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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.



GEORGIAN MEDICAL NEWS
NO 12 (369) 2025

Yuliya Tyravska, Dmytro Maltsev, Valentyna Moyseyenko, Vitalii Reshetylo, Volodymyr Yakymenko. 
IMMUNOMODULATORS IN THE TREATMENT OF ATHEROSCLEROSIS AND OTHER CHRONIC HEART DISEASES: PROSPECTS 
AND RISKS……………………………………………………………..........................................................……….…………………………..6-16

Aldabekova G, Khamidullina Z, Abdrashidova S, Musina A, Kassymbek S, Kokisheva G, Suleimenova Zh, Sarsenbieva A, Kamalbekova G. 
ASSESSMENT OF THE IMPLEMENTATION OF WHO INFECTION PREVENTION AND CONTROL (IPC) CORE COMPONENTS IN 
KAZAKHSTAN: FINDINGS BASED ON THE IPCAF TOOL……………….............................................................................……………17-22

Madina Madiyeva, Gulzhan Bersimbekova, Gulnur Kanapiyanova, Mariya Prilutskaya, Aray Mukanova. 
ANALYSIS OF RISK FACTORS AND THEIR IMPACT ON BONE HEALTH STATUS IN KAZAKH POPULATIONS……………...…23-30

Bilanishvili I, Barbakadze M, Nikabadze N, Andronikashvili G, Nanobashvili Z. 
AUDIOGENIC SEIZURE SUPPRESSION BY VENTRAL TEGMENTAL AREA STIMULATION………..................................…………31-37

Yan Wang, Yulei Xie, Chong Yin, Qing Wu. 
EXPLORING THE MECHANISM OF ACTION OF HEMP SEEDS (CANNABIS SATIVA L.) IN TREATING OSTEOPOROSIS USING 
NETWORK PHARMACOLOGY……………………………………………………….....................................................................………….38-43

Marzhan Myrzakhanova, Gulshara Berdesheva, Kulsara Rustemova, Shynar Kulbayeva, Yuriy Lissitsyn, Zhuldyz Tleubergenova. 
TRANSFORMING MEDICAL EDUCATION IN KAZAKHSTAN: THE POTENTIAL OF VIRTUAL REALITY FOR ENHANCING THE 
LEARNING EXPERIENCE……………………………………………………..................................................………………………………44-51

Malinochka Arina D, Khupsergenov Emir Z, Avagyan Artyom A, Kurachenko Yulia V, Britan Inna I, Hvorostova Serafima V, Koipish 
Vladislav S, Siiakina Anastasiia E, Vasileva Vasilisa V, Mikheenko Diana D, Fomenko Danila A. 
LATE DIAGNOSIS OF ACROMEGALY IN THE SETTING OF A SOMATOPROLACTINOMA…………....................................……….52-54

Serhii Lobanov. 
ONTOGENETIC AND PSYCHOSOCIAL DETERMINANTS OF ADDICTIVE BEHAVIOR FORMATION AMONG UKRAINIAN YOUTH 
……………………………………………………………………………………………………….............................................……………..55-62

Emzar Diasamidze, Tamaz Gvenetadze, Giorgi Antadze, Iamze Taboridze. 
THE IMPACT OF ANEMIA ON THE DEVELOPMENT OF INCISIONAL HERNIA, PROSPECTIVE STUDY……………..............…...63-67

Karapetyan A.G, Ulusyan T.R, Danielyan M.H, Avetisyan E.A, Petrosyan A.A, Petrosyan S.S, Grigoryan V.S. 
RESEARCH OF HEMATOLOGICAL CHANGES IN INDIVIDUALS EXPOSED TO IRRADIATION FROM THE CHERNOBYL 
NUCLEAR POWER PLANT……………………………………..........................................………………………………………………..…68-71

Yaji Chen, Yin Wang. 
THE RELATIONSHIP BETWEEN SOCIAL CAPITAL AND WORKERS’ MENTAL HEALTH IN CONTEMPORARY CHINA…….....72-78

Begaidarova R.Kh, Alshynbekova G.K, Kadyrova I.A, Alshimbayeva Z.Ye, Nassakayeva G.Ye, ZolotaryovaO.A, Omarova G.M. 
CASE REPORT OF INFLUENZA A (H1N1) PDM 09 STRAIN / KARAGANDA/ 06/2022 IN A CHILD AGED 3 YEARS….........….…..79-86

Fahad Saleh Ayed AL-Anazi, Albadawi Abdelbagi Talha. 
ANTIBIOGRAM OF URINARY CATHETER-ASSOCIATED BACTERIAL PATHOGENS IN INTENSIVE CARE UNIT, KING KHALID 
GENERAL HOSPITAL, HAFER AL-BATEN, SAUDI ARABIA…………......................................................................……………………87-95

Serik Baidurin, Ybraiym Karim, Akhmetzhanova Shynar, Tkachev Victor, Moldabayeva Altyn, Eshmagambetova Zhanna, Darybayeva Aisha. 
COEXISTENCE OF APLASTIC ANEMIA AND PAROXYSMAL NOCTURNAL HEMOGLOBINURIA: DIAGNOSTIC CHALLENGES 
AND THERAPEUTIC STRATEGIES - CASE REPORT………......................................................................................……………………96-101

Lika Leshkasheli, Darejan Bolkvadze, Lia Askilashvili, Maria Chichashvili, Megi Khanishvili, Giorgi Tsertsvadze, Nana Balarjishvili, Leila 
Kvachadze, Elisabed Zaldastanisvhili. 
PHENOTYPIC CHARACTERIZATION OF FIVE PHAGES ACTIVE AGAINST ANTIBIOTIC-RESISTANT KLEBSIELLA 
PNEUMONIAE……………………………………………….....................................………………………………………………………102-112

Aliya Manzoorudeen, Marwan Ismail, Ahmed Luay Osman Hashim, Abdelgadir Elamin Eltom. 
ASSOCIATION BETWEEN GALECTIN-3 AND MICROVASCULAR COMPLICATIONS IN TYPE 2 DIABETES MELLITUS: A 
COMPARATIVE STUDY………………………………………………………………………………………..113-119

Gulmira Derbissalina, Zhanagul Bekbergenova, Ayagoz Umbetzhanova, Gulsum Mauletbayeva, Gulnara Bedelbayeva. 
BIOMARKERS OF CARDIOMETABOLIC RISK IN PATIENTS WITH ARTERIAL HYPERTENSION: A CROSS-SECTIONAL PILOT ST
UDY……………..................................................……………………………………………………………………………………………120-126

