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Abstract 
 

Background: Rheumatoid arthritis (RA) is a chronic autoimmune disease, characterized by joint pain, stiffness, and deformity. Both 
environmental determinants and genetic factors play a role in RA development and progression. Oxidative stress due to reactive 
oxygen species (ROS) can aggravate these symptoms. Studies on trace elements such as magnesium (Mg) and uric acid (UA) suggest 
that these can be potential treatment targets. Therefore, we designed this study to compare Mg and UA levels in patients with RA 
and healthy individuals. 
Methods: This was a case-control study with 43 patients with RA and 43 healthy controls. Patients with RA were diagnosed based on 
ACR/EULAR criteria and were categorized by Disease Activity Score 28 (DAS28). Blood samples were collected for laboratory tests, 
including UA, Mg, C-reactive protein (CRP), and anti-cyclic citrullinated peptide (anti-CCP) antibody levels. 
Results: The study found no significant difference in serum UA levels between patients with RA and healthy controls. However, Mg 
levels were significantly lower in patients with RA. Mg levels were not significantly different according to DAS. A significant inverse 
correlation was found between Mg levels and CRP serum levels. A receiver operating characteristic (ROC) curve analysis revealed 
that anti-CCP had high sensitivity for RA diagnosis, with an optimal cut-off point of 32.5 U/ml. 
Conclusion: Low Mg levels should be expected in patients with RA. Supplementing Mg may be a helpful treatment approach in this 
group. In contrast, UA does not appear to be influenced by RA, but its antioxidant properties cannot be entirely disregarded. 
Moreover, anti-CCP shows high sensitivity as a diagnostic tool for RA. 
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Background 

As a chronic autoimmune disease, rheumatoid 
arthritis (RA) may cause debilitating musculoskeletal 
consequences if left untreated (1). This condition can have 
systemic manifestations and involve other organs such as 
the kidneys, heart, lungs, and liver (2). Its prevalence 
ranges from 0.5% to 1%, but can be staggeringly higher in 
some communities due to genetic predisposition (3). 
Patients diagnosed with RA may suffer from joint pain, 
stiffness, and deformity, and tend to have a reduced 
quality of life (4). 

Both genetic and environmental factors are implicated 
in the development of RA (5). At a molecular level, the 
symptoms may be aggravated by oxidative stress and free 
radicals. Oxidative stress is characterized by the 
accumulation of reactive nitrogen species (RNS) and 
reactive oxygen species (ROS). These reactive species are 
also produced under physiological conditions, where they 
are scavenged and eliminated by antioxidant molecules 
(6). A reduction in antioxidant activity or an 
overproduction of these reactive species can cause 
oxidative stress (7). Accordingly, antioxidant molecules in 
inflammatory conditions like RA and systemic lupus 
erythematosus (SLE) can be used as potential treatment 
targets (8). For example, uric acid (UA), the end product of 
purine metabolism, is produced in ischemic reperfusion 
conditions and is considered a biomarker of oxidative 
stress. Furthermore, recent studies have demonstrated 

that UA is a scavenger of free radicals (9). 
Recently, growing interest has emerged in 

investigating serum levels of trace elements such as zinc, 
copper, and magnesium (Mg) in inflammatory conditions 
(10). Mg is an essential mineral involved in various 
biochemical processes within the body, including nerve 
function, muscle contraction, and protein synthesis (11). 
This element is an obligatory cofactor for an enzyme called 
gamma-glutamyl transpeptidase (GGT), which plays a key 
role in glutathione synthesis and is considered the most 
substantial antioxidant in our bloodstream (12). Despite 
Mg’s anti-inflammatory properties, its effectiveness in 
treating RA and its exact role in RA’s pathogenesis remains 
uncertain (13, 14). 

So far, this study is one of the few in our country that 
evaluates Mg and UA serum levels in patients with RA. In 
this study, we aim to compare the serum levels of Mg and 
UA in patients with RA with those of healthy controls. Our 
secondary objective is to find possible correlations with 
other inflammatory biomarkers including C-reactive 
protein (CRP) and anti-cyclic citrullinated peptide (anti-CCP) 
antibody. 
 
