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Abstract

Rheumatoid Arthritis (RA) is a long-term autoimmune disorder that causes
ongoing inflammation in the joints, starting with smaller joints and gradually
spreading to larger ones, with potential complications affecting other parts of the
body. The chronic inflammation in the synovial membrane leads to the degradation
of cartilage and bone. Osteonectin (SPARC), a protein involved in tissue
remodelling, is found to be highly expressed in the cartilage and synovium of
individuals with RA, indicating its potential role in the disease process. This
research aimed to investigate serum Osteonectin (ON) concentrations as a potential
marker of RA disease activity. The study included 58 patients with RA and 30
healthy individuals, divided into three groups: G1 (RA with mild disease activity,
n=29), G2 (RA with moderate disease activity, n=29), and G3 (healthy controls,
n=30). Clinical information, anthropometric parameters, duration of the disease,
treatment type, and Clinical Disease Activity Index score (CDAIs), were recorded.
Serum ON levels were measured using the ELISA technique on frozen samples.
Statistical analysis involving ANOVA and Pearson's correlation was used. The
results revealed that serum ON levels in G1 and G2 groups were higher than C
group (49.29+10.27, 60.13+16.38 and 22.15+5.94) respectively. In G1, a strong
negative correlation was found between serum ON levels and weight (r=-0.553,
p=0.002). Additionally, positive correlations were noticed between serum ON levels
and disease duration (r=0.513, p=0.004), triglycerides (r=0.428, p=0.021), and AST
(r=-0.437, p=0.018). In contrast, G2 showed only a moderate negative correlation
was observed between serum ON levels and AST (r=-0.437, p=0.018). The elevated
levels of ON suggest that its involvement in RA is associated with clinical
parameters. Also, ON may has a potential role in disease progression, lipid
metabolism, and liver function.
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1. Introduction

Rheumatoid arthritis (RA) is a type of disorder that affects the muscles and joints,
characterized by chronic inflammation of the joints, leading to weakness and potential long-
term damage. RA is a symmetrical, persistent, inflammatory autoimmune disease that
initially affects small joints before progressing to larger joints and eventually impacting the
skin, coronary heart, eyes, kidneys and lungs. Joints typically lose their cartilage, which
weakens tendons and ligaments [1-4]. The worldwide occurrence of the sickness is imagined
around 1-2%, with a large variant among distinct populations [5]. The ailment affects
females 2 to 3 instances more often than males and happens at any age, and the peak of
occurrence is within the 6th decade. The pathophysiology of RA involves chronic irritation of
the synovial membrane, which can damage both articular cartilage and articular bone [6].
Patients with RA are characterized by the presence of various circulating vehicle antibodies
in their blood. In clinical exercise, the most common diagnostic tests include Rheumatoid
Factor (RF), C- Reactive Protein (CRP), erythrocyte sedimentation rate (ESR), and anti-
cyclic citrullinated peptide (anti-CCP), which are widely recognized by rheumatologists and
recommended through the European League of Arthritis and Rheumatism (EULAR) [7, 8].
The handiest therapeutic method calls for early prognosis and a most effective non-
pharmacological and pharmacological treatment, related to periodic evaluation of healing
efficacy and protection. The primary goal of therapy is to achieve remission and minimize
side effects [9]. Pharmacological agents that help maintain joint features can be categorized
as traditional synthetic Disease-modifying antirheumatic drugs (DMARDs), biologic
DMARD:s and centred synthetic DMARDSs, which are included in a new class of nonbiologic
DMARDs utilizing the American College of Rheumatology (ACR) [6, 10]. Inadequate
symptom manipulation in RA sufferers calls for using nonsteroidal anti-inflammatory tablets
(NSAIDs) and steroids glucocorticoids (GCs) as adjunctive therapy in reducing inflammation
[11]. Osteonectin (ON), also known as acidic and cysteine-rich secreted protein (SPARC), is
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a multifaceted matricellular protein concerned with both regular and pathological tissue
transformation. SPARC is a multifunctional regulator of smooth tissue cells, exhibiting
various biological effects, including the regulation of proliferation, migration, and synthesis
of smooth tissue cellular-matrix proteins and binding to collagens without delay regulating
their meeting. It is tremendously expressed in normal tissues in bones, teeth, eyes, and at sites
of wound restoration and tissue reworking [12-14]. The SPARC expression degree within the
floor and centre layer of articular cartilage in RA patients is drastically multiplied, and the
level of synovial fluid and synoviocytes is increased [15, 16]. The study aims to evaluate
serum ON levels, as well as, the possibility of using ON as a predictive marker for RA
activity.