Madina Rashova, Saule Akhmetova, Berik Tuleubaev, Dinara Turebekova, Amina Koshanova, Adilet Omenov, Bakdaulet Kambyl, Yekaterina 
Kossilova. 
ASSESSMENT OF CLINICAL SYMPTOMS OF ACUTE TOXICITY FOLLOWING THE IMPLANTATION OF A NANOCELLULOSE-
BASED BIOCOMPOSITE………………........................................................…………………………………………………………….…127-137

Dali Beridze, Mariam Metreveli, Avtandil Meskhidze, Galina Meparishvili, Aliosha Bakuridze, Malkhaz Jokhadze, Dali Berashvili, Lasha 
Bakuridze. 
STUDY OF THE BIOACTIVE COMPOUND COMPOSITION, ANTIMICROBIAL, AND CYTOTOXIC ACTIVITIES OF ENDEMIC 
PLANT SPECIES OF ADJARA-LAZETI…………………………………...............................................………………………………….138-152



Faisal Younis Shah, Reece Clough, Fatima Saleh, Mark Poustie, Ioannis Balanos, Ahmed Najjar. 
FACTORS AFFECTING MORTALITY IN PATIENTS WITH HIP FRACTURES AND SHAH HIP FRACTURE MORTALITY SCORE: A 
RISK QUANTIFICATION TOOL…………………………………….................................................................…………………………..153-159

Anas Ali Alhur, Layan S. Alqahtani, Lojain Al Faraj, Duha Alqahtani, Maram Fahad, Norah Almoneef, Ameerah Balobaied, Rawan Alamri, 
Aseel Almashal, Fatimah Alkathiri, Lama Alqahtani, Lama Al-Shahrani, Hani Alasmari, Nouran Al Almaie, Sarah Alshehri. 
GLOBAL RESEARCH TRENDS IN MRI SAFETY AND PATIENT AWARENESS: A BIBLIOMETRIC ANALYSIS (2000–2025)…160-167

Virina Natalia V, Kuchieva Lana M, Baturina Yulia S, Fizikova Aliya B, Gereeva Madina M, Bitiev Batraz F, Apakhaeva Karina K, Manukhova 
Natalia M, Rasulova Fatima Z, Kornev Egor M, Rodionova Ekaterina A. 
DANIO RERIO (ZEBRAFISH) - A UNIQUE AND INTEGRATIVE PLATFORM FOR 21ST CENTURY BIOMEDICAL 
RESEARCH………………………………………………………………………………………….....................................……………….168-173

Salah Eldin Omar Hussein, Shamsa Murad Abdalla Murad, Ogail Yousif Dawod, Elryah I Ali, Shawgi A. Elsiddig, Rabab H.Elshaikh A, Awadh 
S Alsubhi, Tagwa Yousif Elsayed Yousif, Siednamohammeddeen Nagat, Amin SI Banaga, Salah Y.Ali, Marwan Ismail, Ayman Hussien Alfeel. 
BIOCHEMICAL ASSOCIATION BETWEEN CALCIUM HOMEOSTASIS AND SERUM URIC ACID LEVELS IN PATIENTS WITH 
HYPOTHYROIDISM: A COMPARATIVE EVALUATION WITH 25-HYDROXYVITAMIN D……………………………………….174-179

Markova OO, Safonchyk OI, Orlovska IH, Kovalchuk OM, Sukharieva AO, Myrza SS, Keidaliuk VO. 
PROTECTION OF CONSUMER RIGHTS IN THE FIELD OF ELECTRONIC COMMERCE OF MEDICINES………...………………180-187

Ilona Tserediani, Merab Khvadagian. 
ENDONASAL ENDOSCOPIC DACRYOCYSTORHINOSTOMY USING RADIOFREQUENCY (RF) IN CHRONIC ABSCESSED 
DACRYOCYSTITIS: A PROSPECTIVE STUDY…………...............................................…………………………………………………188-189

Nadezhda Omelchuk. 
HYPERCORTICISM IN THE PATHOGENESIS OF ACUTE RADIATION SICKNESS AND CONDITIONS OF INCREASED 
RADIORESISTANCE………………......................................………………………………………………………………………………190-196

Anas Ali Alhur, Raghad Alharajeen, Aliah Alshabanah, Jomanah Alghuwainem, Majed Almukhlifi, Abdullah Al Alshikh, Nasser Alsubaie, 
Ayat Al Sinan, Raghad Alotaibi, Nadrah Alamri, Atheer Marzouq Alshammari, Nawal Alasmari, Deema Alqurashi, Shahad Alharthi, Renad 
Alosaimi. 
THE IMPACT OF VISION 2030 ON PHARMACY STUDENTS’ CAREER OUTLOOKS AND SPECIALIZATION CHOICES: A CROSS-
SECTIONAL ANALYSIS…………….........................................................…………………………………………………………………197-203

Fitim Alidema, Arieta Hasani Alidema, Lirim Mustafa, Mirlinde Havolli, Fellenza Abazi. 
LDL-CHOLESTEROL LOWERING WITH ATORVASTATIN, ROSUVASTATIN AND SIMVASTATIN: RESULTS OF A 
RETROSPECTIVE OBSERVATIONAL STUDY………………...............................………………………………………………………204-209

Ainur Amanzholkyzy, Yersulu Sagidanova, Edgaras Stankevicius, Ainur Donayeva, Ulziya Sarsengali. 
HEAVY METAL TOXICITY VERSUS TRACE ELEMENT PROTECTION IN WOMEN’S REPRODUCTIVE HEALTH - A SYSTEMATIC 
REVIEW……………………………………………………...............................................................………………………………………210-216

Marwan Ismail, Mutaz Ibrahim Hassan, Assiya Gherdaoui, Majid Alnaimi, Raghda Altamimi, Srija Manimaran, Mahir Khalil Jallo, Ramprasad 
Muthukrishnan, Praveen Kumar Kandakurthi, Jaborova Mehroba Salomudinovna, Shukurov Firuz Abdufattoevich, Shawgi A. Elsiddig, Tagwa 
Yousif Elsayed Yousif, Asaad Babker, Ahmed L. Osman, Abdelgadir Elamin. 
ASSOCIATION BETWEEN EXERCISE MODALITIES AND GLYCEMIC CONTROL IN TYPE 2 DIABETES………..……………..217-223

Tamar Zarginava, Zaza Sopromadze. 
THE PRIORITY OF CONTEMPORARY MEDICAL UNIVERSITY MODELS IN SUBSTANTIATING BENCHMARKING OF 
MARKETING SOCIO-ETHICAL STANDARDS…………………………....................................................................……………………224-230

