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Abstract
Rheumatoid arthritis (RA) is an autoimmune disorder that is a painful health crisis. This study aimed to assess the serum C-
reactive protein (CRP), malondialdehyde (MDA), non-enzymatic antioxidant (vitamin C), and trace elements (Zn, Cu, Mn, and
Fe) in RA patients, and thereby correlate these parameters with the association of RA. This study included 20 Bangladeshi RA
patients and 20 normal healthy volunteers as control subjects. CRP level was determined using a laboratory-based latex
agglutination–enhanced immunoassay. The lipid peroxidation level was determined by measurement of the serum level of
MDA. Non-enzymatic antioxidant vitamin C was assessed by UV spectrophotometric method. Trace elements were determined
by atomic absorption spectroscopy (AAS). Our study observed significantly higher concentrations of CRP (p < 0.001) and MDA
(p < 0.001), and significantly lower concentrations of vitamin C (p < 0.001) in the RA patient. The mean values of Zn, Cu, Mn,
and Fe were 6.62 ± 0.34, 1.42 ± 0.17, 7.51 ± 0.23, and 29.25 ± 0.41 ppm for the RA patients respectively and 13.57 ± 9.13, 1.15
± 0.17, 1.59 ± 0.18, and 62.47 ± 5.25 ppm for the control subjects, consequently. There was a significant difference (p < 0.05) in
the trace element levels between the RA patients and control subjects. Our study suggests that a higher concentration of CRP and
MDA, lower levels of vitamin C, and altered trace elements may be linked to RA.
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Introduction

Rheumatoid arthritis (RA) is a severe autoimmune disorder
with various types of immunological and clinical difficulties
[1, 2].Worldwide, it affects 0.5–1% of the population. Among
the rural population of Bangladesh, the prevalence of RA is
0.7% and 0.4% in the city dwellers [3]. The prevalence of RA
patients in Bangladesh is increasing with time and is a
neglected medical problem in this country. RA is becoming
a major health crisis in Bangladesh due to the lack of proper
management of the disease. It is a progressive autoimmune
disease characterized by synovitis, articular damage, swelling
of joint, motion impairment, morning stiffness, fatigue, phys-
ical disabilities, weight loss, malaise, etc. [4, 5]. It is also
associated with cardiovascular, skeletal, pulmonary disorders,
and early death [6].

Although it can affect individuals of any age, it typically
has a gradual appearance occurring in 80% of patients of 35–
50 years of age. It tends to occur in families more in women
than in men (3:1) [7, 8]. In many populations around the
world, complex genetic and environmental influences are cor-
related with RA. HLA DRB1*0404 allele is the strongest
susceptible factor associated with RA. Though genes only
explain half of the genetic effect. Many other factors may be
involved [9]. In recent years, several studies are trying to offer
new views on the disease mechanism of RA. There are several
treatment options that tackle RA, but different patients need
different treatment options to benefit. Identifying biomarkers
to target the right patients for the right therapies will bring
immediate benefits to patients in RA. Many treatment options
such as biologic drugs are very costly. Still, now more studies
are needed to better understand RA and achieving better ther-
apy for RA [6, 10].

C-reactive protein (CRP) is an acute-phase protein devel-
oped by liver hepatocytes. CRP is a precise marker of inflam-
mation [11]. Increase level of CRP is associated with the in-
flammation [12]. CRP can be used as a pathological tool for
the measurement of inflammation in RA. Although the exact
disease mechanism of RA is yet to be known, it is believed
that reactive oxygen species (ROS) play an important role in
the pathogenesis of RA [7]. ROS attacks polyunsaturated fatty
acids (PUFA) of cell membranes and induces lipid peroxida-
tion [12]. The elevated level of lipid peroxidation, hydrogen
peroxide, and superoxide in plasma and red blood cells (RBC)
induces oxidative stress in RA [13, 14]. Cells have several
endogenous antioxidants, enzymes, and chemicals to defend
from ROS-induced attacks [15]. Malondialdehyde (MDA) is
the parameter of oxidative stress and is the lipid peroxidation
product that is used to determine the level of damage of cell
membrane lipid by ROS. Cell membrane permeability is af-
fected by elevated levels of MDA. The elevated levels of
MDA are counteracted by various enzymatic and non-
enzymatic antioxidants through the conversion of superoxide

free radicals to hydrogen peroxide and oxygen molecule
[16–18]. Hydrophilic vitamin C is a non-enzymatic antioxi-
dant which undermines the ROS-induced tissue and cell dam-
age and protects it [16, 19]. It works immediately against
hydrogen peroxides and ROS [20].

