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 Abstract
Rheumatoid Arthritis (RA) is a well-known autoimmune inflammatory disease that affects the diarthrodial 
joints. Inflammation increases the production of ROS, which may explain why RA is one of the diseases that 
induce oxidative stress. This study aimed to evaluate potential differences in biochemical, hematological 
and oxidative stress markers in early stages of RA and after different treatment regimens. The study involved 
111 patients, 28 men and 83 women, aged 34 to 59 years who were divided based on their CRP levels into 
Inactive RA patients (IRA) with CRP<1.3 (n=57, 22 men and 35 women) and Active RA patients (ARA) 
with CRP≥1.3 (n=54, 6 men and 48 women). The study participants were divided into two groups, A and B, 
based on their treatment regimen. Group A, which comprised 90% IRA, received MTX monotherapy. Group 
B, which comprised 90% ARA, received a combination of leflunomide, a conventional Disease-Modifying 
Antirheumatic Drug (DMARD), and a biologic DMARD. Hematological, biochemical, oxidative stress and 
RA-specific biomarkers were measured twice in groups A and B, in the early stage in the disease, before 
and 3 months post-treatment, using conventional colorimetric, fluorometric and immunological assays. 
According to the results of our study, Glutathione Peroxidase (GPx), Reactive Oxygen Species (ROS), Ca and 
P ions, vitamin C and D, and lipid profile could serve as potential diagnostic markers in the early stages of 
the disease. Both treatment options were equally effective in improving the overall health of the patients. 
However, treatment resulted in a further increase in ROS levels and a decrease in antioxidant markers.
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Methotrexate; DMARD; Biological agents.

Research Article



Page 2

Introduction

	 Rheumatoid Arthritis (RA) is an autoimmune disease affecting multiple systems, primarily joints 
[1,2]. Chronic inflammation replaces bone erosion through cartilage destruction [1-3]. Recent literature 
suggests that various pathogenetic mechanisms of RA involve immune system cells. CD4+ memory T cells 
present in tissue infiltrates or ectopic germinal centers stimulate B cells to proliferate, differentiate, and 
produce Rheumatoid Factor (RF) or ACPAs. In addition, the intima undergoes significant expansion due to 
the increased number and activation of macrophages, which secrete pro-inflammatory cytokines such as 
Interleukin-1 (IL-1), Interleukin-6 (IL-6) and Tumor Necrosis Factor (TNF)-α, which together with protei-
nases cause bone and cartilage damage [2,4,5]. 

	 Rheumatoid Arthritis (RA) has two main subtypes, which are distinguished by the presence or ab-
sence of Anti-Citrullinated Protein Antibodies (ACPAs). Other autoimmune antibodies used in the diagnosis 
of RA are Anti-Nuclear Antibodies (ANA), anti-Cyclic Citrullinated Peptide (anti-CCP) and RF [6-8]. During 
the early stages of RA, anti-CCP and RF may not be detectable in a significant percentage of patients and 
may remain undetectable in a small number of individuals throughout the course of the disease [9-11]. As 
a result, the 2010 Rheumatoid Arthritis Classification Criteria included additional markers for the early 
stages of RA, such as abnormal C-Reactive Protein (CRP) and/or abnormal Erythrocyte Sedimentation Rate 
(ESR) [1,12,13]. 

	 RA is associated with increased production of Reactive Oxygen Species (ROS) and Reactive Nitrogen 
Species (RNS) in response to inflammation, which leads to oxidative stress [14-16]. Antioxidants regulate 
potentially elevated levels of ROS/RNS during oxidative stress by scavenging them and inhibiting the oxi-
dative process in cells [15,17,18]. Studies have shown that patients with active disease exhibit higher levels 
of ROS and lower antioxidant potential compared to healthy controls [15,17,19]. These findings have been 
confirmed in patients with RA through increased serum Malondialdehyde (MDA) levels and decreased an-