2. Materials and Methods
2.1. Study subjects

The current study involved 58 women with RA who attended Al-Yarmouk Teaching
Hospital between October 2022 and March 2023, as well as 30 healthy women as a control.
All patients had given their signed informed consent to take part.

2.2. Questionnaire and clinical data

A convenient sampling technique was employed to include 58 females with RA in this
study, matched by age with 30 healthful controls. Individuals with RA had been recognized
using a representative rheumatologist in keeping with ACR / EULAR standards in 2010 [17].
The following data were analysed: age, weight, height, BMI, period of disease, period of
treatment, own family records, fever, and Clinical Disease Activity Index (CDAI)
measurement.
The disease activity was measured using the following equation:
CDAI= Swollen 28-joint Count + Tender 28-joint Count + Patient Global disease Activity +
Evaluator’s Global disease Activity, tender joint number and swollen joint number [18].

2.3. Collecting samples

Samples were collected from women, and all 88 patients and controls who met the
inclusion criteria were enrolled and divided into groups according to disease activity. Group 1
with mild disease activity (n=29), group 2 with moderate disease activity (n=29), and Group
3 control (n=30). Patients were excluded if they had overlapping inflammatory conditions
with RA, such as seronegative arthritis or connective tissue diseases (like SLE), malignancy,
cardiovascular disease, thyroid disease, and liver or renal diseases.

2.4. Samples handling

Approximately 5 ml of blood was drawn from each patient with RA and healthy controls
in the morning and after fasting for 12 hours. The samples were divided into two portions; the
first portion was located in gel tubes and centrifuged at 3000 xg for 10 minutes. After that,
the serum was placed in a small tube (Eppendorf tube) and saved frozen at -20 °C until being
used to estimate the biochemical parameters. The ON levels were measured using an ELISA
kit (MyBioSource), with optical density absorbance read at 450 nm using a microplate reader.
Hemolyzed serum samples were excluded. The second portion was dispensed in an EDTA
tube; which was used for measuring ESR.

2.5. Biochemical Parameters

Fasting blood sugar (FBS), glycated hemoglobin (HbAIc), lipids profile (total cholesterol
TCh, triglyceride TG, high-density lipoprotein HDL, low-density lipoprotein LDL, and very
low-density lipoprotein VLDL), liver profile (ALT/GPT, AST/GOT, and ALP), renal profile
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(urea, creatinine, and uric acid), were all measured using colorimetric methods except liver
profile were determined using UV Spectrophotometric detection.

2.6. Statistical analysis

Statistical analysis records evaluation changed into accomplished the use of SPSS
statistical software version 28.0. Analysis of variance (ANOVA) is used to determine
whether there are any statistically tremendous variations among the approaches. Statistics had
been provided as mean + Stander Deviation. Pearson's correlation (r- -coefficient) becomes
used between ON, C-RP, RF, disease activity and other parameters. A p-value of <0.05 is
considered statistically significant.

3. Results

Our study included 88 participants divided into 3 groups: the mild disease group (n=29),
the moderate group (n=29) and the control group (n=30). The general anthropometric,
clinical and biochemical features of the participants are represented in Table 1. Statistical
analysis using ANOVA and post hoc test revealed that there is a significant difference in age
between the control and mild groups as well as control and moderate groups at (P < 0.001).
However, there were no significant differences in weight and height among the control, mild
and moderate groups. The BMI was significantly higher in the mild group and moderate
group compared to the control group at (P <0.001).

The Disease Activity Score 28 (DAS 28) demonstrated a highly significant difference (P <
0.001) when comparing both patient groups (mild and moderate) to the healthy group, with a
similar significance noticed in comparison mild group to the moderate group.

Additionally, when comparing the mild and moderate groups to the control group; RF, CRP
and ESR were considerably significantly higher (P < 0.001) in both patient groups.

The mild and moderate groups exhibited significantly higher fasting blood sugar (FBS)
and HbA1C than the control group (P < 0.001). There were also significant increases (P<
0.01) in serum cholesterol, TG, LDL and VLDL in patients’ groups compared to healthy
individuals. Conversely, serum HDL levels showed a significant decrease (P <0.01) in both
mild and moderate groups compared to the control group.