Trace elements in minute amounts are essential for the
healthy balance of human health. But, imbalances of the
amount of trace elements lead to various hazardous effects.
Trace elements are an important component of larger mol-
ecules and have definite structural and catalytic functions
for life [21]. Zinc (Zn), copper (Cu), manganese (Mn), and
iron (Fe) are important trace elements required for healthy
regulation of human health. Zn plays a diverse function in
human health including regulation of normal growth and
cell division, metabolism of protein, wound healing, im-
mune function, metabolic function, and antioxidant activi-
ty [22, 23]. Inadequate level of Zn leads the way of intra-
cellular killing, phagocytosis, the formation of cytokines,
and injurious effects of B and T cells [21]. Cu is an impor-
tant component of enzymes and has various functions in-
cluding oxygen and electron transport; protection of the
cell against ROS-induced injury [24, 25]. It also produces
hemoglobin; modulates myelin function, melanin, and thy-
roid normal activity; and functions as antioxidant and pro-
oxidant [26, 27]. Moreover, it is essential for cartilage min-
eralization, elastin, and collagen constitution, cartilage
cross-linking and bony structures [28]. Lack of Cu in the
human body affects the antioxidant defense system, reduc-
tion of hemoglobin, and leads to the generation of the in-
flammatory response and oxidative stress [21, 29]. Mn is
also an important trace element involved in cellular energy
production, bone growth, and reproduction. It also associ-
ated with blood clotting factors and connective tissue for-
mation [30]. It regulates neurotransmitters and involved in
the muscle or nerve dysfunction. Imbalance of Mn is asso-
ciated with various diseases [31]. Again, Fe is also a major
constituent of several metalloproteins and plays a bio-
chemical function in electron transport, oxygen transport,
and catalytic activity [32]. It is also a component of hemo-
globin and myoglobin. It is essential for DNA synthesis,
normal growth, healing, and immune functioning [33].
Deficiency of Fe causes anemia but an elevated level of
Fe is toxic which develops ROS [34]. It is also reported
that Fe-related oxidative damage is linked to diseases [21].
Although various earlier studies had been carried out to
evaluate the effect of oxidative stress in RA, there is lack
of data regarding the correlation among oxidative stress,
trace element, and aspect of inflammation in RA. Taking
the above consideration in mind, for the first time in
Bangladesh, this current study aimed to investigate oxida-
tive stress and inflammation and to measure serum Zn, Cu,
Mn, and Fe level, and their correlation with other findings
in Bangladeshi RA patients.
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Materials and Methods

Study Design and Blood Sample Collection

This case-control study is carried out in the Department of
Medicine, Dhaka Medical College and Hospital (DMCH),
Dhaka. The ethical committee of the DMCH approved the
research protocol and gave ethical permission (reference no:
MEU-DMC/ECC/2016/160). This study included 20 RA pa-
tients and 20 normal healthy volunteers as control subjects
based on gender. Patients with synovial inflammation, joint
pain, and damage to the joint cartilage or bones reported on
their X-ray examination were recruited by a physician for the
study. The study included only active RA patients greater than
18 years old. Patients who suffered from other connective
tissue diseases and did not wish to take part in the study were
excluded. Each RA patient and control subjects gave verbal
and written consent about the study and the documents were
collected. In all investigations, principles of the Declaration of
Helsinki were followed. The patients having respiratory, car-
diovascular, and pathologic disorders other than RAwere ex-
cluded in the study. RA patients were enrolled by physician
recommendation. The subjects recruited in the study had not
taken any type of antioxidants and trace elements other than
RA therapy that may interfere with the level of antioxidants
and trace elements. With the help of a predesigned question-
naire, sociodemographic and anthropometric data were col-
lected. Different biological features including age, height,
weight, and blood pressure were also collected for both RA
and control groups.

