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Abstract:  

Thyroid hormones, plays an important and essential functions in metabolic processes. 

Subclinical hypothyroidism happens when someone have exposure to elevated thyroid-

stimulating hormone levels with normal values of thyroxine. Pentraxin 3 is an important 

endogenous mediator for defenses innate immunity, and its analogous molecule of 

inflammation C-reactive protein molecule. Klotho protein plays an essential multiple 

physiological and pathological functions in several organs and tissues of the body. Magnesium 

is a cofactor for many enzymes  

Materials and methods:  The sixty five women patients suffering have Subclinical 

hypothyroidism women were participated, their ages ranged from 25 to 40 years. Biochemical 

measurements of thyroid hormones levels by Minividas technique, while Anti TPO protein 

measured by kit from mybiosource company, PTX3, Klotho protein from Sun Long Biotech – 

China, and Mg2+ measured with of Biomaghreb kit.  

Results: There was no significant different (P>0.05) in T3, T4 and Klotho protein levels women 

patients group when compared to women control group. There was : a highly significant 

increase (<0.01) in TSH level,  a significant increase (p<0.05) in the serum levels of PTX3 , 

highly significant increase (p<0.001) in Anti-TPO and a highly significant deceased (≤ 0.01) 

in the serum levels of Mg2+ mg/dl in Subclinical hypothyroidism group when compared with 

control group.  

Conclusion:PTX3 may be relatively independent marker for prognosis of subclinical 

hypothyroidism. 
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Graphical Abstract 

 
 

Introduction 

The thyroid hormones (THs) perform a variety of metabolic processes, including the promotion 

of the oxidation of nutrient molecule (carbohydrates, lipids, and proteins) in a variety of tissues. 

Thyrotropin/Thyroid-stimulating hormone, (TSH) referred to glycoprotein hormone that 

pituitary gland releases to trigger thyroid gland to produce and release its own hormones—

thyroxine (T4) and triiodothyronine (T3) [1]),[2]. Thyroid peroxidase (TPO) is a singular 

enzyme located in the apical membrane of follicular cells in thyroid that responsible for the 

iodine incorporation and the joining of mono-and diiodotyrosine in order to make manufacture 

tri-iodo thyronine (T3)  and  thyroxine (T4). TPO (EC.1.11.1.8) contains active sites (two) that 

worked with dual oxidase and hydrogen peroxide to tyrosine residues and iodinate in 

thyroglobulin (Tg), followed by simultaneously incorporating two intramolecular iodotyrosine 

residues to make thyroid hormones [3-5].  

Subclinical hypothyroidism (SCH) happens when persons or patients have elevated TSH levels 

with don’t changes levels T4. These persons don’t technically have hypothyroidism, but it has 
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the potential to develop into overt hypothyroidism(6). The World Health Organization (WHO) 

has recommended body mass index (BMI) for identifying overweight and obese adults. Height 

in meters was squared by divided weight in kilos, in the time a person's BMI is measured in 

(kg/m2). In adults if their BMI is ≥ 30 are considered overweight or obese. Excess especially 

visceral fat (in adipose tissue)  in female increases the risk of infertility [7]. 

The long pentraxin 3 (PTX3) is an important endogenous mediator for defenses innate 

immunity, and its analogous molecule of inflammation C-reactive protein molecule (CRP). 

Klotho protein plays an essential multiple physiological functions and pathological role in 

several organs and tissues of the body. The PTX3 expression by myeloid cells and by stromal, 

in many cells, especially endothelial and epithelial, in response to signals by primary 

proinflammatory, Toll-like receptors engagement, microorganisms or microbial recognition 

and tissue Injury [8]. PTX3 is a promising prognostic biomarker due to its ability to be produced 

locally by various cell types at the site of infection or tissue damage, and its quick or rapid rise 

in circulating levels in inflammatory or infectious conditions. PTX3 plasma levels are elevated 

and generally correlated with severity in a variety of pathological conditions, from infections 

and sepsis to cardiovascular diseases [9–13]. PTX3 is for important complement activators 

[like., C1q, ficolin1,2, mannan binding lectin, and complement component 3] and inhibitors 

[like a regulator : factor H] , and modulates complement pathways. Also, PTX3 regulates the 

extravasation of leukocytes via its interaction with P-selectin at sites of inflammation , thus 

reduce and control the inflammatory response via complement-system mechanisms [14],[15].  

