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	        ABSTRACT
Background: Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disease characterized by persistent synovial inflammation and progressive joint destruction. This study investigates the association between tumor necrosis factor-alpha (TNF-α), anti-cyclic citrullinated peptide antibodies (anti-CCP), adenosine deaminase (ADA), and the Disease Activity Score-28 (DAS28) in RA patients. Understanding these biomarker correlations provides valuable insights into disease activity assessment and facilitates personalized therapeutic strategies.
Objectives: The study aims to assess the relationships between TNF-α, Anti-CCP, ADA and
DAS28 in patients with rheumatoid arthritis in Kirkuk, Iraq.
Methods: This case-control study comprised 135 subjects (divided into three groups: 45 newly diagnosed not previously treated patients with rheumatoid arthritis, 45 patients undergoing treatments for 3 months and 45 healthy rheumatoid factor (RF)–negative controls from the general population. Biomarker levels—TNF-α, anti-CCP, and ADA—were determined using a sandwich enzyme-linked immunosorbent assay (ELISA) with monoclonal antibodies.
Results: In the comparison of patients with rheumatoid arthritis (RA) with healthy controls, significant elevations in means (before, after, control) of TNF-α (849.0, 120.4, 64.3 ng/ml), anti-CCP (531.2, 273.4, 91.2 ng/ml), and ADA (14.9, 1.6, 1.3 ng/ml) were observed. Conversely, significant decreases in these levels were seen after the therapy. A significant association was noted between TNF-α and DAS28 before medication treatment, but anti-CCP exhibited a correlation post-therapy. ADA demonstrated a robust correlation. Evidence indicates that TNF-α and anti-CCP are significant predictive markers for monitoring disease activity in rheumatoid arthritis (RA).
Conclusions: TNF-α and anti-CCP are reliable biomarkers for monitoring treatment response and disease activity in rheumatoid arthritis. Significant post-treatment reductions in these markers’ indicators indicate successful immunosuppression, while ADA normalization implies reinstated immunological modulation. The diminished link between TNF-α and DAS28 following therapy underscores effective cytokine regulation, while the post-treatment relationship of anti-CCP with DAS28 reinforces its significance in long-term illness monitoring. ADA demonstrated restricted efficacy in evaluating joint-specific activity. Moreover, increased BMI correlated with worse inflammatory and hematologic profiles, underscoring the impact of obesity on RA pathogenesis. These insights offer crucial region-specific information for enhancing RA management techniques.



Introduction
[bookmark: _Hlk205125314]         The autoimmune disorder known as rheumatoid arthritis (RA) is a persistent and systemic condition that predominantly affects the joints and causes severe inflammation and destruction among those joints [1]. The condition is marked by bilateral joint inflammation, autoantibody synthesis, and systemic repercussions [2]. Rheumatoid arthritis (RA) impacts around 1% of the adult population worldwide, with considerable differences in frequency and severity across various geographical locations [3].
 	The pathogenesis of rheumatoid arthritis (RA) encompasses intricate interactions among genetic susceptibility, environmental factors, and aberrant immunological responses, particularly involving cytokines such as tumor necrosis factor-alpha (TNF-α) and autoantibodies like anti-cyclic citrullinated peptide (anti-CCP). Adenosine Deaminase (ADA), an enzyme integral to purine metabolism, has been associated with rheumatoid arthritis (RA) because of its involvement in immunological regulation and inflammation [4] [5] [6]. Precise biomarkers for illness surveillance are essential for therapeutic oversight, especially with non-steroidal anti-inflammatory drugs (NSAIDs) [7].
The current study evaluates the clinical relevance and association of TNF-α, Anti-CCP, and ADA with Disease Activity Score 28 (DAS28) in rheumatoid arthritis patients from Kirkuk, Iraq, offering region-specific insights that may impact clinical practice by These biomarkers help clinicians more accurately assess disease activity, especially when used alongside DAS28, allowing tailored treatment decisions. 