Five milliliters of blood was taken from each RA and con-
trol group subjects after overnight fasting. Then the blood
sample was kept to clot for 1 h at room temperature and after
centrifugation at 3000 rpm for 15 min, serum from the blood
samples was kept into microtubes and stored at − 80 °C until
further analysis. These stored samples were used for measur-
ing the amount of serum concentration of lipid peroxide
(MDA), antioxidant vitamin C, CRP, and trace elements.

Chemicals and Reagents

All reagents and chemicals used for the study were of analyt-
ical grade from a renowned company. Standards of zinc, cop-
per, iron, and manganese were bought from Buck Scientific,
USA. α-Tocopheryl acetate standard applied in this study was
obtained from Sigma Chemical Co., USA. HPLC grade
chemicals and reagents were purchased from Active Fine
Chemicals Limited, Dhaka, Bangladesh, for HPLC-based
analysis. Hydrochloric acid (37%) and nitric acid were pur-
chased fromMerck, Germany. Other accessories and required
chemicals of acceptable grade were provided by the laboratory
of the Department of Pharmacy, Noakhali Science and
Technology University.

Statistical Analysis

All the values of MDA, antioxidant vitamin C, CRP, and trace
elements were showed as the mean ± standard deviation (SD).
The values were compared between the RA patients and the
controls with independent sample t tests. Pearson’s correlation
was also used to correlate among various study parameters
and p < 0.05 was considered to be statistically significant.
The statistical analysis of data was executed using SPSS sta-
tistical software, version 19.0 (Armonk, NY: IBM Corp.)

Determination of CRP

Serum CRP concentrations were determined using a
laboratory-based latex agglutination–enhanced immunoassay
and also semi-quantitatively by the CRPWellcotest rapid latex
test kit (Wellcome Diagnostics, Dartford, England) following
the method described by Richards et al. [34]. Initially, samples
were diluted 1/2, 1/4, 1/8, and 1/16 in normal saline for semi-
quantitative estimation, as recommended by the manufac-
turers. Fifty microliters of the diluted serum was then added
to one drop of CRP latex from the Wellcotest kit and these
were mixed on a glass slide. After 2 min, the presence of any
agglutination was observed under artificial light and was re-
corded and interpreted as a positive result [35].

Quantification of MDA Level

Serum MDA level was measured according to the previously
published method [36, 37] using thiobarbituric acid (TBA)
reagent. The absorbance of the supernatant was measured
spectrophotometrically at the absorbance of 530 nm and the
level of MDAwas showed as nmol/mL.

Determination of Vitamins C

To measure the vitamin C (ascorbic acid) concentration by a
spectrophotometric-based phenyl-hydrazine method was used
[38]. The absorbance of 520 nm was used for the sample and
standard.

Determination of Trace Elements

The serum level of trace elements was measured by flame
atomic absorption spectrometry (FAAS) following the method
with a slight change described in the previously published
article [39, 40]. A serum sample is diluted with deionized
water 1:10 dilution and different concentrations of minerals
(0.5, 1.0, 2.0, 5.0, and 10.0 mg/L) were used to prepare the
calibration curve. Then the concentrations of trace elements
were measured by reading the absorbance’s at 213.9, 324.8,
279.5, and 248.3 nm for Zn, Cu, Mn, and Fe respectively.
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Results

This study incorporated RA patients as cases and normal
healthy volunteers as controls. Socio-demographic parameters
in RA patients and control subjects are shown in the following
tables.

Socio-demographic Profile

Table 1 presents the socio-demographic features of both RA
patients and controls involved in the study. The average age of
the RA patients and control subjects was 36.95 ± 2.22 and
32.20 ± 2.67 years respectively. Women are more prone to
RA as we have seen that among the 20 RA patients on the
study, 75% (n = 20) were women. In this study, it was also
observed that patients from the urban area had higher preva-
lence of RA than those from the rural area as 65% and 35% of
patients were located from an urban and rural area in compar-
ison with that of 60 and 40% for control subjects respectively.
This study explored that most of the patients were housewife
in both RA patients and control subjects (70% vs 75%) and the
remaining small portions were of the student (20% vs 20%),
service holder (5% vs 0%), and businessman (5% vs 0%).
Analysis of the educational status of the RA explored that
5% of them were illiterate while 10, 70, 10, and 5% continued
their study up to primary, secondary, higher secondary, and
graduate respectively, whereas in the control subjects, these
were 0, 15, 65, 15, and 5% respectively.

