associations,
the causal relationships remain insufficiently es-
tablished because of the limited number of high-
quality randomized controlled trials. Assessment of
mineral status may improve metabolic risk stratifi-
cation and contribute to a more comprehensive ap-
proach to the prevention and management of meta-
bolic syndrome.

Further prospective studies and adequately
powered randomized controlled trials are required
to clarify the underlying biological mechanisms,
establish causality, and determine whether targeted
correction of mineral metabolism abnormalities can
reduce the incidence and progression of metabolic
syndrome.
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METABOJIU3MAIK CUHAPOMBbI BAP AJAMIAPIA MUHEPAJI/IBIK AJIMACY MEH
KJIMHUKO-METABOJIMKAJIBIK KOPCETKIIITEPIHIH APACBIHJIAFbI BAMJIAHBICHI

A. A. Anapoaena', K. K. CaabixoBa'’, I. O. Hyckab6aesa', H. C. HypauHos!,
M. K. Kanaauena?, V. b. TarbikaeBa!
"Koxka Axmert Slcaym atbiniarbl XalblKapaiblK Kazak-Typik yauBepcuret', Kaszakcran, Typkicran
2 Acrana meaunuHa yauBepcuteri, Kazakcran, Acrana
*Koppecnonoenm aemop

AHaaTna
Oszexminiei. MeTabONMM3MIIK CUHAPOM — OYJI HIBIH MOHIHZE, KYPEK-KaH TaMbIpJIapbIHBIH aybIp
aCKBIHYJIaphl MEH JTUA0CTKE JKOJ allaThlH META0OMU3MIIIK MOceNeNepaiH (CeMi3/liK, KaH KbICHIMBIHBIH
YKOFapblIaybl )KOHE KaHAAFbl KAHT JIEHTeH1H1H OY3bUTYBI ) )KUBIHTHIFbI HEMECE ""HaFbI3 KaylI-KaTep yiaecimi'".
MeTtabonu3MIiK CUHIPOMHBIH JJaMybl MEH aybIpJIbIFbIHA 9CEP €TETIH MaHbI3bl, O1paK >KEeTKUIIKCI3 3epT-
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TeJIreH (pakropnapiblH Oipl — MUHEpaAbl 3aT ajiMacy, COHbIH iIIIHJE KalbLUi, Marauil xone ¢ocdop
JieHreinepi karajasl. byn MuHepanaapablH TEHrepiMci3iiri HHCYJIMHIe Ce3IMTANIBIKThI Oy3bIl, KaObIHY
MPOLECTEPIH KYLISHTIN, JTUIU] )KOHE KOMIpCYy ajMacyblHa acep €Tyl MYMKIH.

Maxcamui. Epecek anamaapaarsl MeTab0IU3MAIK CHHPOMHBIH KIIMHUKAJIBIK )KOHE META00JINKAIIBIK
KOpiHICTEepIMEH MUHEPAIIIBIK aJIMacy KOPCETKIIITEPiHiH (KaibLuil, MarHuii, hocdop, maparupeon 1Tl rop-
MOH koHe D BuTamuHi) ©3apa OailyiaHbIChl Typasibl Ka3ipri FBUIBIMH A€PEKTEP/Il )KUHAKTAI, CBIHU TYPFbIIAH
Oarauay.

Mamepuanoap men adicmep. Onedbuertepre KypoelasiMaanras i3aey PubMed, Scopus sxone Google
Scholar nepexkopnapsinaa xypriziaai. Hlomyra Herizinen 2018 sxbutrbl KaHTap MeH 2026 KbUIFb HAYpHI3
apaJsbIFbIH/IA XKapUsUIaHFaH FUTBIMU JKapUsTIaHbIMIAP €HI131111. MUHepasIbIK aaMacyabIH (PU3UOIOT HSUTBIK
MeXaHU3MJIEPIH TYCIHIPY ’KOHE 3epTTEYIiH TEOPHSUIBIK HET131H KaJIBINTACTBIPY MaKCaThIHa KaXeT O0JIFaH
Karaaiaa OyaH OypbIH JKapUsIaHFaH ipresi eHOeKTep A€ naiiananbuiabl.

Homuoicenepi. Onebuerrepli Tannay MHUHEPAIIbIK ajaMmacy Oy3bUIbICTApbIHBIH METa0O0IM3MIIK
CHUHJPOMHBIH J1aMybl >KOHE OHBIH KIMHHUKAJIBIK-META00INKAIBIK KOPIHICTEPIMEH THIFbI3 OailIaHbICThI
eKeHiH kepceTTi. EH ceHiM/i JepekTep MarHuil TamllbUIbIFbIHA, COHAAN-aK Kaiblui, ¢ocdop, maparu-
PEOUATHI TOPMOH KoHe D BUTaMUHI alMacybIHBIH OY3bUIBICTApbIHA KATHICThI aJIbIHABI, OJIAD MHCYJIMHTE
TO3IMILTIKIIEH KoHe Oacka JJa MeTaboIMKaIbIK Oy3blUIbICTapMEH OaillaHBICTBI OOJIbI.

Kopvimeinovl. ©Onebu 1moay MUHEpasibl 3aT aaMmacy Oy3bUIBICTApbl, COHBIH ILIIHJE CapbICyJarbl
Kanpluii, Marauii xoHe ¢ochop AeHreinepiHiH MeTa0OTM3MIIK CHHIPOMHBIH KIUHUKAIBIK KOHE
MeTa0O0IU3M/IIK KOPIHICTEPMEH ThIFbI3 OallIaHbICThI €KEHIH pacTaiibl.

