Hayka u 3apaBooxpanenue, 2025 T.27 (2) 00630p JauTEPaATYpPhI

Received: 02 December 2024 / Accepted: 29 January 2025 / Published online: 30 April 2025

DOI 10.34689/8”.2024.27.2.020 This work is licensed under a
UDC 616.61:577.118 Intornational Liconse

THE ROLE OF ESSENTIAL AND TOXIC TRACE ELEMENTS IN THE
DEVELOPMENT OF KIDNEY STONE DISEASE. LITERATURE REVIEW

Arailym K. Kanatbekova?, https://orcid.org/0000-0003-3007-9322
Zhanna U. Kozykenova, https://orcid.org/0000-0001-7420-2279
Bakytbek A. Apsalikov1, https://orcid.org/0000-0001-6983-9224
Merkhat N. Akkaliyev1, https://orcid.org/0000-0003-3122-7411
Dinara Sh. Shagiyeva1, https://orcid.org/0009-0009-2278-9624
Gulbarshyn D. Mukasheva?, https://orcid.org/0000-0003-3490-5628
Gulnar A. Terlikbaeva?2, https://orcid.org/0009-0004-5368-2129
Roza T. Buleukhanovas,

Assiya A. Yessenbayeval, https://orcid.org/0000-0001-6195-2142

Meruyert R. Massabayeva, https:/lorcid.org/0000-0001-8240-361X

NcJSsC «Semey Medical University», Semey, Republic of Kazakhstan;
2NCJSC «Kazakh National Medical University after named S.D. Asfendiyarov», Almaty, Republic of Kazakhstan;
% Medical Center LLP «Zhan-Er», Semey, Republic of Kazakhstan.

Abstract

Relevance. A literature review focused on the impact of essential and toxic trace elements on the development of kidney
stone disease. Special attention is given to the relationship between trace element imbalance, mineral metabolism disorders,
oxidative stress, and inflammatory processes, which play a key role in the mechanisms of stone formation.

Search Strategy: A systematic search of scientific publications was conducted in the PubMed, Scopus, Web of Science,
Google Scholar, and Science Direct databases. The search period covered 10 years. A total of 60 articles, containing data
on the role of essential and toxic trace elements in the pathogenesis of kidney stone disease, were included in the analysis.

Results: Data on the impact of essential trace elements (calcium, magnesium, zinc, selenium) and toxic metals (lead,
cadmium, mercury, arsenic) on the stone formation processes are presented. It was found that trace element imbalance may
contribute to disturbances in mineral metabolism, the development of oxidative stress, and inflammatory reactions, which
play a key role in the pathogenesis of kidney stone disease. The findings confirm the significant involvement of trace
elements in the mechanisms of urolith formation.

Conclusion: Monitoring the levels of trace elements in the body and reducing exposure to toxic metals may contribute to
the prevention of kidney stone disease. Further research is needed to develop effective prevention and treatment strategies,
focusing on studying the mechanisms through which trace elements influence stone formation processes.
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AktyanbHocTb. O630p nuTEpaTypbl, NOCBALLEH BAMSHMIO SCCEHLMATbHBIX N TOKCUYHBIX MUKPOSNEMEHTOB Ha pa3BUTHE
MoyekameHHo 6ornesnn. Ocoboe BHWUMaHWe YAENEHO B3aMMOCBSI3M MEXOY MUKPOSNEMEHTHbIM — aucbanaHcom,
HapyLLeHMeM MUHepansHOro 0OMeHa, OKUCIUTENbHBIM CTPECCOM W BOCMIANMTENBHBIMU NPOLeccamm, UrpatoLLMMm KNKOYEBYHO
ponb B MexaHM3Max kaMHeobpa3oBaHus.

Crparerus noucka: poBefeH CUCTEMATNYECKMIA MOMCK HAyYHbIX Nybnukauuin B 6a3ax gaHHbIX PubMed, Scopus, Web
of Science, Google Scholar n ScienceDirect. InybuHa noucka coctaBuna 10 net. B aHamu3 BkntoveHbl 60 craten,
COfepXaLLyX AaHHbIE O POSIN ACCEHLMANbHbIX N TOKCUYHBIX MUKPOSSIEMEHTOB B MaTOreHe3e MoYekaMeHHoN 6onesHu.

PesynbTatbli: [peactaBneHbl AaHHbIE O BIIUSHUAM CCEHLMANbHBIX MUKDOSNEMEHTOB (KanbLuii, MarHui, LMHK, CeneH) 1
TOKCUYHBIX METanmnoB (CBUHEL, KaaMuii, pTyTb, MbILLbAK) HA NpoOLecchl kamHeobpa3oBaHus. YCTaHOBNEHO, YTO ancbanaHc
MWKPOSNEMEHTOB MOXeT CcnocobCTBOBATb HapyLIEHW MUHEpanbHOro Ob6MeHa, pasBUTUIO OKUCMUTEMBHOMO CTpecca W
BOCMaNMTENbHbIX PeaKLuii, KOTOpbIE UrPaKOT KIlOYEBYIO POIib B NaToreHe3e MovekaMeHHon BonesHu. MonyyeHHble AaHHbIE
NOATBEPXAAKT 3HAUUTENBHOE Y4acTE MUKPOIIIEMEHTOB B MeXaHW3Max (hOpMUPOBAHNS YPONIUTOB.

3akntoyeHue: KOHTPOMb YPOBHS MUKPOINIEMEHTOB B OPraHN3Me M CHIDKEHWE BO3AENCTBUS TOKCUYHBIX METanmoB MOryT
cnocobCTBoBaTh NPOUnakTuke ModekameHHon Bonesnu. [na paspaboTtku adeKTUBHbIX CTpaTerni NpesoTBpaLLeHns v
neveHus 3abonesaHnst HeOOXOAMMbI JanbHeNne MCCnefoBaHUs, HanMpaBNEHHbIE HA M3YYEHWE MEXaHW3MOB BMSHWSA
MWKPO3IEMEHTOB Ha NPOLieCCh KaMHeobpa3oBaHws.

Knrovesble cnosa: movekameHHas 6071€3Hb, 3CCEHYUAmbHbIE MUKPOIEMEHMbI, MOKCUYHbIE MUKPOIEMEHMbI,
msxernbie Memansbl

Ana yumupoeaHusi: KaHambexosa A.K., KosbikeHosa XK.Y. Ancanukos b.A., Akkanues M.H., llacuesa [.LU.,
Mykawesa T.[., Tepnukbaesa I.A., byneyxaHosa P.T., Ecenbaesa A.A., Macabaesa M.P. Ponb 3cceHUnanbHbIX U
TOKCUYHBIX MUKPO3NIEMEHTOB B Pa3BUTUN MoYekameHHon BGonesnn. O63op nutepatypsl // Hayka n 3gpaBooxpaHeHue. 2025.
Vol.27 (2), C.179-187. doi 10.34689/SH.2025.27.2.020

Tyninpeme
SCCEHUMANADLI XXoHE YbITTbl MUKPOJJIEMEHTTEPAIH HECEN
TAC AYPYbI AAMYBIHOAfDbI PoJll. SAEBUETTIK LUOJY.

