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Background: Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune illness. Oxidative stress such
as Malondialdehyde plays a major role in the pathophysiology of RA while antioxidants such as Coenzyme
Q10 play protect role against inflammation.

Objectives: The study aimed to compare serum concentrations of Coenzyme Q10 and Malondialdehyde in
rheumatoid arthritis patients and healthy controls and to evaluate how different types of treatment (biologics
and chemotherapy) influence serum levels of them in this disease.

Methods: The case-control study was conducted on 88 individuals (60 had been diagnosed with rheumatoid
arthritis and 28 healthy as (Controls). The patients were recruited from the Rheumatology Unit of Baghdad
Teaching Hospital in Baghdad, Iraq, during the period from November 2024 to March 2025. They were
subdivided into four groups according to the type of treatment (biology, biology & chemotherapy, biology &
other, chemotherapy & other). Serum investigations included measurements of anti-cyclic citrullinated
peptide antibody, high-sensitivity C-reactive protein, Coenzyme Q10, and Malondialdehyde, measured by
using Enzyme linked immunosorbent assay technique.

Results: The study found that the mean (+SD) values of Malondialdehyde were significantly highly
increased (705.77 + 168.83, p<0.0001), while that of Coenzyme Q10 was significantly lower (6.26 £+ 1.08,
p<0.0001) in RA patients. Also, the mean levels differed significantly among the treatment groups with the
biological therapy with the other group having the highest malondialdehyde (and the lowest Coenzyme Q10.
Conclusion: Patients exhibited significantly elevated levels of Malondialdehyde and reduced levels of
Coenzyme Q10, indicating oxidative stress. Treatment modalities significantly affect these biomarkers.
Keywords: Antioxidant; Coenzyme Q10; Malondialdehyde; Oxidative stress; Rheumatoid Arthritis.

Introduction:

Rheumatoid Arthritis (RA) is a symmetric polyarthritis
that affects several joints bilaterally, causing discomfort
and swelling in the hands and feet. The swelling is
largely in the wrists and joints, and morning stiffness
can continue for many hours. In contrast to psoriatic
arthritis, finger swelling is concentrated around the
joint. Both tiny and major joints may be implicated (1,
2). The exact cause of RA is unknown, but it is thought
to develop in individuals with inherited genetic factors,
after exposure to environmental triggers like cigarette
smoking and exogenous hormones such as medications
containing estrogen and progesterone/progestin, which
are used for contraception. This is followed by immune
activation, which results in the presence of
inflammatory markers and autoantibodies. clinically
evident articular disease occurs in the early rheumatoid
arthritis phase (3).
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Coenzyme Q10 (CoQ10), also known as ubiquinone, is
a lipid-soluble, vitamin-like compound that is essential
for the synthesis of cellular energy and serves as a
strong antioxidant shielding cells from oxidative
damage brought on by free radicals, protecting cells
from oxidative damage caused by free radicals (4). It is
synthesized in the mitochondria and is crucial for the
electron transport chain, facilitating ATP production,
particularly in high-energy-demand organs, such as the
heart and brain (5). Coenzyme Q10 (CoQ10) deficiency
has been implicated in various disorders, including RA,
due to its critical roles in mitochondrial function and
antioxidant defense. CoQ10 is essential for ATP
production in the electron transport chain and acts as a
lipid-soluble antioxidant, mitigating oxidative stress
caused by reactive oxygen species (ROS) (6). In RA,
increased oxidative stress and inflammation are
prominent, suggesting that CoQ10 deficiency may
exacerbate these conditions by impairing cellular
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energy metabolism and promoting apoptosis (7). Serum
malondialdehyde (MDA), a common biomarker of
oxidative stress, accumulates in human tissues and
indicates the presence of elevated oxidative stress
levels, which can exacerbate or cause various chronic
diseases across multiple body systems (8,9).
Malondialdehyde plays a significant role in the
pathogenesis of RA through its association with
oxidative stress and the immune response. Elevated
serum levels of MDA are observed in RA patients,
correlating with disease activity markers and
inflammatory cytokines like CRP and IL-6 (10,11).
The aim of the study was to investigate the oxidant-
antioxidant imbalance in patients with rheumatoid
arthritis by measuring the serum levels of CoQ10 and
MDA and to evaluate the effects of treatment types on
them.