Methods 

Study Design and Participants: The current study was 
designed as a case-control study, with patients recruited 
from the outpatient rheumatology clinic of Shahid 
Beheshti Hospital, Kashan University of Medical Sciences, 
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Iran, between March 2020 and April 2021. Overall,  
43 patients with a definitive diagnosis of RA and 43 healthy 
controls were enrolled. Controls were similar to cases in 
terms of ethnicity, cultural background, and 
sociodemographic characteristics such as age, income, 
and occupation. The RA diagnosis was based on ACR/EULAR 
2010 RA classification criteria. Patients with malignant 
conditions or regular consumption of supplements were 
excluded. We used the Disease Activity Score 28 (DAS28) to 
categorize disease activity into the following: inactive 
(2.6), mild (2.6-3.2), moderate (3.2-5.1), and high (> 5.1). The 
Mg level reported in a study by Chavan et al. was used for 
sample size calculation (15). 

In this study, mean Mg level in patients with RA and 
healthy controls was 1.73 ± 0.46 and 2.12 ± 0.25 mg/dl, 
respectively. We assumed a type I error (α) of 0.05, and a 
power (1 - β) of 0.8. Subsequently, the calculated sample size 
for each group was 22 individuals.  

Laboratory Tests: A trained laboratory technician 
obtained blood samples from all the participants in both 
groups after 12 hours of fasting. These samples were 
collected in plain tubes and were delivered to our facility 
for measurements. We determined the serum UA level 
(mg/dl) with a calorimetric method using 
phosphotungstic acid reduction (Pars Azmoon Co., Iran). 
Serum Mg level (mg/dl) was measured via atomic 
absorption spectrophotometry (Shimadzu ASC-6100, 
Japan). We used the enzyme-linked immunosorbent assay 
(ELISA) to quantify CRP (on a qualitative scale of 1 to 4) and 
anti-CCP (U/ml) levels. These laboratory tests were 
performed as part of standard diagnostic procedures at 
our center, and no extra cost was imposed on patients. 

Statistical Analysis: We used descriptive statistics to 
explore our variables’ frequency, mean, and standard 
deviation (SD). Serum levels of UA and Mg were compared 
between the two groups by independent samples t-test. To 
compare UA and Mg levels among patients with different 
disease activity, an analysis of variance (ANOVA) test was 
conducted, and analysis of covariance (ANCOVA) was used 
to adjust for covariates. The Kolmogorov-Smirnov test was 
used to determine if the continuous variables had normal 
distribution. For normally distributed variables, we 
utilized the aforementioned parametric tests; otherwise, 
their non-parametric equivalent was used. We used chi-
square test to detect any association between categorical 
variables. To adjust for imbalanced observations between 
the two groups, we developed a logistic regression model 
and included the potential confounders along with the 
main predictor of interest. Finally, to assess the predictive 
value and validity of anti-CCP, we plotted the receiver 
operating characteristic (ROC) curve. The SPSS software 
(version 23, IBM Corporation, Armonk, NY, USA) was used 
for statistical analysis. 
 
Results 

A total of 86 individuals (43 patients with RA and  
43 healthy subjects) were enrolled in the study. The mean 
age was not significantly different between the two 
groups, but the sex distribution differed. The mean age of 
patients with RA and healthy individuals was 51.00 ± 11.90 
and 51.09 ± 11.70, respectively (P = 0.97). The female-to-male 
ratio in the RA group was 36:7, while it was 26:17 in healthy 
controls (P = 0.03). Patients with mild, moderate, and high 
DAS accounted for 8 (18.6%), 26 (60.5%), and 9 (20.9%) cases 
in the RA group. CRP and rheumatoid factor (RF) were 
reported on an ordinal scale of 1 to 4, and 1 to 3, 

respectively, and both of these biomarkers were negative 
in all participants in the control group. The mean anti-CCP 
levels in the RA group and healthy controls were  
223.18 ± 243.75 U/ml and 9.06 ± 14.01 U/ml, respectively, and 
the difference was statistically significant (P < 0.001). The 
baseline characteristics of patients, including age, gender, 
DAS, and lab results, are summarized in table 1. 
 