Abbreviations: ACPAs: Anti-Citrullinated Protein Antibodies; ALP: Alkaline Phosphatase; ALT: Alanine 
Transaminase; AMY: Amylase; ANA: Anti-Nuclear Antibodies; ARA: Active Rheumatoid Arthritis; AST: 
Aspartate Transaminase; Anti-CCP: Anti-Cyclic Citrullinated Peptide; Ca: Calcium; CAT: Catalase; CRP: C-
Reactive Protein; CVD: Cardiovascular Disease; DHA: Docosahexaenoic Acid; DMARD: Disease-Modifying 
AntiRheumatic Drugs; EPA: Eicosapentaenoic acid; ESR: Erythrocyte Sedimentation Rate; γ-GT: Gamma-
glutamyl Transferase; GR: Glutathione Reductase; GPx: Glutathione Peroxidase; GSH: Glutathione; HDL: 
High-Density Lipoprotein; H2DCFDA: 2′,7′-Dichlorodihydrofluorescein Diacetate; H2O2: Hydrogen Pe-
roxide; IIF: Indirect Immunofluorescence; IL-1: Interleukin-1; IL-6: Interleukin-6; IL-8: Interleukin-8; IRA: 
Inactive Rheumatoid Arthritis; LDL: Low-Density Lipoprotein; LEF: Leflunomide; MDA: Malondialdehyde; 
Mg: Magnesium; MTX: Methotrexate; NADPH: Nicotinamide Adenine Dinucleotide Phosphate; Ox-LDL: Oxi-
dized Low-Density Lipoprotein; P: Phosphorus; PLT: Platelets; RA: Rheumatoid Arthritis; RADAI: Rheuma-
toid Arthritis Disease Activity Index; RF: Rheumatoid Factor; RNS: Reactive Nitrogen Species; ROS: Reactive 
Oxygen Species; SOD: Superoxide Dismutase; TC: Total Cholesterol; TG: Triglycerides; TNF: Tumor Necrosis 
Factor; TOS: Total Oxidative Status; Vit C: Vitamin C; Vit D: Vitamin D.
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tioxidant enzyme activity, including Superoxide Dismutase (SOD), Catalase (CAT), and Glutathione Peroxi-
dase (GPx) [20].

	 In RA, inflammation is also associated with changes in lipoprotein metabolism, particularly High-
Density Lipoprotein Cholesterol (HDL-C) [21-26]. Studies have suggested that people with RA may be at 
higher risk for CVD due to a decreased HDL-C production rate and an increased TG clearance rate, resulting 
in a high TG to HDL-C ratio [24,25,27-29]. Alterations in lipid metabolism may be both a cause and/or a 
consequence of RA. Due to conflicting results regarding lipid levels in RA caused by differences in popu-
lation, study duration or analytical methods of lipid metabolism, investigating various types of lipids and 
their metabolites, such as Docosahexaenoic Acid (DHA), Eicosapentaenoic Acid (EPA) and their derived 
oxylipins (resolvins, maresins), may clarify the interventional role of lipids in RA and guide therapeutic 
regimens [24,25].

	 Treatment regimens vary depending on the stage of the disease. In case of RA patients, early treat-
ment is recommended as it has been associated with reduced progression of synovitis and bone erosions, 
as well as improved disability prognosis [30]. In the first-line treatment of RA, both Disease-Modifying 
Antirheumatic Drugs (DMARDs), such as Methotrexate (MTX) and/or Leflunomide (LEF), and biologic 
DMARDs are commonly used [2,31]. The most commonly used DMARD, MTX, works by releasing adeno-
sine from fibroblasts. This reduces neutrophil adhesion, inhibits neutrophil leukotriene B4 synthesis, local 
IL-1 production, synovial collagenase gene expression and reduces IL-6 and IL-8 levels. However, even at 
low doses, there is still a risk of significant liver damage as a side effect of Methotrexate (MTX) treatment 
[30-33].

	 Due to the crucial and dynamic functions of calcium, magnesium and phosphorus in maintaining 
bone tissue balance and managing inflammation [34,35], numerous studies have explored the potential 
benefits of magnesium, calcium and vitamin D supplementation in conjunction with various therapies in 
RA [36-38]. Magnesium deficiency may promote the inflammatory process by prolonging the opening of 
calcium channels and activating N-methyl-D-aspartate receptors [37].