Patients and Methods:

The case-control study was conducted in the
Rheumatology unit /Baghdad Teaching Hospital,
Medical City, Baghdad, Iraq, from November 2024 to
March 2025. A total of 88 subjects were included in this
study. Sixty of them were diagnosed by a consultant
rheumatologist to have had rheumatoid arthritis using
either the criteria established by the American College
of Rheumatology (ACR) in 1987 or the criteria
established by the European Alliance of Associations
for Rheumatology (ACR- EULAR) in 2010. These
patients were stratified into four main groups based on
their therapeutic protocols: group 1 [biology only;
biological Disease-Modifying Antirheumatic Drugs
(bDMARDs), n=22), group 2 (Biology +
chemotherapy; (bDMARDs) and Chemical
Conventional synthetic DMARDs (csDMARD:s)
agents, n=11), group 3 [(biology (bDMARDs) and
other (NSAIDs, simple analgesics, or corticosteroids),
n=18)], and group 4 [chemotherapy (csDMARDs) and
other, n=9)].

The inclusion criteria were adults over 18 years of age
of both the sex with established rheumatoid arthritis.
The control group consisted of 28 healthy subjects
selected from colleagues and relatives who were
healthy and not suffering from any acute or chronic
illness, like diabetes mellitus, thyroid disorders,
autoimmune diseases, osteoarthritis and rheumatoid
arthritis.

The exclusion criteria were pregnant women, diabetes
mellitus, thyroid gland disorders, those with any other
autoimmune disorders such as osteoarthritis, systemic
lupus erythematosus (SLE), multiple sclerosis, and
those on supplement of CoQ10, based on history,
physical examination, and laboratory results including
Thyroid stimulating hormone (TSH), antinuclear
antibody (ANA) and hemoglobin Alc (HbAlc).

A Comprehensive medical history was collected for
each participant, documenting basic demographic and
clinical data, including age, sex, weight, height, and the
duration of the disease. Body mass index (BMI) was
calculated for all participants according to global
equation: BMI= [weight (Kg) / height (m?)].

Five milliliters (ml) of blood were aspirated from the
peripheral vein of each patient and control group and
permitted to coagulate for 15 minutes, subsequently
centrifuged for 10 minutes at 2500 rpm. The isolated
serum was preserved at -45°C until the day of
laboratory analysis, which included measurements of
Malondialdehyde, Coenzyme Q10, anti-cyclic
citrullinated peptide (anti-CCP), and high sensitive- C
reactive protein (hs-CRP). Malondialdehyde was
measured using a semiautomatic ELISA Reader
(Human Reader, by the Human Diagnostic USA
company, Elabscience, the principle of the ELISA
technique was a Competitive-ELISA principle and
measurements of Coenzyme Q10 by the Human
Diagnostic USA company ELK Biotechnology the
principle was also Competitive-ELISA principle. The
measurement of anti-CCP by Human Diagnostic China
company, Fine Test, the principle was indirect-ELISA
and hs-CRP was performed by the Human Diagnostic
USA company, Elabscience using Sandwich-ELISA
principle.

Statistical Analysis was done using the Med Calc
Statistical Software version 20.110 and IBM SPSS
version 26.0 which described the data wusing
percentages, means, and standard deviation (£ SD).
Data distribution was found to be normal and the
ANOVA test was used to assess the differences
between means of numerical data when more than two
means were tested. The only exception is that of disease
duration which has non-normal distribution and a wide
range. The correlation between the numerical data was
evaluated using the Pearson correlation regression. A P
value of < 0.05 was considered significant.

Results:

A total of 88 participants were enrolled in this study,
comprising 60 patients with Rheumatoid Arthritis (RA)
and 28 healthy controls. The sex distribution, age, body
mass index, and duration of disease in studied groups
are summarized in Table 1. The analysis of sex
distribution between the RA and control groups showed
no significant difference. Both groups showed a
predominance of female participants. The RA group
was significantly older than the control group
(P<0.0235), while body mass index (BMI) was not
significantly different between the groups. Disease
duration data were only applicable to the RA group,
with a median of 18.0 years (Table 1).

J Fac Med Baghdad

Volxx. No.x, 2025



RA Therapy Effect on Oxidative Markers

Nagham Y. Mohsin et al

Table 1: Demographic characteristics of study participants

Parameter Rheumatoid arthritis Group  Control Group (n=28) P value
(n=60)

gender M

Female 51 (85.0%) 22 (78.6%)

Male 9 (15.0%) 6 (21.4%) 0.4

Age (years) 48.20 +£10.63 42.86 £ 8.91 0.0235°

Body mass index ™ (kg/m?) 29.70 £ 6.01 30.5+4.5 0.5208

Disease duration (years) median 18 N/A

Independent #-test revealed: NS: non-significant differences in sex distribution and BMI, e significant difference in age.

