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Abstract Rheumatoid arthritis (RA) is a chronic autoimmune
inflammatory disease, which mainly involves the joints. RA is
prevalent worldwide with increasing prevalence in elderly
people. The mechanism of RA pathogenesis is still undefined,
and it is interplaying between genetic susceptibility and envi-
ronmental factors. Although risk factors for RA are not fully
established, various studies have focused on the role of trace
elements in association with RA. Trace elements act as co-
factors for most of the enzymes, and their deficiency is asso-
ciated with many untoward effects on human health. The ho-
meostatic alterations in the metabolism of trace elements may
partly be due to inflammatory response in RA. The objective
of the present study was to determine the serum concentra-
tions and correlation of zinc, copper, and iron in RA patients
and healthy controls. The study comprised of 61 RA patients
and 61 age- and sex-related healthy individuals of Pakistani
population. Serum levels of Zn, Cu, and Fe were measured in
all the participants by atomic absorption spectrophotometer.
Serum Zn and Fe were significantly reduced in the RA pa-
tients than those in the healthy controls. Serum Cu
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concentrations were found elevated in the RA patients.
Correlation studies of trace elements determine that there
was negative correlation between Zn and Cu in the RA pa-
tients and no correlation in the control group. It is very impor-
tant to explore the deficiency of essential trace metals in bio-
logical samples of the RA patients in different populations
which may be helpful for diagnosis and supplementary man-
agement of rheumatoid arthritis patients.

Keywords Rheumatoid arthritis - Trace elements -
Correlation - Pakistan

Introduction

Rheumatoid arthritis (RA) is a multisystem disease of obscure
etiology that produces symmetrical inflammation of the joints
[1]. RA combines chronic inflammation and bone destruction.
The emerging evidence indicates that inflammation is a key
agent, precipitating the destruction of skeleton [2]. In RA,
there is hyperplasia of the synoviocytes, particularly the syno-
vial fibroblasts, which leads to bone and joint damage [3].
Symptoms, including weight loss malaise and fatigue, in ad-
dition to articular ones are present [4]. Prevalence of RA in
Pakistan is around 0.5 % [5]. The number of females having
RA is far greater than that of males throughout the world; with
male to female ratio of 1:2—4 [6, 7]. However, basis of such
gender-oriented discrimination regarding RA is yet not known
[6].

Etiology of RA is still undefined, and it is interplaying
between genetic susceptibility and environmental factors like
smoking, high birth weight, silica exposure, rheumatoid factor
(RF), and anti-citrullinated protein antibody [8, 9]. Although
risk factors for RA are not fully established, many studies
have focused on the role of trace elements in association with
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RA. Trace elements in the body are co-factors for most of the
enzymes, and their deficiency is associated with many unto-
ward effects on human health [10].

Essential trace elements are required by man in defined
amounts per day. Acting as catalytic or structural components
of larger molecules, they have definite functions and are vital
for life [11]. Zinc, copper, and iron are important dietary
chemical required for living organisms.

Zinc (Zn) is an essential element for a number of
cellular functions including normal growth, protein me-
tabolism, stability of the membranes, and metallo-
enzyme functions. Zn has many influences on the im-
mune system owing to the fact that Zn is indispensible
for normal development and function of the cell-
mediated innate immunity, neutrophils, and natural killer
cells [12, 13]. Zn along with copper plays role as an
intracellular scavenger of the reactive oxygen species
(ROS) [14] and exhibits a key role in bone mineraliza-
tion. Deficiency of the Zn has untoward effects on mac-
rophages, phagocytosis, intracellular killing, and produc-
tion of cytokines. Zn deficiency produces deleterious ef-
fects on the growth and functions of the T and B cells.

Copper (Cu) is an important trace element that has a prime
role in cell physiology. It acts as a cofactor and a structural
component for the enzymes, in addition to acting as an anti-
oxidant or detoxificant for the ROS [15]. Cu is needed for
proper mineralization of the cartilage, collagen, and elastin
formation. Cu is necessary for cross-linking of the collagen
as well as formation of the bony trabeculation structures [16,
17]. Deficiency of Cu in tissues exerts greater harm to the
antioxidant enzyme system, rendering the immune system in-
operative and decreasing hemoglobin level, thereby leading to
increased oxidative stress and inflammatory response [18, 19].

Iron (Fe) is crucial for energy metabolism, electron trans-
port chain, and transport of oxygen. Fe has potential for the
formation of free radicals. It is considered as a powerful pro-
oxidant and is required for generation of ROS. It is obvious
that Fe-related oxidative damage is closely associated with
diseases [20].