Methods
This hospital-based case-control research included 90 rheumatoid arthritis patients and 45 matched (age and sex) healthy controls with negative RF and clinical examinations, performed from December 2024 to April 2025. Participants were classified into three groups: untreated RA (n=45), treated RA (n=45) for 3 months with NSAIDs, and control (n=45). Serum levels of TNF-α, anti-CCP, and ADA were measured by enzyme-linked immunosorbent assay (ELISA) sandwich method with monoclonal antibody (BT Lab/China) [8].
Assessment of disease activity was performed using the Disease Activity Score 28 (DAS28), a validated composite index commonly applied in clinical and research settings to evaluate rheumatoid arthritis (RA) disease activity. The DAS28 incorporates clinical and laboratory parameters, including:

•	The number of tender joints (TJC, out of 28 joints),
•	The number of swollen joints (SJC, out of 28 joints),
•	The erythrocyte sedimentation rate (ESR, mm/hr),
•	And the patient's global health assessment (GH), measured on a 10 cm visual analogue      scale (VAS), with 0 representing “very good” and 10 representing “very poor” perceived health status.
All patients diagnosed by a physician with an exclusion of kidney disease, liver disease, pregnancy, osteomalacia, osteoporosis, autoimmune diseases other than rheumatoid arthritis, or chemotherapy.
All statistical analyses were conducted using Statistical Package for the Social Sciences (SPSS), version 29.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics were presented as means ± standard deviations for continuous variables and as frequencies and percentages for categorical variables.
To assess the differences between paired observations, paired-sample t-tests were applied. In addition, Pearson’s correlation coefficient was used to evaluate the strength and direction of associations between continuous variables. A p-value less than 0.05 was considered statistically significant.
       This study was reviewed and approved by the Ethics Committee of the College of Medicine, University of Tikrit, under approval number 397/7/3, dated August 18, 2024.

Results
          The baseline characteristics of the rheumatoid arthritis (RA) patients and the control group (n = 45 each) are summarized in Table 1. Both groups had an identical gender distribution (17 males, 28 females), although a statistically significant difference was reported (p < 0.05), which may require clarification. The mean age showed no significant difference between RA patients (42.7 ± 10.3 years) and controls (42.5 ± 10.1 years; p > 0.05), indicating proper age matching. A significant reduction in BMI was observed in RA patients after treatment (from 26.3 ± 5.1 to 21.4 ± 1.9 kg/m²; p < 0.05), suggesting a potential effect of therapy. The mean disease duration among RA patients was 3.64 years. Family history of RA was more common in patients than in controls, with a statistically significant difference (p < 0.05).
Table 1: demographic characteristics of study participants (RA patients and control group).
	Characteristic
	Rheumatoid Arthritis
Group
	Control Group
(n = 45)
	p-value

	
	Before treatment
(n = 45)
	After treatment
(n = 45)
	
	

	Gender (Male)
	17
	17
	17
	< 0.05

	Gender (Female)
	28
	28
	28
	< 0.05

	Mean Age (Years)
	42.7 ± 10.3
	42.5 ± 10.1
	> 0.05

	Mean BMI (kg/m²)
	26.3 ± 5.1
	21.4 ±1.9
	< 0.05

	Mean RA Duration (Years)
	3.64
	-
	-

	Family History (Positive)
	17
	21
	< 0.05

	Family History (Negative)
	28.0
	24
	< 0.05



As shown in table 2 The analysis of RA-associated biomarkers revealed statistically significant alterations following treatment. Anti-Cyclic Citrullinated Peptide (Anti-CCP) levels were markedly elevated in RA patients prior to treatment (mean ± SD: 531.2 ± 91.4 ng/ml), and decreased significantly after treatment (273.4 ± 93.5 ng/ml; p < 0.001). Compared to the control group (91.2 ± 11.3 ng/ml), both pre- and post-treatment values were significantly higher (p < 0.01), confirming the diagnostic and disease activity relevance of Anti-CCP in RA. Tumor Necrosis Factor-alpha (TNF-α) showed a significant reduction following therapy, from 849.0 ± 24.0 ng/ml to 120.4 ± 8.0 ng/ml (p < 0.01). Nevertheless, TNF-α levels remained significantly higher than those in the control group (64.3 ± 7.3 ng/ml; p < 0.01), indicating ongoing, though reduced, inflammatory activity. Adenosine Deaminase (ADA) activity significantly declined post-treatment (from 14.9 ± 7.5 ng/ml to 1.6 ± 1.3 ng/ml; p < 0.01). Post-treatment ADA values showed no statistically significant difference compared to the control group (1.4 ± 0.3 ng/ml; p = 0.149), suggesting normalization of this enzymatic marker after therapeutic intervention.

Table 2: Paired sample comparison of immunological and markers before and after treatment with NSAIDs in Rheumatoid Arthritis patients with healthy control.