Klotho protein is a marker aging-related closely associated with a number of diseases. Dietary 

related factors and routine habits can largely effect on Klotho levels in serum. The effect of 

dietary fiber, a healthy diet essential factor on the serum Klotho levels has not fully clarified 

(16). The  Klotho protein encodes by Klotho gene, a pleiotropic protein that includes three 

isoforms: α-, β-, and γ-Klotho. Klotho have multiple physiological roles and pathological 

functions in several organs and tissues of the body [17-19].  

Magnesium (Mg2+) is a cofactor for many enzymes and fourth most prevalent essential mineral 

in the body and that regulate of metabolic activities and biochemical processes, such as 

deoxy/ribonucleic acid synthesis, biosynthesis of protein, and catabolism od carbohydrate [20].  

 

Aim:  

The aim of current study is to discern whether plasma PTX3 , Klotho protein and Mg2+ levels 

may have role as a potential biochemical markers for Subclinical hypothyroidism.  

 

Materials and methods 

The sixty fifty six women patients suffering from subclinical hypothyroidism were participated, 

their ages ranged from 25 to 40 years. Samples were collected during the period from January 

to August 2022. All patients were diagnosed by a specialist doctor. Samples, grouped in to two 

categories:- 25 from healthy subjects (control) whose age ranged between 24 to 40 years , and 

65 from patients. Biochemical measurements of hormones levels by Minividas , while Anti 

TPO protein measured by kit depend on sandwich enzyme-linked immune-sorbent assay 
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technology (ELISA) from mybiosource company , PTX3, Klotho protein from Sun Long 

Biotech – China, and Mg2+ measured with of BioAssay Systems kit (Figure 1).   

Statistical Analysis: Data were analyzed by XLSTATE statistical package software.  

 

 
Figure (1) : Graphic summary of study of methods 

 

Results & Discussion 

The graphic summary of all study results were illustrated in Figure (2)  

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2) : Summary of the results 

 

A- Thyroids hormones  

The mean (±SD) of T3,T4,TSH  ng/ml concentration in serum of women control group and 

subclinical hypothyroidism women patients group according to BMI  are illustrated in table (1) 

and figure (3),(4),(5) .  
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Table (1) : The Mean of T3,T4 and TSH for studied Groups 

Mean ± SD Parameters/Groups 

Patients  Control  

46.22± 2.67 49.04± 3.25 Total 
T3 

ng/ml 
47.56± 2.28 50.11± 5.13 A1 (BMI =23-25) 

45.24± 2.52 48.77± 1.43 A2 (BMI=25-30) 

223.2± 13.20 233.1± 14.11 Total 
T4 

ng/ml 
239.7± 18.24 241.1± 13.23 A1 (BMI =23-25) 

227.6± 10.33 224.1± 18.11 A2 (BMI=25-30) 

2.06± 0.18 1.532± 0.12 Total 
TSH 

µIU/ml 
2.49± 0.20 1.499± 0.10 A1 (BMI =23-25) 

1.69± 0.16 1.581± 0.15 A2 (BMI=25-30) 

P value 

A2 

Con

trol 

/A2 

Pati

ents 

A1 

Con

trol 

/A1 

Pati

ents 

A1 

Pati

ents 

/A2 

Pati

ents 

A1 

Con

trol 

/A2 

Con

trol 

Control

/ 

Patients 

Paramet

ers 

>0.05 >0.05 >0.05 >0.05 >0.05 T3 

>0.05 >0.05 >0.05 >0.05 >0.05 T4 

<0.01 <0.01 <0.01 <0.05 ≤ 0.001 TSH 

 

 
Figure (3) : The Mean of T3 

 
Figure (4) : The Mean of T4 
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Figure (5) : The Mean of TSH 

 

There was no significant different (P>0.05) in T3 and T4 levels in women patients group when 

compared to women control group and there was no significant differences (P>0.05) in BMI 

groups. There was: a highly significant increase (<0.01) in TSH level in women patients group 

compared to women control group, a significant increase (<0.05) between A1 and A2 women 

control groups, a highly significant increase (<0.01) between A1 and A2 women patients 

groups, a highly significant increase (<0.01) between A1 women control group and A1 women 

patient groups, and a highly significant increase (<0.01) between A2 women control group and 

A2 women patient groups. 