Table 1. Baseline characteristics of patients and controls 
Variables Patients with RA Healthy controls 

Age (mean ± SD) 51.00 ± 11.90 51.09 ± 11.70 
Gender (F:M) 36:7 26:17 
DAS [n (%)]   

Mild 8 (18.6) - 
Moderate 26 (60.5) - 
Severe 9 (20.9) - 

Magnesium level (mg/dl) (mean ± SD) 2.18 ± 0.15 2.27 ± 0.24 
Uric acid level (mg/dl) (mean ± SD) 5.39 ± 1.60 5.55 ± 1.50 

RA: Rheumatoid arthritis; DAS: Disease Activity Score; SD: Standard deviation 

 
The mean serum level of UA was not significantly 

different between the two groups (5.39 ± 1.60 in patients 
with RA vs. 5.55 ± 1.50 in controls, P = 0.62), even after 
adjusting for sex (P = 0.57). Based on DAS, UA level was not 
statistically different among patients with RA (P = 0.79). 
Furthermore, we did not observe an association between 
UA level and anti-CCP levels (P = 0.33). In contrast to UA, 
serum levels of Mg were significantly lower in patients 
with RA compared to healthy controls after adjusting for 
sex (2.18 ± 0.15 vs. 2.27 ± 0.24, respectively, P = 0.02). On the 
other hand, Mg levels were not associated with disease 
activity (P = 0.26). Moreover, we found a significant 
correlation between Mg and CRP levels according to 
Spearman’s rank correlation test (r = -0.224, P = 0.04). 
However, we could not detect a significant correlation 
between anti-CCP levels and Mg levels (P = 0.44). 
Ultimately, we plotted an ROC curve based on anti-CCP 
levels for RA diagnosis, which resulted in a statistically 
significant model with an area under the curve (AUC) of 
0.857. The optimal cut-off point for anti-CCP was 32.5 U/ml 
with a sensitivity of 0.651 and specificity of 0.90. The ROC 
plot is depicted in figure 1. 
 

 
Figure 1. Receiver operating characteristic (ROC) curve of anti-cyclic citrullinated 
peptide (anti-CCP) antibody to differentiate between patients with rheumatoid 
arthritis (RA) and healthy controls 

 
Discussion 

This study aimed to assess serum levels of Mg and UA 
in patients with RA and compare them with a group of 
healthy controls. We showed that serum levels of Mg were 
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significantly lower in patients with RA. Furthermore, 
serum Mg levels had an inverse correlation with serum 
CRP levels. However, we did not detect lower Mg levels in 
patients with severe disease compared to those with mild 
disease activity. In contrast to Mg, our results showed that 
the mean UA level was not statistically different between 
patients with RA and healthy controls. The ROC analysis 
revealed that anti-CCP could be a sensitive diagnostic test 
for RA, but the cut-off point was much higher than the 
laboratory’s upper limit of normal. 

There are few studies on Mg and its association with 
RA, and the results are inconsistent (16). Additionally, the 
relationship between disease activity, symptom severity, 
and Mg level remains unclear. In a study on 100 human 
subjects, patients who consumed less Mg than the 
estimated average requirement had a higher body mass 
index (BMI) and CRP level. In this placebo-controlled trial, 
Mg supplementation reduced CRP levels in those with a 
baseline CRP level greater than 3 mg/dl (17). This is 
congruent with our results, as we found an inverse 
relationship between Mg concentrations and CRP levels. 
Since CRP is an acute phase reactant that surges in 
inflammatory processes, this finding may reflect the anti-
inflammatory properties of Mg. Similar to our findings, 
Chavan et al. detected significantly lower Mg levels in 
patients with RA compared to healthy individuals (15). This 
is also corroborated by another study, although the 
observed difference was not statistically significant (14). A 
lower Mg level in patients with RA suggests that Mg could 
have a therapeutic effect on treating arthritis. For 
instance, intra-articular injection of Mg relieves 
postoperative pain after knee arthroscopy (18). 
Furthermore, Kuang et al. suggested that Mg and 
probiotics might have a synergistic effect in preventing 
and/or treating osteoarthritis (OA) (19). In another study, 
Mg supplementation in  patients with RA appeared to 
reduce fasting blood sugar (FBS) levels, and was thus 
proposed as an alternative method for preventing type 2 
diabetes in patients with RA (20). 