In Pakistani population, few reports for the essential trace
elements are described for their protective role in an inverse
correlation with toxic elements in rheumatoid arthritis patients
[21]. Previously, in another study, important trace elements
like Zn, Cu, and Fe were significantly reduced in rheumatoid
arthritis patients from Sindh province [22]. The risk factor like
cigarette smoking is also associated with low level of Zn and
higher exposure of toxic elements in Pakistani and Irish pop-
ulation [23].

The objective of the present study was to measure the se-
rum concentrations of essential trace elements (Zn, Cu, and
Fe) in the RA patients from Punjab province of Pakistan to
find out any alterations in levels of these trace elements in
association with RA.

Sample Population and Blood Collection

A total of 122 subjects of both genders were included in this
study. Sixty-one were patients of rheumatoid arthritis (RA),
and 61 age- and sex-matched were healthy controls. The pa-
tients were recruited from out-patient department of orthope-
dic, District Head Quarter Teaching Hospital, Dera Ghazi
Khan, Punjab, Pakistan while the healthy controls were taken
randomly from the same region. Diagnostic criteria for RA
was according to the internationally accepted criteria, i.e.,
American College of Rheumatology/European League
Against Rheumatism. Classification criteria for RA (score-
based algorithm: add score of categories A—D; a score of >6/
10 is needed for classification of a patient as having definite
RA (ACR/EULAR, 2010)).

A. Joint involvement (score 0-5)

B. Serology either RF or ACPA (at least one test result is
needed for classification) (score 0-3)

C. Acute phase reactants either CRP or ESR (at least one test
result is needed for classification) (score 0—1)

D. Duration of symptoms (score 0—1)

The following parameters were considered for inclusion of
the subjects: (1) gender both sex, (2) age ranging from 20 to
65 years, and (3) both sero-positive and sero-negative cases of
rheumatoid arthritis. On the other hand, cases of other auto-
immune connective tissue diseases, other chronic inflamma-
tory conditions, and hyperuricemic conditions were not in-
cluded in this study. The patients with RA who were using
medications like anti-inflammatory, anti depressants, cortico-
steroids, and oral use of multivitamins and minerals were also
excluded from the study. For the control group, subjects of
both genders with age ranging from 20 to 65 years were in-
cluded while subjects having any history of autoimmune in-
flammatory diseases, recent history of any infection, or history
of anemia were excluded from the study.

After informed consent, a 5 ml of blood sample was with-
drawn aseptically from each subject for determination of Zn,
Cu, and Fe without venous stasis and frothing. The samples
were left to clot for 15-30 min at 37 °C and then were centri-
fuged at 3000 rpm for 10 min. Serum was separated and care-
fully shifted into properly labeled 1-ml nitric acid-treated ali-
quots. The samples were then stored at —20 °C to be used
afterwards for analysis. Centrifugation and freezing of the
samples was completed within 2 h. Samples were neither
lipemic nor haemolyzed.

Measurement of Trace Elements on Atomic Absorption
Spectrophotometer

The measuring principle is based on absorption of primary
radiation by the analyte atom in their ground state. The

@ Springer



12

Ullah et al.

measured absorbance signal is directly proportional to the
concentration of respective element in the samples.

Zn, Cu, and Fe were measured on atomic absorption
spectrophotometer (Hitachi Z2000) with polarized
Zeeman atomic absorption spectrophotometer flame.
Samples were digested with 10 % nitric acid and incubat-
ed overnight in microwave temperature. Next morning,
the samples were centrifuged to remove proteins and de-
bris. The clear supernatant was diluted ten times in 10 %
nitric acid for analysis on atomic absorption. Zn, Cu, and
Fe standard stock solutions (1000 mg/l, Merck) were used
to establish calibration curves with different calculated
concentrations of standards. After successful calibration
of the instrument, normal and low levels of Bio-Rad con-
trols of Zn, Cu, and Fe were ran with each batch of the
analysis to ensure reliability and reproducibility of the
results according to the protocols described elsewhere
[24]. The analytical conditions for the analysis of trace
elements are given in Table 1.

Statistical Analysis

The data was entered and analyzed using SPSS 1 (Statistical
Package for Social Sciences) version 8.0. Mean+SD were
given for quantitative variables of Cu, Zn, and Fe concentra-
tions. Student ¢ test was applied to observe difference between
quantitative variables (patients with rheumatoid arthritis and
healthy subjects). A value of p<0.05 was considered as sta-
tistically significant. Pearson correlation was applied between
the patients with RA and healthy controls.

