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Introduction
Rheumatoid arthritis, or RA, is an autoimmune and inflam-
matory disease of unknown causation.1 T cells and B cells play 
a key role in the progression of the Rheumatoid arthritis.2 The 
action of T cells beside that of B cells in the development of RA 
has been further confirmed by the effectiveness treatment of 
methods influencing both T cells and B cells.3,4 (1,25-
(OH)2D3) insufficiency may elevate the hazard for the pro-
gression of RA.5 (1,25-(OH)2D3) has been reveal to change 
the of genes expressions that influence activity of cells such as, 
multiplication Distinction, cell death program, and matura-
tion.6 (1,25-(OH)2D3) is participated in the inhibition of 
interleukin-2, generation of antibody, and in lymphocyte mul-
tiplication, and, thus, is considered as controlling factor for the 
immune system7 critical in the maturation and function of 
both T-regulatory cells8,9 and dendritic cells.10,11 It has been 
proposed that physiologically active formula of (1,25-
(OH)2D3) affects the operation by which immune cells receive 
A molecular messenger that making them to emigrate to 
normal sites of extra Tissue making up the lymphatic system, 
besides sites of inflammation.12 Ii is known that (1,25-
(OH)2D3) blocks secretion of interferon gamma and nega-
tively control IL-12 generation by negative-acting nuclear 
factor kappa-light-chain-enhancer of activated B cells.13 The 
impression of (1,25-(OH)2D3) receptor following stimulation, 
presenting on antigen cells, dendritic cells, T cells and B cells, 
further propose a regulation of immune system by (1,25-
(OH)2D3).14–16 Given the influences of (1,25-(OH)2D3) as 
immune system suppressor and the possible link between 
(1,25-(OH)2D3) insufficiency and autoimmune disorder, 
(1,25-(OH)2D3) has been examined as possible participant in 
the mechanism of action of various autoimmune diseases. Epi-
demiologic study shows low (1,25-(OH)2D3) levels in 

autoimmune diseases such as RA.17–20 However, it is ambig-
uous whether low intake of (1,25-(OH)2D3) is hazard factor of 
progression of Rheumatoid arthritis, and the relationship 
between low serum (1,25-(OH)2D3) concentrations and ele-
vated activity in RA patients remains arguable.21

The great interest of trace metallic elements chronic 
inflammatory disorder due to their role as a co-factor in var-
ious metabolic pathway including function of immune 
system.22 Many studies indicate that there was a link between 
concentration of trace elements and duration rheumatoid 
arthritis diseases. Serum trace elements as well as transport 
proteins such as ceruloplasmin and albumin, play a key role in 
the antioxidant protection mechanism of cell. Microelement 
status hence may be participated in the pathogenesis of Rheu-
matoid arthritis or be influenced by chronic inflammatory 
condition of RA.23 The goal of the current study was to eval-
uate the potential variation in the concentrations of vitamin D 
and trace elements in Rheumatoid arthritis patients. 

Materials and Methods
The research was performed on 87 (51 females & 36 males) RA 
patients without treatment for RA who were referred to the 
consultant clinic at the department of Rheumatology, outpa-
tient clinic in Erbil city. The diagnosis of those patients has 
been performed under supervision of a specialist physician in 
rheumatology department. Excluded criteria of the current 
research include those patients with a history of gastrectomy, 
chronic diarrhea and patients who were under the treatment 
with of (1,25-(OH)2D3) and/or calcium supplementation. 

The patients age who involved in this study ranged from 
39–67 years. Sixty-five healthy individuals matched in age and 
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gender were also participated as controls. 3–5 ml of blood was 
obtained by venipuncture. The collected blood was transferred 
to a plain tube and left to clot at room temperature (20–25°C) 
for 15 minutes. The clotted blood was centrifuged at 2000 rpm 
for 15 minutes; and by then, serum was collected and distrib-
uted into aliquots of (200 μl) in Eppendorf tubes, which was 
stored in freezer, after completion collection of all samples the 
serum samples were defrosted to be ready for estimation of 
(1,25-(OH)2D3). The concentration of (1,25-(OH)2D3) in 
serum was estimated by ELISA technique using a kit manufac-
tured by CUSABIO company. Serum trace elements (Cr, Co, 
Mg, Mn, Ni and Rb) were estimated by using 1275 A Varian, 
atomic absorption spectrophotometer.