Table 2 showed a comparative analysis of four studied
biomarkers including anti-CCP, hs-CRP, CoQ10, and
MDA between rheumatoid arthritis patients and healthy
control subjects. The mean value of Anti-CCP and hs-
CRP were significantly increased in RA patients in
comparison with the control group (P <0.0001). In
addition, the mean of MDA levels was significantly

elevated in RA patients compared to control subjects (p
<0.0001), representing a 210% increase in the RA
group. While, the mean CoQI10 Ilevels were
significantly lower in RA patients compared to control
subjects (P< 0.0001), representing a decrease of
approximately 51% in the RA group.

Table 2: Mean (£SD) values of anti-cyclic citrullinated peptide antibody, high-sensitivity C-reactive protein,
malondialdehyde, and Coenzyme Q10 in rheumatoid arthritis and control groups

Parameter Control group n=28 RA patient P value
n=60

Anti-CCP (ng/ml) 10.43 +£2.24 16.52+4.17 <0.0001°

hs-CRP (ng/ml) 140.03 +21.48 238.37 +83.11 <0.0001°

MDA (ng/ml) 227.75 £26.15 705.77 + 168.83 <0.0001°

CoQ10(ng/ml) 12.84 +1.33 6.26 £ 1.08 <0.0001°

t-test revealed: e significant differences in studied parameters between two groups. Anti-CCP (anti-cyclic citrullinated
peptide antibody), hs-CRP (high-sensitivity C-reactive protein), MDA (malondialdehyde) and CoQ10 (Coenzyme Q10)

Table 3 and Figures (1 &2) presented a comparative
analysis of age, BMI, anti-CCP, hs-CRP, MDA, and
CoQ10 of the four subgroups (biology, biology, and
chemotherapy, biology+ other, and Chemotherapy+
other) of RA patients according to the type of treatment.
A significant difference was observed in mean MDA
levels across treatment groups (P£=0.0300). The biology
+ other group exhibited the highest MDA levels,
differing significantly from certain other groups. Serum
CoQ10 showed the highest levels in biology. only group

and the lowest in the biology +other group. The mean
(£SD) values of coenzyme Q10 levels of biology+ other
and chemotherapy+ other were significantly lower than
that of biology only (p < 0.001). Also, the mean value
of coenzyme Q10 levels of biology+ other was
significantly lower than that of biology+ chemotherapy
(»=0.01). Also, the mean value of coenzyme Q10 of
chemotherapy+ other was significantly lower than that
of biology+ chemotherapy (p =0.03).

Table 3: Mean (= SD) values of Rheumatoid arthritis subgroups according to type of treatment (biology,
biology+ chemotherapy, biology+ other, and chemotherapy+ other)

Parameter Biology only Biology (bDMARDs) Biology (bDMARDs) Chemotherapy P value

(n=22) + chemotherapy + other (csDMARD:s)

(bDMARDs) (csDMARD:s) n=18 + other

n=11 n=9

Age(years)™ 46.77 £ 13.01 49.82 +8.15 47.17+9.94 51.78 £8.42 0.6172
BMI (kg/m?) 29.17+7.20 29.56 +4.95 30.23+5.88 30.12+4.99 0.9516
NS
Anti- 15.47+£4.01 17.30 £5.28 17.06 +4.06 17.04 +£3.34 0.5377
CCP(ng/ml)
hs-CRP 244.56 £93.21 194.00 +35.42 263.91 +85.38 226.39 +81.49 0.1609
(ng/ml)
MDA (ng/ml)  643.26* +208.12 658.74 £ 146.45 783.69* £ 128.04 760.20 + 63.95 0.0300°
CoQ10(ng/ml)  6.95*° £ 0.92 6.56°+ 0.81 5.73*£0.92 5.25%£0.75 <0.0001°

ANOVA and independent #-tests were used for statistical analysis; ® significant differences, NS: non-significant differences.
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Figure (1): Mean serum level of Coenzyme Q10 in Rheumatoid Arthritis patients across treatment types.

The mean+ SD of malondialdehyde levels of biology+ other was significantly higher than biology only (p=0.02; Figure

2).
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Figure (2): Mean serum level of Malondialdehyde in Rheumatoid Arthritis patients across treatment types.

Discussion:

The current study revealed a higher prevalence of
rheumatoid arthritis (RA) among females compared to
males, which is consistent with the known higher
prevalence of rheumatoid arthritis among women in the
general population, aligning with the well-documented
greater incidence of RA in women within the general
population. This finding corroborates the results
reported by Aldouri ef al. (12) & Al-Jumaily et al. (13).