There is a pleiotropic effect of thyroid disorders on female reproduction, with both direct and 

indirect effect on female reproductive axis. By altering binding proteins, the TH influences the 

biological availability of sex steroids. Euthyroid status promotes the healthy growth and 

operation of the female reproductive system and controls the development of the fetus and 

placenta during pregnancy. This complex interplay of thyroid and female reproduction deserves 

a comprehensive review to recognize the nuances that impact the clinical management of 

thyroid and reproductive disorders [21].  

After diabetes, thyroid conditions are the second most common disorders worldwide. Normal 

ranges of thyroid hormone are necessary for proper reproductive physiology and behavior. The 

body's mechanisms for controlling thyroid hormone levels can alter with age, especially in 

females. This can lead to variations in TSH levels [22],[23].  

 

B- Anti- TPO 

The mean (±SD) of Anti- TPO (IU/mL) concentration in serum of control group and subclinical 

hypothyroidism women patients group according to BMI  are illustrated in table (2) and figure 

(6). There are a highly significant increase (p<0.001) in the serum levels of Anti-TPO in women 

subclinical hypothyroidism group when compared with women control group, a highly 

significant increase (p<0.001) in serum Anti- TPO (IU/mL) levels in A2 women patients groups 

when compared with A1 women patients groups , and between A1 women control and A1 

women patients and A2 women control and A2 women patients.  
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Table (2) : The Mean of Anti- TPO (IU/mL)  

Mean ± SD of Anti- TPO (IU/mL) 
Groups 

Patients  Control 

22.843±0.200 1.666± 0.212 Total 

18.630±0.198 1.643± 0.144 A1 (BMI =24-

25.5) 

29.301±0.22 1.68± 0.132 A2 (BMI=25.6-30) 

P value 

A2 

Contr

ol 

/A2 

Patie

nts 

A1 

Contr

ol 

/A1 

Patie

nts 

A1 

Patie

nts 

/A2 

Patie

nts 

A1 

Contr

ol 

/A2 

Contr

ol 

Control/ 

Patients 

≤   0.001  ≤   010.0  ≤   0.001  >0.05 ≤   0.001  

 

 
Figure (6) : The Mean of Anti- TPO 

 

The most frequent cause of SCH, which is characterized by an elevated TSH level with normal 

free T4 level, is autoimmune thyroid disease (autoimmune thyroiditis). Due to a negative 

feedback loop, individuals with decreased levels of free T4 have higher TSH levels because 

high levels of free T4, prevent the pituitary gland from producing TSH. In these circumstances, 

increased thyroid hormone production is stimulated by elevated TSH, which raises T4 [24]. 

Patients with autoimmune thyroiditis produce more TSH than people without given the 

feedback system that controls these hormones [25],[26]. 

 

C- PTX3 

The mean (±SD) of PTX3  ng/ml concentration in serum of control group and Subclinical 

hypothyroidism women patients group according to BMI  are illustrated in table (3) and figure 

(7).  There are a significant increase (p<0.05) in the serum levels of PTX3 in Subclinical 

hypothyroidism group when compared with control group, and  no significant increase (p>0.05) 

in PTX3 serum levels in BMI groups.  
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Table (3): Mean ±SD of PTX3  ng/ml concentration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure  (7): Mean ±SD of PTX3 

 

They revealed that because PTX3 released by cell compartments involved in the onset and 

progression of cardiovascular disease (CVD), serum PTX3 serves as a marker linking to 

inflammation condition [27]. 

Tissue homeostasis is regulated by the innate immune system's soluble pattern recognition 

receptor, PTX3 [28]. Acute myocardial infarction, small-vessel vasculitis, sepsis, and other 

diseases have all been linked to PTX3 as a potential biomarker in serum. In sepsis, PTX3 may 

also serve as an early indicator of the severity and prognosis of the illness.. Furthermore, It 

has been proposed that PTX3, an innate immune system component that is highly expressed 

in patients with systemic inflammation, serves as a sensitive indicator of vascular 

inflammation [29]. The innate immune response, inflammation, tissue remodeling, and the 

humoral soluble pattern recognition molecule PTX3 are all critically dependent on each other. 