Apaunbim K. KanarbekoBa1, https://orcid.org/0000-0003-3007-9322
XKanHa Y. KosbikeHoBal, https://orcid.org/0000-0001-7420-2279
BakbiT6ek A. Ancanukosl, https://orcid.org/0000-0001-6983-9224
Mepxat H. Akkanues1, https://orcid.org/0000-0003-3122-7411
AOuxapa L. Waruesa?, https://orcid.org/0009-0009-2278-9624
Fyne6apwsid 1. MykawesBal, https://orcid.org/0000-0003-3490-5628
FynbHap A. Tepnukb6aesaz?, https://orcid.org/0009-0004-5368-2129
Poza T. ByneyxaHogBas3,

Acusa A. EceHbaeral, https://orcid.org/0000-0001-6195-2142
Mepyept P. Macabaesa?, https://orcid.org/0000-0001-8240-361X

! «Cemeii MeauumHa yHuBepcuTteTi» KeAK, Cemen K., KazakctaH Pecny6nukachbl;

2 AcdeHaunsapoB atbiHAarbl Kasak ¥ntToik MeguumnHa YauBepcuteTi KeAK, Anmarhbl K., KasakctaH
Pecnybnukachbl;

8 MeauumHansik opTansbik XKLIC «XaH-Ep» Cemen k., KasakctaH Pecny6nukachl.

©3exTiniri. byn 3epTTey acceHuManbpi XaHe TOKCMKamblK, MWKPOSNEMEHTTEPAH, HECen Tac aypyblHblH, AamyblHa
9CepiH KapacTblpaTblH a4ebueTTep WonybiH ycbiHadbl. MUKpO3neMeHTTepaiH, aucbanaHchl, MUHepangbl anmacypgbiH,
Oy3blnybl, OKCMAATUBTI CTPECC XaHe KabblHy NPOLECTEPiHiH, apacbiHAarbl e3apa 6ainaHbICTbiH, MaHbI3abINblFbiHA EpeKLe
KeHin BeniHreH, onap Tac Kansintacy MexaHu3maepiHae MaHbl3abl pen atTkapags!.

Isgey ctpaternacbl: PubMed, Scopus, Web of Science, Google Scholar xaHe ScienceDirect aepextep 6asanapbiHaa
FbINbIMK XapusnaHbiMaapabl Xxyeni isgey xyprisingi. 13gey tepengiri 10 xbingsl Kypadbl. AHanuare acceHuManbl XxaHe
YbITTbl MUKPOSMEMEHTTEPAIH, HEecen Tac aypyblHbiH, NaToreHesiHAeri peni Typanbl AepekTepdi KamtutbiH 60 makana
eHrisingi.

Hatuxenep: 3cceHumanabl MUKPO3NEMEHTTEPAIH, (KanbLui, MarHWW, UWHK, CEMeH) XaHe YbITTbl MeTangapablH
(KOpFacbIH, KagMuiA, CbiHan, MbILLbSK) Tac Ty3iny NpoLecTepiHe acepi Typarnbl AepekTep yCbiHbinFaH. MukpoanemeHTTepaiH,
Tene-TeHAiriHiv, Oy3binybl MuHepangbl anmacygblH, Oy3binyblHa, OKCUMAATUBTI KyW3enicTiH AamyblHa XaHe KabblHy
peakuusinapbiHbiH, Manga GonybiHa biknan eTyi MyMKiH eKeHi aHbIKTanbl, Oflap Hecen Tac aypyblHblH, MaTOreHesiHae
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MaHbI3dbl pen atkapadbl. ArblHFaH AepekTep MukpoanemeHTTepain, HTA Ty3iny mexaHusmpaepiHZeri Mabi3dbl peniH

pacTaigbl.

KOpbITbIHAbI:AF3afarbl MUKPO3NEMEHTTEPAIH, AeHreriH DaKbinay XoHe YbITTbl MUKPO3NEMEHTTEPAiH SCEPiH a3aiTy
Hecen Tac aypyblHblH, anfblH anyra KeMeKTecyi MyMKiH. AypyAblH, angbiH any xoHe empeydiH, TMiMai cTpaTerusnapbiH

asipney yLiH KOCbIMLLA 3epTTEYNIep KAXeT.

TyliHdi ce3dep: Hecen mac aypybl, 3CCeHyuUandbl MUKPOIEMEHMMEP, ybiMMbl MUKPO3EeMEHmMmep, aybip

memandap.

faliekces ywin: KaHambekosa A.K., KosbikeHoga X.Y., Ancanukos b.A., Akkanuee M.H., lLlazuesa [.LLl., Mykawesa
4., Tepnuxkbaesa I.A., byneyxaHosa P.T., EceHbaesa A.A., Macabaesa M.P. OcceHumangbl XsHE YbITTb
MWKPO3NEMEHTTEP/iH, HECEN Tac aypybl AaMybiHOasbl peni. 94ebuetTik wony // Foinbim xaHe [eHcaynbik cakray. 2025.

Vol.27 (2), b. 179-187. doi 10.34689/SH.2025.27.2.020

Introduction

Kidney stone disease (KSD) is one of the most common
pathologies of the urinary system, significantly affecting the
quality of life of patients. In the CIS countries, the proportion
of urolithiasis among urological diseases ranges from
33.9% in Russia to 58.2% in Kyrgyzstan, while in Tajikistan,
Uzbekistan, and Kazakhstan, this figure stands at 42.2-
56.1%, with a trend toward an increase in incidence [6]. On
a global scale, the prevalence of KSD ranges from 1% to
20%, with significantly higher risks in regions with hot
climates and high levels of environmental pollution, which
are associated with increased fluid loss and salt
concentration in urine [4, 35].

KSD is a pathological condition characterized by the
formation of solid concretions (stones) in the kidneys and
urinary tract due to a disruption in mineral metabolism. The
main predisposing factors include an imbalanced diet, low
fluid intake, genetic predisposition, and environmental
factors. The stones can have various compositions,
including calcium oxalates, phosphates, uric acid, and
cystine, which determine their physicochemical properties
and treatment approaches [51].

In recent years, researchers have focused on the role of
essential and toxic trace elements in the pathogenesis of
KSD. Essential elements such as calcium, magnesium,
zinc, selenium, and copper are necessary for the normal
functioning of the body, regulating mineralization processes
and preventing stone formation. At the same time, toxic
metals, including lead, cadmium, mercury, arsenic, and
cobalt, have nephrotoxic effects, promoting lithogenesis
[17,46]. Toxic trace elements actively participate in the
development of nephropathies, causing damage to renal
tubules, disrupting filtration processes, and triggering
inflammatory reactions. Prolonged exposure to these
metals can lead to chronic kidney failure, particularly in
children, whose kidneys are more susceptible to toxins. It
has been established that the accumulation of lead and
cadmium in the kidneys is associated with kidney
dysfunction and the development of nephrolithiasis [3,54].