Svetlana Shikanova, Altynay Kabdygaliyeva. 
THE SIGNIFICANCE OF INTERLEUKIN-22 AND HOMOCYSTEINE IN THE PROGNOSIS OF PREMATURE ANTEPARTUM 
RUPTURE OF MEMBRANES IN PREGNANT WOMEN………………….............................................................………………………231-242

Shahad A. Badr, Taqwa B. Thanoon, Zeina A. Althanoon, Marwan M. Merkhan. 
CHARACTERISTICS AND MANAGEMENT OF RESPIRATORY AILMENTS IN PAEDIATRICS: A PROSPECTIVE CLINICAL 
STUDY ………………………………………………………………………………………................................…………………………243-247

Ulviyya Z. Nabizade, Orkhan Isayev, Gunel R. Haci, Kamal İ. Kazimov, Gulmira H. Nasirova, Rezeda R. Kaziyeva, Elchin H. Guliyev, Isa H. 
Isayev. 
EVALUATION OF THE DEEP INSPIRATION BREATH-HOLD TECHNIQUE TO IMPROVE DOSIMETRIC OUTCOMES IN 
RADIOTHERAPY FOR STAGE III NON-SMALL CELL LUNG CANCER………………...............................................................…….248-252

Galina Battalova, Yerkezhan Kalshabay, Zhamilya Zholdybay, Dinara Baiguissova, Bolatbek Baimakhanov. 
NON-INVASIVE QUANTITATIVE CT PERFUSION OF THE LIVER IN AUTOIMMUNE HEPATITIS……………........................…253-260

Lachashvili L, Khubua M, Jangavadze M, Bedinasvili Z. 
MiR-29a, miR-222 AND miR-132 IN THE BLOOD PLASMA OF PREGNANT WOMEN AS PREDICTORS OF GESTATIONAL 
DIABETES……………………………….......................................…………………………………………………………………………261-265

Mohanad Luay Jawhar, Hadzliana Binti Zainal, Sabariah Noor Binti Harun, Baraa Ahmed Saeed. 
OMEGA-3 POLYUNSATURATED FATTY ACIDS AND HYPERTENSION: A REVIEW OF VASOACTIVE MECHANISMS AND 
IMPLICATIONS FOR CARDIOVASCULAR DISEASE………………………....................................................................………………266-271



Dimash Davletov, Mukhtar Kulimbet, Indira Baibolsynova, Sergey Lee, Ildar Fakhradiyev, Alisher Makhmutov, Batyrbek Assembekov, Kairat 
Davletov. 
ESTIMATING THE PREVALENCE OF FAMILIAL HYPERCHOLESTEROLEMIA IN STROKE AND TRANSITORY ISCHEMIC 
ATTACK POPULATION: A SYSTEMATIC REVIEW AND META-ANALYSIS……………….....................................................…….272-281

Anas Ali Alhur, Abdullah Saeed, Anas Almalki, Hawra Alhamad, Hafez Meagammy, Norah Al Sharaef, Sarah Alakeel, Saeed Alghamdi, 
Abdulaziz Alqarni, Mohammed Alqarni, Muhannad Alshehri, Naif Alotaibi, Salman Almutairi, Rayan Alajhar, Adel Al-Harthi. 
IS HEALTH AT RISK? A QUANTITATIVE STUDY ASSESSING THE IMPACT OF EXCESSIVE MOBILE APPLICATION USE ON 
PHYSICAL AND MENTAL WELL-BEING AMONG ADULTS IN SAUDI ARABIA…………….......................................……………282-288

Khatuna Kudava. 
ONYCHODYSTROPHIES IN PEDIATRIC DERMATOLOGY……………........................…………………………………………….…289-292



GEORGIAN MEDICAL NEWS
No 12 (369) 2025

© GMN 210

HEAVY METAL TOXICITY VERSUS TRACE ELEMENT PROTECTION IN WOMEN'S 
REPRODUCTIVE HEALTH - A SYSTEMATIC REVIEW

Ainur Amanzholkyzy1, Yersulu Sagidanova1, Edgaras Stankevicius2, Ainur Donayeva1, Ulziya Sarsengali3.
1Department of Normal Physiology, «West Kazakhstan Marat Ospanov Medical University» NSJC, Aktobe, the Republic of Kazakhstan.

2Head of the Institute of Physiology and Pharmacology, Lithuanian University of Health Sciences, Kaunas, Lithuania.
3Obstetrician-gynecologist, LLP "Ecomed-Aktobe", Aktobe, the Republic of Kazakhstan.

Abstract.
Background: Environmental exposures are increasingly 

linked to reproductive dysfunctions such as endometriosis, 
ovarian insufficiency, and polycystic ovary syndrome (PCOS). 
Through endocrine disruption, oxidative stress, and epigenetic 
pathways, heavy metals (such as cadmium [Cd], lead [Pb], 
mercury [Hg], and arsenic [As]) and trace elements (such as 
zinc [Zn], copper [Cu], and selenium [Se]) may affect female 
fertility. Nevertheless, there are still few integrated assessments 
that address their combined consequences.

The goal is to perform a critical evaluation and systematic 
analysis of epidemiological data about the link between 
reproductive health issues in women of reproductive age and 
exposure to heavy metals and trace elements.

Methods: A comprehensive literature search was carried out 
in PubMed, Scopus, Google Scholar, and Web of Science to 
locate articles published between 2010 and 2024. Included were 
observational human studies that looked at correlations between 
metal exposure and the reproductive results of females. The 
study's quality was assessed using the Newcastle–Ottawa Scale 
(NOS), and the review process adhered to PRISMA guidelines. 

Findings: A total of twenty-three studies were included in 
the review: eleven case–control studies, eight cross-sectional 
studies, three cohort studies, and one analytical study. Cd, Pb, 
As, Hg, Cu, and Zn were the most frequently evaluated elements; 
these were usually detected in biological samples such blood, 
serum, or follicular fluid. While low Zn and Se levels were 
linked to endometrial diseases and a reduced ovarian reserve, 
elevated levels of Cd, Pb, and As were linked to an increased 
risk of PCOS and endometriosis. Inflammation and endocrine 
dysregulation were inversely correlated with protective trace 
elements, especially zinc and selenium. 17 studies had a high-
quality rating (NOS score ≥ 7).

Conclusions: One important and controllable risk factor for the 
reproductive health of women is exposure to hazardous metals. 
It seems that preserving reproductive function depends on 
striking a balance between harmful and necessary components. 
To elucidate dose-response connections, synergistic effects, 
and possible therapeutic options, further prospective and 
mechanistic research is required.

Key words. Heavy metal, toxicity, women's reproductive 
health.
Introduction.