	RA associated parameters
	n
	Mean
	Standard Deviation
±
	P-Value

	Anti-CCP
ng/ml
	before
	45
	531.2
	91.4
	< 0.001**

	
	after
	45
	273.4
	93.5
	

	
	before
	45
	531.2
	163.0
	< 0.01**

	
	control
	45
	91.2
	11.3
	

	
	after
	45
	273.4
	93.5
	< 0.01**

	
	control
	45
	91.2
	11.3
	

	TNF-α
ng/ml
	before
	45
	849.0
	24.0
	< 0.01**

	
	after
	45
	120.4
	8.0
	

	
	before
	45
	849.0
	24.8
	< 0.01**

	
	control
	45
	64.3
	7.3
	

	
	after
	45
	120.4
	8.0
	< 0.01**

	
	control
	45
	64.3
	7.3
	

	Adenosine Deaminase
ng/ml
	before
	45
	14.9
	7.5
	< 0.01**

	
	after
	45
	1.6
	1.3
	

	
	before
	45
	14.9
	7.5
	< 0.01**

	
	control
	45
	1.4
	0.3
	

	
	after
	45
	1.6
	1.3
	0.149

	
	control
	45
	1.3
	0.3
	


*Significant at level (p < 0.05) ، ** Highly significant at level (p<0.01), no Significance at level (p>0.05). TNF-α: Tumor Necrosis Factor, Anti-CCP: Anti-Cyclic Citrullinated Peptide.
correlation analysis was performed to evaluate the relationship between disease activity (DAS28) and key RA-related biomarkers before and after treatment as shown in table 3. A strong positive correlation was observed between DAS28 and TNF-α levels before treatment (r = 0.729, p < 0.01), indicating that higher TNF-α levels were associated with more active disease. However, after treatment, the correlation was lost (r = –0.014, p = 0.9281), suggesting a therapeutic decoupling of inflammatory activity and TNF-α concentration.
A significant inverse correlation was found between DAS28 and Anti-CCP levels post-treatment (r = –0.454, p < 0.01), whereas no significant correlation existed before treatment (r = –0.135, p = 0.3783). This finding may imply that Anti-CCP levels become more reflective of residual disease activity after therapeutic intervention. Regarding ADA, no significant correlation with DAS28 was detected either before (r = –0.130, p = 0.3961) or after treatment (r = –0.156, p = 0.3076), suggesting limited value of ADA as a marker for monitoring disease activity in this context.
Table 3: Correlation of TNF-α, Anti-CCP, and ADA with DAS28
	Variable Pair
	Correlation Coefficient (r)
	p-value
	Significance

	DAS28
	Before
	0.729
	< 0.01
	**Significant

	TNF α
	
	
	
	

	DAS 28
	After
	-0.014
	0.9281
	Not Significant

	TNF α
	
	
	
	

	DAS 28
	Before
	-0.135
	0.3783
	Not Significant

	Anti-CCP
	
	
	
	

	DAS28
	After
	-0.454
	< 0.01
	**Significant

	Anti-CCP
	
	
	
	

	DAS28
	Before
	-0.13
	0.3961
	Not Significant

	ADA
	
	
	
	

	DAS 28
	After
	-0.156
	0.3076
	Not Significant

	ADA
	
	
	
	