Studies show that elevated concentrations of toxic
elements are found in urinary stone samples from patients
in industrial regions. Specifically, lead, cadmium, and
vanadium, which are present in contaminated water and
food, contribute to the mineralization of urinary salts and the
increase in the size of concretions [55]. Additionally, cobalt,
despite its important role in the composition of vitamin B12,
has a toxic effect in its free form, damaging renal tissue and
promoting stone formation [39].

In addition to toxic elements, essential trace elements
that are involved in mineral metabolism also have a
significant impact on the stone formation process. For
example, magnesium reduces the risk of calcium oxalate
crystallization, while zinc and selenium deficiencies
contribute to oxidative stress and inflammatory processes,
creating favorable conditions for the formation of
concretions [17,45].

Recent studies highlight the significant role of essential
and toxic trace elements in the pathogenesis of KSD. In
particular, elements such as calcium, magnesium, zinc,
lead, cadmium, and arsenic can influence the stone
formation process through various mechanisms, including
changes in mineral metabolism, oxidative stress, and
inflammatory processes [46].

The chemical composition of drinking water significantly
affects the prevalence of kidney stone disease (KSD). In
regions where the levels of calcium, magnesium, and heavy
metals in water exceed normative values, the incidence of
nephrolithiasis rises substantially [27]. Furthermore, the
presence of arsenic and mercury in water may exacerbate
nephrotoxic processes, impairing renal filtration and
promoting the deposition of mineral salts in the kidneys [2].

Thus, contemporary research underscores the critical
role of trace elements in the development of KSD. Their
influence on lithogenesis warrants further investigation to
devise new preventive and therapeutic strategies aimed at
correcting mineral metabolism and mitigating the impact of
toxic environmental factors.

The aim of this review is to analyze the existing data on
the impact of essential and toxic trace elements on the
development of kidney stone disease.

Search Strategy.

To write this review, a systematic search of scientific
publications was conducted in leading databases, such as
PubMed, Google Scholar, Scopus, Web of Science, and
ScienceDirect. The search employed key terms, with
primary queries including combinations such as ‘kidney
stones” AND (‘trace elements” OR ‘heavy metals’),
“urolithiasis” AND (“magnesium” OR “zinc” OR “calcium” OR
‘copper” OR “selenium”), as well as combinations with
metals like lead and cadmium. As a result, 3,779 articles
were identified, and after the initial analysis, 60 publications
met the inclusion criteria and were selected for final
analysis. The search covered a period of 10 years.

Inclusion Criteria:

The analysis included articles published in peer-
reviewed journals containing data on the role of trace
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elements in the pathogenesis of kidney stone disease. Both
clinical and experimental studies were considered. Only full-
text articles in English and Russian, freely accessible, and
published between 2015 and 2025, were included.

Exclusion Criteria:

Sources that were not peer-reviewed, as well as
materials that did not contain information on trace elements
in the context of kidney stone disease, were excluded. This
included works that focused solely on the surgical or
therapeutic aspects of the disease.

Results

Essential Trace Elements and Their Role in Kidney
Stone Disease

Calcium (Ca) is a primary component of kidney stones,
including oxalate and phosphate stones (2.64%-27.68%)
[60,56]. Moderate calcium intake does not increase the risk
of kidney stone disease, while its deficiency promotes
lithogenesis [2]. Studies confirm that optimal calcium intake
(1000-1200 mg/day) reduces the risk of stone formation by
binding oxalates in the intestine [11]. Hypercalciuria,
however, is a risk factor for stone formation [28].

Magnesium (Mg) plays an important role in preventing
the crystallization of calcium oxalates by forming soluble
complexes with them [28,44]. Magnesium deficiency
contributes to an increased frequency of kidney stone
disease, especially among patients with metabolic
syndrome [1,7,60]. Low magnesium levels in children with
KSD also confirm its importance in mineralization and

Reference Values of Essential and Toxic Trace Elements.

calcium metabolism [2]. Consuming water deficient in
magnesium increases the risk of stone formation, while
hard water, which contains excess calcium, neutralizes the
protective effect of magnesium [58].

Zinc (Zn) has a dual role in kidney stone disease. On
one hand, it protects the kidneys from oxidative stress,
while on the other hand, high concentrations of zinc can
contribute to stone formation by altering the structure of
struvite stones and increasing their size [48]. Excessive zinc
intake can disrupt the balance of trace elements and
stimulate lithogenesis [48]. In patients with urolithiasis, the
zinc levels in stones are higher than in healthy individuals
[17,21].

Selenium plays a crucial role in the prevention of kidney
stone disease by reducing oxidative stress and preventing
apoptosis of renal cells. It protects the kidneys from the
toxicity of heavy metals such as cadmium, lead, and
mercury, due to its antioxidant properties and involvement
in detoxification mechanisms [47,5].

Essential metals are those required for the normal
functioning of the human and animal body. These include
copper (Cu), iron (Fe), sodium (Na), silicon (Si), potassium
(K), calcium (Ca), manganese (Mn), selenium (Se), cobalt
(Co), magnesium (Mg), boron (B), chromium (Cr), and
molybdenum (Mo). Toxic metals, on the other hand, are
those that can lead to adverse effects when continuously
ingested. These include cadmium (Cd), lead (Pb), arsenic
(As), aluminum (Al), mercury (Hg), zinc (Zn), lithium (Li),
nickel (Ni), titanium (Ti), and antimony (Sb).

Essential frace elements Reference values
Copper (Cu) 575-1725 pg/L
Iron (Fe) 270-2930 pglL
Sodium (Na) 2900-3335 mg/L.
Silicon (Si) 0-500 pgl/L
Potassium (K) 132-195 mg/L.
Calcium (Ca) 86-102 mg
Marganese (Mn) 0-2 pg/L
Selenium (Se) 23-190 pg/L
Cobalt (Co) 0,1-0,4 gL
Magnesium (Mg) 12,15-31,59 mgl/L.
Boron (B) 0-100 pg/L
Chromium (Cr) 0,05-2,1. pg/L

Table 1.
Toxic trace elements Reference values
Molybdenum (Mo) 0,1-3 pg/L
Cadmium (Cd) 0,013-2ug/L
Lead (Pb) 0,15-4 pglL
Arsenic (As) 2-62 pg/L
Aluminum (Al) 0-15 gL
Mercury (Hg) 0,21-5,8 pg/L
Zinc (Zn) 600-2910 pglL
Lithium (Li) 0.7-84 pglL
Nickel (Ni) 0,6-75pglL.
Titanium (Ti) 0,1-50 pg/L
Antimony (Sb) 0,027-0,71 pg/L

Toxic trace Elements and Their Role in Kidney
Stone Disease

Lead (Pb) significantly influences the development of
urolithiasis (kidney stone disease), particularly in the
formation of phosphate stones. The concentration of lead in
the blood and urinary stones of patients with nephrolithiasis
is significantly higher than in healthy individuals. High lead
levels are associated with nephrotoxicity, damage to renal
tubules, and increased crystallization of calcium
phosphates. Lead, as a cumulative toxin, disrupts
mineralization and promotes the formation of phosphate
stones [1,7,17,29].