	 Based on the above, we conducted a study to examine the correlation between certain biochemical, 
hematological, and oxidative stress parameters and specific markers of RA in the context of two different 
therapeutic regimens. We aimed to determine the relationship between these factors and RA treatment 
outcomes. As further clarification is needed on the supplementation of Mg, Ca and Vit D in RA patients, we 
included their blood levels in our study.

Material & Methods

Study population

	 The study cohort included 111 patients (28 men, 83 women) in the early stages of RA, aged between 
34 and 59 years. All patients attended the rheumatology outpatient clinic at the General Hospital and ful-
filled the American College of Rheumatology criteria for the classification of RA. Written informed consent 
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was obtained from all patients and the protocol was approved by the local ethics committee of the General 
Hospital. Patients were divided according to CRP levels into Inactive RA patients (IRA) with CRP<1.3 (n=57, 
22 men and 35 women) and active RA patients (ARA) with CRP≥1.3 (n=54, 6 men and 48 women). All pa-
tients (IRA and ARA patients), were divided into two groups, A and B, based on treatment regimen. Group 
A, consisting of 90% IRA (inactive patients), received MTX monotherapy and group B, consisting of 90% RA 
(active patients), receive a combination of a conventional DMARD, specifically leflunomide, with a biologic 
DMARD (Figure 1).

	 Blood samples were collected before and after the 12-week treatment period. Demographic and 
clinical information along with medical history details were collected from all patients. Our study parti-
cipants were not taking any medication or dietary supplements. Blood samples were collected between 
8:00 and 9:00 am, centrifuged to isolate serum and plasma samples from EDTA-treated blood, and stored 
at -80°C until processed. Hemolyzed samples were excluded. Laboratory analyses were performed on pa-
tients before and after treatment. These included: Erythrocyte Sedimentation Rate (ESR), Platelets (PLT), 
C-Reactive Protein (CRP), Rheumatoid Factor (RF), Anti-Cyclic Citrullinated Peptide (Anti-CCP), Anti-Nu-
clear Antibodies (ANA), Reactive Oxygen Species (ROS), Glutathione Peroxidase (GPx), Catalase (CAT), Su-
peroxide Dismutase (SOD), Gamma-Glutamyl Transferase (γ-GT), Vitamin C (Vit C), Vitamin D (Vit D), Total 
Cholesterol (TC), Triglycerides (TG), High-Density Lipoprotein Cholesterol (HDL-C), Low-Density Lipopro-
tein Cholesterol (LDL-C), Alkaline Phosphatase (ALP), Amylase (AMY), Phosphorus (P), Magnesium (Mg) 
and Calcium (Ca).

Figure 1: Flowchart of study population.

Determination of significant markers for rheumatoid arthritis

	 The specific markers for RA ˙ANA, RF and anti-CCP, were measured using the Roche Cobas E801 im-
munochemistry module. In particular, the determination of ANA was based on a standard Indirect Immu-
nofluorescence (IIF) assay. RF was measured using a commercially available immunoturbidimetric assay.
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Determination of serum lipoproteins, vitamins, liver enzymes, amylase and electrolytes

	 All biochemical parameters (TC, HDL-C, LDL-C, TG, PLT, Vit D, Vit C, γ-GT, ALP, AMY, Ca, Mg and P) 
were measured using colorimetric assays on the Roche Cobas 8000 analyzer series, specifically the C702 
clinical chemistry module and the E801 immunochemistry module.

Determination of reactive oxygen species

	 ROS activity was measured fluorometrically (infinite 200 PRO, TECAN Trading AG, Switzerland). Spe-
cifically, the assay was performed using the reagent 2′,7′-dichlorodihydrofluorescein diacetate (H2DCFDA), 
which measures the amount of H2O2 and other Reactive Oxygen Species (ROS). The fluorescent intensity is 
proportional to ROS level.