Results and Discussion

Serum Levels of Vitamin D
Figure 1 & Table 1 reveal the results of (1,25-(OH)2D3) con-
centrations in (serum a) samples of control and Rheumatoid 
arthritis (RA) patients. The results reflect a remarkable 
decrease (P < 0.001) in the serum level of vitamin D of Rheu-
matoid arthritis (RA) groups in comparison to that of the 
control. 

(1,25-(OH)2D3) is considered as one of principal envi-
ronmental elements that involved to Rheumatoid arthritis, 
there is a high prevalence of bones weakens in Rheumatoid 
arthritis patients.24 Studies have showed that cytokines and T 
cells play a key role in the development of RA.25 Vitamin D 
appears to interact with the immune system through its roles 
on the controlling and distinction of cells such as lympho-
cytes, macrophages, and natural killer cells, as well as inter-
fering in the production of cytokines. 25(OH)D is one of 
principal steroid hormones, which is implicated in the meta-
bolic pathways of bone and modulation of immune system. 
Receptors of (1,25-(OH)2D3) are present on the T cell and B 
cell of lymphocytes, dendritic cells and macrophages. The con-
trol of cell proliferation and differentiation with inhibition the 

release of inflammatory elements were attribute to the binding 
of 25(OH)D with their receptors. Consequently, they will play 
major roles in controlling of immune reactions.26 Thus, (1,25-
(OH)2D3) may not only ameliorate symptom of osteoporosis 
in patients with RA but also play a key role in the controlling 
of immune system.

Insufficiency of (1,25-(OH)2D3) may be linked with an 
elevated hazard for the progression of Rheumatoid arthritis. 
(1,25-(OH)2D3 is known to produce regulated response of 
lymphocytes to self-antigens.12 Thus, vitamin D insufficiency 
may disarrange immune tolerance and produce the progres-
sion of autoimmune disorder, such as rheumatoid arthritis. 
Immunomodulatory features of Vitamin D on the immune 
system taking place both in an endocrine and in a paracrine 
mode.27 It seems to control the immune reactions by a various 
of mechanisms, such as lowering expression of antigen mole-
cules,28 inhibiting the proinflammatory T helper type 1 profile 
[and promoting regulatory T cells. 1,25(OH)2D3 repress pro-
liferation and immunoglobulin generation and delay differen-
tiation of B-cell precursors into plasma cells.29 These finding 
brace a role for (1,25-(OH)2D3) insufficiency in the pathogen-
esis of autoimmune inflammatory conditions in including RA. 
Results propose that (1,25-(OH)2D3) receptor agonists may 
inhibit and repress established collagen promoted arthritis. It 
has been reported that (1,25-(OH)2D3) may be negatively 
affected in acute reaction, that is, its concentrations may 
reduce in the position of inflammation, such as in active Rheu-
matoid arthritis. Despite that, therapy with rituximab in Rheu-
matoid arthritis did not influence (1,25-(OH)2D3) 
concentrations, although it reduced indicator of 
inflammation.30

Supplementation with (1,25-(OH)2D3) It has been sup-
posed as a tool to stimulate unresponsiveness of the immune 
system and thus inhibit the progression of autoimmune dis-
order. It has been described that amalgamation of antirheu-
matic drugs with vitamin D has been proposed for RA. Patients 
with Rheumatoid arthritis are susceptible to osteoporosis. 
Merlino et al.5 indicated a negative association between higher 
intake of (1,25-(OH)2D3) and Rheumatoid arthritis risk. They 
examined data from a study of 29,368 women without a his-
tory of Rheumatoid arthritis at study baseline, and through 11 
years of follow-up, 152 patients with RA were diagnosed. 
Higher intake of (1,25-(OH)2D3) was negatively correlated 
with risk of Rheumatoid arthritis. Another study with 100 RA 
patients and 100 controls, not on (1,25-(OH)2D3) supple-
ments, noticed that patients with high rate of RA activity had 
the reduced (1,25-(OH)2D3) concentrations. Remarkably 
lower (1,25-(OH)2D3) level were found in patients who were 
imperfectly responding to therapy and those patients suffering 
from disappearance of signs and symptoms of RA.31 Sabbagh 
et al.32 also found insufficient (1,25-(OH)2D3) condition in 
patients with systemic autoimmune rheumatic diseases 
(SARDs), accompanying significantly strong correlation with 
disease activity in Rheumatoid arthritis patients. This study 
demonstrated the requirement for appropriate assessment of 
(1,25-(OH)2D3) status in these patients to ensure the intake of 
the recommended quantity of (1,25-(OH)2D3). Studies con-
ducted by Kareem et al.33 and Yagiz et al.34 found remarkably 
lower Vitamin D concentrations in patients with RA as com-
pared to control population, thus supporting the potential role 
of (1,25-(OH)2D3) in the progression, development, activity 
and treatment of various kinds of autoimmune diseases.