Serum levels of ALT and AST showed a high significant difference (P<0.01) when
comparing mild and moderate groups with the control group, as well as when comparing the
mild group to the moderate group.

Additionally, serum ALP, creatinine, and uric acid levels were significantly higher in both
patient groups (P <0.01) compared to the control group. Similar significant increases were
noticed in blood urea and serum ON in comparison between patients and control groups, as
well as between both patients’ groups.
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according to disease activity

Parameter (mean +SD) G 1 (n=29) G 2 (n=29) G 3 (n=30) p-value
Age (year) 55.00£11.26**a 52.41+£8.52%*p 42.13+12.85 <0.01
Weight (Kg) 77.90+£8.10 80.66+11.96 74.70+£9.33 0.76
Height (m) 1.64+0.07 1.64+0.06 1.68+0.10 0.74

BMI (Kg/m?) 28.98+3.34**b 29.7244.13%**a 26.20+2.25 <0.01
DAS 28 4.21+£0.27*%*b 3.68+0.33**a,c 1.38+0.27 <0.01

RF (IU/mL) 9.12+1.84**p 8.10+1.24**a,c 2.25+0.85 <0.01
C-RP (mg/L) 20.714+4.19%*b,c 18.42+2.84**a,c 5.36£1.72 <0.01
ESR (mm/hr) 25.90+£5.24**b 23.03+£3.55**a,c 6.37+£2.44 <0.01
FBS (mg/dl) 124.07+4.85**b 114.86+3.90**a,c 103.60+6.71 <0.01
HbAIC (%) 8.10+0.47**b 7.734£0.27**a,c 7.3540.56 <0.01
Cholesterol (mg/dl) 219.55+14.57**%b  211.00+11.59%*a,*c 165.90+12.81 <0.01
Triglyceride (mg/dl) 187.10£9.67**b 182.62+9.25%*a 83.1749.85 <0.01
HDL (mg/dl) 50.76+4.87**b 54.90+4.25%a,**c 58.27+4.60 <0.01
LDL (mg/dl) 101.24+6.07**b 99.86+6.54**a 74.20+6.90 <0.01
VLDL (mg/dl) 59.17£7.27%*%b 56.07+£6.03**a 41.53+£8.34 <0.01
ALT/GPT (U/L) 32.86+5.87**b 29.03+£3.47**a,c 25.60+3.77 <0.01
AST/GOT (U/L) 38.14+6.18**b 34.69+5.95%*a,c 27.33+3.56 <0.01
ALP (U/L) 113.62+7.93**b 110.34+7.62%*a 59.70+4.93 <0.01
Urea (mg/dl) 49.21+4.21%*b 46.724+2.71%*a,c 30.10+£2.42 <0.01
Creatinine (mg/dl) 1.48+0.08**b 1.46+0.08%*a 0.82+0.08 <0.01
Uric Acid (mg/dl) 8.51+0.93**b 8.26+0.90**a 6.57£1.13 <0.01
ON (ng/mL) 49.294+10.27**b 60.13£16.38**a,c 22.15+5.94 <0.01

The results were expressed as mean = SD (mean+ standard deviation), a): refer to the
significant difference between G1 and G3. b): refer to the significant difference between
G2 and G3. ¢): refer to the significant difference between G1 and G2.

**The difference is highly significant at p < 0.01. *The difference is significant at p <
0.05.

As shown in Table 2; a considerable negative impact correlation was noticed between
serum ON and weight in G1 group (r=-0.553, P=0.002) and a positive impact correlation
between serum ON and duration of disease (r=0.513, P=0.004) and Triglycerides (r=0.428,
P=0.021) (Figure 1), as quite well with AST (r=-0.437, P=0.018) in G2 group (Figure 2).
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Table 2: Correlation of ON in (G1 and G2) groups with other parameters