Anthropometric, Clinical, and Biochemical Parameters

Anthropometric and biochemical data of the study population
are shown in Table 2. The average values of body mass index
(BMI) were 22.38 ± 0.84 for RA patients and 23.39 ± 0.36 kg/
m2 for the control subjects respectively. The mean values of
systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were 125.15 ± 4.27 and 82.00 ± 2.89 mmHg for RA
patients group while for the control subjects 121.24 ± 2.39
and 78.92 ± 1.14 mmHg respectively.

CRP, MDA, and Antioxidants (Vitamin C) Level

CRP, MDA, and vitamin C levels of the study population are
presented in Fig. 1. The serum level of CRP was found 38.12
± 6.98 and 3.16 ± 0.21 in RA patients and control subjects,
respectively, which was statistically significant (p < 0.01).
MDA level was found in RA patients 3.85 ± 0.34 nmol/mL
which was significantly (p < 0.01) higher in comparison with
that of 1.76 ± 0.15 nmol/mL for control subjects. Statistical
analysis of vitamin C concentration showed a significantly
(p < 0.01) lower level in RA patients compared with control
subjects where the mean concentration of vitamin C was
found 24.00 ± 3.69 and 31.51 ± 1.64 μmol/L for RA patients
and control subjects respectively.

Correlation of Anthropometric and Clinical
Characteristics with Serum MDA and Vitamin C

Correlation analysis was performed between variables pre-
sented in Table 3. There is a significant (p < 0.05) positive
correlation between age and DBP in both RA patients (r =
0.451, p = 0.046) and control subjects (r = 0.831, p = 0.000).
In RA patients, there is a significant (p < 0.05) positive corre-
lation between SBP and DBP (r = 0.893, p = 0.000), and CRP
and vitamin C (r = 0.513, p = 0.021). In control subjects, there
is significant (p < 0.05) positive correlation between DBP and
vitamin C (r = 0.479, p = 0.015). All other positive and nega-
tive correlation was not statistically significant.

Status of Trace Elements in the Study Population

The mean concentrations of trace elements for RA patients
and control subjects are given in Fig. 2; where control subjects
showed maximum Zn and Fe value either than RA patients
that was 13.57 ± 9.13 ppm and 62.47 ± 5.25 ppm respectively.
The difference between the values obtained for these two
groups was found statistically significant (p < 0.01). But the
mean concentrations of Cu and Mn were significantly
(p < 0.05) higher in RA patients than in control subjects that
were 1.42 ± 0.17 ppm and 7.51 ± 0.23 ppm, respectively for
RA patients.

Table 1 Socio-demographic profile of the study population

Variables RA patients Control subjects p value

Age in years, mean (SD) 36.95 (2.22) 32.20 (2.67) 0.364

Sex, value, n (%)

Male 05 (25) 05 (25) -

Female 15 (75) 15 (75)

Area of residence, value, n (%)

Urban 07 (35) 8 (40) -

Rural 13 (65) 12(60)

Occupation, value, n (%)

Service 1 (5) 1(5)

Business 1 (5) 0 (0) -

Housewife 14 (70) 15 (75)

Student 4 (20) 4(20)

Educational Status, value, n (%)

Illiterate 1 (5) 0 (0)

Primary 2 (10) 3 (15)

Secondary 14 (70) 13 (65) -

Higher secondary 2 (10) 3 (15)

Higher studies 1 (5) 1(5)

SD, standard deviation
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Effect of Age, BMI, SBP, DBP, CRP, MDA, and Vitamin
C on Serum Trace Elements of RA Patients

The data of RA patients were further analyzed to determine
the effect of age, BMI, SBP, DBP, and CRP on the serum trace
elements level in RA patients (Table 4). We observed a signif-
icant (p < 0.05) positive correlation between age and Cu (r =
0.518, p = 0.019), CRP and Cu (r = 0.609, p = 0.004), and
vitamin C and Cu (r = 0.451, p = 0.046). We also observed
significant (p < 0.05) negative correlation between CRP and
Fe (r = − 0.588, p = 0.006), and vitamin C and Fe (r = − 0.469,
p = 0.037).