Determination of antioxidants (GPx, CAT, SOD)

	 GPx activity was measured indirectly by a coupled reaction with Glutathione Reductase (GR). Oxi-
dized glutathione, produced by the reduction of hydrogen peroxide by GPx, is converted to its reduced state 
by GR and NADPH. The oxidation of NADPH to NADP+ is accompanied by a decrease in absorbance at 340 
nm using the Elisa microplate reader. The decrease in NADPH measured at 340 nm is proportional to the 
GPx activity in the sample.

	 CAT activity was determined by measuring H2O2. Catalase catalyzes the decomposition of hydrogen 
peroxide. A decrease in the concentration of peroxide is accompanied by a decrease in absorbance at 240 
nm.

	 A spectrophotometric method was used to determine SOD activity. The method is based on the xan-
thine/xanthine oxidase system, which produces superoxide which reduces nitrotetrazole blue to formazan. 
SOD inhibits the reaction and converts the superoxide to oxygen. The product is read at 550 nm using a 
Pharmacia Biotech Novaspec II spectrophotometer.

Statistical analysis

	 The statistical analysis to calculate means and correlations was performed using the SPSS tool ver-
sion 22.0. The data was checked for normality and appropriate statistical tests were chosen for analyses. 
We used the student t-test, to investigate the relationship between the two groups, before and after the im-
plementation of the different therapeutic approaches, for each of the measured parameters. Additionally, 
we used the Pearson Correlation Coefficient to measure the linear correlation between the groups and the 
Spearman Correlation when required. In all statistical analyses, the level of significance (p-value) was set 
at 0.001 and 0.05.
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Results

	 Table 1 shows the mean values of all biochemical and oxidative markers in the early stages of rheu-
matoid arthritis. 

	 Participants were divided into two groups based on their CRP values: 57 participants (22 men 
and 35 women) with CRP<1.3 were identified as IRA, while 54 participants (6 men and 48 women) with 
CRP≥1.3 were identified as ARA.

	 All biomarkers in IRA and ARA patients showed deviant values compared to controls, except for 
PLTs, TC, ΑΝΑ, CAT and SOD. As expected, ARA patients had statistically significantly higher mean values 
of CRP (8.03mg/dL, p<0.0001). Furthermore, ARA patients exhibited significantly higher levels of anti-CCP 
(17.69 U/ml, p<0.0001), γ-GT (180.14 U/L, p<0.01) and SOD (1.38 U/mg Hb, p<0.05). Additionally, lower 
levels of TC (189.50 mg/dL, p<0.0001) and ANA (1/360 U/ml, p<0.0001) were also observed.

	 The study found no statistically significant differences between the mean values of ROS (68.71 
mM vs. 61.49 mM, p=0.2071), HDL-C (39.37 mg/dL vs. 38.94 mg/dL, p=0.4145), LDL-C (197.82 mg/dL 
vs. 193.28 mg/dL, p=0.2941), P (5.38 mg/dL vs. 5.17 mg/dL, p=0.1432), Vit D (15.47 ng/ml vs. 14.83 ng/
ml, p=0.1995), ESR (25.12 mm/h vs. 25.66 mm/h, p=0.3452), RF (43.97U/ml vs. 49.07U/ml, p=0.1482), 
PLTs (301.39 103/μl vs. 316.88 103/μl, p=0.2071), and TG (180.50 mg/dL vs. 188. ALP (229.37U/L vs. 
238.97U/L, p=0.2357), AMY (202.39U/L vs. 215.11U/L, p=0.1308), CAT (11.50U/mg Hb vs. 11.67U/mg Hb, 
p=0.1099), Ca (6.76 mg/dL vs. 6). There were no statistically significant differences between IRA and ARA 
patients in terms of the following parameters: 83 mg/dL, p=0.3055), GPx (7.71U/mgHb vs. 5.19U/mgHb, 
p=0.4916), Mg (1.35 mg/dL vs. 1.36 mg/dL, p=0.4227), and Vit C (0.34 mg/dL vs. 0.34 mg/dL, p=0.4344). 
The p-value for each parameter was greater than 0.05, indicating no significant difference.