Furthermore, new studies have suggested that PTX3 a related to the pathophysiology of several 

distinct autoimmune diseases[30]. Acute-phase protein PTX3 synthesis is necessary for the 

body's homeostatic reactions to inflammation and tissue damage, and it plays a significant role 

in the innate immune system. Coordinating the recruitment and trafficking of leukocytes, 
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encouraging the removal of autoantigens and dying cells, and safeguarding the vasculature are 

just a few of its many functions. Inflammation must be resolved and tissue repair requires PTX 

actions [31]. In conditions where the inflammation does not responding to treatment, PTX3 is 

still produced and is an important biomarker for stratifying patients and forecasting clinical 

outcomes. Novel therapies for controlling leukocyte migration and the resolution of 

inflammatory processes may result from an understanding of the mechanisms underlying 

PTX3's homeostatic role. PTX3 have a role in oncogenesis or tumorigenesis, promoting and 

inhibiting tumor growth. Its significance in cancer biology has been linked to its ability to 

influence and modulate the immune response and interact with the extracellular matrix [28]. 

 

D- Klotho protein 

The mean (±SD) of Klotho protein ng/ml concentration in serum of control group and 

subclinical hypothyroidism women Patients group according to BMI are illustrated in table (4) 

and figure (8).  There are no significant difference (>0.05) in the serum levels of Klotho protein 

in Subclinical hypothyroidism group when compared with control group, and   between BMI 

groups.  

 

Table (4): Mean ±SD of Klotho protein ng/ml concentration  

Mean ± SD of Klotho protein (pg/ml) 
Groups 

Patients  Control 

5.32  ± 0.33 5.191  ± 0.44 Total 

5.49  ± 0.48 5.22  ± 0.39 A1 (BMI =24-25.5) 

5.23  ± 0.38 5.03  ± 0.68 A2 (BMI=25.6-30) 

P value 

A2 Control 

/A2 Patients 

A1 Control  

/A1 Patients 

A1 Patients 

/A2 Patients 

A1 Control  

/A2 Control 

Control 

/Patients 

>0.05 >0.05 >0.05 >0.05 >0.05 

 

 
 

Figure  (8): Mean ±SD of Klotho protein 
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E- Magnesium  

The mean (±SD) of Mg2+ mg/dl concentration in serum of control group and Subclinical 

hypothyroidism women patients group according to BMI  are illustrated in table (5) and figure 

(9). There were a highly significant deceased (≤ 0.01) in the serum levels of Mg2+ mg/dl in 

subclinical hypothyroidism group when compared with control group, while there was no 

significant difference  ≤ 0.01  between BMI groups.  

 

Table (5): Mean ±SD of Mg2+ mg/dl concentration  

Mean ± SD of Mg2+ (mg/dl) 
Groups 

Patients  Control 

2.32  ± 0.27 3.133  ± 0.31 Total 

2.33  ± 0.21 3.10  ± 0.29 A1 (BMI =24-25.5) 

2.36  ± 0.30 3.09  ± 0.28 A2 (BMI=25.6-30) 

P value 

A2 Control 

/A2 Patients 

A1 Control 

/A1 Patients 

A1 Patients 

/A2 Patients 

A1 Control 

/A2 Control 

Control/ 

Patients 

≤   0.01  ≤   0.01  >0.05 >0.05 ≤   0.01  

 

 
Figure  (9): Mean ±SD of Mg2+ 

 

Regulation and modulation of immunity effect exhibits by magnesium. Mg2+ is a cofactor for 

the C3 convertase formation, which is engaged in the proteolytic action of complement 

components, antigen binding and the cytokine response, T-helper and B cell adhesion, 

immunoglobulin production, and IgM binding to lymphocytes. Mg2+ functions as a secondary 

signaling messenger and aids in T cell activation (32),(33). serum patients with 

hyperthyroidism have lower magnesium levels than those with hypothyroidism; this difference 

may be due to thyroid hormones increasing the excretion of magnesium in the urine [34]. 