Our findings on UA are in line with those of previous 
studies. A meta-analysis including 19 studies found no 
significant alterations in serum levels of UA in patients 
with RA. However, allantoin, a product of UA oxidation, 
was significantly higher in patients with RA (21). Despite 
this lack of alteration, it remains unclear whether UA is 
protective against RA through its antioxidant activity. For 
instance, a study on the association between lipid 
peroxidation and plasma urate suggested that UA could 
act as a protective agent against lipid peroxidation during 
physical activity (22). On the other hand, UA has been 
associated with increased expression of CRP, fibrinogen, 
and complement C3 in a dose-dependent manner (23). 
Moreover, an animal study showed that mild 
hyperuricemia in rats led to increased blood pressure and 
endothelial dysfunction (24). 

Anti-CCP antibody is a serological biomarker that can be 
used for early diagnosis to monitor disease activity and 
treatment response (25). Anti-CCP test, used along with RF, 
can be beneficial in primary care setting, as it increases the 
positive likelihood of RA and obviates the need for extra 
laboratory tests (26). Various assays are available to measure 
anti-CCP. In a study by Cho et al., four anti-CCP assays were 
compared in terms of their analytical and clinical 
performance. The AUC ranged from 0.888 to 0.914 (27). This 
is slightly better and more accurate than our model (AUC = 
0.857), which can be attributed to our limited sample size 
and different care settings. According to a recent study, the 

proposed anti-CCP cut-off value to reach optimal sensitivity 
and specificity is 6.95 U/ml (28). We set this value at  
32.5 U/ml. The fact that we did not recruit the patients early 
in their disease course (incident cases) and the retrospective 
design of our study may explain this discrepancy. 

Limitations: We faced several limitations in the present 
study. First of all, we did not follow up with the patients 
longitudinally. Thus, we could not establish any causal 
relationships. The two groups in our study were not  
sex-matched; therefore, we made adjustments to our 
analysis. However, we could not adjust for other possible 
confounding variables such as BMI and physical activity, 
due to missing data. Furthermore, the level of other trace 
elements such as zinc and copper was not measured. The 
controversies mentioned previously highlight the need 
for high quality randomized controlled trials (RCTs) and 
molecular studies to further elucidate the relationship 
between RA, trace elements, and UA. 
 
Conclusion 

Our findings suggest that a low Mg level is expected in 
patients with RA; thus, the administration of Mg 
supplementation in this patient population may be 
beneficial. Unlike Mg, the UA level does not seem to 
change in patients with RA, but its antioxidant activity 
cannot be ruled out. Lastly, anti-CCP can be a reliable 
diagnostic test for RA with high sensitivity. 
 
Conflict of Interest 

The authors declare no conflict of interest in this study. 
 

 

Acknowledgements 

This study was a retrospective analysis of anonymized 
data, and was not subject to obtaining informed consent 
from the patients. 
 
References 
1. Smolen JS, Aletaha D, McInnes IB. Rheumatoid arthritis. Lancet. 

2016;388(10055):2023-38. doi: 10.1016/S0140-6736(16)30173-8. 
[PubMed: 27156434]. 

2. Rustamovich TD, Alisherovna KM, Nizamitdinovich KS, 
Djamshedovna KD. Gastrointestinal conditions in rheumatoid 
arthritis patients. Texas Journal of Medical Science. 2022;15:68-72. 

3. Silman AJ, Pearson JE. Epidemiology and genetics of 
rheumatoid arthritis. Arthritis Res. 2002;4 Suppl 3(Suppl 3): 
S265-72. doi: 10.1186/ar578. [PubMed: 12110146]. [PubMed 
Central: PMC3240153]. 