	 Table 2 presents the mean values of all parameters in group A (56 participants were treated with MTX 
monotherapy) and group B (55 participants were treated with a combination of a conventional DMARD). 
No significant differences were observed when comparing IRA and ARA patients in groups A and B. It is 
worth noting that in both groups Α and B, the mean values of ESR, PLT, CRP, RF, Anti-CCP, ANA, GPx, CAT, 
SOD, γ-GT, ALP, TC, TG, LDL-C, ALP, AMY, and P decreased significantly, while ROS, Vit C, Vit D, HDL-C, Mg, 
and Ca values increased significantly after treatment (p<0.0001). Also, there was no difference between the 
two different treatments.

	 Table 3 presents the correlation between biochemical and oxidative stress markers and specific 
markers of RA before and after two different treatments in patients with rheumatoid arthritis. In the early 
stages of the disease, Glutathione Peroxidase (GPx) shows a positive correlation with CRP (r=0.261), RF 
(r=0.137), and anti-CCP (r=0.162). After treatment, Total Cholesterol (TC) is negatively correlated with 
CRP (r=-0.157) and RF (r=-0.333). At this phase, HDL-C shows a positive correlation with CRP (r=0.297) 
and RF (r=0.142). Vitamin C showed a positive correlation with CRP, before (r=0.291) and after treatment 
(r=0.354). No statistically significant correlations were observed between other biomarkers and specific 
markers of RA. 
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Table 1: Mean values of biomarkers according to their CRP values.

    Mean Values  

Biomarkers Reference Range IRA patients CRP<1.3 ARA patients CRP≥1.3 P-VALUE

ESR 0-18 mm/h 25.12 25.66 0.34521

PLT 130-400 103/μl 301.39 316.88 0.20711

CRP 0.08-0.8 mg/dL 0.95 8.03 <0.0001

RF 0-35 U/ml 43.97 49.07 0.14816

Anti-CCP <12 U/ml 13.1 17.69 <0.0001

ANA <1/100 U/ml 1/336 1/360 <0.0001

ROS 125 μM 68.71 61.49 0.20711

GPx 4.5-7.5 U/mg Hb 7.71 5.19 0.4916

CAT 10.5-13 U/mg Hb 11.5 11.67 0.10993

SOD 1.1-1.6 U/mg Hb 1.33 1.38 <0.05

γ-GT 5-50 U/L 137.53 180.14 <0.01

Vit C 0.6-2 mg/dL 0.34 0.34 0.43442

Vit D 30-100 ng/ml 15.47 14.83 0.19955

TC 120-200 mg/dL 195.82 189.5 <0.0001

TG <150 mg/dL 180.5 188.25 0.21788

HDL-C >40 mg/dL 39.37 38.94 0.41449

LDL-C <150 mg/dL 197.82 193.28 0.29411

ALP 20-120 U/L 229.37 238.97 0.23571

AMY 40-140 U/L 202.39 215.11 0.13083

P 2.7-4.5 mg/dL 5.38 5.17 0.14323

Mg 1.9-3.1 mg/dL 1.35 1.36 0.42267

Ca 8.3-10.5 mg/dL 6.76 6.83 0.30546

Table 2: Mean values of biomarkers in the early stages of RA and after the treatment with differed therapeutic ap-
proaches. *p<0.0001.

Biomarkers Reference Range
Group A* Group B*

Before After Before After

ESR 0-18 mm/h 25.62 13.39 25.14 14.30

PLT 130-400 103/μl 310.92 224.87 306.84 219.68

CRP 0.08-0.8 mg/dL 1.24 0.47 7.55 4.86

RF 0-35 U/ml 41.61 17.55 51.25 30.16

Anti-CCP <12 U/ml 16.23 11.81 14.07 9.18

ANA <1/100 U/ml 1/353 1/209 1/340 1/244

ROS 125 μM 62.48 119.97 68.93 128.41

GPx 4.5-7.5 U/mg Hb 5.08 3.08 5.29 2.95

CAT 10.5-13 U/mg Hb 11.56 8.65 11.58 8.71

SOD 1.1-1.6 U/mg Hb 1.38 0.83 1.33 0.85
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γ-GT 5-50 U/L 143.18 47.47 171.14 101.03