Hypothyroidism has been linked to lower serum magnesium levels in both animal models and 

clinical studies, and thyroid hormones' influence on the degree of urine concentration is 

primarily responsible for their impact on the magnesium urinary excretion rate [20],[35].  They 
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hypothesized that low blood magnesium levels might result in aberrant immune cell activation 

and a reduction in immunological tolerance [36]. Because magnesium is a coenzyme and is 

involved in several antioxidant metabolism pathways, including glutathione synthesis, low 

serum magnesium levels may impair cells' ability to respond to antioxidants and allow free 

radicals to accumulate, leading to oxidative stress and tissue damage [37],[38]. 

 

F. Relationships between parameters  

Table (6) showed the correlations between parameters in the women patients group. The results 

obtained in revealed significant related between parameters. There are stronger positive 

correlation between Anti-TPO and TSH, PTX3 , while there was negative correlation between 

Anti-TPO and Mg2+. 

 

Table (6): Correlation of parameters between patients 

Parameters Anti-TPO PTX3 Klotho protein 

T3 -0.17 0.01 0.10 

T4 -0.22 0.10 0.13 

TSH 0.54 0.39 0.03 

Anti-TPO - - - 

PTX3  0.53 - - 

Klotho protein 0.01 0.12 - 

Mg2+ -0.61 -0.58 0.23 

 

Conclusion:  

We concluded that there are significant higher level of PTX3 in patients with overt and 

subclinical hypothyroidism than in the healthy control. Thus, PTX3 may be relatively 

independent marker for prognosis of subclinical to overt cases or to metabolic complications 

in hypothyroidism patients as a potential risk factor for this disease. 

 

References  

1. Z.A.H jabbar. H.AAli, J, R.A. Ali., Association  of  Serum  Gelsolin  with  Thyroid  

Dysfunction  in  HypothyroidismPatients :A case-control study, 

JPopulTherClinPharmacol,(2023). 30(13):e185–e192;10. 

2. K.HJawzal, M.A Hami, LY Mohammed,A.A. Ibrahiem.The relation ship between thyroid 

hormones andl ipid profile in subclinical hypothyroidism female patients. Baghdad Journal 

of Biochemistry and Applied BiologicalSciences,(2022);3(03):200-209.  

3. H.Vargas-Uricoechea, J. P.Nogueira, , M. V., Pinzón-Fernández, &, D. Schwarzstein, The 

Usefulness of Thyroid Antibodies in the Diagnostic Approach to Autoimmune Thyroid 

Disease. Antibodies, (2023). 12(3), 48.  

https://www.nature.com/articles/s41598-018-28362-5#ref-CR26


 

 

European Science Methodical Journal 
ISSN (E): 2938-3641 

Volume 2, Issue 7, July - 2024 

77 | P a g e  

 

 

4. R. N. Shaker, N T. Younis. Biochemical study on Anti Thyroid Peroxidase Antibody 

Enzyme in Serum Blood of women with Thyroid Disease. Research Journal of Pharmacy 

and Technology (2023); 16(1):205-8.   

5. EJ Ku, WS Yoo, HK Chung. Management of Subclinical Hypothyroidism: A Focus on 

Proven Health Effects in the 2023 Korean Thyroid Association Guidelines. Endocrinol 

Metab. (2023);38(4):381-391. 

6. Y Han, J Wang, X Wang, L Ouyang, Y Li. Relationship Between Subclinical 

Hypothyroidism in Pregnancy and Hypertensive Disorder of Pregnancy: A Systematic 

Review and Meta-Analysis. Front Endocrinol (Lausanne). (2022) Mar 8;13:823710.   

7. I. Rajbanshi, VK Sharma, ET Tuladhar, A.Bhattarai, M.Raut, RK Dubey, P.Koirala, A. 

Niraula. Metabolic and biochemical profile in women with polycystic ovarian syndrome 

attending tertiary care centre of central NEPAL. BMC Womens Health. 2023 Apr 

28;23(1):208.   