Inter-element Correlations

This study identified inter-element associations between
patients with RA and control subjects for the trace ele-
ments tested. Table 5 depicts the correlation coefficient
and the rate of statistical confidence at which the cor-
relations were calculated. The test showed that patients
with RA and control subjects had a negative correlation
between Zn and Mn, Cu and Fe, and Mn and Fe. The
association between Zn and Cu and Fe was positive in
RA patients but negative in control subjects. Only con-
trol subjects demonstrate statistically significant
(p < 0.05) negative correlation (r = − 0.486, p = 0.014)
between Cu and Fe. But for both study classes, all other

positive and negative association between inter-element
correlations was not considered statistically significant.

Relative Mole Percentage andMole Percentage Ratios

Figure 3 demonstrates the relative mole percentage of the
tested elements. Then, the relative mole percentage ratios of
the elements were calculated. Our data exhibited that the ele-
ment to element mole percentage ratios, namely, Zn/Cu, Zn/
Mn, Cu/Fe, Cu/Mn, Cu/Fe, Mn/Fe were dissimilar in the RA
patients relative to controls (Table 6).

Table 3 Correlation of anthropometric and clinical characteristics with
serum MDA and vitamin C in the study population

Correlation Parameters RA patients Control subjects

r p r p

Age and BMI 0.260 0.268 − 0.233 0.263

Age and SBP 0.435 0.055 − 0.144 0.493

Age and DBP 0.451 0.046* 0.831 0.000*

Age and MDA 0.157 0.510 − 0.254 0.221

Age and vitamin C 0.086 0.719 0.319 0.121

Age and CRP 0.290 0.215 − 0.13 0.534

BMI and SBP 0.130 0.586 − 0.226 0.277

BMI and DBP 0.277 0.237 − 0.315 0.125

BMI and MDA 0.300 0.199 − 0.104 0.621

BMI and vitamin C − 0.083 0.729 − 0.308 0.134

BMI and CRP − 0.269 0.251 − 0.119 0.571

SBP and DBP 0.893 0.000* − 0.263 0.204

SBP and MDA 0.228 0.334 − 0.099 0.637

SBP and vitamin C 0.346 0.135 0.099 0.637

SBP and CRP 0.419 0.066 0.058 0.785

DBP and MDA 0.219 0.353 − 0.126 0.547

DBP and vitamin C 0.301 0.197 0.479 0.015*

DBP and CRP 0.262 0.264 − 0.042 0.841

CRP and MDA − 0.160 0.501 0.321 0.118

CRP and vitamin C 0.513 0.021* − 0.004 0.986

MDA and Vitamin C − 0.275 0.240 − 0.157 0.453

r, correlation coefficient; p, significance; Negative values specify oppo-
site correlation; *Correlation is significant at 0.05 levels (two-tailed)

Table 2 Anthropometric,
clinical, and biochemical
parameters of the study
population

Parameters RA patients Control subjects p value

BMI, mean (SD) 22.38 ± 0.84 23.39 ± 0.36 0.306

SBP (mmHg), mean (SD) 125.15 ± 4.27 121.24 ± 2.39 0.361

DBP (mmHg), mean (SD) 82.00 ± 2.89 78.92 ± 1.14 0.571

Duration of treatment (months), mean (SD) 8.90 ± 1.16 - -

SD, standard deviation; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure
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Fig. 1 Mean serum concentration of CRP,MDA, and vitamin C in patient
and control groups. Double asterisks indicate p < 0.01 (significant
difference between RA and control subjects at 95% confidence interval)
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Discussion

Our study principally focused to identify several biochemical
parameters that may play a key role in the pathogenesis of RA.
We had also analyzed the socio-demographic characteristics
of the study subjects and tried to find out the relationship of
these parameters with the disease progression. In this study,
we observed an increased level of serum CRP and MDA and
decreased level of vitamin C in RA patients than in control
subjects which indicates the imbalance of oxidant and antiox-
idants in the body. It also observed that low serum concentra-
tions of Zn and Fe and higher serum concentrations of Cu and
Mn strongly associated with RA patients.

