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MINERAL METABOLISM RELATIONSHIP WITH 
CLINICAL AND METABOLIC INDICATORS IN 

INDIVIDUALS WITH METABOLIC SYNDROME

UDC: 616.01/-099

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.

Нәтижелері. Әдебиеттерді талдау минералдық алмасу бұзылыстарының метаболизмдік 
синдромның дамуы және оның клиникалық-метаболикалық көріністерімен тығыз байланысты 
екенін көрсетті. Ең сенімді деректер магний тапшылығына, сондай-ақ кальций, фосфор, 
паратиреоидты гормон және D витамині алмасуының бұзылыстарына қатысты алынды, олар 
инсулинге төзімділікпен және басқа да метаболикалық бұзылыстармен байланысты болды.

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 I: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-

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 мethods
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 
metabolism», «calcium», «magnesium», «phospho-
rus», «phosphate», «vitamin D», «parathyroid hor-
mone», «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-

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]. Ahlström 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 
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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-

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

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 

Author 
(Ref) Country Study design Sample 

size
Biomarker 

studied Main findings

Han D et al. 
[7]

International Meta-analysis 63017 Dietary calcium 
intake

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

N e m a t -
bakhsh R et 
al. [8] International Meta-analysis 

(17 studies)
74720 
participants Calcium intake

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

Hariri et al. 
[15] International Meta-analysis 28 articles Magnesium

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

Shugaa 
Addin et al. 
[16]

Augsburg, 
Germany

Observational 
study 2996 Serum 

magnesium

An inverse association was 
observed between magne-
sium levels and elevated 
fasting glucose.

Osadnik K 
et al. [10]

Sosnowiec, 
Poland Clinical study 460 Serum calcium 

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 IU/
day significantly reduced 
the risk of developing type 2 
diabetes.
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Source: Compiled by the authors

Perna S.  
[30] International

Systematic 
review & 
meta-analysis

>900 
participants Cholecalciferol

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

Cefalo et al. 
[31] Rome, Italy Clinical study 45 Vitamin D 

supplementation

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

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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МЕТАБОЛИЗМДІК СИНДРОМЫ БАР АДАМДАРДА МИНЕРАЛДЫҚ АЛМАСУ МЕН 
КЛИНИКО-МЕТАБОЛИКАЛЫҚ КӨРСЕТКІШТЕРІНІҢ АРАСЫНДАҒЫ БАЙЛАНЫСЫ

А. А. Анарбаева1, К. Ж. Садыкова1*, Г. О. Нускабаева1, Н. С. Нұрдинов1,
М. К. Жаналиева2 ,  У. Б. Татыкаева1

1Қожа Ахмет Ясауи атындағы Халықаралық қазақ-түрік университет1, Қазақстан, Түркістан 
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Аңдатпа
Өзектілігі. Метаболизмдік синдром – бұл шын мәнінде, жүрек-қан тамырларының ауыр 

асқынулары мен диабетке жол ашатын метаболизмдік мәселелердің (семіздік, қан қысымының 
жоғарылауы және қандағы қант деңгейінің бұзылуы) жиынтығы немесе "нағыз қауіп-қатер үйлесімі". 
Метаболизмдік синдромның дамуы мен ауырлығына әсер ететін маңызды, бірақ жеткіліксіз зерт-
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телген факторлардың бірі – минералды зат алмасу, соның ішінде кальций, магний және фосфор 
деңгейлері жатады. Бұл минералдардың теңгерімсіздігі инсулинге сезімталдықты бұзып, қабыну 
процестерін күшейтіп, липид және көмірсу алмасуына әсер етуі мүмкін. 

Мақсаты. Ересек адамдардағы метаболизмдік синдромның клиникалық және метаболикалық 
көріністерімен минералдық алмасу көрсеткіштерінің (кальций, магний, фосфор, паратиреоидты гор-
мон және D витамині) өзара байланысы туралы қазіргі ғылыми деректерді жинақтап, сыни тұрғыдан 
бағалау.