In addition to being a vital aspect of personal happiness, 
women's reproductive health plays a significant role in 
societal advancement and population sustainability. In recent 
decades, there has been a troubling increase in reproductive 

disorders, including infertility, ovarian insufficiency, 
gestational complications, and premature reproductive aging 
[1-6]. An increasing amount of data suggests that exposure to 
environmental chemicals, especially heavy metals and trace 
elements, may contribute to various disorders in addition 
to endogenous or hereditary causes. Because of their high 
toxicity, bioaccumulative characteristics, and resistance to 
biodegradation, several substances—such as lead (Pb), cadmium 
(Cd), mercury (Hg), arsenic (As), and nickel (Ni)—have raised 
special concerns [7-9].

These substances can enter a woman's body through tainted 
food, drink, or air, as well as through interaction with polluted 
environments at work or at home [7]. Remarkably, even 
subtoxic levels have the potential to harm reproductive organ 
tissues, cause epigenetic changes, and interfere with endocrine 
function [8-20]. 

On the other hand, trace minerals like magnesium (Mg), 
copper (Cu), zinc (Zn), and selenium (Se) are crucial for 
immunological response, DNA repair, antioxidant defense, 
and hormone regulation [10-12]. Maintaining ovarian reserve, 
corpus luteum function, and implantation processes all depend 
on the proper balance between essential and harmful substances 
[5,14,19].

PCOS, endometriosis, premature ovarian insufficiency, and 
decreased fertility have all been linked to this balance being 
upset. Additionally, the same transport proteins, receptors, and 
enzyme systems may be contested by hazardous metals and 
micronutrients, which could affect the hormonal and tissue-
level regulation of reproductive function [6,17,22]. 

An integrated, multidisciplinary synthesis of toxicological, 
endocrinological, and nutritional evidence is still lacking, 
despite the fact that many studies have addressed different 
facets of this problem. The entire reproductive life cycle, 
from menarche to perimenopause, is not adequately covered 
by existing evaluations, which frequently concentrate on 
pregnant women or particular aspects [3,6,18]. By combining 
epidemiological, clinical, and laboratory data about the impact 
of heavy metals and trace elements on female reproductive 
health, this systematic review aims to close this knowledge gap. 
It encompasses a broad range of biological matrices (blood, 
serum, follicular fluid), exposures, analytical techniques, and 
diagnostic categories, such as PCOS, endometriosis, infertility, 
and decreased ovarian reserve [1,2,4,13,16]. 

This study attempts to outline goals for future research in 
reproductive toxicology, explain risk thresholds, identify 
possible biomarkers, and advise preventative and therapeutic 
measures by combining current findings.
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Methods.
Four significant international bibliographic databases—

PubMed, Scopus, Google Scholar, and Web of Science—were 
thoroughly searched. All publications up to December 31, 2024, 
were included in the searches, which were conducted in both 
English. 

The following search phrases and Boolean operators were 
used in the strategy. "heavy metals"[MeSH Terms] OR "trace 
elements"[MeSH Terms] OR cadmium OR lead OR arsenic 
OR mercury OR copper OR zinc OR nickel OR chromium) 
AND ("reproductive health"[MeSH Terms] OR "reproductive 
system"[MeSH Terms] OR ovarian OR fertility OR "polycystic 
ovary" OR endometriosis) AND (women OR female) was an 
example query for PubMed.

Humans, Filters, English, 2010–2024. The approach was 
modified to fit each database's syntax and indexing. Additionally, 
Google Scholar was used to screen grey literature, and a manual 
search was conducted utilizing the reference lists of important 
papers. 

Original research using experimental or observational 
(cohort, case-control, or cross-sectional) designs is required 
for inclusion. examinations of correlations between the effects 
of trace elements or heavy metals on the female reproductive 
system; research papers released in English from 2010 to 2024; 
Human-centered studies that concentrate on women.

A systematic search following PRISMA guidelines across 
Web of Science, PubMed, Scopus, and Google Scholar yielded 
1327 records. Following the removal of duplicates (n = 423) and 
the screening of titles, abstracts, and full texts (n = 835), a total 
of 69 full-text articles were evaluated for eligibility. A total of 
23 studies satisfied the inclusion criteria and supplied adequate 
data for quality assessment (Tables 1 and 2).

Newcastle–Ottawa Scale methodological quality assessments 
were used for non-randomized studies. The NOS structure 
(Selection, Comparability, and Outcome/Exposure) was 
maintained, but cross-sectional studies were interpreted 
differently. Traditional NOS domains were used in cohort and 
case–control studies. Selection criteria include study population 
representativeness, metal concentration exposure assessment 
accuracy, case/control definition reliability, and explicit 
inclusion/exclusion. Comparison (up to 2 points): stratification, 
matching, or multivariable regression for major confounders 
(age, BMI, smoking, comorbidities, lifestyle factors). Statistical 
analysis (up to 3 points), reproductive outcome validity and 
objectivity (PCOS, endometriosis, DOR, etc.), and cohort study 
follow-up duration. A modified NOS with domain interpretation 
was used in cross-sectional research. Option (4 points max). 
Representative samples were reproductive-age women from 
hospitals, clinics, or ART programs with inclusion and 
exclusion criteria. A priori power estimates or logical sample 
adequacy determined sample size and justification. If the study 
documented refusals or exclusions and revealed no systematic 
differences between enrolled and excluded people, non-response 
and attrition were graded. Exposure assessment: ICP-MS, AAS, 
standardised pre-analytical sample processing, and known 
biospecimen collection methods scored points. Maximum 2 
comparability points. This domain assessed how well the study 

handled key confounding variables. Multivariable models 
with age, BMI, smoking, metabolic, and endocrine disorders 
received one point. Multivariable regression, WQS, BKMR, or 
similar methods can establish a secondary point for lifestyle, 
occupational, dietary, and co-exposure to other environmental 
pollutants. Maximum 3 points for cross-sectional results. 
In cross-sectional designs, "outcome" covers reproductive 
status, including PCOS, endometriosis, infertility, endometrial 
abnormalities, and validated surrogate markers including 
hormone profiles and ovarian reserve. Clinical or international 
standards including Rotterdam criteria for PCOS, histological 
endometrial disease, and standardized ART regimens were 
scored. Objective lab tests including hormone panels, validated 
biomarkers, and blinded sample evaluations scored higher. A 
third point was provided for selecting statistical tests and models, 
verifying model assumptions, reporting confidence intervals 
and significance levels, and doing sensitivity analyses. High-
quality research publications scored 7–9 on the NOS, moderate-
quality 5–6, and low-quality below 5. Supplementary Table S1 
lists operationalized criteria, including modified NOS for cross-
sectional designs and point allocation situations. Methodological 
validation and in vitro or in vivo models without human clinical 
components were not examined by the NOS. Biological material 
source and representativeness, experimental settings, exposure 
design (dose, duration, and mode of administration), laboratory 
procedures, and repeatability were descriptively assessed for 
bias risk in these research.