Vit C 0.6-2 mg/dL 0.30 0.77 0.38 0.78

Vit D 30-100 ng/ml 15.58 33.95 14.73 37.46

TC 120-200 mg/dL 198.08 162.84 188.27 150.27

TG <150 mg/dL 180.42 139.47 185.54 122.84

HDL-C >40 mg/dL 40.68 56.11 38.11 60.54

LDL-C <150 mg/dL 194.84 114.29 198.86 119.57

ALP 20-120 U/L 232.92 100.00 235.86 139.11

AMY 40-140 U/L 212.03 112.32 204.46 121.38

P 2.7-4.5 mg/dL 5.33 3.71 5.25 3.51

Mg 1.9-3.1 mg/dL 1.32 1.98 1.38 2.15

Ca 8.3-10.5 mg/dL 6.85 8.99 6.73 8.77

Table 3: Correlation of biomarkers with specific markers of RA, before and after the treatment.

  Before Therapy After Therapy

Biomarkers PLT CRP RF Anti–CCP ANA PLT CRP RF Anti–CCP ANA

ROS -0.123 -0.081 -0.02 0.154 0.105 0.079 -0.026 0.08 -0.033 -0.027

GPx 0.029 0.261 0.137 0.162 -0.034 -0.146 -0.03 -0.078 -0.071 -0.091

CAT 0.157 0.202 -0.055 0.107 -0.21 -0.14 0.111 0.018 -0.163 -0.083

γ-GT 0.032 0.083 0.061 0.267 -0.006 0.128 0.159 0.150 0.101 -0.193

SOD 0.107 -0.05 -0.051 0.156 -0.277 0.037 -0.049 0.03 0.17 -0.261

Vit C 0.025 0.291 0.024 -0.008 -0.07 0.112 0.354 0.051 0.271 -0.069

Vit D 0.01 -0.163 -0.154 0.072 -0.046 -0.09 -0.022 -0.041 0.091 0.106

TC 0.069 -0.052 -0.265 0.079 0.064 -0.053 -0.157 -0.333 0.05 0.139

TG* 0.017 0.106 -0.070 0.106 -0.080 -0.099 -0.264 -0.174 0.061 0.134

HDL-C -0.162 0.1 0.079 -0.069 0.125 -0.203 0.297 0.142 -0.122 0.028

LDL-C 0.008 -0.04 -0.086 -0.162 0.076 0.119 -0.003 0.05 -0.183 0.265

ALP 0.055 0.072 0.064 0.195 -0.185 -0.045 0.210 0.182 0.076 -0.268

AMY -0.028 0.174 -0.168 0.176 0.096 -0.093 0.123 -0.079 0.009 0.097

P 0.111 -0.066 0.026 0.175 0.317 0.094 0.112 0.023 0.332 0.2

Mg -0.072 -0.048 -0.045 0.172 -0.026 -0.017 -0.012 0.161 0.143 -0.082

Ca -0.174 -0.102 0.118 0.024 -0.034 -0.205 -0.193 -0.031 0.16 0.025

Discussion

	 Our study showed that biochemical and oxidative stress markers in conjunction with certain RA 
markers, hold promise as prognostic biomarkers during the inactive phase of the disease. Our study obser-
ved the impact of two different therapeutic approaches on biomarkers, which may have implications for the 
management of potential outcomes of rheumatoid arthritis.

	 Recent studies suggest that patients with RA may experience tissue damage due to oxidative stress 
caused by increased ROS generation, lipid peroxidation, protein oxidation, DNA damage and decreased 
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antioxidant activity [18,39,40]. Although there are conflicting views, one study found that patients with 
active RA had higher levels of oxidative status and increased antioxidant activity compared to healthy sub-
jects. However, the levels of antioxidants have been found to be insufficient to effectively mitigate oxidative 
damage [11]. Our study found that participants with inactive RA had high oxidative stress and low antioxi-
dants, as indicated by CAT and SOD levels, which promote the disease’s oxidative process. Meanwhile, GPx 
levels were elevated possibly because of its protective role in oxidative damage especially in this phase of 
the disease.