e Serum ON with mild disease Serum ON with moderate disease
r P Sig. r P Sig.
Duration of Disease 0.513 0.004 HS 0.204 0.288 NS
Weight (Kg) -0.553 0.002 HS 0.002 0.991 NS
Height (m) -0.282 0.138 NS -0.079 0.685 NS
BMI (Kg/m?) -0.289 0.129 NS 0.040 0.836 NS
FBS (mg/dl) -0.206 0.284 NS -0.186 0.334 NS
HbAlc (%) 0.197 0.305 NS 0.182 0.345 NS
Cholesterol (mg/dl) 0.326 0.084 NS -0.105 0.588 NS
Triglycerides(mg/dl) 0.428 0.021 S 0.082 0.674 NS
HDL (mg/dl) 0.215 0.263 NS -0.033 0.867 NS
LDL (mg/dl) 0.268 0.160 NS 0.027 0.891 NS
VLDL(mg/dl) 0.186 0.334 NS 0.211 0.273 NS
DAS 28 -0.352 0.061 NS -0.234 0.221 NS
RF(IU/mL) -0.223 0.245 NS 0.111 0.568 NS
CRP (mg/L) -0.223 0.246 NS 0.111 0.565 NS
ESR (mm/hr) -0.223 0.246 NS 0.111 0.565 NS
ALT (U/L) 0.197 0.306 NS -0.116 0.548 NS
AST(U/L) -0.082 0.671 NS -0.437 0.018 S
ALP(U/L) -0.056 0.774 NS -0.011 0.953 NS
Urea (mg/dl) -0.201 0.295 NS 0.110 0.571 NS
Creatinine (mg/dl) 0.155 0.421 NS -0.022 0.909 NS
Uric acid (mg/dl) -0.036 0.853 NS -0.254 0.184 NS

HS: P <0.01, S: P<0.05, NS: P> 0.05.
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Figure 1: The positive significant Pearson correlation of ON with (a) Duration of Disease (b)
Triglycerides (c) negative significant Pearson correlation of ON with Weight in the G1 group
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Figure 2: The negative significant Pearson correlation of ON with AST in the G2 group

4. Discussion

Consistent with our findings, patients with RA exhibited higher serum ON levels than
healthful controls. Several studies have shown a connection between ON and several
autoimmune diseases, such as RA. The synthesis of ON is increased in the synovial cells of
RA and OA joints, and the degrees of ON in synovial fluids of individuals with RA were
significantly elevated [19, 20].

All participants in this study were females, which aligns with the known higher prevalence
of RA in women. These findings are consistent with Brewer, D’Agata, et al., 2023 who
reported that RA is more common in women than in men [16]. Patients in groups G1 and G2
were significantly older than those in the control group (G3), likely due to RA being more
prevalent in older adults. This observation agrees with Serhal, Lwin, et al., 2020 who found
that the elderly have more prevalence of RA [21]. Additionally, patients in groups G1 and G2
have higher BMI than controls, indicating greater body fat mass. This may be a result of
chronic inflammation associated with RA or steroid-induced side effects. This agrees with
Qiu, Wu, et al., 2021 who found that RA is characterized by chronic inflammation, which can
interfere with metabolism and lead to fat storage [22]. Moreover, our results agree with
Letarouilly, Flipo, et al., 2021 who demonstrated that steroids can cause weight gain and fat
redistribution, leading to greater fat accumulation in certain areas [23]. Patients in G1 and G2
had significantly (P< 0.01) higher levels of DAS 28, RF, C-RP, ESR, and FBS than controls,
indicating more active disease and systemic inflammation. These results agree with
Dissanayake et al., 2021 who found that patients presumed to have RA exhibited much higher
levels of DAS 28, RF, C-RP, ESR, and FBS compared to the control group [24].

Patients in Groups 1 and 2 exhibited higher levels of HbA1C, cholesterol, triglycerides, LDL,
vLDL, ALT/GPT, AST/GOT, ALP, urea, and uric acid than controls. This suggests potential
metabolic disturbances associated with RA or steroid treatment, like impaired glucose
metabolism, dyslipidemia, and liver enzyme elevation. These results are consistent with
Boissier, Biton, et al., 2020 who noted that chronic inflammation related to RA can disrupt
metabolism and organ function and steroids are known to have side effects like impaired
glucose metabolism and dyslipidemia [25]. G1 and G2 groups had slightly higher creatinine
levels than controls, although these remained within the normal range, indicating no
significant impairment in kidney function. This result agrees with Khadim and Al-Fartusie,
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2021 who suggested that although RA patients might have slightly reduced kidney function,
it is not yet significantly impaired [26].