The research conducted by Miglietta et al. [20] integrates 
clinical observation of women receiving ART with TEM 
ultrastructural examination of human COCs. The clinical 
element satisfies NOS guidelines because it has clear criteria 
for choosing participants, groups with similar levels of 
exposure, and a reliable way to measure outcomes. The TEM 
analysis does not conform to the NOS framework and was 
thus assessed descriptively; standardized oocyte collection, 
fixation techniques, and uniform morphological criteria 
were validated. The ultrastructural changes seen—ER stress, 
mitochondrial malfunction, changes in the zona pellucida, and 
cumulus-cell apoptosis—are in line with clinical results that 
show a relationship between high levels of Cd/Pb and worse 
ART outcomes. Chen et al. [21] conducted a study employing 
a mixed design that integrated a clinical cohort of women with 
diminished ovarian reserve (DOR), in vitro granulosa cell 
tests, and a chronic arsenic-exposed rat model. The clinical 
aspect satisfied human-centered observational standards and 
was assessed utilizing the NOS: DOR was precisely delineated 
by hormonal and ultrasound criteria, groups were equilibrated 
using 1:1 propensity score matching, and follicular-fluid metals 
were measured using standardized ICP-MS. The in vitro and in 
vivo components are not subject to evaluation via NOS; rather, 
they function as mechanistic extensions of the clinical results. 
The study conducted by López-Botella et al. [19] is analytical 
rather than observational, rendering it ineligible for evaluation 
utilizing the NOS. Analytical-validity metrics (linearity, 
LOD/LOQ, internal standards, matrix-effect control, ICP-
MS/MS) and appropriate biological sampling (laparoscopic 
collection, inclusion criteria, double-blinded processing, ethical 
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№ Authors (Year) DOI Type of research Assessment tool Quality assessment (NOS)
1 McClam et al., 2023 10.1186/s13690-023-01172-6 Cross-sectional NOS 6/9 (moderate quality)
2 Geller et al., 2022 10.1038/s41370-022-00477-y Cross-sectional NOS 8/9 (high quality)
3 Jansen et al., 2018 10.1017/S2040174418000223 Cohort NOS 8/9 (high quality)
4 Lei et al., 2015 10.1186/s12889-015-2564-x Cross-sectional NOS 7/9 (high quality)
5 Génard-Walton et al., 2023 10.1016/j.rbmo.2023.05.013 Case control NOS 9/9 (high quality)
6 Yue et al., 2024 10.1016/j.ecoenv.2024.117144 Case control NOS 9/9 (high quality)
7 Liang et al., 2022 10.1016/j.scitotenv.2022.157780 Case control NOS 8/9 (high quality)
8 Liang et al., 2022 (ЭМ) 10.1016/j.scitotenv.2022.158882 Case control NOS 9/9 (high quality)
9 Su et al., 2024 10.1016/j.ecoenv.2024.115932 Case control NOS 9/9 (high quality)
10 Liu et al., 2023 10.3389/fnut.2023.1205748 Cohort NOS 9/9 (high quality)
11 Michalczyk et al., 2023 10.3390/nu15163605 Cross-sectional NOS 6/9 (moderate quality)
12 Kluza et al., 2024 10.3390/nu16010144 Case control NOS 8/9 (high quality)
13 Kalkan Yilmaz et al., 2019 10.1080/01443615.2019.1634022 Case control NOS 6/9 (moderate quality)
14 Li et al., 2023 10.1007/s12011-022-03328-x Case control NOS 8/9 (high quality)
15 Rabajdová et al., 2023 10.1002/2211-5463.13738 Cross-sectional NOS 6/9 (moderate quality)
16 Das et al., 2024 10.7759/cureus.57393 Cross-sectional NOS 7/9 (high quality)
17 Sharif et al., 2017 10.1007/s12011-017-1000-8 Case control NOS 6/9 (moderate quality)
18 Kim et al., 2021 10.3390/ijerph18179077 Cohort NOS 9/9 (high quality)
19 López-Botella et al., 2023 10.3390/toxics11050399 Analytical no N/A
20 Miglietta et al., 2023 10.3390/cells12212577 Cross-sectional NOS 8/9 (high quality)
21 Chen et al., 2022 10.1016/j.ecoenv.2022.113816 Сase–control NOS 8/9 (high quality)
22 Mohsin et al., 2024 10.1016/j.envres.2024.118801 Cross-sectional NOS 7/9 (high quality)
23 Atakul et al., 2019 10.1007/s12011-019-01844-x Case control NOS 7/9 (high quality)

Table 1. Data such as author(s), year of publication, country, study population and diagnosis, biological samples (e.g., blood, follicular fluid), 
metal concentrations, analytical techniques, statistical methodologies, and major findings were retrieved from the eligible studies.

№ Authors (Year) Country purpose of the study /diagnosis Biomaterial sample Valuable metals
1 McClam et al., 2023 USA Fertility disorders Blood As, Cd, Pb, Hg, Cu и др.
2 Geller et al., 2022 USA Reproductive status Blood Cd, Pb, Hg, Zn и др.
3 Jansen et al., 2018 USA The age of menarche Blood Pb
4 Lei et al., 2015 China Infertility/pregnancy Blood Pb, Cd, Hg, Se
5 Génard-Walton et al., 2023 France DOR Blood Cd, Pb, Hg, Zn, Cu, Se, Mn
6 Yue et al., 2024 China Endometriosis Blood + follicular fluid As, Cd, Pb, Hg
7 Liang et al., 2022 China PCOS Blood Pb, As, Ba, Cd, Hg
8 Liang et al., 2022 (ЭМ) China Endometriosis Blood + follicular fluid As, Cd, Pb, Hg
9 Su et al., 2024 China Endometriosis follicular fluid Zn, Se, Mo, Co, W
10 Liu et al., 2023 China RPL, PTB Blood Cu, Zn
11 Michalczyk et al., 2023 Poland Reproductive health Blood Zn, Cu, Fe, Mn
12 Kluza et al., 2024 Poland Hyperplasia/EM cancer Blood Zn, Cu, Mo, Se
13 Kalkan Yilmaz et al., 2019 Türkiye Endometrial polyp Blood Cu, Zn, Pb, Ni, Al
14 Li et al., 2023 China Diseases of the endometrium Blood Zn, Cu, Se, Mo
15 Rabajdová et al., 2023 Slovakia Endometriosis, РЭ Blood Cu, Zn + antiox. enzymes
16 Das et al., 2024 India PCOS Blood Zn, Cu
17 Sharif et al., 2017 Sudan PCOS Blood Zn, Cu
18 Kim et al., 2021 South Korea Endometriosis Exposition Pb, Cd
19 López-Botella et al., 2023 Spain Gynecological pathologies Peritoneal fluid Zn, Cu, Pb, Cd, Mn и др.
20 Miglietta et al., 2023 Italy Cd/Pb еxposure follicular fluid Cd, Pb
21 Chen et al., 2022 China Low ovarian reserve Blood As
22 Mohsin et al., 2024 USA IVF/oocyte reaction follicular fluid Cu, Co, Pb, Hg, Sr, As и др.
23 Atakul et al., 2019 Türkiye Endometrial cancer Blood Zn, Cu

Table 2. The findings were methodically arranged in summary tables that included information on the target population, study methodology, place 
of origin, biological sample types, and the particular metals examined.
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permission) were used to judge its quality. The limitations 
encompassed a limited sample size and the lack of a healthy 
control group. The analytical results served as a supplementary 
biomarker to human observational research.