*Significant at level (p < 0.05) ، ** Highly significant at level (p<0.01), no Significance at level (p>0.05). TNF-α: Tumor Necrosis Factor, Anti-CCP: Anti-Cyclic Citrullinated Peptide.
Significant correlations are highlighted in green; non-significant associations are shown in gray. This visual confirms the dynamic relationship between disease activity and immune biomarkers, particularly TNF-α and Anti-CCP as shown in figure 1.
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Figure 1: Correlation Analysis of DAS28 with Biomarkers.
Discussion 
[bookmark: _Hlk202801561]         The parameters assessed—anti-cyclic citrullinated peptide antibodies (anti-CCP), tumor necrosis factor-alpha (TNF-α), and adenosine deaminase (ADA)—are critical biomarkers reflecting disease activity, inflammatory processes, and cellular immune dysfunction in RA. Table 1 shows Demographically, the mean age of RA patients was comparable to that of controls, with mean of (42.7 ± 10.3, 42.5 ± 10.1), ensuring age-related variables minimally influenced the findings. Notably, the study corroborated a well-documented female predominance in RA (28 female, 17 male), reflecting hormonal and genetic predispositions cited extensively in literature [9].
Rheumatoid arthritis patients exhibited significantly higher body mass index (BMI) values compared to controls (p < 0.01). This finding aligns with existing evidence highlighting obesity as a notable risk factor for RA, linked to heightened inflammatory states and poorer treatment outcomes. Adipokines produced by adipose tissue likely play a substantial role in exacerbating inflammatory responses observed in RA [10].
Clinically, the median disease duration was approximately five years, indicating a cohort comprising both early and established RA cases. Literature suggests longer disease durations correlate with increased joint destruction and comorbidities; thus, the current median duration highlights moderate disease chronicity within the studied population [11].
Tables 2 demonstrated significant elevations in TNF-α, anti-CCP, and ADA levels compared to controls (p<0.01). Post-treatment analyses (Table 2) revealed substantial reductions: Anti-CCP decreased from 531.2±91.4 to 273.4±93.5 ng/ml, TNF-α from 849.0±24.0 to 120.4±8.0 pg/ml, and ADA normalized from 14.9±7.5 to 1.6±1.3 ng/ml. Correlation analyses (Table 3) showed TNF-α strongly correlated with DAS28 pre-treatment (r=-0.729, p<0.01), anti-CCP moderately correlated post-treatment (r=-0.454, p<0.01), and ADA exhibited limited correlation [12] [13].
Table 3 and Figure 1 show significant elevations in biomarkers that indicate active immune dysregulation in RA. TNF-α’s pre-treatment correlation with DAS28 highlights its pivotal role in disease severity, reflecting direct involvement in inflammation. Anti-CCP's moderate correlation post-treatment underscores its utility in tracking immunological responses over time. The limited ADA correlation suggests broader immune activity independent of joint-specific inflammation [14][15][16].

1. DAS28 Before vs TNF-α (r = -0.729, p < 0.001): This remarkable positive correlation signifies that greater TNF-α levels are significantly associated with increased disease activity before treatment. TNF-α is a central pro-inflammatory cytokine in RA, promoting synovial inflammation and joint damage. The inverse relationship may reflect an immune regulatory mechanism or treatment-naïve disease status, where TNF-α is elevated in active disease [16]. Earlier investigations have demonstrated that there is a negative correlation between TNF-α levels and DAS28, and that these levels significantly decrease following treatment with anti-TNF therapy [17].

2. DAS28 After vs TNF-α (r = -0.014, p = 0.9281): Post-treatment, the correlation between TNF-α and DAS28 becomes negligible and statistically insignificant. This suggests that the effect of therapy (possibly anti-TNF or DMARDs) has suppressed TNF-α activity, diminishing its association with disease severity. The loss of correlation supports the clinical utility of TNF inhibitors in modulating inflammatory responses [18].

3. DAS28 Before vs Anti-CCP (r = -0.135, p = 0.3783): A weak and non-significant correlation was observed. Although anti-CCP is a diagnostic and prognostic marker in RA, its levels may not dynamically reflect real-time disease activity, especially before treatment. This aligns with prior studies indicating anti-CCP’s role as a stable, chronic disease marker rather than an activity-dependent one [19][20].

4. DAS28 After vs Anti-CCP (r = -0.454, p < 0.001): After treatment, a moderate negative correlation emerges between anti-CCP and DAS28, suggesting that patients with lower anti-CCP levels post-therapy had improved disease activity. This could reflect a reduction in autoantibody production due to immunomodulatory effects of treatment [21].

5. DAS28 Before vs ADA (r = -0.130, p = 0.3961): No significant correlation is seen. ADA, an enzyme linked to lymphocyte proliferation, may not directly reflect early disease activity. Its relevance could be more pronounced in systemic inflammation rather than joint-specific pathology [22].

6. DAS28 After vs ADA (r = -0.156, p = 0.3076): As a result of treatment, the association between ADA and DAS28 continues to be weak and non-significant, which is in line with previous findings that imply the ADA has little predictive utility in monitoring the remission of RA illness [23][24].




Conclusion

        Among the three biomarkers, TNF-α and anti-CCP demonstrate significant inverse correlations with DAS28 at different time points, reflecting their complementary roles in RA pathophysiology and response to treatment. TNF-α serves as a dynamic, activity-dependent marker, especially useful before treatment, whereas anti-CCP offers post-treatment prognostic insight. ADA, although immunologically relevant, lacks strong correlation with disease activity scores. TNF-α and anti-CCP serve as significant biomarkers for assessing disease activity in RA, offering predictive value for therapeutic outcomes. Routine TNF-α and anti-CCP evaluations are recommended in clinical practice. Further studies should explore ADA’s potential as a supplementary biomarker.
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