Strong negative correlation between serum ON with weight (r=-0.553, P=0.002) in GI1,
which illustrates the association of weight increment with the decreasing ON levels. The
negative correlation in Rheumatoid arthritis patients could be due to steroid-induced weight
gain or metabolic changes affecting ON production [27].

Positive correlations between serum ON with Duration of Disease (r =0.513, P = 0.004) were
noticed in G1. Higher disease duration seems to be associated with increased ON levels,
which might reflect chronic inflammation or disease progression [28].

Positive correlations between serum ON with Triglycerides (r = 0.428, P = 0.021). This
association indicates a potential link between elevated triglycerides and higher ON levels that
may illustrate the involvement of lipid metabolism in ON regulation [29].

A moderate negative correlation was observed between serum ON with AST (r=-0.437,
P=0.018), suggesting an inverse relationship between ON and an enzyme marker for liver
function (AST). The negative correlation in both groups, though stronger in G1, hints at a
possible influence of liver function on ON levels [30].

In the G2 group, none of the parameters showed a statistically significant association with
ON. Since steroids were not a factor in G2, the underlying links between ON and other
parameters may have been obscured, explaining the lack of statistically significant
correlations in that group [31]. To a lesser extent than G1, only AST demonstrates a negative
association with serum ON (r=-0.437, p=0.018). Further research is needed to validate the
negative correlation with AST, which suggests a possible connection between liver function
and the modulation of ON in RA [32].

Conclusion

This study offers new insights into the potential function of ON in RA and its correlation
with other clinical variables. The results indicate that RA patients have higher serum ON
levels compared to healthy controls, which may be associated with inflammation or disease
activity. Additionally, metabolic alterations may be at play due to the robust negative
association between ON and weight in G1. Furthermore, ON appears to be involved in
disease development, lipid metabolism, and liver function, as it is positively correlated with
illness duration, triglycerides, and AST in G1. Curiously, other than AST, no significant
connections were found in G2. This suggests that disease activity may be obscuring other
interactions. Further investigation into the processes underlying the relationships between
ON, RA, and disease activity is warranted in light of these findings, which highlight the
intricate relationship between the three.

References

[1] E. A. Abdulrahman, H. Demir, and B. K. Aziz, “Determination of Malondialdehyde (MDA) and
Some Antioxidant Activities in Rheumatoid arthritis Patients,” Journal of Kufa for Chemical
Sciences, vol. 2, no. 10, pp. 122-136, 2023.

[2] A. S. Mahmood, A.-K. A. Al-Kazaz, and A. H. Ad'hiah, “Single Nucleotide Polymorphism of
IL1B Gene (rs16944) in a Sample of Rheumatoid Arthritis Iraqi Patients,” Iraqi Journal of
Science, pp. 1041-1045, 2018.

[3] L. O. Farhan, F. M. Khaleel, and E. M. Taha, “Human B-defensin 2 as a novel diagnostic marker
of Iraqi patients with rtheumatoid arthritis,” Iraqi Journal of Science, pp. 2135-2143, 2023.

[4] N. S. Jassim, R. S. Aboud, A. T. Joda, H. Y. Fadil, F. G. Al Humadani, D. M. Ahmed, and M.
A. Husaen, “Detection of Epstein-Barr virus Capsid antigen (EBV CA) in Sera of Rheumatoid
Arthritis, Reactive Arthritis and Ankylosing Spondylitis Patients,” Iraqi Journal of Science, vol.
56, no. 4B, pp. 3130-3134, 2015.

4748



Hussein and Haddad Iraqi Journal of Science, 2025, Vol. 66, No. 11, pp: 4740- 4750

[S] Y. Alamanos, and A. A. Drosos, “Epidemiology of adult rheumatoid arthritis,” Autoimmunity
reviews, vol. 4, no. 3, pp. 130-136, 2005.

[6] N. H. Yousif, and S. R. Ibraheem, “Comparison of Some Physiological Parameters in Female
Rheumatoid Arthritis Patients in Pre-and Postmenopausal Stages,” Iraqi Journal of Science, pp.
1926-1931, 2020.

[71 A. A.-H. Alsaedi, S. J. Al-Ali, and S. Waheed, “The Association of The High-Mobility Group
Box 1 Gene and Its Product with Rheumatoid Arthritis in Basra Province-Iraq,” University of
Thi-Qar Journal of Science, vol. 8, no. 1, pp. 107-112, 2021.