Criteria for exclusion: editorials, reviews, meta-analyses, 
and commentary; research on animals that does not include 
clinical human participants; Studies that do not publish gender-
specific results or include women.

Data such as author(s), year of publication, country, study 
population and diagnosis, biological samples (e.g., blood, 
follicular fluid), metal concentrations, analytical techniques, 
statistical methodologies, and major findings were retrieved 
from the eligible studies. Quality assessment according to NOS 
Table 1.
Data Analysis.

The findings were methodically arranged in summary tables 
that included information on the target population, study 
methodology, place of origin, biological sample types, and the 
particular metals examined. The most commonly studied toxic 
elements—cadmium, lead, mercury, and arsenic—as well as 
the main reproductive outcomes evaluated, such as polycystic 
ovarian syndrome (PCOS), endometriosis, and ovarian 
response, were identified by a quick quantitative and qualitative 
synthesis Table 2.

Seventeen of the reviewed studies scored 7 or higher on 
the NOS, with six scoring 9/9 and seven scoring 8/9. This 
shows good selection, confounder control, and reliable metal 
quantification (ICP-MS, AAS). Good quality was awarded 
to four studies (7/9) and moderate quality to five (6/9). They 
mainly didn't account for enough confounding variables or have 
a representative sample. One analytical study was deemed “not 
applicable” because its laboratory-based mechanistic approach 
violated the NOS framework.
Results.

This comprehensive systematic review examined original 
papers on heavy metals and trace elements' impacts on women's 

reproductive health. The Newcastle–Ottawa Scale (NOS) was 
used to evaluate non-randomized research, while PRISMA 
2020-compliant NOS variants were used for cross-sectional 
designs. Methodological validation studies and in vitro/in vivo 
experimental models without a human clinical component were 
not evaluated using the NOS. All included studies were assessed 
for quality in Table 1 and Figure S1. The Newcastle-Ottawa 
Scale removed one research due to in vitro experiments, scored 
five studies as moderate, and rated seventeen studies as good 
(Table 1). Several case–control and cohort studies scored 9/9 
because they had clear participation criteria, reliable metal level 
measurement methods (ICP-MS, AAS), validated reproductive 
outcome diagnostic criteria (PCOS, endometriosis, DOR), 
and strong multivariable statistical adjustment. The majority 
of studies were conducted in China (n = 12) and the United 
States (n = 4), while the remaining research was sourced from 
European countries (Poland, France, Slovakia, Spain, Italy, 
Turkey) and Asia (India, South Korea, Sudan), as detailed in 
Table 2. The predominant study design identified was case–
control (n = 11), succeeded by cross-sectional studies (n = 8), 
cohort studies (n = 3), and a single analytical study (n = 1) 
(Table 1). Table 2 indicates that the elements most frequently 
analyzed include arsenic (As, n = 9 studies), copper (Cu, n = 
13), zinc (Zn, n = 14), mercury (Hg, n = 12), cadmium (Cd, 
n = 15), and lead (Pb, n = 17). Multiple studies also assessed 
manganese (Mn), molybdenum (Mo), cobalt (Co), strontium 
(Sr), barium (Ba), and various other trace elements. Metals were 
primarily quantified in blood/serum and follicular fluid, with 
fewer studies examining peritoneal fluid and tissue samples 
(Table 2). Table 2 systematically presents diagnostic categories 
along with their corresponding exposure profiles. The primary 
reproductive outcomes identified were: polycystic ovary 
syndrome (PCOS, n = 6); endometriosis (n = 7); diminished 
ovarian reserve and ovarian response in ART (DOR/ovarian 
response, n = 3–4); endometrial hyperplasia, polyps, and 
endometrial cancer (n = 4); and general reproductive disorders, 
encompassing infertility, recurrent pregnancy loss (RPL), 

Figure 1. Distribution of studies according to Newcastle–Ottawa Scale (NOS) quality assessment.
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preterm birth (PTB), and hormonal imbalance (n = 6).  Before 
meta-analytic pooling, descriptive synthesis links metals and 
diseases. Table 2 reveals that PCOS is associated with raised 
blood levels of Pb, As, Cd, Hg, and Ba (Liang et al., 2022 — 
case–control design, ICP-MS) and changed Cu and Zn status, 
including an increased Cu/Zn ratio. Research links PCOS to 
harmful metal accumulation and trace element imbalance. 
In Table 2, As, Cd, Pb, and Hg are repeatedly implicated in 
blood and follicular fluid as endometriosis risk indicators. 
These findings recommend researchers weigh endometriosis' 
hazards and advantages (Table 2). Table 2 reveals ART-related 
reduced ovarian reserve and response (Génard-Walton, 2023; 
Chen, 2022; Mohsin, 2024): Chen et al. measured arsenic 
(As) in the blood of patients with inadequate ovarian reserve, 
while Mohsin et al. measured Cu, Co, Pb, Hg, Sr, As, and other 
elements in follicular fluid about IVF ovarian response. These 
results show that As, Cd, Pb, Hg, Cu/Zn, and Sr impact ovarian 
reserve and recovered oocytes. Table 2 shows that Kluza et 
al. measured Zn, Cu, Mo, and Se in blood from women with 
endometrial hyperplasia and cancer; Kalkan Yilmaz examined 
Cu, Zn, Pb, Ni, and Al from endometrial polyps; Li measured 
Zn, Cu, Se, and Mo from various endometrial disorders; and 
Atakul examined Zn and Cu from endometrial cancer. The most 
constant finding across research is the changing Cu/Zn ratio, 
which may suggest endometrial growth and cancer. Table 2 
demonstrates how women with infertility or altered reproductive 
status had their blood tested for As, Cd, Pb, Hg, Cu, Zn, and 
other elements. The effects of Cu and Zn on RPL and PTB were 
also examined. Tables 1 and 2 reveal that toxic metals (Cd, Pb, 
Hg, As) cause endometriosis, PCOS, ovarian reserve loss, and 
negative response. Essential elements (Zn, Cu, Se, and partially 
Mo and Mn) can be protective or pathogenic depending on their 
absolute levels and relative balance, especially the Cu/Zn ratio.

