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Abstract

Background: Rheumatoid arthritis (RA) is an autoimmune chronic disease characterized by systemic inflammation,
which may disrupt the regulation of trace elements.

Objective: To estimate the serum copper and zinc levels in female patients of rheumatoid arthritis (n=25) in Kirkuk,
and to find out their relationship among them compared with the control, and to determine their effects, if any, on
different ages.

Methods: Serum levels of copper and zinc were determined using Atomic Absorption Spectrophotometry (AAS) in RA
patients and age-matched controls from various age groups. Differences and age-related patterns were examined.

Results: RA patients had higher serum copper but lower zinc levels than controls. Copper levels were highest in the
youngest and decreased with age, concurrent with an inflammatory response and ceruloplasmin generation. Zinc
deficiency was present in all age groups and appeared to be associated with chronic inflammation, oxidative stress,
metabolic derangements, inadequate dietary intake, and the use of antirheumatic drugs.

Conclusion: A copper and zinc imbalance is present in RA, which appears to be influenced by age and the presence of
inflammation. Tracking these factors may help explain disease activity and enhance patient care.
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1. Introduction

Arthritis, as a general term, refers to an inflammatory condition of joints that is commonly characterized by erythema
(redness), swelling, heat, and pain. Introduction: Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease
that primarily affects the synovial joints symmetrically [1,2], frequently in the hands, wrists, and knees. In contrast to
other types of arthritis, persistent and progressive joint inflammation is a typical feature of RA, associated frequently
with the development of structural damage as well as functional disability [2,3]. Extra-articular involvement may also
accompany RA, affecting other parts of the body, including the skin, eyes, lungs, heart, blood vessels, nervous system,
and kidneys. The pathogenesis of RA is mediated by an abnormal immune response, in which the immune system,
specifically designed to protect its host from exogenous pathogens, attacks self-tissues [4,5]. This autoimmune process
leads to a variety of symptoms, which can include joint pain and swelling, morning stiffness or stiffness after long
periods of inactivity (e.g., after sitting at a desk for several hours), general weakness, as well as severe fatigue with
limited physical capacity [6].

Rheumatoid arthritis has a highly variable clinical course[7]. Most patients experience a slow onset of symptoms over
several years, while in some individuals, it occurs more rapidly. Certain people may have the disease for an episodic
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period of time (with times their symptoms go away) [8,9]. Rheumatoid arthritis is a widespread disease among the
population. It predominantly occurs in the 20-50 year old population; however, it can involve children and the elderly
populations as well [10,11]. Women are about 2.5 times more likely than men to have the disease. The precise etiology
of RA is not yet clear, but it is thought to be multifactorial, with genetic, environmental, and hormonal factors, other
than a disturbed immune system [12].

Normally, the immune system safeguards the body against illness. In rheumatoid arthritis, though, something causes
the immune system to attack the joints and sometimes other organs. Infections, smoking, and physical or emotional
stress are thought to trigger the abnormal immune response. Moreover, gender and genetic susceptibility are
important in the evaluation of risk; women have a threefold higher probability to develop MS than men [13].

Rheumatoid arthritis, if not controlled, may eventually lead to joint distortions from the degradation of cartilage that
typically acts as a shock absorber between joints [14]. As the disease progresses, bones can wear down, and joints can
fuse as the body tries to protect itself from constant inflammation. The latter is the result of specific immune cells and

locally produced mediators in the joints, which also might systemically circulate and cause multisystemic symptoms
[15].

Zinc is an essential trace element involved in many biological functions, such as immune function regulation,
antioxidant defense, and cellular repair[16,17]. It serves as a coenzyme to more than 300 enzymes that are involved in
DNA synthesis, protein metabolism, and immune cell function [18]. Zinc homeostasis is disturbed (zinc deficiency is
often found) and has several serious results depending on the clinical phase of RA. It hampers T and B lymphocytes'
function, leading to loss of immunity control and swelling of the joints. Moreover, zinc deficiency decreases antioxidant
defence with a consequent increase in oxidative stress of the joint tissues and higher circulating levels of pro-
inflammatory cytokines like TNF-a and IL-6, which are important mediators for RA development [19]. Continued
attenuation of the immune response and oxidative stress may be attenuated by zinc supplementation, likely influencing
disease course [20].