The accumulation of toxic trace elements such as
barium, lead, and cadmium damages the renal epithelium
and promotes the formation of Randall's plaques, thereby
increasing the risk of nephrolithiasis. The combined

exposure to lead and cadmium induces oxidative stress and
damages renal tissues [1,25].

Cadmium increases the risk of urolithiasis, particularly
among workers exposed to it professionally. Patients with
elevated cadmium levels in urine have a 32% higher risk of
stone formation [24].

Arsenic and other toxic elements induce oxidative
stress and calcification of the kidneys, increasing the risk of
urolithiasis. Elevated arsenic levels impair kidney filtration,
exacerbating stone formation. This is also associated with
the combined effects of cadmium, chromium, and lead,
which disrupt mineral metabolism and promote the
crystallization of wurinary salts [14,15,31]. Long-term
exposure to arsenic through contaminated water is linked to
an increased risk of stone formation [14,42].
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Cobalt (Co) and mercury (Hg) influence the
development of urolithiasis by altering urine pH and
promoting the deposition of phosphate and oxalate salts.
Elevated levels of mercury and cobalt in urine correlate with
an increased risk of nephrolithiasis [28,32,34]. Exposure to
cobalt and other toxic metals enhances lithogenic effects
[26]. Mercury disrupts kidney filtration, leading to the
accumulation of calcium and other minerals, creating
conditions conducive to stone formation [15,49].

Workers in the metallurgical industry are at increased
risk of urolithiasis due to exposure to mercury and other
toxic metals. This underscores the need for monitoring
mercury levels and reducing its impact on health [26]. The
effect of mercury on children is especially pronounced, as
their kidney filtration and detoxification mechanisms are not
fully developed.

Mercury exposure during early childhood has a
particularly ~ significant effect, contributing to the
development of chronic kidney diseases, including
urolithiasis. Children are especially vulnerable to the toxic
effects of heavy metals due to their underdeveloped renal
filtration and detoxification mechanisms. Children exposed
to mercury through contaminated water and food show
alterations in mineral metabolism, which promote the
crystallization of urinary salts. This underscores the need
for stringent monitoring of mercury levels in the environment
and early detection of renal impairments in children [52].

Discussion

The data obtained indicate that the elemental
composition of urine and blood plays a significant role in the
pathogenesis of urolithiasis. Essential trace elements such
as magnesium and selenium may exert protective effects,
while calcium and zinc have a complex impact, depending
on their concentrations. At the same time, toxic metals,
including cadmium and lead, can increase the risk of stone
formation through oxidative stress and damage to renal
tubules. The role of trace elements in the pathogenesis of
urolithiasis has been actively studied in recent decades.
lMonyyeHHble AaHHble CBUOETENbCTBYT O TOM, 4TO
MWKPO3IEMEHTHbI COCTAB MOYM U KPOBW WIpaeT BakHYH0
porb B NaToreHe3e MoYekaMmeHHon 6onesHu.

The study by Ahmad et al. (2025) showed that an
imbalance in mineral ionic trace elements, including
calcium, magnesium, phosphorus, zinc, and selenium,
plays a key role in the development of chronic diseases,
including urolithiasis. Magnesium deficiency and excess
calcium can disrupt kidney metabolism and increase the
risk of lithogenesis. The authors also highlight that
endocrine regulation of mineral metabolism, particularly the
levels of vitamin D and parathyroid hormone (PTH), affects
stone formation, emphasizing the importance of monitoring
these parameters for urolithiasis prevention [10].

In the study by Razzaque et al. (2025), the authors
confirm that optimal calcium intake (1000-1200 mg/day)
reduces the risk of urolithiasis by binding oxalates in the
gastrointestinal tract [41]. Kosiba et al. (2020) identified the
key role of the calcium-sensing receptor (CaSR) in
nephrotoxicity induced by heavy metals such as cadmium
(Cd), lead (Pb), arsenic (As), and mercury (Hg). They found
that impaired CaSR function in the kidneys contributes to
nephrolithiasis by altering the balance of calcium and
phosphate ions, increasing oxidative stress, and activating

mitogen-activated protein  kinase (MAPK) signaling
pathways. The authors suggest that modulation of CaSR
activity could be a promising approach for preventing and
treating nephrotoxicity caused by heavy metals [28]. In a
study conducted in Jordan, patients with urolithiasis
exhibited elevated concentrations of trace elements in their
kidney stones [8]. Using X-ray fluorescence (XRF) and
atomic absorption spectroscopy (AAS), 110 stone samples
were analyzed, revealing elements such as calcium (Ca),
sodium (Na), potassium (K), magnesium (Mg), iron (Fe),
aluminum (Al), zinc (Zn), copper (Cu), manganese (Mn),
phosphorus (P), sulfur (S), strontium (Sr), molybdenum
(Mo), chromium (Cr), cobalt (Co), and nickel (Ni). Calcium
was found to be the main component of most stones,
particularly in the form of oxalates and phosphates.
However, toxic trace elements such as lead (Pb), cadmium
(Cd), and arsenic (As) were not detected in the analyzed
samples. The authors conclude that the accumulation of
certain metals, such as Mo, Cr, Co, and Ni, may play a role
in the stone formation process, although their
concentrations in the samples were low [8].

Ferraro et al. (2020) demonstrated that excessive
consumption of meat and animal proteins lowers urine pH,
increases  calcium levels, and decreases citrate
concentration, which promotes stone formation [21]. In
contrast, a balanced vegetarian diet with a high intake of
fruits and vegetables reduces the risk of urolithiasis.
Furthermore, balanced calcium intake is essential, as its
deficiency increases oxalate excretion and promotes
lithogenesis [21].

The study by Keshavarzi et al. (2014) identified that
calcium and phosphorus are the main components of
urinary stones, with calcium binding to oxalates and
phosphates binding to metals [27]. High concentrations of
zinc and strontium in phosphate stones may be associated
with lithogenesis, highlighting the role of trace elements in
stone formation [27].

Abdel-Gawad et al. (2022) confirmed the role of heavy
metals and trace elements in the pathogenesis of
urolithiasis. Elevated levels of aluminum, arsenic, selenium,
zinc, and nickel were found in calcium-oxalate stones, while
magnesium, cadmium, lead, and barium were predominant
in phosphate stones. Geographic differences in stone
composition suggest the influence of environmental factors
on the development of the disease [9]. Research from the
Medical University of Iran explored the concentrations of
heavy metals and other urolithic elements in both blood and
urinary stones to examine their relationship with
environmental factors and diet in individuals with urinary
stones in Ardabil. The results showed significant differences
in nickel and copper concentrations in individuals who
consumed vegetables daily, and among people with various
types of kidney stones [17].