Table 2's organized overview shows how biological matrix 
type (blood, serum, follicular fluid, or peritoneal fluid) affects 
data analysis. More thorough research using multivariable 
regression models and complex statistical approaches including 
Bayesian kernel machine regression (BKMR), weighted quantile 
sum (WQS) analysis, and propensity score matching has higher 
NOS values in Table 1. These studies used serum, follicular 
fluid, and peritoneal fluid and confirmed metal measurement 
by AAS or ICP-MS/MS. To understand how toxic and required 
factors affect women's reproductive health, including PCOS, 
endometriosis, endometrial pathology, and ovarian response to 
assisted reproductive technologies, see Tables 1 and 2.
Discussion.

The results of this systematic review show that the effects 
of trace elements and heavy metals on female reproductive 
function are gaining attention from scientists. 23 studies in all, 
mostly from high- and middle-income nations, were examined; 
they included case-control, cross-sectional, and cohort designs 
and were published within the last ten years. All of the evidence 
suggests that mercury (Hg), copper (Cu), zinc (Zn), lead (Pb), 
arsenic (As), cadmium (Cd), and lead (Pb) play a major role in 
the pathophysiology of hormone-related reproductive disorders, 
such as endometriosis, ovarian dysfunction, polycystic ovary 
syndrome (PCOS), hormonal imbalance, and infertility. 

Numerous excellent research have confirmed the link between 
PCOS and exposure to heavy metals. In a case-control research 
using Bayesian kernel machine regression (BKMR) and 
logistic regression, Liang et al. [7] discovered a strong positive 
correlation between the risk of PCOS and blood levels of Pb, 
As, and Ba. Based on investigations of both blood and follicular 
fluid, Yue et al. [6] also revealed substantial effects of Cd, Hg, 
Pb, and As on the likelihood of PCOS and endometriosis. The 
importance of zinc deficiency in the pathogenesis of PCOS was 
emphasized by Das et al. [16] and Sharif et al. [17], especially 
in low-resource environments like Sudan and India.

The development of endometriosis has been consistently linked 
to the buildup of arsenic, mercury, and cadmium, according to 
three separate investigations [8,9,14]. Strong evidence for the 
synergistic effects of metal combinations, especially As and 
Hg, in both blood and follicular fluid was presented by Liang 
et al. [8]. Using weighted quantile sum (WQS) regression, 
Su et al. [9] verified that a combination of Zn, Se, Co, Mo, 
and W in follicular fluid could be a biomarker for the risk of 
endometriosis. Studies by Rabajdová et al. [15] and Kim et al. 
[18] also highlight the roles of Pb and Cd in proliferative and 
inflammatory disorders of the female reproductive system. 

Follicle fluid is an important biological matrix that indicates 
localized metal buildup, according to several studies. According 
to Mohsin et al. [22], Pb levels were inversely connected 
with greater estradiol levels and mature oocyte counts, while 
elevated Cu and Hg in follicular fluid were linked to both. In the 
meantime, reduced ovarian reserve (DOR) was associated with 
co-exposure to Cd, Pb, Hg, and Zn by Génard-Walton et al. [5]. 
A crucial window of sensitivity was highlighted by Jansen et al. 
[3], who were among the first to show that prolonged exposure 
to lead throughout puberty may postpone menarche. 

Miglietta et al. [20] used human material for TEM ultrastructural 
COC studies, which fits our review's human-centered paradigm. 
Reproductive-age women taking infertility treatment had their 
blood and follicular fluid checked for Pb and Cd and their oocytes 
and cumulus cells investigated for ultrastructural alterations. 
Thus, the study is not a "auxiliary" experimental model but a key 
relationship between biomonitoring heavy metals in infertile 
women, clinical ART findings (pregnancy, early pregnancy 
loss, implantation failure), and direct morphological gamete 
damage. High blood and follicular fluid Cd and Pb levels, 
endoplasmic reticulum stress, mitochondrial dysfunction, zona 
pellucida modifications, and cumulus cell apoptosis in human 
cumulus oocyte complexes (COCs) suggest that exposure levels 
at or slightly above reference ranges disrupt oocyte and somatic 
cell microstructure.

Chen et al. [21] used a clinical human cohort with strong in 
vitro and in vivo experimental components, which suits our 
human-centered evaluation. The case–control study examined 
women with decreased ovarian reserve (DOR) and a matched 
age and reproductive history control group. Clinicians agree 
that As, Mo, and Sr are DOR risk factors and Cu and Mg may 
protect. Human granulosa cells and rats communicate clinical 
data, not distinct models. Follicular-fluid As, altered AMH/
FSH levels, and lower ovarian reserve are linked to disrupted 
steroidogenesis and folliculogenesis in women. The human–
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cell–animal translational method complements clinical findings 
in women (follicular metal levels, DOR, hormonal profiles, 
NRO) with consistent mechanistic data from cellular and animal 
models.

According to studies by Kluza et al. [12], Kalkan Yilmaz et al. 
[13], Li et al. [14], and Atakul et al. [23], changed copper-to-zinc 
ratios (Cu/Zn) could be indicators of endometrial proliferative 
dysfunction and oxidative stress. The incidence of endometrial 
polyps, hyperplasia, and cancer was positively correlated with 
a high Cu/Zn ratio, which is frequently caused by decreased Zn 
levels.

Due to their functions in cell cycle regulation and antioxidant 
defense, zinc and selenium have been repeatedly demonstrated 
to have protective effects. According to research by Michalczyk 
et al. [11], Liu et al. [10], Chen et al. [21], and López-Botella 
et al. [19], ovulatory dysfunction and increased inflammatory 
markers were linked to deficiencies in these components. 
Furthermore, disturbed ovarian response and hormonal 
homeostasis were associated with Se insufficiency and Cu/Fe 
overload [14, 20]. 

This systematic review focuses on clinical studies on women, 
however López-Botella et al. [19]'s analytical research is 
suitably included. Quantifying important trace elements and 
potentially hazardous metallic elements in peritoneal fluid 
from gynecological patients improves blood- and follicular-
fluid-based data and helps assess local metal accumulation 
near reproductive organs. This study found that peritoneal 
fluid contains both necessary elements (Zn, Fe, Cu, etc.) and 
potentially toxic metals (Cd, Pb, Ni, Ba, etc.) at concentrations 
and detection frequencies different from blood and follicular 
fluid. It also highlights the pelvic microenvironment's 
importance. López-Botella et al. [19] link epidemiological 
findings to pathophysiological processes, not to present 
autonomous “element concentration–risk” relationships. 