Fig. 1 Mean values of serum vitamin D in control and RA patients 
groups.

Table 1. Mean values of serum vitamin D in control and RA 
patients groups

Parameter RA patient  
Mean ± SD

Control 
Mean ± SD P-value

Vitamin D (ng/mL) 13.24 ± 1.06 26.9 ± 1.7 P < 0.001
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Table 2 shows the results of trace elements (Cr, CO, Ni, 
Mg, Mn and Rh in serum samples of control and Rheuma-
toid arthritis patients. The results reveal a remarkable decline 
(P < 0.001) in the levels of Chromium and Cobalt of Rheu-
matoid arthritis patients groups in comparison to that of the 
control as shown in Figure 2.

The role of trace metallic elements in inflammatory con-
dition is of great interest because various trace elements act as  
of co-factors in metabolic pathways including articular tissues 
and function of immune system.22 Chromium is one of the 
principal trace elements. Have a key role in preserving proper 
health; Chromium involved in the regulation metabolism of 
glucose and lipid.35

The reasons that Chromium may be powerful in pre-
venting rheumatoid arthritis is that post-menopausal women 
under the treatment with Chromium supplement displayed 
elevated plasma dehydroepiandrosterone, a precursor com-
pound of estrogen synthesis which block bone loss, and 
declined excretion of urinary calcium and hydroxy proline, 
which are indicators of bone loss.36 These exasperating results 
need to be validated, and the prevention of bone loss needs to 
be confirmed by the use of ways that can directly detect alter-
ations in bone contents with Chromium supplementation.37,38 
Figure 2 shows the mean values of serum Chromium level in 
control and patients groups, Chromium deficiency in patients 
with rheumatoid arthritis disease, the results demonstrated 
low level in patients group as compared with those in control 
group. The results are in line with the data recorded by 
Cerhan et al.39

Table 2. Mean values of serum trace elements in control and 
RA patients groups

Trace elements Mean (ng/ml) ±  
SD (Control)

Mean (ng/ml) ±  
SD (RA patients) P-value

Cr (ng/ml) 47.1 ± 2.02 39.1 ± 2.32 0.001

Co (ng/ml) 40.5 ± 5.1 34.23 ± 3.15 0.001

Mg (ng/ml) 17523.67 ± 1044 21974.82 ± 4980 0.0001

Mn (ng/ml) 25.5 ± 5.43 34.21 ± 8.54 0.001

Ni (ng/ml) 22.5 ± 4.5 35.41 ± 9.07 0.001

Rb (ng/ml) 0.892 ± 0.53 1.71 ± 0.52 0.001

Fig. 2 Mean values of serum Chromium in control and RA patients 
groups.

Table 2 include the results acquired for the Magnesium 
content in the sera of rheumatoid arthritis and control group. 
The mean serum Magnesium concentration between the two 
groups is highly significant elevated (P < 0.0001). These results 
are in line with the previous work.40 Figure 3 shows the mean 
values of serum Magnesium level in control and patients 
groups. Manganese is one of several trace elements that are 
essential for health of bone. One study41 record that taking 
amalgamation of Calcium, Zinc, Copper and Manganese 
involved in lessen spinal bone loss in a post-menopausal 
women group. Patients with arthritis tend to possess low con-
centration of super oxide dismutase (SOD). Manganese is an 
essential mineral in the protein, fat metabolism, healthy 
immune, normal bone growth and energy production. The 
measured results of serum Manganese are recorded in  
Table 2 & Figure 4, these results revealed significant elevation 
(P < 0.001) in RA patients when compared with control group, 
in the literature there was very little information about this 
point. Manganese is needed for the usage of vitamin B1 and 
vitamin E, it is required in the synthesis of cartilage and syno-
vial fluid of the joints. Manganese insufficiency can cause 
inadequate bone production. An excess of Manganese can 
cause deficient Iron metabolism.42

Table 2 and Figure 4 show the mean values of serum 
Nickel concentration in control and patients groups. The 
results reflect a significant decrease (P < 0.001) in the levels of 
Nickel of RA patients groups in comparison to that of the 

Fig. 3 Mean values of serum Magnesium in control and RA 
patients groups.