According to Hamzah et al. (2024), zinc and copper
levels in patients with chronic kidney disease significantly
differ from the control group. Zinc deficiency is associated
with impaired antioxidant defense, which may contribute to
stone formation. At the same time, excess copper may
exacerbate inflammatory processes in the kidneys, creating
a favorable environment for stone formation [12].

Ramli et al. (2025) found that methamphetamine abuse
increases the risk of kidney diseases, including urolithiasis.
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This is associated with increased oxidative stress and an
imbalance of trace elements such as calcium and
magnesium, which may contribute to the precipitation of
salts in the urinary tract [40]. Ruidiaz Gomez et al. (2024)
confirm that geographic location affects the content of trace
elements in urinary stones. For example, regions with high
magnesium content in water have a lower frequency of
nephrolithiasis, whereas areas with elevated levels of lead
and cadmium show a higher disease prevalence [23].

Quiroz et al. (2025) identified that patients with chronic
kidney diseases have higher concentrations of toxic metals,
such as cadmium and lead, compared to healthy
individuals. This highlights their potential role in the
development of nephrolithiasis and emphasizes the need
for monitoring these elements in the body [38].

The study by Qin et al. (2025) demonstrated that
hypoxia, associated with chronic kidney diseases, leads to
altered levels of zinc and iron. This can contribute to
mineral metabolism imbalance and increase the risk of
stone formation [37].

Dietary habits play an essential role in the pathogenesis
of urolithiasis. Excessive intake of sodium and oxalates
combined with magnesium and citrate deficiency promotes
the formation of calcium oxalate stones. Overuse of calcium
supplements and vitamins without professional supervision
can disrupt mineral balance, increasing the risk of stone
formation. The study emphasizes the importance of a
personalized approach to the nutrition of patients with
kidney stones, including reducing salt intake, increasing
magnesium levels, and ensuring adequate hydration to
prevent recurrences [13].

The study by Sanders et al. (2019) examined the
combined impact of heavy metals such as lead (Pb),
cadmium (Cd), mercury (Hg), and arsenic (As) on kidney
function in adolescents aged 12-19 years. Analysis of data
from the U.S. National Health and Nutrition Examination
Survey (NHANES) from 2009 to 2014 revealed that
increased levels of these metals in urine and blood were
associated with changes in kidney parameters, including
estimated glomerular filtration rate (eGFR), blood urea
nitrogen (BUN) levels, and urinary albumin levels. Arsenic
had the most significant effect on BUN, while mercury and
cadmium primarily affected eGFR. These findings highlight
the potential risk of combined exposure to heavy metals on
kidney health at an early age and underscore the need for
further research to assess the long-term consequences of
such exposures [43].

Conclusions

Current research confirms the significant role of trace
elements in the pathogenesis of nephrolithiasis (NKD).
Essential elements such as calcium, magnesium, and
selenium contribute to maintaining mineralization and
preventing stone formation, whereas their deficiency may
enhance crystallization of urinary salts and inflammatory
processes. In contrast, excess levels of toxic metals (lead,
cadmium, arsenic, cobalt, and mercury) adversely affect
kidney tissue, increasing the risk of lithogenesis.
Maintaining optimal levels of essential trace elements and
minimizing exposure to toxic metals are critical preventive
measures and should be part of comprehensive NKD
treatment. Further detailed clinical studies aimed at
correcting mineral metabolism and protecting the kidneys

from toxic factors are necessary for a deeper understanding
of stone formation mechanisms and the development of
effective therapeutic strategies.

Authors’ contribution. All the authors contributed to the
manuscript equally.

Conflict of Interests is not declared. The article was not
declared before for publication in other journals and is not being
reviewed by other publishers.

Jlumepamypa:

1. Tadxues H.K., ManxacsH, B.A., Ma3ypetko, [.A. n
Ap. MoyekameHHas 6onesHb 1 MeTabonmyeckmnii CUHLPOM.
Matocuanonorus kamHeobpa3oBaHUs. OKCMepUMeEHTanb-
Has 1 knuHnyeckas yponorus. 2018. Ne.1. C. 66-75.

2. [lexxaHos K.A., YmeeeHos, H.Y., Axmedos, LLI.M. n
ap. O6GMeH HEKOTOpbIX MWUKPOINIEMEHTOB B HOPME W Mpu
MouekaMeHHol GonesHn y pgetei. EBpocué neguatpus
axbopotHomacu. 2019. Ne.1. C. 108-115.

3. KysHeuyosa E.I"., lllunses, P.P., pomosa, O.A.
Ap. TOKCMYHbIE MUKPOSMEMEHTbI U WX PONMb B Pa3BUTUM
Hedpponatuit y aeten. Hedbponorus. 2007. T. 11. Ne. 2. C.
31-38.

4, Maeomedog P.A., Mbpazumosa [.A. CTpykTypa
3aboneBaemMocT MoYekaMeHHON BonesHblo B Kamkyckoil
obnactn. BectHuk Kanyxckoro yHusepcuteta. 2020. Ne. 4.
C. 86-89.

5. MyxymduHosa .M., l'om3uHa E.[., mamos A.A.
BnusHue ceneHoBoro cratyca Ha OpraHuaMm uYenoBeka
(nuTepatypHblii  00630p). MeauuuHa 1 opraHu3auus
3apaBooxpaHeHust. 2022. T. 7. Ne. 4. C. 126-135.

6. Odunog X.A. OkcnepumeHTanbHoe 0BOCHOBaHME
MexaHu3Ma BIWSIHUS OCHOBHbIX (DAKTOPOB, BbI3bIBAOLLMX
MOYekaMeHHylo 6ornesHb, Ha MOpdOdyHKLMOHaNbHOE
COCTOSIHUE MOYEBBIBOAALLMX MyTeN. DKOHOMMKA U COLMYM.
2023. Ne. 12 (115) - 2. C. 935-943.

7. Skoeey E.A., l'ybaHos A.W., lecamosa E.A. Hosble
MeTOAbl aHanu3a cocTaBa KaMHel NoYek W WX BIWUSHUE Ha
MporHO3  TEYEeHWs W MeTogbl  MpOUMaKTUKA  Mpu
MOYEKaMEHHOM BonesHu. dapmakonorus &
dapmakotepanus. 2022. Ne. 3. C. 28-31

8. Abboud I.A. Concentration effect of trace metals in
Jordanian patients of urinary calculi. Environmental
Geochemistry and Health. 2008. Vol. 30. p. 11-20.

9. Abdel-Gawad M., Ali-El-Dein B., Elsobky E., et al.
Micro-elemental analysis and characterization of major
heavy metals and trace elements in the urinary stones
collected from patients living in diverse geographical
regions. Environmental Science and Pollution Research.
2022. Vol. 29. Ne. 45. p. 68941-68949.