CRP is the marker of systemic inflammation. An elevated
level of CRP indicates higher inflammation in the body. It is
thought that the increased level of CRP is linked in the inflam-
mation of rheumatoid disorder [41]. Our study observed a
significantly higher level of CRP in RA patients than in con-
trol subjects (p < 0.001). The previous study also reported a
higher level of CRP in RA patients than in controls [42].

Oxygen radical generates a free radical chain reaction
which leads to the production of lipid peroxides. Lipid perox-
ide destroys the essential antioxidant enzymes. The antioxi-
dant helps in the removal of oxygen radicals. MDA is the final
product of lipid peroxidation which is responsible for oxida-
tive stress and oxidative stress is the cause of various diseases
including rheumatoid arthritis, osteoarthritis, and atheroscle-
rosis. So, the balance between oxygen radicals and antioxidant
enzymes is important [7, 36]. The previous study reported an
increased level of lipid peroxidation in RA patients [41, 43].
Our study also observed a significantly higher level of lipid
peroxidation in RA patients than in control subjects
(p < 0.001). In contrast, another study with RA patients found
no difference in lipid peroxidation level between RA patients
and control subjects [44].

Table 4 Effect of age, BMI, SBP, DBP, CRP, MDA, and vitamin C on
serum trace elements of RA patients

Correlation parameters Zn Cu Mn Fe

Age (years) r 0.057 0.518 − 0.256 − 0.152
p 0.810 0.019* 0.275 0.524

BMI (kg/m2) r − 0.100 − 0.040 0.054 0.096

p 0.674 0.867 0.822 0.687

SBP (mmHg) r − 0.006 0.282 − 0.046 − 0.031
p 0.982 0.229 0.848 0.895

DBP (mmHg) r − 0.164 0.143 0.042 − 0.102
p 0.490 0.549 0.861 0.669

CRP r − 0.063 0.609 0.019 − 0.588
p 0.793 0.004* 0.935 0.006*

MDA r − 0.017 − 0.059 − 0.232 0.340

p 0.944 0.804 0.324 0.142

Vitamin C r − 0.185 0.451 0.376 − 0.469
p 0.434 0.046* 0.103 0.037*

r, correlation coefficient; p, significance; Negative values specify oppo-
site correlation; *Correlation is significant at 0.05 levels (two-tailed)

Fig. 2 Distribution of serum Zn, Cu, Mn, and Fe concentrations in RA
patients and normal healthy subjects. Double asterisks indicate p < 0.001
and single asterisk indicates p < 0.05 (significant difference between RA
and control subjects at 95% confidence interval)

Fig. 3 Relative mole percentages of the elements in the serum samples of
patients and controls. Values are represented in parts per million (ppm)

Table 5 Comparison of inter-element correlation between RA patient
and control subjects

Correlation Parameters RA patients Control subjects

r p r p

Zn and Cu 0.199 0.400 − 0.313 0.128

Zn and Mn − 0.260 0.268 − 0.334 0.102

Zn and Fe 0.306 0.190 0.151 0.471

Cu and Mn 0.160 0.502 0.302 0.142

Cu and Fe − 0.397 0.083 − 0.486 0.014*

Mn and Fe − 0.262 0.265 − 0.043 0.839

r, correlation coefficient; p, significance; Negative values specify oppo-
site correlation; *Correlation is significant at 0.05 levels (two-tailed)
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Antioxidants provide defense against oxidative damage by
the prevention of lipid peroxidation. It helps in inactivating the
oxygen radicals. Vitamin C acts as co-factor in various enzy-
matic reactions. It works against inflammatory biomarkers
[45]. Our study found that the level of antioxidant vitamin C
was significantly (p < 0.01) depleted in RA patients when
compared with the control subjects. Pearson’s correlation
analysis confirmed that there was a negative correlation be-
tween the serum level of MDA and vitamin C in both patient
and control groups. This may be due to the fact that vitamin C
may utilize to a greater extent to counteract lipid peroxidation
of cellular components, hence resulting in the depletion of this
antioxidant level [46]. The previous study also reported a low
level of vitamin C in RA patients than in controls [7, 47].