Fig. 4 Mean values of serum Manganese in control and RA 
patients groups.
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Serum trace elements in rheumatoid arthritis patients and 
control groups in Figure 5 indicated a remarkable increase  
(P = 0.001) in serum Rubidium. The difference in the serum 
concentrations of trace elements has been studied by many 
researchers to discover the potential association between 
manifestation, clinical features, and response to the system of 
therapy with the trace element concentrations.23,45,46

Conclusion 
Insufficiency of (1,25-(OH)2D3) is highly widespread in 
patients with rheumatoid arthritis, and that inadequacy in 
(1,25-(OH)2D3) may be associated with disease seriousness 
in RA. (1,25-(OH)2D3) augmentation in daily diet may be 
required for the stave off of osteoporosis and for pain reassur-
ance in patients with RA. The alteration of trace elements in 
sera of rheumatoid arthritis patient groups indicated specialty 
of various trace elements in the physiological and pathological 
status of rheumatoid arthritis disease. Trace elements are not a 
remarkable predictor test for RA disease. Early and accurate 
prognostication of trace elements alterations may be more 
important when the rheumatoid arthritis patients due to the 
possible release of the trace elements from the injured tissues 
which is critical for performing an ideal therapy consequence 
in RA patients. 

Conflicts of Interest 
None. 

control, Nickel was to be found in blood and tissue at quite 
consistent physiological significance.

Nickel is needed for normal growth and proliferation in 
animals and presumably in human being as well it seem to 
have action in the adjustment of the immune system. Nickel 
plays very important role in biological system such as hor-
monal control in, enzyme activity, also in structure or function 
of nucleic acid compounds such as RNA, DNA and protein.43,44 
Metabolism of other nutrients like Calcium and vitamin B12 is 
also changed because of Nickel inadequacy. Bone evolution 
resistance to infection and immune function are some of the 
difficulty linked with Nickel inadequacy.

Fig. 5 Mean values of serum Rubidium in control and RA patients 
groups.

References
 1. Mason, R., Sequeira, V. and Gordon-Thomson, C. Vitamin D: the light side of 

sunshine. Eur J Clin Nutr 2011; 65:986–993.
 2. Choy, E. Understanding the dynamics: pathways involved in the 

pathogenesis of rheumatoid arthritis. Rheum 2012; 51:v3–v11.
 3. Keystone, E., Smolen, J. and van Riel, P. Developing an effective treatment 

algorithm for rheumatoid arthritis. Rheum 2012; 51:v48–v54.
 4. Sharma, P. and Pathak, K. Are biological targets the final goal for rheumatoid 

arthritis therapy? Expert Opin Biol Ther 2012; 12:1611–1622.
 5. Merlino L, Curtis J, Mikuls TR, Cerhan JR, Criswell LA, Saag KG. Vitamin D 

intake is inversely associated with rheumatoid arthritis. Results from the 
Iowa Women’s Health Study. Arthr Rheumat. 2004; 50:72–7.

 6. Cantorna MT Vitamin D and autoimmunity: is vitamin D status an 
environmental factor affecting autoimmune disease prevalence? Proc Soc 
Exp Biol Med 2000; 223:230–233.

 7. Maruotti N, Cantatore FP .Vitamin D and the immune system. J Rheumatol 
2010; 37:491–495. 

 8. Taher YA, van Esch BC, Hofman GA, Henricks PA, van Oosterhout AJ. 
1alpha,25-dihydroxyvitamin D3 potentiates the beneficial effects of allergen 
immunotherapy in a mouse model of allergic asthma: role for IL-10 and 
TGFbeta. J Immunol 2008; 180:5211-5221.

 9. Xystrakis E, Kusumakar S, Boswell S. Reversing the defective induction on IL-
10-secreting regulatory T cells in glucocorticoid-resistant asthma patients.  
J ClinInvest 2006; 116:146-155.

10. Adorini L, Giarratana N, Penna G. Pharmacological induction of tolerogenic 
dendritic cells and regulatory T cells. Semin Immunol 2004; 16:127-134.