10. Ahmad R., Sarraj B., Razzaque M.S. Vitamin D and
mineral ion homeostasis: endocrine dysregulation in chronic
diseases. Frontiers in Endocrinology. 2025. Vol. 16. p.
1493986.

11. Alpert P.T. The role of vitamins and minerals on the
immune system. Home Health Care Management &
Practice. 2017. Vol. 29. Ne. 3. p. 199-202.

12. Alturfi A.A.S., Hamzah M.I. Assessment of Trace
elements (Zinc, Copper) in Iragi Patients with Chronic
Kidney Disease on Dialysis. Kufa Medical Journal. 2024.
Vol. 20. Ne. 2. p. 202-212.

13. Bolasco P., Reggiardo G. Influence of dietary
heritage in a restricted geographic area and role of food

184



Hayka u 3apaBooxpanenue, 2025 T.27 (2)

00630p JauTEPaATYpPhI

additives on risk of recurrent kidney stone. Nutrients. 2024.
Vol. 16. Ne. 17. p. 2984.

14. Chen Y.H., Wei, C.F., Cheng, Y.Y.et al. Urine
cadmium and urolithiasis: A systematic review and meta-
analysis. Environmental Research. 2024. p. 118745.

15. Chen L., Ren B., Deng X, et al. Potential toxic
elements (PTEs) in rhizosphere soils and crops under a
black shale high geological background: Pollution
characteristics, distribution and risk assessment. Ecological
Indicators. 2024. Vol. 165. p. 112236.

16. Chiba T. Patients Are Using Dietary Supplement for
the Treatment of Their Diseases without Consultation with
Their Physicians and Pharmacists. Pharmacy. 2023. Vol.
11. Ne. 6. p. 179.

17. Dargahi A. Rahimpouran, S., Rad, H.M. et al.
Investigation of the link between the type and
concentrations of heavy metals and other elements in blood
and urinary stones and their association to the
environmental factors and dietary pattern. Journal of Trace
Elements in Medicine and Biology. 2023. Vol.80. p. 127270.

18. Deepthi B., Krishnamurthy S. Kidney Stones in
Children: Causes, Consequences, and Concerns. Indian
Pediatrics. 2025. Vol.62. Ne.2. p. 151-162.

19. Dong C., He Z., Liao W. et al. CHAC1 Mediates
Endoplasmic Reticulum Stress-Dependent Ferroptosis in
Calcium Oxalate Kidney Stone Formation. Advanced
Science. 2025. p. 2403992.

20. Ferraro P.M., Gambaro G., Curhan G.C. et al.
Intake of trace metals and the risk of incident kidney stones.
The Journal of urology. 2018. Vol. 199. Ne. 6. p. 1534-1539.

21. Ferraro P.M., Bargagli M., Trinchieri A. et al. Risk of
kidney stones: influence of dietary factors, dietary patterns,
and vegetarian—-vegan diets. Nutrients. 2020. Vol.12. Ne.3.
p. 779.

22. Ghoneim S.H., Alghaythee H., Alasmari B. et al.
Impact of diet on renal stone formation. Journal of Family
Medicine and Primary Care. 2024. Vol.13. Ne.11. p. 4800-
4809.

23. Gémez K.S., Caballero J.V. My Kidney Disease, My
World as an Arena: Unpacking the Situation of Adolescents
from. Enfermeria. 2024. Vol. 42. Ne. 3. p. e04.

24. Guo Z.L., Wang J.Y., Gong L.L. et al. Association
between cadmium exposure and urolithiasis risk: A
systematic review and meta-analysis. Medicine. 2018. Vol.
97. Ne. 1. p. €9460.

25. Huang J.L., Mo Z.Y., Li Z.Y. et al. Association of
lead and cadmium exposure with kidney stone incidence: a
study on the non-occupational population in Nandan of
China. Journal of Trace Elements in Medicine and Biology.
2021. Vol. 68. p. 126852.

26. Jiazhen Z.H.., Yaotang D.E., Guoliang L.I. et al.
Association between urinary metal levels and kidney stones
in metal smelter workers. Journal of Environmental and
Occupational Medicine. 2024. Vol. 41. Ne. 7. p. 735-743.

27. Keshavarzi B., Yavarashayeri N., Irani D. Trace
elements in urinary stones: a preliminary investigation in
Fars province, Iran. Environmental geochemistry and
health. 2015. Vol.37. p. 377-389.

28. Kosiba A.A., Wang Y., Chen D. et al. The roles of
calcium-sensing receptor (CaSR) in heavy metals-induced
nephrotoxicity. Life sciences. 2020. Vol. 242. p. 117183.

29. Levin-Schwartz Y., Gennings, C., Henn, B. C., et al.
Multi-media biomarkers: Integrating information to improve
lead exposure assessment. Environmental research. 2020.
T.183. C. 109148.

30. Liang D., Liu C., Yang M. The association between
urinary lead concentration and the likelihood of kidney
stones in US adults: a population-based study. Scientific
Reports. 2025. T. 15. Ne. 1. C. 1653.

31. Liu Y., Zhang, C., Qin, Z. et al. Analysis of
threshold effect of urinary heavy metal elements on the high
prevalence of nephrolithiasis in men. Biological Trace
Element Research. 2022. C. 1-11.

32. Lu J., Wu Q. Xia Y., et al. Association between
urinary cobalt exposure and kidney stones in US adult
population: results from the National Health and Nutrition
Examination Survey. Renal Failure. 2024. T. 46. Ne. 1. C.
2325645.

33. Lyall V., Bartholomew T., Pais Jr V. Association of
dietary vitamin E intake with current stone formation: A
NHANES analysis 2017-2020. Clinical nephrology, 2024.
https://pubmed.ncbi.nim.nih.gov/39744798/

34. Omri B., Amraoui M., Tarek A., et al. Arthrospira
platensis (Spirulina) supplementation on laying hens’
performance: Eggs physical, chemical, and sensorial
qualities. Foods. 2019. T. 8. Ne. 9. C. 386-394.

35. Papatsoris A., Alba A.B., Galan Llopis J.A. et al.
Management of urinary stones: state of the art and future
perspectives by experts in stone disease. Archivio italiano
di urologia, andrologia: organo ufficiale [di] Societa italiana
di ecografia urologica e nefrologica. 2024. T. 96. Ne. 2. C.
12703.

36. Prywer J., Torzewska A., Mielniczek-Brzéska E.
Understanding the role of zinc ions on struvite nucleation
and growth in the context of infection urinary stones.
Metallomics. 2024. T. 16. Ne. 5. C. mfae017.

37. Qin W., Nie P., Luo M. et al. Research Progress of
Hypoxia-Inducible Factor-1a and Zinc in the Mechanism of
Diabetic Kidney Disease. Frontiers in Pharmacology. T. 16.
C. 1537749.

38. Quiroz M.G. WCN25-4613 Rationale and Design of
the International Prospective Study of Chronic Kidney
Disease of Unknown Etiology in Agricultural Communities
(CURE study). Kidney International Reports. 2025. T. 10.
Ne. 2. C. S152-S153.