[8] M. M. Al-Taee, D. I. Mohmood, and M. M. Muhammed, “Determining levels of rheumatoid
factor (RF) and C-reactive protein (CRP) in a blood sample of Iraqi patients with rheumatoid
arthritis (RA),” Al-Nisour Journal for Medical Sciences, vol. 1, no. 1, pp. 133-139, 2019.

[9] Q. Guo, Y. Wang, D. Xu, J. Nossent, N. J. Pavlos, and J. Xu, “Rheumatoid arthritis: pathological
mechanisms and modern pharmacologic therapies,” Bone research, vol. 6, no. 1, pp. 15, 2018.

[10] J. A. Singh, K. G. Saag, S. L. Bridges Jr, E. A. Akl, R. R. Bannuru, M. C. Sullivan, E. Vaysbrot,
C. McNaughton, M. Osani, and R. H. Shmerling, “2015 American College of Rheumatology
guideline for the treatment of rheumatoid arthritis,” Arthritis & rheumatology, vol. 68, no. 1, pp.
1-26, 2016.

[11] M. D. G. Moura, L. C. Lopes, M. T. Silva, S. Barberato-Filho, R. H. L. Motta, and C. de Céssia
Bergamaschi, “Use of steroid and nonsteroidal anti-inflammatories in the treatment of
rheumatoid arthritis: Systematic review protocol,” Medicine, vol. 97, no. 41, pp. €12658, 2018.

[12] L.-N. Liu, Y.-M. Mao, C.-N. Zhao, H. Wang, F.-F. Yuan, X.-M. Li, and H.-F. Pan, “Circulating
levels of osteoprotegerin, osteocalcin and osteopontin in patients with rheumatoid arthritis: a
systematic review and meta-analysis,” Immunological investigations, vol. 48, no. 2, pp. 107-120,
2019.

[13] X.-l. Yang, Z.-d. Hu, Q. Wu, X. Liu, Q.. Liu, Y.-c. Zhang, and Q.-r. Yang, “Association of
polymorphisms in SPARC and NLRP2 genes with rheumatoid arthritis in a Chinese Han
population,” Modern Rheumatology, vol. 25, no. 1, pp. 67-71, 2015.

[14] L. F. Laurindo, M. C. de Maio, S. M. Barbalho, E. L. Guiguer, A. C. Aratjo, R. de Alvares
Goulart, U. A. P. Flato, E. B. Junior, C. R. P. Detregiachi, and J. F. dos Santos Haber,
“Organokines in rheumatoid arthritis: a critical review,” International Journal of Molecular
Sciences, vol. 23, no. 11, pp. 6193, 2022.

[15] S. Nakamura, K. Kamihagi, H. Satakeda, M. Katayama, H. Pan, H. Okamoto, M. Noshiro, K.
Takahashi, Y. Yoshihara, and M. Shimmei, “Enhancement of SPARC (osteonectin) synthesis in
arthritic cartilage: increased levels in synovial fluids from patients with rheumatoid arthritis and
regulation by growth factors and cytokines in chondrocyte cultures,” Arthritis & Rheumatism:
Official Journal of the American College of Rheumatology, vol. 39, no. 4, pp. 539-551, 1996.

[16] P. L. Brewer, A. L. D’Agata, M. B. Roberts, N. Saquib, P. F. Schnatz, J. Manson, C. B. Eaton,
and M. C. Sullivan, “The co-occurrence and cumulative prevalence of hypertension, rheumatoid
arthritis, and hypothyroidism in preterm-born women in the women’s health initiative,” Journal
of Developmental Origins of Health and Disease, vol. 14, no. 4, pp. 459-468, 2023.

[17] D. Aletaha, T. Neogi, A. J. Silman, J. Funovits, D. T. Felson, C. O. Bingham III, N. S. Birnbaum,
G. R. Burmester, V. P. Bykerk, and M. D. Cohen, “2010 rheumatoid arthritis classification
criteriaz: an American College of Rheumatology/European League Against Rheumatism
collaborative initiative,” Arthritis & rheumatism, vol. 62, no. 9, pp. 2569-2581, 2010.

[18] H. Singh, H. Kumar, R. Handa, P. Talapatra, S. Ray, and V. Gupta, “Use of clinical disease
activity index score for assessment of disease activity in theumatoid arthritis patients: an Indian
experience,” Arthritis, vol. 2011, 2011.