The mean body mass index BMI was in the overweight
to obese, suggesting greater variability in body
composition among RA patients. This finding is
consistent with the result of Feng X ef al. study which
demonstrated that elevated BMI correlated with an
increased risk for rheumatoid arthritis (14). and another
study that was done in Egypt, found that 25.8% of the
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RA patients had normal weight and the others had
overweight or obesity (15).

In the present study, Coenzyme Q10 level was
significantly lower in RA patients. This substantial
reduction in Q10 levels among RA patients indicates a
marked depletion of this antioxidant in the disease state.
This result was in agreement with those reported by
Gvozdjakova et al. (2021) study have shown that RA
patients exhibited significantly reduced platelet CoQ10
levels compared to healthy controls, which may
contribute to mitochondrial dysfunction and increased
oxidative stress in these individuals. This substantial
reduction in Q10 levels indicates a marked depletion of
this antioxidant in the disease state. This supports its
potential utility for RA and suggests possible
therapeutic implications targeting antioxidant pathways
(16). Another study that found CoQ10 supplementation
in rheumatoid arthritis patients enhanced clinical results
and reduced disease severity. CoQ10 may offer a novel
adjunctive strategy for those with rheumatoid arthritis.
(17). Malondialdehyde levels were significantly
elevated in RA patients. This elevated indicates
significantly increased oxidative stress in RA patients
and may serve as a valuable marker for monitoring
disease activity and oxidative burden.

This finding is consistent with the result of Saced U et
al. (2024) elevated levels of MDA in RA patients
highlighted their significance as oxidative stress
indicators, representing the continuous inflammatory
process and probable joint damage in RA (18).

The malondialdehyde levels of biological therapy with
other treatments were significantly higher than biology
therapy only, while the opposite of the anti-oxidant
substance, the CoQ10. These results reflect the high
content of oxidant materials in NSAIDs, analgesics,
glucocorticoids, and bypass products from their
metabolism.

These results indicate the significant effects of
supportive drugs like NSAID and glucocorticoid ones
in potentiating reactive oxygen species and reducing the
anti-oxidant substances. de Paz et al. (2024) found that
only the consumption of NSAIDs shown a significant
negative link with MDA, whereas DMARDs exhibited
a non-significant association with MDA levels (19).
Nonsteroidal anti-inflammatory drugs (NSAIDs),
including ibuprofen and celecoxib, alleviate pain and
inflammation by decreasing cyclooxygenase (COX)
activity. While they offer symptomatic relief, they do
not alter the disease trajectory or avert joint
deterioration. The prolonged use of NSAIDs is linked
to gastrointestinal toxicity, nephrotoxicity, and
cardiovascular problems, particularly in patients with
concomitant conditions. (20). Glucocorticoids are
powerful anti-inflammatory and immunosuppressive
compounds. Short-term use can yield considerable
clinical relief; however, prolonged medication results in
severe adverse effects, including osteoporosis,
hypertension, diabetes, and an elevated risk of

infection. (21). Antioxidants have demonstrated
protective benefits against tissue damage in certain
trials and may result in clinical improvement for these
patients. (22). This is thought to result from antioxidant
molecules mitigating inflammation by influencing the
NF-kB transcription factor in rheumatoid arthritis
patients. A recent study demonstrated that coenzyme
Q10, a fat-soluble antioxidant, reduced serum MDA
levels and the pro-inflammatory cytokine, TNF-a, in
rheumatoid arthritis. (23). Bilski& Nuszkiewicz
concluded that Oxidative stress is a critical factor in the
etiology of rheumatoid arthritis, exacerbating
inflammatory processes and leading to the degradation
of joint structures. Antioxidant therapy, encompassing
both pharmaceutical and nutritional methods,
represents intriguing adjuncts to conventional
rheumatoid arthritis treatment. Current
pharmaceuticals mostly on immunological modulation
and inflammation reduction, neglecting redox
equilibrium. Consequently, they fail to adequately
mitigate oxidative damage, potentially resulting in
additional joint deterioration, despite managing
inflammation (24,25).

Limitations:

Inability to incorporate newly diagnosed participants
with RA due to the scarcity of cases observed
throughout the study period. Also, the incomparable
patients’ number in different groups of treatment types,
and the doses and duration of used drugs.

Conclusion:

Rheumatoid Arthritis patients exhibited significantly
elevated levels of MDA and reduced levels of
CoQl0indicating  oxidative  stress.  Treatment
modalities significantly affect these biomarkers. The
group with biological therapy alone showed the most
favorable profile (highest CoQ10 and lowest MDA
levels). While the biological therapy with supportive
treatment group exhibited the opposite pattern.
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