Trace elements present in a very minute amount in the
human body and involve in immune functioning. Numerous
reports suggest the involvement of trace elements in RA. An
imbalance in trace elements causes harmful effects for the
body [37]. In this study, we measured the serum level of Zn,
Cu, Mn, and Fe. Zn is an important trace element that has
potential antioxidant activity by acting as cofactor many en-
zymes. It also protects from aging [48]. Alteration of zinc
metabolism is associated with RA. Leucocytes and activated
phagocytes secrete some interleukins which cause Zn defi-
ciency by interfering transport of Zn from plasma to the liver
[49]. The previous study reported a lower level of Zn in RA
patients than in controls [50]. These observations are similar
to our findings that presented significantly decrease the level
of Zn in RA patients than in control subjects (p < 0.001). In
contrast, another study with RA patients found no difference
in Zn in RA patients and control subjects [51]. An adequate
level of Cu is essential for normal regulation of human health.
Inflammation is a major problem in RA patients. An elevated
level of Cu is associated with inflammation [52]. Our study
found a significantly higher level of Cu in RA patients when
compared with control subjects (p < 0.001). The previous
study also reported higher level of Cu in RA patients than in
controls [51]. Our study also found reduced Zn/Cu ratio. This
may be the result of a decreased level of Zn and an increased
level of Cu. Decrease Zn/Cu ratio is the result of malnutrition.
An earlier study reported that alteration of the Zn/Cu ratio

causes atherosclerosis [50]. Mn is also an important trace el-
ement. Our study found a significantly higher level of Mn in
RA patients when compared with control subjects (p < 0.001).
In contrast, another previous study also found no significant
change of Mn level in RA patients [53]. Zn/Mn ratio is higher
in RA patients than in control subjects. Again, Cu/Mn ratio is
lower in RA patients than in control subjects. Fe level is es-
sential for immune system functioning. It is also responsible
for inflammation and anemia [54]. Our study found a signif-
icantly lower level of Fe in RA patients when compared with
control subjects (p < 0.001). A lower level of Fe may be asso-
ciated with the inflammation in RA. The previous study also
found a lower level of Fe in RA [54]. Zn/Fe and Mn/Fe ratios
are higher in RA patients than in control subjects. Again, Cu/
Fe ratio is lower in RA patients than in control subjects.

According to the above discussion presented here, these
results depicted that RA is linked with the peroxidation of
lipids, elevated CRP, and altered level of vitamin and trace
elements during the diurnal diet in all the patients included
in our study. It is clear about antioxidant that it can diminish
the inflammation in RA patient. So, it is suggested that to take
proper dietary antioxidants along with proper intake of trace
elements containing food in case of RA is necessary.

Limitations of the Study

We should mention some limitations aside from the impor-
tance of our present study. However, in our sample conditions,
we did not observe the supplementation of dietary effect; thus,
further research may be necessary to determine whether or not
nutritional supplements would improve the condition of RA
patients. The study was also conducted on a small number of
subjects, so it lacks the exact severity of disease scores. The
real RA scenario may be depicted by a large-scale analysis
with a greater number of samples from different regions of
Bangladesh. Although this research still has some limitations,
we hope our study will play an important role in creating a
new pathological resource for Bangladesh-based RA patients.

Conclusion

Our analysis showed patients with Bangladeshi RA had in-
creased serum levels of CRP and MDA, reduced concentra-
tion of vitamin C, and altered concentrations of serum trace
elements with control subjects. This study found lower serum
levels of Zn and Fe but increased serum levels of Mn and Cu
in RA patients as compared with control subjects. Hence,
increased serum MDA, altered serum antioxidants, and trace
elements will impact RA pathogenesis in Bangladeshi pa-
tients. Therefore, proper nutritional intervention with vitamins
and trace elements in Bangladeshi RA patients promotes the
management of RA and reduces its complications.

Table 6 Element to element mole percentage ratio in the serum samples
of study population

Element ratio RA patients Control subjects

Zn/Cu 4.66 11.79

Zn/Mn 0.88 0.72

Zn/Fe 0.23 0.02

Cu/Mn 0.19 0.22

Cu/Fe 0.05 8.52

Mn/Fe 0.26 0.02
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