4. Martinec R, Pinjatela R, Balen D. Quality of life in patients with 
rheumatoid arthritis - a preliminary study. Acta Clin Croat. 
2019;58(1):157-66. doi: 10.20471/acc.2019.58.01.20. [PubMed: 
31363338]. [PubMed Central: PMC6629210]. 

5. McInnes IB, Schett G. The pathogenesis of rheumatoid 
arthritis. N Engl J Med. 2011;365(23):2205-19. doi: 
10.1056/NEJMra1004965. [PubMed: 22150039]. 

6. Zamudio-Cuevas Y, Martinez-Flores K, Martinez-Nava GA, 
Clavijo-Cornejo D, Fernandez-Torres J, Sanchez-Sanchez R. 
Rheumatoid arthritis and oxidative stress. Cell Mol Biol (Noisy 
-le -grand). 2022;68(6):174-84. doi: 10.14715/cmb/2022.68.6.28. 
[PubMed: 36227658]. 

7. Smallwood MJ, Nissim A, Knight AR, Whiteman M, Haigh R, 
Winyard PG. Oxidative stress in autoimmune rheumatic 
diseases. Free Radic Biol Med. 2018;125:3-14. doi: 
10.1016/j.freeradbiomed.2018.05.086. [PubMed: 29859343]. 

8. Kunsch C, Sikorski JA, Sundell CL. Oxidative stress and the use of 
antioxidants for the treatment of rheumatoid arthritis. Current 
Medicinal Chemistry-Immunology, Endocrine and Metabolic 
Agents. 2005;5(3):249-58. doi: 10.2174/1568013054022490. 

9. Glantzounis GK, Tsimoyiannis EC, Kappas AM, Galaris DA. Uric 

http://jost.tums.ac.ir/
https://doi.org/10.1016/s0140-6736(16)30173-8
https://pubmed.ncbi.nlm.nih.gov/27156434/
https://doi.org/10.1186/ar578
https://pubmed.ncbi.nlm.nih.gov/12110146/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3240153/
https://doi.org/10.20471/acc.2019.58.01.20
https://pubmed.ncbi.nlm.nih.gov/31363338/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6629210/
https://doi.org/10.1056/nejmra1004965
https://pubmed.ncbi.nlm.nih.gov/22150039/
https://doi.org/10.14715/cmb/2022.68.6.28
https://pubmed.ncbi.nlm.nih.gov/36227658/
https://doi.org/10.1016/j.freeradbiomed.2018.05.086
https://pubmed.ncbi.nlm.nih.gov/29859343/
http://dx.doi.org/10.2174/1568013054022490


 

Ayati Firoozabadi et al.: Serum Mg and UA Levels in Patients with RA 

14 J Orthop Spine Trauma. 2025; 11(1): 11-4. 

 
https://jost.tums.ac.ir 

acid and oxidative stress. Curr Pharm Des. 2005;11(32):4145-51. 
doi: 10.2174/138161205774913255. [PubMed: 16375736]. 

10. Ma Y, Zhang X, Fan D, Xia Q, Wang M, Pan F. Common trace 
metals in rheumatoid arthritis: A systematic review and  
meta-analysis. J Trace Elem Med Biol. 2019;56:81-9. doi: 
10.1016/j.jtemb.2019.07.007. [PubMed: 31442958]. 

11. Fiorentini D, Cappadone C, Farruggia G, Prata C. Magnesium: 
Biochemistry, nutrition, detection, and social impact of 
diseases linked to its deficiency. Nutrients. 2021;13(4). doi: 
10.3390/nu13041136. [PubMed: 33808247]. [PubMed Central: 
PMC8065437]. 

12. Mills BJ, Lindeman RD, Lang CA. Magnesium deficiency 
inhibits biosynthesis of blood glutathione and tumor growth 
in the rat. Proc Soc Exp Biol Med. 1986;181(3):326-32. doi: 
10.3181/00379727-181-42260. [PubMed: 3945642]. 