39. Ramaswamy K., Killilea D.W., Kapahi P. et al. The
elementome of calcium-based urinary stones and its role in
urolithiasis. Nature Reviews Urology. 2015. Vol. 12. Ne. 10.
p. 543-557.

40. Ramli F.F., Rejeki P.S., Abdullayeva G., et alA
Mechanistic ~ Review on  Toxicity = Effects  of
Methamphetamine. International Journal of Medical
Sciences. 2025. Vol. 22. Ne. 3. p. 482.

41. Razzaque M.S., Wimalawansa S.J. Minerals and
Human Health: From Deficiency to Toxicity. Nutrients. 2025.
Vol. 17. Ne. 3. p. 454,

42. Saini G., Kumar S., Upadhyay V., et al
Groundwater arsenic contamination and associated health
hazards in Kangra district of Himachal Pradesh, India
Pollution. 2025. Vol. 11. Ne. 2. p. 267-279.

43. Sanders A.P., Mazzella M.J., Malin AJ. et al.
Combined exposure to lead, cadmium, mercury, and
arsenic and kidney health in adolescents age 12-19 in

185



Reviews

Science & Healthcare, 2025 Vol. 27 (2)

NHANES 2009-2014. Environment international. 2019. Vol.
131. p. 104993.

44, Shamlan G., Alansari W.S. Impact of Almond
(Terminalia catappa) Ethanolic Leaf Extracts on an
Ethylene Glycol-Induced Urolithiasis Rat Model. Current
Research in Nutrition and Food Science. 2024. Vol. 12, No.
(3), Pg. 1172-1185

45. Singh V.K., Rai P.K. Kidney stone analysis
techniques and the role of major and trace elements on
their pathogenesis: a review. Biophysical reviews. 2014.
Vol. 6. Ne. 3. p. 291-310.

46. Stojewski M. Major and trace elements in
lithogenesis. Central European journal of urology. 2011.
Vol. 64. Ne. 2. p. 58.

47. Su X, Chen H., Xiang H., et al. Selenium
participates in the formation of kidney stones by alleviating
endoplasmic reticulum stress and apoptosis of renal tubular
epithelial cells. Redox Report. 2024. Vol. 29. Ne.1. p.
2416825.

48. Sun'Y., Wang Y., Wang D. et al. Dietary zinc intake,
supplemental zinc intake and serum zinc levels and the
prevalence of kidney stones in adults. Journal of Trace
Elements in Medicine and Biology. 2020. Vol. 57. p.
126410.

49. Sun Y., Zhou Q., Zheng J. Nephrotoxic metals of
cadmium, lead, mercury and arsenic and the odds of kidney
stones in adults: an exposure-response analysis of
NHANES 2007-2016. Environment international. 2019. Vol.
132. p. 105115.

50. Tian Y., Han G., Zhang S. et al. The key role of
major and trace elements in urinary stone formation. BMC
Urology. 2024. Vol. 24(1). p. 114,

51. Tzelves L., Juliebg-Jones P., Somani B. The
evolution of minimally invasive urologic surgery:
innovations, challenges, and opportunities. Frontiers in
Surgery. 2024. Vol. 11. p. 1525713.

52. Weidemann D.K., Fadrowski J.J., Weaver V.M. The
environment and kidney disease in children. Textbook of
Children's Environmental Health: Second Edition. 2024. p.
719-730.

53. Xiao Y., Yin S., Bai Y et al. Association between
urine cobalt and prevalence of kidney stones in americans
aged= 20 years old. Environmental Science and Pollution
Research. 2022. Vol. 29. Ne. 60. p. 91061-91070.

54. Yao X, Xu X.S., Yang Y. et al. Stratification of
population in NHANES 2009-2014 based on exposure
pattern of lead, cadmium, mercury, and arsenic and their
association with cardiovascular, renal and respiratory
outcomes. Environment International. 2021. Vol. 149. p.
106410.

55. Zarasvandi A., Heidari M., Sadeghi M. et al. Major
and trace element composition of urinary stones, Khuzestan
province, southwest, Iran. Journal of Geochemical
Exploration. 2013. Vol. 131. p. 52-58.

56. Zayed A., Adly G.M., Farag M.A. Management
Strategies for the Anti-nutrient Oxalic Acid in Foods: A
Comprehensive Overview of Its Dietary Sources, Roles,
Metabolism, and Processing. Food and Bioprocess
Technology. 2025. p. 1-21.

57. Zhang D., Han W., Yang Y. et al. Association
Between Dietary Selenium Intake and Kidney Stones
Disease Among Patients with Metabolic Syndrome: A

Cross-Sectional Study from the NHANES Database.
Journal of Multidisciplinary Healthcare. 2024. p. 6255-6264.

58. Zhang J., Luo H., Wu H. et al. The association
between domestic water hardness and kidney stone
disease: a prospective cohort study from the UK Biobank.
International Journal of Surgery. 2024. p. 10.1097.

59. Zheng Y.Y., Tong, X.Y., Zhang D. Y.t al
Enhancement of Antioxidative and Anti-Inflammatory
Activities of Corn Silk Polysaccharides After Selenium
Modification. Journal of Inflammation Research. 2024. p.
7965-7991.

60. Zhu Y., Costa M. Metals and molecular
carcinogenesis. Carcinogenesis. 2020. Vol. 41, Ne9. P.
1161-1172]

References: [1-7]

1. Gadjiev N.K., Malkhasyan V.A., Mazurenko D.A., et
al. Mochekamennaya bolezn' i metabolicheskii sindrom.
Patofiziologiya kamneoobrazovaniya [Urolithiasis and
metabolic syndrome. Pathophysiology of stone formation].
Eksperimental’naya i klinicheskaya urologiya [Experimental
and Clinical Urology]. 2018. Ne.1. p. 66-75. [in Russian]

2. Dekhkanov K.A., Utegenov N.U., Akhmedov Sh.M.,
et al. Obmen nekotorykh mikroelementov v norme i pri
mochekamennoy bolezni u detey [Metabolism of some
trace elements in normal conditions and urolithiasis in
children]. Evrosiyo Pediatriya Akhborotnomasi [Euro-Asian
Pediatric Bulletin]. 2019. Ne.1. p. 108-115. [in Russian]

3. Kuznetsova E.G., Shilyaev R.R., Gromova O.A., et
al. Toksichnye mikroelementy i ikh rol’ v razvitii nefropatiy u
detey [Toxic trace elements and their role in the
development of nephropathies in children]. Nefrologiya
[Nephrology]. 2007. Vol. 11. Ne.2. p. 31-38. [in Russian]

4. Magomedov R.A., Ibragimova D.A. Struktura
zabolevaemosti mochekamennoy boleznyu v Kaluzhskoy
oblasti [Structure of urolithiasis morbidity in the Kaluga
region]. Vestnik Kaluzhskogo universiteta [Bulletin of
Kaluga University]. 2020. Ne.4. p. 86-89. [in Russian]