	 Significantly elevated values of TC, TG, and LDL-C were also observed. The results could be attri-
buted to lipid peroxidation and oxidized lipids, such as arachidonic acid, prostaglandin, thromboxane, 
and leukotriene. These are primarily considered to be substrates for pro-inflammatory process [24]. In 
contrast, lipoxins are anti-inflammatory and pro-resolving molecules that help reduce inflammation and 
restore tissue homeostasis [24,41].

	 Moreover, our results are in line with a previous study that demonstrated increased levels of ALP 
and γ-GT in RA patients with inflammation [35]. Furthermore, elevated serum levels of amylase were found 
in the early stages of the disease. Another study suggested that salivary AMY concentration was also eleva-
ted in RA patients, suggesting the potential use of AMY as an early diagnostic marker [42].

	 The data indicates that there is a change in calcium and phosphorus metabolism in Rheumatoid 
Arthritis (RA) [43,44]. A recent study found that serum calcium levels and the ratio of calcium to phospho-
rus were reduced, whereas serum phosphorus levels were increased in patients with inactive RA [44]. A 
study has suggested that serum phosphorus levels could be used as a prognostic indicator of RA disease ac-
tivity, even in those with subclinical activity [43]. This is particularly true for inactive RA patients, as higher 
levels of serum P and lower levels of Ca were observed in them compared to active RA patients. These 
findings support our results. Therefore, serum P and Ca, along with specific markers for RA, could be used 
as potential prognostic biomarkers. During the active phase of RA, there is a continuous inflammatory pro-
cess resulting in an increase in inflammation-related biomarkers such as CRP, ESR, as well as RA-specific 
markers including RF, anti-CCP, and ANA. These biomarkers indicate the immune system’s response to the 
general inflammation associated with the disease. In patients with autoimmune RA, inflammation appears 
to be acutely associated with an imbalance in oxidative stress status and antioxidant systems [14,15].

	 During the active phase of the disease, certain antioxidant genes are activated to neutralize high 
levels of ROS and preserve the redox balance. This study showed that activation of the GPx3 gene reduced 
extracellular ROS levels, indicating the antioxidant protective effect of GPx on cells against oxidative da-
mage. According to a previous study, activation of the gene GPx3 reduces the levels of extracellular ROS, 
which ultimately proves the protective antioxidant effect of GPx on cells against oxidative damage [45]. 
Gonzalez et al. (2015) investigated changes in protein carbonyl levels, superoxide dismutase, glutathione 
peroxidase activities, glutathione concentration, and the glutathione/oxidized glutathione ratio in RA pa-
tients and healthy participants. The study found that although patients with active RA had higher levels of 
SOD and GPx activity, these levels were not sufficient to prevent oxidation damage to lipids and proteins 
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[11]. Our study supports these findings. ROS values decreased while antioxidants such as GPx, CAT and SOD 
increased possibly due to the anti-inflammatory response to the primary inflammation of the disease [46]. 

	 During this phase of the disease, we found a positive correlation between GPx and CRP (r=0.261), 
RF (r=0.137), and anti-CCP (r=0.162) in our patients. GPx plays a protective role against oxidation and pri-
mary inflammation [47]. It could potentially be used as a diagnostic marker in combination with specific 
markers for RA. Recent studies have investigated the relationship between changes in serum lipid levels 
in RA patients before and after treatment [19,24,48]. During the active phase of the disease, some studies 
have observed elevated levels of LDL-C and TG, while HDL-C levels were decreased [49-51]. These findings 
are consistent with our results. In particular, we found that all RA patients, had significantly high levels of 
TC, TG and LDL-C before the onset of RA, whereas the levels of HDL-C were low.