Results

In the present study, a total of 122 subjects were recruited for
the investigation. Clinical history and physical examination of
61 RA patients included family history of rheumatoid arthritis,

Table 1  Analytical conditions for trace element analysis in the
rheumatoid arthritis patients

Conditions Trace elements

Cu Zn Fe
Lamp current (mA) 7.5 5 12.5
Wavelength (nm) 324.8 213.9 248.3
Slit (nm) 1.3 13 0.2
Burner head Standard Standard Standard
Flame Air- Air- Air-

acetylene acetylene acetylene

Oxidant gas pressure (kPa) 160 160 160
Fuel gas flow (I/min) 2.0 1.8 1.8

mA milliampere, nm nanometer, kPa kilopascal, //min liter per minute
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duration of the disease, history of pain (symmetrical or local-
ized), and joint involvement (single or multiple), and labora-
tory reports about rheumatoid factor (RF) were taken into
consideration at the time of recruitment. All data were record-
ed on a prescribed proforma. Other features noted in the af-
fected joints of these patients were redness and swelling.
Socio-demographic data obtained from both the study groups
(RA group and control group) included age, gender, education
level, occupational history, and height and weight.

Mean age of the rheumatoid arthritis patients was 44.33
+15.68 years (mean= SD), while in the control group, it was
43.3+12.5 years. Mean height (cm) and weight (kg) of the
patients and controls were (63.4+3.8 and 57.6+9.6) and
(63.3+3.7 and 58.1+9.3), respectively. The duration of the
disease was 61.77+52.71 months (mean+SD) in the patient
group. RA was more prevalent in middle and old age group,
and persistence of the disease was more than 30 months at an
average (Table 2).

In this study, RA was more prevalent in females with ap-
proximate male to female ratio of 1:4. Rheumatoid factor (RF)
was positive in 80 % of the patients while it was negative in
20 % of the patients. Family history was positive in 10 % of
the patients with RA. Most of the patients were uneducated
(33 (54.1 %)), primary (16 (26.2 %)), matriculation (10
(16.4 %)), and above matriculation (02 (3.3 %)). All females
(48 (79 %)) included in this study were house wives while
males were farmers and laborers (13 (21 %)). On caste-based
distribution of disease, the most affected cases were in Maliks
(34 %), Balochs (34 %), followed by Arains (25 %), Jattois
(5 %), and Pathans (1.6 %). History of disease duration was
noted, and most of the patients were having a chronic history
of the disease which was more than 1 year in 47 (77 %), while
only 14 (23 %) patients represented less than 1-year history of
the disease. All the patients were having symmetrical and
multiple joint involvement, and no one showed asymmetrical
joint involvement (Table 3).

Serum concentrations of trace elements showed that the
average serum Zn levels in the RA patients were 85.6
+32.3 pg/dl (mean +SD), while average Zn levels in the con-
trols were 95.9+16.4 ug/dl. Minimum Zn levels were 23 pg/
dl, and maximum Zn levels were 120 pg/dl. It was significant-
ly lower (p value=0.028) in the RA patients as compared to
that in the healthy subjects. For Cu, the mean serum levels in
the patients with RA were 130.3 £42.8 pg/dl with a range of
71-250 pg/dl, while it was lower in the control group (102.7
+22.5 pg/dl). The difference was noted statistically significant
(p value =<0.001), with the patients having higher values than
the controls. Fe levels were (76.8+38.5 pug/dl) (mean+SD)
reduced in the patient group while the mean level (113.3
+25.7 pg/dl) was in the control group. Serum Fe was statisti-
cally significant (p value=0.001) in the RA patients with re-
duced levels as compared to that in the healthy subjects
(Fig. 1).
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Table 2 Descriptive data of the patients and controls (values given are mean + SD of 61 samples, each for the patients and controls)
Parameters Patients Controls p value
Mean +SD Minimum Maximum Mean+SD Minimum Maximum

Age (years) 42.7+12.7 22.00 65.00 433+12.5 21.00 65.00 >0.05
Weight (kg) 57.6£9.6 36.00 75.00 58.1+£9.3 36.00 76.00 >0.05
Height (in.) 63.4+3.8 52.00 69.00 63.3+£3.7 52.00 71.00 >0.05
Duration of disease (months) 61.8+52.7 2.00 200 - - -

A correlation analysis was done for the RA patient  Discussion

group and the normal control group, for serum concen-
trations of the trace metals (Zn, Cu, and Fe). No corre-
lation was seen in the controls between the Cu and Zn
levels in the serum, while significant negative correla-
tion (»p<0.000) was observed between these elements
(Zn and Cu) in the RA patient group (Fig. 2). On the
other hand, no correlation was seen between Cu and Fe
and Zn and Fe in both the control group and the patient
group of RA patients.