11. Griffin MD, Xing N, Kumar R. Gene expression profiles in dendritic cells 
conditioned by 1alpha,25-dihydroxyvitamin D3 analog. J Steroid Biochem 
Mol Biol 2004;89-90:443-448.

12. Weiss ST. Bacterial components plus vitamin D: the ultimate solution to 
the asthma (autoimmune disease) epidemic? J Allergy ClinImmunol 2011; 
127:1128-1130.

13. Boonstra A, Barrat FJ, Crain C, Heath VL, Savelkoul HF. 1alpha,25-
Dihydroxyvitamin d3 has a direct effect on naive CD4(+) T cells to enhance 
the development of Th2 cells. J Immunol 2001; 167: 4974-4980.

14. Arnson Y, Amital H, Shoenfeld Y. Vitamin D and autoimmunity: new 
aetiological and therapeutic considerations. Ann Rheum Dis 2007; 66: 
1137-1142.

15. Fritsche J, Mondal K, Ehrnsperger A, Andreesen R, Kreutz M. Regulation of 
25-hydroxyvitamin D3-1 alpha-hydroxylase and production of 1 alpha, 
25-dihydroxyvitamin D3 by human dendritic cells. Blood 2003; 102: 
3314-3316.

16. Bouillon R, Bischoff-Ferrari H, Willett W. Vitamin D and health: perspectives 
from mice and man. J Bone Miner Res 2008; 23:974-979.

17. Aguado P, del Campo MT, Garces MV, Gonzalez-Casuas ML, Bernad M,  
et al. Low vitamin D levels in outpatient postmenopausal women from a 
rheumatology clinic in Madrid, Spain: their relationship with bone mineral 
density. Osteoporosis Int 2000; 11:739-744

18. Oelzner P, Muller A, Deschner F, Holler M, Abendroth K. Relationship 
between disease activity and serum levels of vitamin D metabolites and 
PTH in rheumatoid arthritis. Calcif Tissue Int 1998; 62:193-198.

19. Jahnsen J, Falch JA, Mowinckel P, Aadland E. Vitamin D status, parathyroid 
hormone and bone mineral density in patients with inflammatory bowel 
disease. Scand J Gastroenterol 2002; 37:192-199.

20. Nieves J, Cosman F, Herbert J, Shen V, Lindsay R. High prevalence of  
vitamin D deficiency and reduced bone mass in multiple sclerosis. 
Neurology 1994. 44:1687-1692.

21. Song GG, Bae SC, Lee YH. Association between vitamin D intake and the risk 
of rheumatoid arthritis: a meta-analysis. Clin Rheumatol 2012; 31: 1733-1739.

22. Brig MN, Chatterje A and Shinde R, “Text book medical biochemistry”,  
6th ed. Published by jitendar prij 2005, 178-557.

23. Sahebari M, Ayati R, Mirzaei H, Sahebkar A, Hejazi S, Saghafi M, et al. Serum 
Trace Element Concentrations in Rheumatoid Arthritis. Biol Trace Elem Res. 
2016;171(2):237-245. 

24. Dehghan A, Rahimpour S, Soleymani-Salehabadi H, Owlia MB. Role of 
vitamin D in flare ups of rheumatoid arthritis. Zeitschrift for Rheumatologie. 
2014;73: 461-464. 

25. Zold, E.,P. Szodoray, J. Gaal. Vitamin D deficiency in undifferentiated 
connective tissue disease,” Arthritis Research & Therapy 2008; 10(5) R123. 



5Iraq Med J | Vol. 6, No. 1, Winter 2022: 01–05

P.A. Ismail et al.
Original

Evaluation of Vitamin D and Trace Element Level in Sera of Patients with RA

26. Hewison, M., L. Freeman, S. V. Hughes. “Differential regulation of vitamin D 
receptor and its ligand in human monocytederived dendritic cells,” Journal 
of Immunology 2003;170(11) :5382–5390. 

27. Hewison, M. Vitamin D and immune function: autocrine, paracrine or 
endocrine? Scand J Clin Lab Invest Suppl 2012; 243: 92–102.

28. Bartels, L., Hvas, C., Agnholt, J., Dahlerup, J. and Agger, R. Human dendritic 
cell antigen presentation and chemotaxis are inhibited by intrinsic 
25-hydroxy vitamin D activation. Int Immunopharmacol 2010; 10:  
922–928. 

