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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.
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GENERAL POPULATION: FINDINGS FROM A CROSS-SECTION STUDY

Yi Jin1, Zhi Luo1, Hua-Qin Su2, Cui-Ping Li1, Cai-Li Wang2, Li-Fen Zhang2, Feng-Lian Peng2, Lian-Ping He1, Xiang-Hu 
Wang1.
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Abstract.
Introduction: The progression of ferroptosis has been found 

to be associated with the onset and progression of many diseases. 
Disruption of iron homeostasis can lead to ferroptosis. We 
had previously hypothesized that vitamin D may affect serum 
calcium levels, which in turn regulates ferroptosis by regulating 
serum iron levels. However, the relationship between serum 
calcium level and serum iron level is unclear. The purpose 
of our study was to explore the relationship between serum 
calcium level and serum iron level among general population 
in Taizhou, China.

Methods: In this study, a cross-sectional study was conducted. 
Serum calcium levels and serum iron levels were determined in 
our work. Pearson’s correlation analysis was used to determine 
the association between serum calcium level and serum iron 
level.

Results: The results showed that serum iron level was 
negatively correlated with serum calcium level and age. After 
controlling for age, sex and marital status, serum iron level 
was still negatively correlated with serum calcium level. 
Conclusions: The results suggest that improving serum calcium 
levels may be a potential strategy for regulating iron metabolism 
homeostasis. Whether calcium supplementation can reduce 
serum iron levels in people with low serum calcium levels needs 
further investigation.

Key words. Serum iron, Calcium ion, ferroptosis.
Introduction.

Ferroptosis is an iron-dependent regulated cell death caused 
by excessive accumulation of lipid peroxidation caused by 
iron overload and reactive oxygen species [1]. Bioenergetic 
properties of ferroptosis are regulated by iron accumulation 
and lipid peroxidation [2]. The progression of ferroptosis has 
been found to be associated with the onset and progression 
of many diseases [3], such as cancer [4], neurodegenerative 
diseases (Alzheimer's, Parkinson's, and Huntington's diseases), 
liver disease [5], cardiovascular diseases (doxorubicin-induced 
cardiotoxicity, ischemia/reperfusion-induced cardiomyopathy, 
heart failure, aortic dissection and stroke) [6] and osteoporosis 
[7]. Transferrin, which binds and transports free iron into cells, 
has been shown to regulate ferroptosis [8,9]. High iron stores 
have been reported to be associated with chronic diseases 
[10,11]. Serum calcium is an inhibitor of iron transport and 
inhibits the absorption of iron in the intestine [12]. Based on 
previous review, we hypothesized that individuals with high 
serum calcium levels may have lower serum iron levels. To 
test whether there is a negative correlation between the two, we 
conducted a cross-sectional survey of the population.

The aims of the present study were: 1) To investigate the serum 
iron and serum calcium levels of different age populations; 2) 
To analyze the correlation of serum calcium and serum iron 
among general population; 3) To provide a potential strategy 
for regulating iron metabolic homeostasis.
Materials and Methods.
Study design and data collection:

A cross-sectional was conducted in this study. The survey 
collected general characteristic including age, gender, and 
marital status. 
Measurement:

After overnight fasting, venous blood samples were obtained 
in the morning. Serum calcium levels were measured using 
an automatic analyzer. According to our laboratory reference 
range, the reference range for the total serum calcium level was 
46.0-84.0 mg/L. Serum iron were measured using a colorimetric 
assay, the reference range for the total serum iron level was 
varied between children and adults.
Data analysis:

The characteristics of subjects included were analyzed by 
descriptive statistical analysis. Pearson correlation analysis was 
used to assess the correlation between serum calcium levels and 
serum iron levels. Partial pearson correlation analysis was also 
performed to explore the relationship between serum calcium 
levels and serum iron levels after controlling for age, gender and 
marital status. The statistical significance level was p<0.05. All 
analyses were performed at SPSS19.0.
Results.
General characteristics:

A total of 1918 participants (895 males and 1023 females) 
enrolled in this study, more than half of the marital status in the 
study sample were marriage (83.40%). They ranged in age from 
10 to 93 (mean age: 67.09 ± 9.93). The mean levels of serum 
calcium and serum iron were 58.19mg/L and 476.54mg/L, 
respectively (Table 1and Figure 1).
The relationship between serum calcium and serum iron.