8. G.Lapadula, R. Leone, DP.Bernasconi, A. Biondi, E. Rossi, M. D’Angiò, Bottazzi B, 

Bettini LR, Beretta I, Garlanda C, Valsecchi MG, Mantovani A and Bonfanti P (2022) 

Long pentraxin 3 (PTX3) levels predict death, intubation and thrombotic events among 

hospitalized patients with COVID-19. Front. Immunol. 13:933960.   

9. H. Chen, T.Li, S.Yan, M. Liu, K. Liu, H. Zhang, et al. Pentraxin-3 is a strong biomarker 

of sepsis severity identification and predictor of 90-day mortality in intensive care units 

via sepsis 3. 0 Definitions Diagn (2021) 11:1906.   

10. S. Hamed, M. Behnes, D. Pauly, D. Lepiorz, M. Barre, T. Becher, et al. Diagnostic value 

of pentraxin-3 in patients with sepsis and septic shock in accordance with latest sepsis-3 

definitions. BMC Infect Dis (2017) 17:554.   

11. G.Wang, C. Jiang, J. Fang, Z. Li, H. Cai. Pentraxin-3 as a predictive marker of mortality 

in sepsis: an updated systematic review and meta-analysis. Crit Care (2022) 26:167.  

12. G.Ristagno, F. Fumagalli, B. Bottazzi, A.Mantovani, Olivari D., Novelli D., et al. 

(2019). Pentraxin 3 in Cardiovascular Disease. Front. Immunol. 10, 823. 10.3389. 

13. R. Porte, S.Davoudian, F.Asgari, R. Parente, A. Mantovani, C. Garlanda, et al. (2019). The 

Long Pentraxin PTX3 as a Humoral Innate Immunity Functional Player and Biomarker of 

Infections and Sepsis. Front. Immunol. 10, 794.  

14. M. Stravalaci., F. Davi, R. Parente, M. Gobbi, B. Bottazzi, A. Mantovani, et al. 

(2020). Control of Complement Activation by the Long Pentraxin PTX3: Implications in 

Age-Related Macular Degeneration. Front. Pharmacol. 11, 591908. 10.3389. 

15. M. Stravalaci, M.Ferrara, V.Pathak, F. Davi, B. Bottazzi, A. Mantovani, Medina RJ, 

Romano MR, Inforzato A. The Long Pentraxin PTX3 as a New Biomarker and 

Pharmacological Target in Age-Related Macular Degeneration and Diabetic Retinopathy. 

Front Pharmacol. 2022 Jan 7;12:811344.  

16. S. Liu, M. Wu, Y .Wang, L. Xiang, G. Luo, Q. Lin, L. Xiao. The Association between 

Dietary Fiber Intake and Serum Klotho Levels in Americans: A Cross-Sectional Study 

from the National Health and Nutrition Examination Survey. Nutrients. 2023; 15(14):3147.   



 

 

European Science Methodical Journal 
ISSN (E): 2938-3641 

Volume 2, Issue 7, July - 2024 

78 | P a g e  

 

 

17. J.A. Neyra,; M.C. Hu,; O.W. Moe, Klotho in Clinical Nephrology: Diagnostic and 

Therapeutic Implications. Clin. J. Am. Soc. Nephrol. 2020, 16, 162–176.  

18. I. S.; S. Ito, S. Kinoshita, N. Shiraishi, S. Nakagawa, S. Sekine, T. Fujimori, Y 

Nabeshima. Molecular cloning and expression analyses of mouse beta klotho, which 

encodes a novel Klotho family protein. Mech. Dev. 2000, 98, 115–119.   

19. M. S. Mahdi, N. Q. Kadhim; The role of alpha klotho protein and FGF-23 in serum of 

breast cancer patients. AIP Conf. Proc. 8 November 2022; 2394 (1): 040036.  

20. K. Wang, H. Wei, W. Zhang, W. et al. Severely low serum magnesium is associated with 

increased risks of positive anti-thyroglobulin antibody and hypothyroidism: A cross-

sectional study. Sci Rep 8, 9904 (2018).  

21. E.D.L. Brown,  B. Obeng-Gyasi,  J.E. Hall, S. Shekhar, The Thyroid Hormone Axis and 

Female Reproduction. Int. J. Mol. Sci. 2023, 24, 9815 . 