Материалдар мен әдістер. Әдебиеттерге құрылымдалған іздеу PubMed, Scopus және Google 
Scholar дерекқорларында жүргізілді. Шолуға негізінен 2018 жылғы қаңтар мен 2026 жылғы наурыз 
аралығында жарияланған ғылыми жарияланымдар енгізілді. Минералдық алмасудың физиологиялық 
механизмдерін түсіндіру және зерттеудің теориялық негізін қалыптастыру мақсатында қажет болған 
жағдайда бұдан бұрын жарияланған іргелі еңбектер де пайдаланылды.

Нәтижелері. Әдебиеттерді талдау минералдық алмасу бұзылыстарының метаболизмдік 
синдромның дамуы және оның клиникалық-метаболикалық көріністерімен тығыз байланысты 
екенін көрсетті. Ең сенімді деректер магний тапшылығына, сондай-ақ кальций, фосфор, парати-
реоидты гормон және D витамині алмасуының бұзылыстарына қатысты алынды, олар инсулинге 
төзімділікпен және басқа да метаболикалық бұзылыстармен байланысты болды.

Қорытынды. Әдеби шолу минералды зат алмасу бұзылыстары, соның ішінде сарысудағы 
кальций, магний және фосфор деңгейлерінің метаболизмдік синдромның клиникалық және 
метаболизмдік көріністермен тығыз байланысты екенін растайды. 

Түйін сөздер: метаболизмдік синдром, минералдық зат алмасу, семіздік, кальций, магний, 
фосфор, липидтік профиль.

ВЗАИМОСВЯЗЬ МИНЕРАЛЬНОГО ОБМЕНА И КЛИНИКО-МЕТАБОЛИЧЕСКИХ ПОКА-
ЗАТЕЛЕЙ У ЛИЦ С МЕТАБОЛИЧЕСКИМ СИНДРОМОМ

А. А. Анарбаева1, К. Ж. Садыкова1*, Г. О. Нускабаева1, Н. С. Нұрдинов1, 
М. К. Жаналиева2 , У. Б. Татыкаева1

1«Международный казахско-турецкий университет имени Ходжа Ахмеда Ясави», 
Казахстан, Туркестан

2Медицинский университет Астаны, Казахстан, Астана
*Корреспондирующий автор

Аннотация
Актуальность. Метаболический синдром  является одной из ключевых проблем современ-

ного здравоохранения, поскольку он значительно повышает риск развития сахарного диабета 2-го 
типа, сердечно-сосудистых заболеваний и нарушений липидного обмена. Одним из важных, но не-
достаточно изученных факторов, влияющих на формирование и тяжесть метаболического синдро-
ма, является минеральный обмен, включая уровни кальция, магния и фосфора. Дисбаланс этих ми-
нералов может нарушать чувствительность к инсулину, способствовать воспалительным процессам 
и оказывать влияние на липидный и углеводный обмен.  

Цель. Обобщить и критически оценить современные данные о взаимосвязи минерального 
обмена (кальция, магния, фосфора, паратиреоидного гормона и витамина D) с клиническими и ме-
таболическими проявлениями метаболического синдрома у взрослых.

Методы и материалы. Проведен структурированный поиск литературы в базах данных 
PubMed, Scopus и Google Scholar. В обзор преимущественно были включены публикации, опубли-
кованные в период с января 2018 по март 2026 года. При необходимости для описания физиологиче-
ских механизмов и формирования теоретической основы исследования дополнительно использова-
лись более ранние фундаментальные публикации.
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Результаты. Анализ литературы показал, что нарушения минерального обмена тесно связа-
ны с развитием и клинико-метаболическими проявлениями метаболического синдрома. Наиболее 
убедительные данные получены в отношении дефицита магния, а также нарушений обмена каль-
ция, фосфора, паратиреоидного гормона и витамина D, связанных с инсулинорезистентностью и 
другими метаболическими нарушениями

Выводы. Проведенный литературный обзор подтверждает, что нарушения минерального об-
мена, включая уровни сывороточного кальция, магния и фосфора, тесно связаны с клинико-метабо-
лическими проявлениями метаболического синдрома.

Ключевые слова: метаболический синдром, минеральный обмен, ожирение, кальций, магний, 
фосфор, липидный профиль. 
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