Tyitin co30ep: memabonusmoOiK cUHOPOM, MUHEPANIObIK 3am AIMACY, CeMi30iK, Kaabyull, MACHU,
docghop, runuomix npogunes.

B3ANMOCBA3b MUHEPAJIBHOI'O OBMEHA U KIIMHUKO-METABOJIMYECKHUX ITOKA-
3ATEJIEH Y JIUI1] C METABOJIUYECKHAM CUHJIPOMOM

A. A. Anap6aeBa’, K. K. CaapikoBa'®, I. O. Hycka6aesa', H. C. Hypaunos',
M. K. Kanammesa?, Y. b. TarbikaeBa!
'«MexIyHapOJHbIH Ka3aXCKO-TYPELKUI YHUBEPCUTET HMEHH X0/Ka Axmena ScaBmy,
Kazaxcran, Typkectan
*MenuuuHckuil yauBepceutet Acranbl, Kasaxcran, Acrana
*Koppecnonoupyrowuii agmop

AHHOTANUA

Axmyanonocmb. MeTaboINYeCKU CUHIIPOM  SIBJISIETCS] OTHOW M3 KIIFOUEBBIX MPOOJIEM COBPEMEH-
HOTO 3/IpaBOOXPAHEHMS, MIOCKOIbKY OH 3HAaYUTEJILHO MOBBIIIAET PUCK PA3BUTHUS caxapHOro auabdera 2-ro
THUIA, CEPJCYHO-COCYAUCTHIX 3a00JIeBaHUN U HAPYIICHUN JTUMUIHOrO oOMeHa. OJTHUM U3 BaKHBIX, HO HE-
JI0CTATOYHO M3YYEHHBIX ()aKTOPOB, BIUSIOIIUX Ha (POPMHUPOBAHUE U TSHKECTh METa0OIUYECKOTO CHHAPO-
Ma, SBJISIeTCSI MUHEPaIbHbIM 00MEH, BKJIIOYas yPOBHM KajblHs, Maruus u gocdopa. JJucbananc rTux mu-
HEpaJoB MOXKET HapyIIaTh YyBCTBUTEIBHOCTh K HHCYJIMHY, CIIOCOOCTBOBATh BOCHIAIUTEIbHBIM IpOLIECCaM
Y OKa3bIBaTh BIMSHUE HA JIMIUIHBIA U YIIIEBOIHBIA OOMEH.

Lenv. OGOOIMIUTE U KPUTUYECKU OLIEHUTh COBPEMEHHBIE JAHHBIE O B3aHMOCBSI3U MHHEPAIBLHOTO
oOMeHa (kanbLusi, Maraus, Gocgopa, mapaTupeouIHOro TOpMOHa U BUTaMuHa D) ¢ KITMHUYECKUMH U Me-
TabOJINYECKUMHU MIPOSIBICHUSIMH METa00INUYECKOTO CHHPOMA Y B3POCIIBIX.

Memoowr u mamepuanv. 1IpoBeieH CTPYKTypUPOBAHHBIM MOMCK JIUTEPATypbl B 0a3aX JaHHBIX
PubMed, Scopus u Google Scholar. B 0630p npeumyiiecTBeHHO ObUTH BKIIOYEHBI MyOIHKaLUY, OMYyOIu-
KoBaHHbIE B iepuoy ¢ suBaps 2018 mo mapt 2026 rona. [Tpu He0OX0AMMOCTH AJIst ONMCAaHUs (PU3HOIOTHYE-
CKUX MEXaHU3MOB U ()OPMUPOBAHUS TEOPETHUECKON OCHOBBI UCCIIEIOBAHNUS JOMOIHUTEIBHO UCIOIb30Ba-
Jch Oonee paHHue QyHIaMEeHTaIbHbIC TyOIUKAIUH.
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Pezynomamer. Ananus nurepaTypbl IOKa3ai, YTO HapyIIEHUs] MUHEPaJIbHOr0 0OMeHa TeCHO CBA3a-
HBI C PA3BUTHEM U KIMHHUKO-METa0OIMUECKUMU MPOSBICHUAMU MeTa0oiIu4yeckoro cunapoma. Haubonee
yOenuTenbHble JTaHHBIE MOyYeHbl B OTHOIIEHUH Je(PHUINTAa MarHHs, a TakKe HapyleHHH oOMeHa Kajb-
us, Gocdopa, mapaTUpeoUIHOrO TOpMOHA U BUTAMHHA D, CBSI3aHHBIX ¢ WHCYTUHOPE3UCTEHTHOCTHIO U
JIPYTUMH METabOIN4YeCKUMHU HapyIIeHUAMU

Bui600wi. ITpoBeieHHBIH ITEpaTypHBIA 0030p MOATBEPIKIAET, YTO HAPYLICHUS MUHEPATBHOTO 00-
MeHa, BKJII0Uasi ypPOBHHU CHIBOPOTOUHOTO KaJIbIUsl, Maruus 1 ¢pocdopa, TECHO CBSI3aHbI ¢ KIIMHUKO-MEeTa00-
JIMYECKUMU MPOSABICHUAMU METa00IMYECKOTO CUHAPOMA.

Kniwouegvie cnoea: memabonuueckuti cuHOpOM, MUHEPATbHBLL OOMEH, OJCUpeHUe, Kalbyull, MASHUI,
Gocgop, runuonvLi npoguns.
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