Our results showed that the serum iron level was negatively 
correlated with serum calcium level and age. To rule out effects 
of age, gender and marital status, we found that the serum iron 
level was also negatively correlated with serum calcium level 
and age (Table 2).
Discussion.

We found an inverse correlation between serum calcium and 
serum iron in general population. Age, gender and marital 
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status may be important factors affecting the research results 
[13,14]. We analyzed the data after excluding age, gender and 
marital status. The results showed that serum calcium was 
negatively correlated with serum iron. At present, there is little 
research literature on the relationship between serum calcium 
and serum iron in the population. Future studies should further 
expand race, quantity, and geography to confirm our findings, 
and further explore the influencing factors of the relationship 

between serum calcium and serum iron.
This study concluded that serum calcium and serum iron are 

negatively correlated, and it is not possible to judge whether 
there is a causal relationship between the two, which may 
only be concomitant. In the future, we can first intervene in 
serum calcium levels, observe whether there are corresponding 
changes in serum iron, and then analyze the mechanism of 
action, providing new scientific ideas for the screening of drug 
targets in the future.
Limitations.

There were limitations to this study. First of all, serum 
calcium and serum iron have many influencing factors, such as 
hyperparathyroidism [15], osteoporosis [16], hemolytic anemia 
[17], severe liver disease [18]. The effects of these diseases 
were not excluded in this study. Second, the study participants 
were all residents of Xiachen community in Taizhou, Zhejiang 
Province, China, which may limit the validity of our findings in 
other parts of China. Third, we adopt a cross-sectional survey 
and research design, and cannot make causal inferences [19-21].
Conclusion.

The results suggest that improving serum calcium levels may 
be a potential strategy for regulating iron metabolic homeostasis. 
Whether calcium supplementation can reduce serum iron level 
in people with low serum calcium needs further study. Animal 
study also need to conduct to confirm that vitamin D can affect 
the serum calcium levels, which further regulates ferroptosis by 
regulating serum iron levels.
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Figure 1. Trend of serum calcium levels(A) and iron levels(B) with age.

Items Categories N/mean Percent/SD

Gender
Male 895 46.70
Female 1023 53.30

Marital status
Marriage 1600 83.40
Single 82 4.30
Unclear 236 12.30

Age (year) 67.09 9.93
Serum iron (mg/L) 476.54 67.81
Serum calcium(mg/L) 58.19 24.72

Table 1. Characteristics of subjects who participated in this study 
(N=1918).

Serum iron(mg/L)
r (Unadjusted) p r (Adjusted) p

Serum calcium 
(mg/L) -0.302 <0.001 -0.283* <0.001

Age (year) -0.084 <0.001 -0.093# <0.001

Table 2. Analysis of the correlation of serum iron with serum calcium.

*Adjusted for age, gender and marital status.
#Adjusted for gender and marital status.