5. Mukhutdinova G.M., Gomzina E.G., Imamov A.A.
Vliyanie selenovogo statusa na organizm cheloveka
(literaturnyi obzor) [The influence of selenium status on the
human body (literature review)]. Meditsina i organizatsiya
zdravookhraneniya [Medicine and Healthcare Organization].
2022.Vol. 7. Ne.4. p. 126-135. [in Russian]

6. Odilov Kh.A. Eksperimental'noe
mekhanizma vliyaniya osnovnykh faktorov,
vyzyvayushchikh mochekamennuyu bolezn’, na
morfofunktsional'noe  sostoyanie mochevyvodyashchikh
putey [Experimental substantiation of the mechanism of
influence of the main factors causing urolithiasis on the
morphological and functional state of the urinary tract].
Ekonomika i sotsium [Economy and Society]. 2023. Ne.12
(115)-2. p. 935-943. [in Russian]

7. Yakovets E.A., Gubanov A.l, Desyatova E.A.
Novye metody analiza sostava kamney pochek i ikh vliyanie
na prognoz techeniya i metody profilaktiki pri
mochekamennoy bolezni [New methods for analyzing the
composition of kidney stones and their impact on the
prognosis and prevention methods in urolithiasis].
Farmakologiya & Farmakoterapiya [Pharmacology &
Pharmacotherapy]. 2022. Ne.3. p. 28-31. [in Russian]

obosnovanie

186



Hayka u 3apaBooxpanenue, 2025 T.27 (2) 00630p JauTEPaATYpPhI

Information about the authors:

Kanatbekova Arailym Kanatbekkyzy - PhD Student of the Department of Physiological Disciplines named after T.A.
Nazarova, NJSC "Semey Medical University", Semey, Kazakhstan; E-mail: doctor_araika@mail.ru ; Phone: +7 775 792 11
50; ORCID: https://orcid.org/0000-0003-3007-9322; Semey, Kazakhstan.

Kozykenova Zhanna Ukoshovna - PhD, Associate Professor of the Department of Physiological Disciplines named after
T.A. Nazarova, , NJSC "Semey Medical University", Semey, Kazakhstan;

E-mail: alicher-02@mail.ru ; Phone: +7 7775835617; ORCID: https://orcid.org/0000-0001-7420-2279 ;Semey, Kazakhstan.
Apsalikov Bakytbek Asylbekovich - PhD, Associate Professor, Head of the Department of Clinical Oncology and Nuclear
Medicine named after D.R. Mussinov. NJSC "Semey Medical University", Semey, Kazakhstan; E-mail:
bakytbek.apsalikov@smu.edu.kz; Phone: +7 705 225 2524; ORCID: https://orcid.org/0000-0001-6983-9224; Semey,
Kazakhstan.

Akkaliev Merkhat Ntabekovich - PhD of the Department of Surgical Disciplines. NJSC "Semey Medical University", Semey,
Kazakhstan; E-mail: merchat_72@mail.ru; Phone: +77771539854; ORCID: https://orcid.org/0000-0003-3122-7411 ; Semey,
Kazakhstan.

Shagiyeva Dinara Sheriyazdanovna - Assistant of the Department of Nursing, Candidate of Medical Sciences. NJSC
"Semey Medical University", Semey, Kazakhstan; E-mail: dinara.shagiyeva@smu.edu.kz ; Phone: +7 705 798 3724;
ORCID: https://orcid.org/0009-0009-2278-9624; Semey, Kazakhstan.

Mukasheva Gulbarshyn Darynkyzy - Senior Teacher of the Department of Epidemiology and Biostatistics, NJSC "Semey
Medical University", Semey, Kazakhstan; E-mail: gulbarshyn_1_12@mail.ru; phone +7 775 220 07 45, https://orcid.org/0000-
0003-3490-5628; Semey, Kazakhstan;

Terlikbaeva Gulnar Alimgazyevna- Lecturer of the Department Pathological Physiology named after Professor A.N.
Nurmukhambetov, NJSC "KazNMU named after S.D. Asfendiyarov’, Almaty, Kazakhstan. E-mail:
Terlikbaeva.gulnar@mail.ru; Phone: +7 777 964 7628; ORCID: https://orcid.org/0009-0004-5368-2129; Almaty, Kazakhstan.
Buleukhanova Roza Tusupzhanovna - Candidate of Medical Sciences, Professor of the Russian Academy of Natural
Sciences, Director of the Medical Center LLP "Zhan-Er". Semey, Kazakhstan; E-mail: zhan-er@mail kz; Phone: +7 777 742
0574; Semey, Kazakhstan.

Yessenbayeva Assiya Askhatovna - PhD of the Department of Nursing NJSC "Semey Medical University", Semey,
Kazakhstan; E-mail: assiya. yessenbayeva@smu.edu.kz ; Phone: +7 777 236 1697; ORCID: https://orcid.org/0000-0001-
6195-2142 ; Semey, Kazakhstan.

Massabayeva Meruyert Ravilyevna -PhD, Associate Professor, Chief Researcher of the Center of Scientific Research
Laboratory. NJSC "Semey Medical University", Semey, Kazakhstan; E-mail: meruyert.massabayeva@smu.edu.kz ; Phone:
+7 700 777 0230; ORCID: https://orcid.org/0000-0001-8240-361X; Semey, Kazakhstan.

Corresponding author:

Kozykenova Zhanna Ukoshovna - PhD, Associate Professor of the Department of Physiological Disciplines named after
T.A. Nazarova, , NJSC "Semey Medical University", Semey, Kazakhstan; ORCID: https://orcid.org/0000-0001-7420-2279;
Semey, Kazakhstan.

Postal code: Republic of Kazakhstan, 071400, Semey city, Abay Street 103.

E-mail: alicher-02@mail.ru

Phone: +7 7775835617

187


mailto:doctor_araika@mail.ru
https://orcid.org/0000-0003-3007-9322
mailto:alicher-02@mail.ru
https://orcid.org/0000-0001-7420-2279
mailto:bakytbek.apsalikov@smu.edu.kz
https://orcid.org/0000-0001-6983-9224
mailto:merchat_72@mail.ru
https://orcid.org/0000-0003-3122-7411
mailto:dinara.shagiyeva@smu.edu.k
https://orcid.org/0009-0009-2278-9624
https://orcid.org/0000-0003-3490-5628
https://orcid.org/0000-0003-3490-5628
mailto:Terlikbaeva.gulnar@mail.ru
https://orcid.org/0009-0004-5368-2129
mailto:zhan-er@mail.kz
mailto:yessenbayeva@smu.edu.kz
https://orcid.org/0000-0001-6195-2142
https://orcid.org/0000-0001-6195-2142
mailto:meruyert.massabayeva@smu.edu.kz
https://orcid.org/0000-0001-8240-361X