Although the studies were generally of excellent quality causal 
inference is limited by the prevalence of observational designs. 
Just one study included longitudinal assessments of metal 
concentrations, and only three research used cohort designs 
[3,10,18]. Variability in results was brought about by variations 
in biological matrices (blood, serum, follicular fluid), analytical 
techniques (ICP-MS, AAS), and demographic heterogeneity. 
Interpretation was made more difficult by the fact that many 
research lacked controls for environmental contaminants, 
occupational exposure, and food intake.

Many of the studies mentioned suggest that Pb, Cd, Hg, and 
As are still changeable factors that affect reproductive health, 
thus they must be prevented. Practical methods generally reduce 
environmental and workplace dangers. The most important steps 
in industrially polluted areas are to regularly check drinking 
water for arsenic, lead, and cadmium; screen high-risk foods 
like rice, fish, seafood, and vegetables grown in contaminated 
soils; and strictly follow safety rules in the metallurgy, mining, 
battery production, tanning, and pesticide industries. Women 
of reproductive age can significantly reduce their exposure 
by choosing verified safe water sources, not eating mercury-
contaminated fish, limiting rice and imported grains from 
polluted areas, and using certified PPE when working with 

hazardous materials. Growing biomonitoring data shows that 
environmental controls reduce blood and follicular-fluid metal 
contents. So, being around toxic metals is a risk factor that can 
be modified, but reproductive toxicity-prone persons still need 
specific environmental health precautions [6,7,9,14,22].

Along with reducing dangerous exposures, maintaining 
critical elements is another dynamic area relevant to therapeutic 
therapy. This review of multiple studies reveals that low Zn and 
Se and high Cu and Fe induce oxidative stress, steroidogenesis, 
and folliculogenesis issues. Personalized micronutrient 
optimization should be used in clinical practice. This may 
include nutritional counseling to ensure adequate consumption 
of Zn- and Se-rich foods (whole grains, legumes, nuts, marine 
products), reduced Cu and Fe intake in biochemical overload, 
and organized supplementation for women with PCOS, 
endometriosis, DOR, or RPL/PTB. Laboratory examinations 
of Zn, Se, Cu, Fe, and dangerous metals may show women 
with an unfavorable "elemental profile" who may benefit from 
rectification. Infertility and ART assessment using elemental 
status helps clinicians discover poor nutritional balance and 
evaluate therapy response. Metal-related reproductive dangers 
can be reduced mechanistically with this clinical-nutritional 
method [10,11,15,16,21].
Conclusion.

A woman's reproductive function depends on hazardous-
essential element equilibrium, not metal concentrations, says 
this review. High cadmium, lead, mercury, and arsenic levels 
are connected to oxidative stress, mitochondrial dysfunction, 
epigenetic alterations, and steroidogenesis issues in PCOS, 
endometriosis, low ovarian reserve, and poor ovarian response 
in many studies. Zinc and selenium deficits, Cu/Zn and Cu/Fe 
ratio abnormalities affect DNA repair, antioxidant defenses, and 
endometrial and folliculogenesis hormone control. Complex 
multivariate models like weighted quantile sum (WQS) analysis 
and Bayesian kernel machine regression exhibit scientifically 
meaningful metal combination synergy findings. Localized 
exposure evaluation using follicular fluid, a highly specialized 
biological matrix, improves reproductive toxicology risk 
assessment. The included research are scientifically sound, 
however study design, sampling, and analytical method variance 
require standardized protocols and longitudinal monitoring. In 
the presence of environmental stresses, heavy metal exposure 
is a modifiable risk factor for women's reproductive health. 
Prevention, clinical biomonitoring, and elemental balancing 
nutritional therapy should be studied in the future.
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Аннотация.
Введение: Всё больше данных указывает на связь 

воздействия факторов окружающей среды с нарушениями 
репродуктивной функции, такими как эндометриоз, 
овариальная недостаточность и синдром поликистозных 
яичников (СПКЯ). Посредством эндокринных нарушений, 
окислительного стресса и эпигенетических механизмов 
тяжёлые металлы (например, кадмий [Cd], свинец [Pb], 
ртуть [Hg] и мышьяк [As]) и микроэлементы (такие 
как цинк [Zn], медь [Cu] и селен [Se]) могут влиять на 
женскую фертильность. Тем не менее, интегрированных 
оценок их совокупного воздействия по-прежнему немного. 
Целью данного исследования является критическая оценка 
и систематический анализ эпидемиологических данных 
о связи между нарушениями репродуктивного здоровья 
у женщин репродуктивного возраста и воздействием 
тяжёлых металлов и микроэлементов.
Методы. Был проведён комплексный поиск литературы 

в базах данных PubMed, Scopus, Google Scholar и Web of 
Science для выявления статей, опубликованных в 2010–
2024 годах. Включались наблюдательные исследования 
на людях, в которых рассматривались корреляции между 
воздействием металлов и репродуктивными исходами 
у женщин. Качество исследований оценивалось с 
использованием шкалы Ньюкасл–Оттава (Newcastle–
Ottawa Scale, NOS), а процесс обзора соответствовал 
руководству PRISMA.
Результаты. В обзор были включены двадцать три 

исследования: одинадцать исследований типа «случай–
контроль», восемь поперечных и три когортных и один 
аналитечиский. Наиболее часто изучались Cd, Pb, As, Hg, 
Cu и Zn, которые обычно определялись в биологических 
образцах — крови, сыворотке или фолликулярной жидкости. 
Низкие уровни Zn и Se были связаны с эндометриальными 
заболеваниями и сниженным овариальным резервом, тогда 
как повышенные концентрации Cd, Pb и As ассоциировались 
с повышенным риском СПКЯ и эндометриоза. Защитные 
микроэлементы, особенно цинк и селен, демонстрировали 
обратную корреляцию с воспалением и эндокринной 
дисфункцией. Семнадцать исследований имели высокое 
качество (оценка по NOS ≥ 7).
Выводы. Воздействие токсичных металлов является 

важным и потенциально контролируемым фактором 
риска для репродуктивного здоровья женщин. Сохранение 
репродуктивной функции, по-видимому, зависит от 
поддержания баланса между вредными и необходимыми 
элементами. Для уточнения дозозависимых связей, 
синергетических эффектов и возможных терапевтических 
стратегий требуются дальнейшие проспективные и 
механистические исследования.
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