29. Chen, S., Sims, G., Chen, X., Gu, Y., Chen, S. and Lipsky, P. Modulatory effects 
of 1,25-dihydroxyvitamin D3 on human B cell differentiation. J Immunol 
2007; 179: 1634–1647. 

30. Hasan E, Olusi S, Al-Awadhi A, Mokaddem K, Sharma P, George S. Effects 
of rituximab treatment on the serum concentrations of vitamin D and 
interleukins 2, 6, 7, and 10 in patients with rheumatoid arthritis. Biologics: 
targets & therapy. 2012;6:31–5. 

31. Attar SM. Vitamin D deficiency in rheumatoid arthritis. Prevalence and 
association with disease activity in Western Saudi Arabia. Saudi Med J. 
2012;33:520-5. 

32. Sabbagh Z, Markland J, Vatanparast H. Vitamin D status is associated  
with disease activity among rheumatology outpatients. Nutrients 2013;5: 
2268-75. 

33. Kareem MI, Mohammed RH, Abozaid HS, Rayan MM, Mohamed AM, Fathi 
NA. Hypo-vitaminosis D in patients with rheumatoid arthritis, systemic 
lupus erythematosus and ankylosing spondylitis. J Clin Cell Immunol. 
2015;6:1-6.

34. Yagiz AE, Ustun N, Paksoy H, Ustun I, Mansuroglu A, Guler H, Association 
of Vitamin D with disease activity in rheumatoid arthritis and ankylosing 
spondylitis. J Clin Anal Med 2015;6:486-9.

35. Jonathan CL, ” Trace Elements in the fetus and young Infant, Copper, 
Manganese, Selenium and Chromium” Am. J. Dis. Child 1981; 134:74-81.

36. Carl AB and Edward RA “ Tietz Fundamentals of Clinical Chemistry”, 6th Ed., 
Saunders an imprint of Elsevier 2008,496-507.

37. Ferestein GS, Larry A, Cruz TF, Cheng TP, Banqueriso ML and Boyle DL 
“Vanadium an inhibitor of stromelysin and collagenase expression, 
suppresses collagen induced arthritis” J. Rheumatology 2007; 34(9): 
1802-1809.

38. Hathcock JN, “Vitamins and minerals safety”, 2nd ed. 2004,35-49.
39. Cerhan JR, Saag KG and Criswell LA. “Antioxidant Micronutrients and Risk 

of Rheumatoid Arthritis in Cohort of Older women” Am. J. Epidemiol 2003; 
157(4):345-354.

40. Satish KT and Reshu M, “Assessment of mineral status (Zn, Cu, Mg and 
Mn) in Rheumatoid Arthritis patients in Chandigarh, India”, Rheumatology 
Report 2009,1(5):16-20.

41. De Carvalho PR, GonÇalves Pita MC, Loureiro JE, Tanaka HR and Ribeiro 
JS, “Manganese Deficiency in Bovines: connection between Manganese 
metalloenzyme Dependent in Gestation and Congenital Defects in New 
born Calves”, Pakistan Journal of Nutrition 2010, 9(5):488-503.

42. Santamaria AB. “Manganese Exposure, Essentiality and toxicity” Indian J Med 
Res 2003; 128:484-500.

43. Spiewak R, Pietowska J and Curzytek K. Nickel: a unique allergic from 
molecular structure to European legislation, Epert Rev. Immunol. 2007; 3(6): 
851-859.

44. Cempel M and Nikel G. ” Nickel: A Review of its Sources and Environmental 
Toxicology”, Polish J. of Environ. Stud. 2006; 15(3):375-382.

45. Afridi HI, Kazi TG, Kazi N, Talpur FN, Shah F, Naeemullah, et al. Evaluation of 
status of arsenic, cadmium, lead and zinc levels in biological samples of 
normal and arthritis patients of age groups (46-60) and (61-75) years. Clin 
Lab 2013; 59(1–2):143–153. 

46. Xin L, Yang X, Cai G, Fan D, Xia Q, Liu L, Hu Y, et al. Serum levels of copper 
and zinc in patients with rheumatoid arthritis: a meta-analysis. Biol Trace 
Elem Res 2015;168(1):1–10.

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License which allows users to read, copy, distribute and make derivative 
works for non-commercial purposes from the material, as long as the author of the original work is cited properly.

https://doi.org/10.22317/imj.v6i1.1114