Copper is a second critical trace element in redox reactions, collagen formation, and immune function[21,22]. It acts
as a cofactor for enzymes like superoxide dismutase (SOD) that neutralize reactive oxygen species and protect tissues
from oxidative damage [23,24]. In RA, serum copper is commonly increased due to the presence of inflammation and
the acute-phase response. Well-known that copper is essential for immune cell generation and activation, and excessive
levels could have a role in oxidative stress when antioxidant defenses are inadequate. In addition, copper is involved in
collagen cross-connecting that is required to maintain the integrity of connective tissue[25,26]. Perturbations of copper
metabolism may impact the stability of the joint and processes for repair[27].In summary, a zinc deficiency may make
the immune regulation and oxidative tissue injury worse, but increased copper could be a sign of inflammation. A
balance of these trace elements is pivotal for the control of oxidative stress and regulation of immune responses in RA
patients.

2. Materials and Methods

2.1. Sample Collection

Samples were collected from 50 female patients with rheumatoid arthritis in Kirkuk Governorate, aged between 22 and
60 years. The control group consisted of 25 healthy women who were not affected by the disease. Zinc and copper
elements were estimated using flame atomic absorption spectrophotometry (FAAS)[28,29].

2.2. Statistical analysis

Results were statistically analysed using the ANOVA test, and the results obtained were described in the tables as (mean
and standard deviation) and with a probability level (P<0.01).

3. Result and Discussion

Both zinc and copper levels in the blood serum of patients with rheumatoid arthritis were studied compared to the
control group.
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Table 1 (Cu) concentration in the blood of RA patients compared to the control group

Element | Groups Mean+SD P-Value

Cu pg/dl | Patients 1243 +17.2 | P<0.01

control group | 110.8 +13.8

The concentration of copper (Cu) in the blood of patients was 124.3 £ 17.2 pg/dl, while in the control group it was 110.8
+ 13.8 pg/dl. The increased serum copper levels observed in rheumatoid arthritis (RA) patients compared with the
control group are likely related to the persistent inflammatory process characteristic of the disease. Chronic
inflammation stimulates hepatic production of ceruloplasmin, an acute-phase protein responsible for copper transport,
resulting in elevated copper concentrations in the bloodstream [30][31]. Additionally, oxidative stress, disturbance in
trace element homeostasis (notably decreased zinc and increased copper), and the metabolic effects of antirheumatic
therapy may further contribute to the observed rise in copper levels[32].
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Figure 1 The concentration of Cu in RA patients versus the control group

Table 2 (Zn) concentration in the blood of RA patients compared to the control group.

Element | Groups Mean+SD P-Value

Zn pg/dl | Patients 70.54 £ 7.81 | P<0.01

control group | 87.80 +17.4

The blood zinc concentration of patients was 62.7 + 9.4 ug/dL, whereas in the control group, it was 89.5 + 11.6 pg/dL,
revealing a significant decrease in blood Zn levels in patients compared to controls. Several explanations could account
for the lower levels of serum zinc in rheumatoid arthritis (RA) patients. RA is characterized by chronic inflammation
that can result in the release of other cytokines such as TNF-a and IL-6; these factors induce zinc sequestration in the
liver and immune cells, thus reducing serum Zn levels 7[33]. Furthermore, augmented oxidative stress in RA depletes
zinc, which acts as a cofactor for antioxidant enzymes. Nutritional deficiencies, especially poor dietary intake or
impaired absorption of zinc, also may play a role in the low serum level of zinc [34]. Last, antirheumatic drugs may
modulate zinc metabolism, further worsening the decrease in circulating zinc concentration [35].
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Figure 2 The concentration of Zn in RA patients versus the control group