[19] S. Sangaletti, L. Botti, A. Gulino, D. Lecis, B. Bassani, P. Portararo, M. Milani, V. Cancila, L.
De Cecco, and M. Dugo, “SPARC regulation of PMN clearance protects from pristane-induced
lupus and rheumatoid arthritis,” Iscience, vol. 24, no. 6, 2021.

[20] D. Liu, L. Wang, Z. Hu, Z. Ma, and Q. Yang, “Association Between SPARC Polymorphisms and
Ankylosing Spondylitis and Its mRNA and Protein Expression in a Chinese Han Population: A
Case—Control Study,” International Journal of General Medicine, pp. 3533-3542, 2023.

4749



Hussein and Haddad Iraqi Journal of Science, 2025, Vol. 66, No. 11, pp: 4740- 4750

[21] L. Serhal, M. N. Lwin, C. Holroyd, and C. J. Edwards, “Rheumatoid arthritis in the elderly:
characteristics and treatment considerations,” Autoimmunity reviews, vol. 19, no. 6, pp. 102528,
2020.

[22] J. Qiu, B. Wu, S. B. Goodman, G. J. Berry, J. J. Goronzy, and C. M. Weyand, “Metabolic control
of autoimmunity and tissue inflammation in rheumatoid arthritis,” Frontiers in immunology, vol.
12, pp. 652771, 2021.

[23] J.-G. Letarouilly, R.-M. Flipo, B. Cortet, A. Tournadre, and J. Paccou, “Body composition in
patients with rheumatoid arthritis: a narrative literature review,” Therapeutic advances in
musculoskeletal disease, vol. 13, pp. 1759720X211015006, 2021.

[24] K. Dissanayake, C. Jayasinghe, P. Wanigasekara, and A. Sominanda, “Potential applicability of
cytokines as biomarkers of disease activity in rheumatoid arthritis: Enzyme-linked
immunosorbent spot assay-based evaluation of TNF-a, IL-1p, IL-10 and IL-17A,” PloS one, vol.
16, no. 1, pp. €0246111, 2021.

[25] M.-C. Boissier, J. Biton, L. Semerano, P. Decker, and N. Bessis, “Origins of rheumatoid
arthritis,” Joint Bone Spine, vol. 87, no. 4, pp. 301-306, 2020.

[26] R. Khadim, and F. Al-Fartusie, "Evaluation of liver function and lipid profiles in Iraqi patients
with rheumatoid arthritis," Journal of Physics: Conference Series, vol. 1853, no. 1, p. 012040,
2021.

[27] C. M. Sergi, and C. M. Sergi, “Arthro-Skeletal System,” Pathology of Childhood and
Adolescence: An Illustrated Guide, pp. 1095-1166, 2020.

[28] H. Tamai, N. Nishina, J. Kikuchi, K. Izumi, K. Otomo, K. Yoshimoto, K. Yamaoka, T. Takeuchi,
and Y. Kaneko, “Serum cytokines and bone metabolic markers in patients with rheumatoid
arthritis treated with biological disease modifying anti-rheumatic drugs,” Clinical Rheumatology,
vol. 42, no. 3, pp. 721-730, 2023.

[29] I. Steinbrenner, P. Sekula, F. Kotsis, M. von Cube, Y. Cheng, J. Nadal, M. Schmid, M. P.
Schneider, V. Krane, and M. Nauck, “Association of osteopontin with kidney function and
kidney failure in chronic kidney disease patients: The GCKD study,” Nephrology Dialysis
Transplantation, vol. 38, no. 6, pp. 1430-1438, 2023.

[30] B. Yang, H. Yao, J. Yang, C. Chen, and J. Shi, “Construction of a two-dimensional artificial
antioxidase for nanocatalytic rheumatoid arthritis treatment,” Nature Communications, vol. 13,
no. 1, pp. 1988, 2022.

[31] R. Saleh, L. Mahmood, M. Mohammed, K. Al-Rawi, and H. Al-Hakeim, “Use of some bone-
related cytokines as predictors for rheumatoid arthritis severity by neural network analysis,”
Ungpexyus u ummynumem, vol. 13, no. 1, pp. 147-155, 2023.

[32] H. Yi, and P. Qu, Community Series in Manipulating the Immunological Tumor
Microenvironment-Volume II: Frontiers Media SA, 2023.

4750