22. M.. Meeta , L. Digumarti, N. Agarwal, , N. Vaze, , R. Shah, & S. Malik, (2020). Clinical 

Practice Guidelines on Menopause: *An Executive Summary and Recommendations: 

Indian Menopause Society 2019-2020. Journal of mid-life health, 11(2), 55–95.   

23. M. Yadav, , V. Kose,  & A. Bhalerao, (2023). Frequency of Thyroid Disorder in Pre- and 

Postmenopausal Women and Its Association With Menopausal Symptoms. Cureus, 15(6), 

e40900.   

24. Y. Shimizu, M. Matsuyama, Y.  Noguchi, et al. Association between anti-thyroid 

peroxidase antibody and thyroid stimulating hormone: a cross-sectional study. Sci Rep 13, 

14358 (2023).   

25. Y. Shimizu, et al. Anti-thyroid peroxidase antibody and thyroid cysts among the general 

Japanese population: A cross-sectional study. Environ. Health Prev. Med.(2020), 25(1), 7.  

26. A M Jantikar, A study on relationship between thyroid peroxidase antibodies (Anti-TPO 

antibodies) and thyroid dysfunction patients. Int J Clin Biochem Res (2020);7(2):238-242 

27. S. Rafaqat, S. Rafaqat H. Ijaz The role of inflammatory biomarkers in the arterial 

hypertension. Arter Hypertens. (2023);27(1). 

28. I. Jafar, H. Ali, R. Ali, &M. Al-Rufaie,.Assessing the role of serum Pentraxin-3 (PTX3) 

levels in hypothyroidism patients as risk marker of insulin resistance. Current Issues in 

Pharmacy and Medical Sciences, (2023) , 36(3) 174-179.   

29. T. Kitoh, T. Ohara, T. Muto , A. Okumura, R. Baba, Y. Koizumi, et al. Increased pentraxin 

3 levels correlate with IVIG responsiveness and coronary artery aneurysm formation in 

Kawasaki disease. Front Immunol. (2021);12:624802. 

30. Q. Wu, F. Cao, J. Tao, X. Li, Z.G. Zheng, H.F. Pan. Pentraxin 3: A promising therapeutic 

target for autoimmune diseases. Autoimmun Rev. (2020);19(12):102584.  

31. R. Margiana, S.K. Sharma, B.I. Khan, A.A. Alameri, MJC Opulencia, AT. Hammidi, et al. 

The pathogenicity of COVID-19 and the role of pentraxin-3: An updated review study. 

Pathol Pract. (2022);154128. 

32. V. Kravchenko   and T. Zakharchenko, Thyroid hormones and minerals in 

immunocorrection of disorders in autoimmune thyroid diseases. Front. Endocrinol. (2023) 

14:1225494.   



 

 

European Science Methodical Journal 
ISSN (E): 2938-3641 

Volume 2, Issue 7, July - 2024 

79 | P a g e  

 

 

33. J Lötscher, A.A. Martı́I Lı́ndez, N. Kirchhammer, E. Cribioli, GMP. Giordano Attianese, 

MP. Trefny, et al. Magnesium sensing via LFA-1 regulates CD8+ T cell effector function. 

Cell (2022) 185(4):585–602.   

34. J.E. Jones, ,P.C.  Desper, , S.R. Shane,   & E.B. Flink,. Magnesium metabolism in 

hyperthyroidism and hypothyroidism. J. Clin. Invest. (1966) 45, 891–900. 

35. E. Dolev,   et al. Alterations in magnesium and zinc metabolism in thyroid 

disease. Metabolism. (1988) 37, 61–67. 

36. M. Klatka, E. Grywalska, M, Partyka, M. Charytanowicz, & J. Rolinski, Impact of 

methimazole treatment on magnesium concentration and lymphocytes activation in 

adolescents with Graves’ disease. Biol. Trace Elem. Res. (2013)153, 155–170. 

37. F.H. Nielsen, Magnesium, inflammation, and obesity in chronic disease. Nutr. Rev. 

(2010) 68, 333–340. 

38. J. B. Morais, et al. Role of magnesium in oxidative stress in individuals witho. Biol Trace 

Elem. Res. (2017)176, 20–26. 

 

 

 

 

 

 

 
 