Tabel 3 Concentration of Cu in blood of RA patients according age categories

Element | Groups Mean+SD P-Value

Cu pg/dl | Patients 20-35 | 140.40 a* 3.05 P<0.05
36-50 | 128.50 b £ 8.51
51-70 | 113.18 c+19.61
control group | 20-35 | 117.40 c + 13.24
36-50 | 111.20 cd + 13.77
51-70 | 102.80d +13.26

The serum copper concentrations in patients with rheumatoid arthritis varied according to age. In patients aged 20-35
years, the copper level was 140.40 *+ 3.05 pg/dl; in those 36-50 years, it was 128.50 + 8.51 pg/dl; and in the 51-70 years
group, it was 113.18 + 19.61 pg/dl. In the control group, the copper concentrations were 117.40 + 13.24 pg/dl for the
20-35 years age group, 111.20 + 13.77 pg/dl for the 36-50 years age group, and 102.80 * 13.26 pg/dl for the 51-70
years age group.

These results indicate a trend of higher copper levels in younger patients, with a gradual decrease in older age groups,
while control subjects also show a slight age-related decline, but at consistently lower levels than patients[36]. The
elevated copper levels observed in younger rheumatoid arthritis patients may be attributed to a more active
inflammatory state, which stimulates increased ceruloplasmin production. With advancing age, chronic inflammation
may become less pronounced, or the body’s capacity to produce ceruloplasmin may decrease, resulting in lower copper
levels in older patients. Age-related metabolic changes, oxidative stress, and alterations in trace element balance may
also contribute to this gradual decline in serum copper[37,38].
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Figure 3 The concentration of Cu in RA patients according age categories
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Tabel 4 Concentration of Zn in blood of RA patients according age categories

Element | Groups Mean+SD P-Value
Zn pg/dl | Patients 20-35 | 69.80d+11.01 | P<0.05
36-50 | 71.80d £ 7.05
51-70 | 69.73d +7.54
control group | 20-35 | 106.40 a + 18.08
36-50 | 80.67 c£8.93
51-70 | 90.60 b + 24.01

The serum zinc concentrations in patients with rheumatoid arthritis varied according to age. In patients aged 20-35
years, the zinc level was 69.80 + 11.01 pg/dl; in those 36-50 years, it was 71.80 = 7.05 pg/dl; and in the 51-70 years
group, it was 69.73 + 7.54 pg/dl. In the control group, the zinc concentrations were 106.40 + 18.08 pg/dl for the 20-35
years age group, 80.67 * 8.93 pg/dl for the 36-50 years age group, and 90.60 * 24.01 pg/dl for the 51-70 years age
group. These results indicate a marked decrease in serum zinc levels in all patient age groups compared to the control
group, with the lowest levels observed in the youngest and oldest patient groups, while the control group shows
relatively higher zinc levels with some age-related variations. Reduced serum zinc levels in rheumatoid arthritis
patients across different age groups may result from persistent chronic inflammation, which enhances zinc uptake and
retention by the liver and immune cells[39,40]. Age-related metabolic changes, increased oxidative stress, and
imbalances in trace elements may further lower zinc concentrations in older patients[41]. Moreover, insufficient dietary
intake and the impact of antirheumatic treatments can contribute to zinc deficiency across all age groups.
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Figure 4 The concentration of Zn in RA patients according age categories

4., Conclusion

The levels of the trace elements are shown to be significantly unbalanced in RA patients compared to healthy subjects,
namely, increased copper and reduced zinc. The age seems to have an impact on these parameters: copper is higher in
young individuals (as a result of active inflammation and increased secretion of ceruloplasmin) but diminishes in old
persons; Zn deficiency is still observed in all ages because of chronic inflammation, oxidative stress, metabolic changes,
inadequate diet intake, as well as treatment with antirheumatic drugs. These findings highlight the importance of
monitoring and managing copper and zinc levels to better understand disease activity and improve patient outcomes.
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