169

REFERENCES
1. Dixon SJ, Lemberg KM, Lamprecht MR, et al. Ferroptosis: 
An Iron-Dependent Form of Nonapoptotic Cell Death. Cell. 
2012;149:1060-1072.
2. Li C.P, Su H.Q, He L.P. Vitamin D may alleviate pre-
eclampsia by modulating the ferroptosis signalling pathway: 
A hypothesis based on recent literature. J Cell Mol Med. 
2023;27:1923-1927.
3. He L.P, Zhou Z.X, Li C.P. Narrative review of ferroptosis in 
obesity. J Cell Mol Med. 2023;27:920-926.
4. Bebber C.M, Müller F, Prieto Clemente L, et al. Ferroptosis 
in Cancer Cell Biology. Cancers. 2020:12.
5. Capelletti M.M, Manceau H, Puy H, et al. Ferroptosis in 
Liver Diseases: An Overview. Int J Mol Sci. 2020;21.
6. Li N, Jiang W, Wang W, et al. Ferroptosis and its emerging roles 
in cardiovascular diseases. Pharmacol Res. 2021;166:105466.
7. Gao Z, Chen Z, Xiong Z, et al. Ferroptosis - A new target 
of osteoporosis. Experimental Gerontology. 2022;165:111836.
8. Gao M, Monian P, Quadri N, et al. Glutaminolysis and 
Transferrin Regulate Ferroptosis. Mol Cell. 2015;59:298-308.
9. Bebber C.M, Müller F, Clemente LP, et al. Ferroptosis in 
Cancer Cell Biology. Cancers (Basel). 2020;12:164.
10. Wang C, Zhang W, Xu W, et al. AMP-activated protein 
kinase alpha1 phosphorylates PHD2 to maintain systemic iron 
homeostasis. Clin Transl Med. 2022;12:e854.
11. Feng J, Shan X, Wang L, et al. Association of Body 
Iron Metabolism with Type 2 Diabetes Mellitus in Chinese 
Women of Childbearing Age: Results from the China Adult 
Chronic Disease and Nutrition Surveillance (2015). Nutrients. 
2023;15:1935.
12. Cegarra L, Aguirre P, Nuñez MT, et al. Calcium is a 
noncompetitive inhibitor of DMT1 on the intestinal iron 
absorption process: empirical evidence and mathematical 
modeling analysis. Am J Physiol Cell Physiol. 
2022;323:C1791-C1806.

13. Ritchie R.F, Palomaki GE, Neveux LM, et al. Reference 
distributions for serum iron and transferrin saturation: a 
practical, simple, and clinically relevant approach in a large 
cohort. J Clin Lab Anal. 2002;16:237-45.
14. Fijorek K, Püsküllüoğlu M, Tomaszewska D, et al. Serum 
potassium, sodium and calcium levels in healthy individuals 
- literature review and data analysis. Folia Med Cracov. 
2014;54:53-70.
15. Bestepe N, Cuhaci FN, Polat B, et al. Serum Calcium/
Phosphorus Ratio in Biochemical Screening of Primary 
Hyperparathyroidism. Rev Assoc Med Bras (1992). 
2022;68:1668-1674.
16. Wawrzyniak N, Suliburska J, Kulczyński B, et al. Calcium-
Enriched Pumpkin Affects Serum Leptin Levels and Fat Content 
in a Rat Model of Postmenopausal Osteoporosis. Nutrients. 
2021;13:2334.
17. Barcellini W, Zaninoni A, Gregorini AI, et al. Iron Overload 
and Cytokine Serum Levels in Congenital Hemolytic Anemias. 
Blood. 2016;128:2458.
18. Liu Y.W, Yin J, Dawsey SM, et al. Relationships between 
serum iron and liver diseases in nutrition intervention 
trials: A nested case-control study. Cancer Epidemiology. 
2022;78:102157.
19. Yu X.L, Wu Qi-Qi, He L-P, et al. Role of in vitamin D in 
irritable bowel syndrome. World J Clin Cases. 2023;11:2677-
2683.
20. Zhang Q.W, Wang Y, Tong Z-Y, et al. Vitamin D May 
Play a Vital Role in Alleviating Type 2 Diabetes Mellitus by 
Modulating the Ferroptosis Signaling Pathway. Horm Metab 
Res. 2023;56:193-196.
21. Song Y.X, He L.P, Li C.P. The Relationship between 
Serum Calcium Level and Risk Factor of Pregnancy-Induced 
Hypertension: A Meta-Analysis. Clinical and Experimental 
Obstetrics & Gynecology. 2023;50:66.


	Title