	 A decrease in serum levels of Vit C and Vit D has been observed [52] and as they are thought to 
have immunomodulatory and anti-inflammatory properties, their deficiency in RA patients may contribute 
to the progression or severity of the disease. Low levels of vitamin D may be associated with increased 
immune activation, as noted in several studies [52-54], one of which showed that patients with high di-
sease activity had lower vitamin D levels than those with moderate or low disease activity [55]. Vitamin C 
has been shown to have strong antioxidant and anti-inflammatory effects [56-58]. The possible etiological 
cause of vitamin deficiency may be related to the body’s use of vitamins in response to inflammatory pro-
cesses. Our study provides statistical evidence that both Vitamin C and Vitamin D levels increased after 
both types of treatment which contributes to a reduction in the inflammation level. The mechanism of their 
action is currently under investigation in our laboratory. Our findings indicate an improvement in vitamin 
C and D deficiencies following the treatment, compared to their pre-treatment levels.

	 In recent years, combinations of conventional DMARD with biologic DMARD have been used to 
treat patients with RA. Methotrexate (MTX) is one of the most commonly used and effective conventio-
nal DMARDs due to its ability to stabilize low-level disease activity. Katturajan et al. (2021) found that 
MTX inhibits methionine production, leading to hyperhomocysteinemia and intracellular oxidative stress. 
This oxidative stress inhibits the initiation of DNA binding by nuclear factor erythroid 2-related factor 2, 
which encodes antioxidant genes, particularly γ-gcs, through silent mating type information regulation-2 
homolog. As a result, tissue damage is prevented and glutathione synthesis is inhibited [59]. MTX-induced 
toxicity is associated with glutathione depletion, resulting in oxidative stress due to reduced antioxidant 
capacity [60]. In our study, after three months of treatment, the levels of ROS values continued to increase 
in both treatment groups, while the values of antioxidant markers (GPx, CAT, SOD) decreased. This may be 
due to the mechanism of MTX action, which is dependent on the generation of ROS and requires further in-
vestigation. Several studies have observed an association between thrombocytopenia and MTX treatment 
[61,62]. Increased levels of ROS are responsible for premature platelet apoptosis [63,64]. A recent study 
found that MTX caused a significant release of Ca+2 from the endoplasmic reticulum, and analysis of elF2-a 
immunoblots indicated that PLT were exposed to endoplasmic reticulum stress during MTX treatment [61]. 
This study supports our findings, as we also observed a decrease in PLT levels in both groups after treat-
ment with DMARD. The decrease in PLT levels appears to be related to PLT apoptosis, which is caused by 
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the mechanism of MTX action which depends on the production of ROS.

	 Inflammation-related biomarkers and RA-specific markers were found to be regulated to normal 
levels at this stage. We also observed that the imbalanced lipid levels were under the influence of disease 
medications, which may be due to the important role of lipoxins in reducing inflammation. The vitamin 
deficiencies were also treated without the use of supplements, suggesting that both treatment options 
were equally effective in improving the patients’ blood lipid levels and their overall health. Patients should 
be encouraged to test their biomarkers frequently to help prevent comorbidities, drug toxicity, and to help 
manage their disease.

Conclusion

	 Based on our results, GPx could be used as a potential diagnostic marker when combined with other 
biomarkers such as ROS, Ca, P, Vit C, Vit D, and lipid profile due to their alterations in the early inactive 
phase of the disease. The general state of patients’ health improved after three months of treatment re-
gimens. Both treatment options were equally effective and did not influence redox status parameters dif-
ferently. After the treatment, ROS levels continued to increase while antioxidant markers decreased. This 
may be attributed to the mechanism of DMARD action, which depends on the generation of ROS. To ensure 
that the treatment remains effective in regulating patients’ oxidative stress, future studies on antioxidant 
supplementation in personalized medicine should be conducted before or after the treatment.

	 Ethical considerations: The study was conducted in accordance with the Good Clinical Prac-
tice guidelines and the Declaration of Helsinki and the European General Regulation 2016/679 and law 
Ν.2472/1997. Ethical approval to perform this study was obtained from the Administration and the Scien-
tific Council of Hospital 638/412023. The confidentiality of the participants was strictly preserved, and 
personal privacy was fully respected.
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