13. Shahi A, Aslani S, Ataollahi M, Mahmoudi M. The role of 
magnesium in different inflammatory diseases. 
Inflammopharmacology. 2019;27(4):649-61. doi: 10.1007/s10787-
019-00603-7. [PubMed: 31172335]. 

14. Tuncer S, Kamanli A, Akcil E, Kavas GO, Seckin B, Atay MB. Trace 
element and magnesium levels and superoxide dismutase 
activity in rheumatoid arthritis. Biol Trace Elem Res. 
1999;68(2):137-42. doi: 10.1007/BF02784402. [PubMed: 10327024]. 

15. Chavan VU, Ramavataram D, Patel PA, Rupani MP. Evaluation 
of serum magnesium, lipid profile and various biochemical 
parameters as risk factors of cardiovascular diseases in 
patients with rheumatoid arthritis. J Clin Diagn Res. 
2015;9(4):BC01-BC05. doi: 10.7860/JCDR/2015/12206.5740. 
[PubMed: 26023546]. [PubMed Central: PMC4437057]. 

16. Hu C, Zhu F, Liu L, Zhang M, Chen G. Relationship between 
dietary magnesium intake and rheumatoid arthritis in US 
women: a cross-sectional study. BMJ Open. 
2020;10(11):e039640. doi: 10.1136/bmjopen-2020-039640. 
[PubMed: 33168559]. [PubMed Central: PMC7654130]. 

17. Nielsen FH, Johnson LK, Zeng H. Magnesium supplementation 
improves indicators of low magnesium status and 
inflammatory stress in adults older than 51 years with poor 
quality sleep. Magnes Res. 2010;23(4):158-68. doi: 
10.1684/mrh.2010.0220. [PubMed: 21199787]. 

18. Ayati Firoozabadi M, Nezhad Tabrizi B, Seyed Tabaei SMM, 
Moharrami A, Mortazavi SJ. Intra-articular injections for pain 
relief following knee arthroscopy: A literature review. J Orthop 
Spine Trauma. 2023;9(2):46-52. doi: 10.18502/jost.v9i2.12620. 

19. Kuang X, Chiou J, Lo K, Wen C. Magnesium in joint health and 
osteoarthritis. Nutr Res. 2021;90:24-35. doi: 
10.1016/j.nutres.2021.03.002. [PubMed: 34023805]. 

20. Norouzi M, Rezvankhah B, Haeri MR, Heydari H, Tafaroji J, 
Shafigh N, et al. Magnesium supplementation and insulin 
resistance in patients with rheumatoid arthritis. Eur J Transl 
Myol. 2022;32(3). doi: 10.4081/ejtm.2022.10622. [PubMed: 
35791617]. [PubMed Central: PMC9580541]. 

21. Zinellu A, Mangoni AA. A Systematic Review and Meta-Analysis 
of the Association between Uric Acid and Allantoin and 
Rheumatoid Arthritis. Antioxidants (Basel). 2023;12(8). doi: 
10.3390/antiox12081569. [PubMed: 37627564]. [PubMed Central: 
PMC10451740]. 

22. Mikami T, Yoshino Y, Ito A. Does a relationship exist between 
the urate pool in the body and lipid peroxidation during 
exercise? Free Radic Res. 2000;32(1):31-9. doi: 
10.1080/10715760000300041. [PubMed: 10625215]. 

23. Spiga R, Marini MA, Mancuso E, Di FC, Fuoco A, Perticone F, et 
al. Uric Acid Is Associated With Inflammatory Biomarkers and 
Induces Inflammation Via Activating the NF-kappaB Signaling 
Pathway in HepG2 Cells. Arterioscler Thromb Vasc Biol. 
2017;37(6):1241-9. doi: 10.1161/ATVBAHA.117.309128. [PubMed: 
28408375]. 

24. Mazzali M, Hughes J, Kim YG, Jefferson JA, Kang DH, Gordon KL, 
et al. Elevated uric acid increases blood pressure in the rat by a 
novel crystal-independent mechanism. Hypertension. 
2001;38(5):1101-6. doi: 10.1161/hy1101.092839. [PubMed: 11711505]. 

25. Rahali FZ, Tarmidi M, Hazime R, Admou B. Clinical significance 
of anti-cyclic citrullinated peptide (anti-CCP) antibodies in 
rheumatoid arthritis: Literature review. SN Compr Clin Med. 
2023;5(1): 272. doi: 10.1007/s42399-023-01613-x.  

26. Salinas M, Blasco A, Flores E, Minguez M, Leiva-Salinas C. 
Double positivity for rheumatoid factor and anti-CCP 
autoantibodies: improving referral from primary care of 
patients suspected of having rheumatoid arthritis. Prim Health 
Care Res Dev. 2024;25:e6. doi: 10.1017/S1463423623000695. 
[PubMed: 38229558]. [PubMed Central: PMC10894719]. 

27. Cho J, Pyo JY, Fadriquela A, Uh Y, Lee JH. Comparison of the 
analytical and clinical performances of four anti-cyclic 
citrullinated peptide antibody assays for diagnosing 
rheumatoid arthritis. Clin Rheumatol. 2021;40(2):565-73. doi: 
10.1007/s10067-020-05412-w. [PubMed: 32964298]. 

28. Pineda-Sic RA, Vega-Morales D, Santoyo-Fexas L, Garza-Elizondo 
MA, Mendiola-Jimenez A, Gonzalez Marquez KI, et al. Are the 
cut-offs of the rheumatoid factor and anti-cyclic citrullinated 
peptide antibody different to distinguish rheumatoid 
arthritis from their primary differential diagnoses? Int J 
Immunogenet. 2024;51(1):1-9. doi: 10.1111/iji.12643. [PubMed: 
37933209]. 

http://jost.tums.ac.ir/
https://doi.org/10.2174/138161205774913255
https://pubmed.ncbi.nlm.nih.gov/16375736/
https://doi.org/10.1016/j.jtemb.2019.07.007
https://pubmed.ncbi.nlm.nih.gov/31442958/
https://doi.org/10.3390/nu13041136
https://pubmed.ncbi.nlm.nih.gov/33808247/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8065437/
https://doi.org/10.3181/00379727-181-42260
https://pubmed.ncbi.nlm.nih.gov/3945642/
https://doi.org/10.1007/s10787-019-00603-7
https://doi.org/10.1007/s10787-019-00603-7
https://pubmed.ncbi.nlm.nih.gov/31172335/
https://doi.org/10.1007/bf02784402
https://pubmed.ncbi.nlm.nih.gov/10327024/
https://doi.org/10.7860/jcdr/2015/12206.5740
https://pubmed.ncbi.nlm.nih.gov/26023546/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4437057/
https://doi.org/10.1136/bmjopen-2020-039640
https://pubmed.ncbi.nlm.nih.gov/33168559/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7654130/
https://doi.org/10.1684/mrh.2010.0220
https://pubmed.ncbi.nlm.nih.gov/21199787/
https://doi.org/10.18502/jost.v9i2.12620
https://doi.org/10.1016/j.nutres.2021.03.002
https://pubmed.ncbi.nlm.nih.gov/34023805/
https://doi.org/10.4081/ejtm.2022.10622
https://pubmed.ncbi.nlm.nih.gov/35791617/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9580541/
https://doi.org/10.3390/antiox12081569
https://pubmed.ncbi.nlm.nih.gov/37627564/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10451740/
https://doi.org/10.1080/10715760000300041
https://pubmed.ncbi.nlm.nih.gov/10625215/
https://doi.org/10.1161/atvbaha.117.309128
https://pubmed.ncbi.nlm.nih.gov/28408375/
https://doi.org/10.1161/hy1101.092839
https://pubmed.ncbi.nlm.nih.gov/11711505/
https://doi.org/10.1007/s42399-023-01613-x
https://doi.org/10.1017/s1463423623000695
https://pubmed.ncbi.nlm.nih.gov/38229558/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10894719/
https://doi.org/10.1007/s10067-020-05412-w
https://pubmed.ncbi.nlm.nih.gov/32964298/
https://doi.org/10.1111/iji.12643
https://pubmed.ncbi.nlm.nih.gov/37933209/