In present study, a total of 122 individuals comprising of theu-
matoid arthritis cases and health controls were studied in pop-
ulation of Punjab, Pakistan. The subjects were included in the
study after fulfilling the standard criteria. Mean age of the
patients with RA was 44.33+15.68 (mean=+SD) years while
that of the control group was 43.3 +12.5 years. Duration of the
disease noted in this study was 61.77£52.71 (mean+SD)
months. According to the results of the present study, RA

Table 3 Frequencies of
categorical variables of the

patients and controls used in the

study

Characteristics Categories RA patients (61) Healthy controls (61)
Frequency/percentage Frequency/percentage
Sex Male 14 (23) 14 (23)
Female 47 (77) 47/(77)
Educational level Non educated 33 (54.1) 25 (41)
Primary 16 (26.2) 20 (32.8)
Matric 10 (16.4) 08 (13.1)
Above matric 02 (3.3) 09 (14.7)
Occupation Farmer 11 (18) 05 (8.2)
Laborer 02 (3.3) 07 (11.5)
Housewife 48 (78.7) 49 (80.3)
Caste Baloch 21 (34.4) 20 (32.8)
Malik 21 (34.4) 19 31.1)
Arain 15 (24.6) 14 (22.9)
Jattoi 03 (4.9) 05 (8.2)
Pathan 01 (1.6) 03 (4.9)
Disease duration <1 year 14 (23) -
1-5 years 25 (41)
>5 years 22 (36)
Joint pain Symmetrical 61 (100) -
A symmetrical 0/0
Multiple joint involvement Yes 61 (100) -
No 0/0
Family history Yes 6 (10) -
No 55 (90)
Rheumatoid factor Positive 49 (80.3) -
Negative 12 (19.7)
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Fig. 1 Diagram showing the Patient Controls
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0.028, and 0.001, respectively
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was more prevalent during middle and old age, and in females
than males with a ratio of 4:1. This type of gender discrimi-
nation has also been described earlier by other researchers,
indicating that two thirds of the RA patients were females
[25, 26]. However, another study indicated that male to female
ratio in autoimmune diseases, like RA, was 1:9 [27]. In the
present study, the rheumatoid factor (RF) was positive in 80 %
of the patients with RA which is in agreement with Visser et al.
(2002), which documented that 2/3 of the patients with RA
were RF-positive [28].

In the present study, it was observed that most of the pa-
tients with RA were of low socioeconomic status (SES) and

N - r’=0,716
g fpop. 2 .
S - - - Z
= “..7 o @
+0000 O
— o

Zinc

Fig. 2 Scatter diagrams showing correlation of trace elements (Zn and
Cu) between the RA patients and controls. Strong negative correlation
was found between serum Cu and Zn levels in the patients with
theumatoid arthritis. The 7> value was 0.716 which showed positivity of
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were not well educated. A Swedish study indicated that risk of
RA was greater in individuals having low SES as compared to
that in individuals of high SES [29]. It was shown that not
only prevalence of RA was greater in individuals of low SES
but they also showed worse disease outcomes in contrast to
RA patients who were of high SES [30].

In our study, serum Cu levels in the patients with RA were
higher than those in the controls. Similar results for Cu con-
centrations in the serum of patients with RA were seen in
several other studies [15, 31-35]. In contrary, a previous study
from Pakistan reported reduced concentrations of Cu in dif-
ferent biological samples of RA patients [22, 35]. The

oo 4 r?= 0.008
-
2000
~ : . : <
g 58,00 ~ < t
-t . Lie
o . A -
» < - - - - '. >
® & e, : : -
v x et .. e
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the correlation, and p value was <0.000 which showed that correlation is
statistically significant. This shows that as Cu levels increase the in
patients, serum Zn level decreases. In the control group, there was no
significant difference in trace element levels with 7> value of 0.008
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possibility for higher levels of Cu in RA patients could be the
use of Cu utensils for cooking in this geographic area that may
produce higher Cu concentrations. Also, since Cu and Zn are
both divalent metals, their dynamics are such that when one
metal increases in concentration, the other decreases
(antagonist) in order to keep the osmotic pressure of the ex-
tracellular fluid in normal limits. A study reported that 30—
50 % elevation in serum Cu concentration during the course of
an acute phase reaction is initiated by interleukin-1 (IL-1)
release and depends mainly on increased synthesis of cerulo-
plasmin [36]. It was shown also that ceruloplasmin increases
during inflammatory process owing to the fact that generation
of the cytokines (both, IL-1 and IL-6) has stimulatory effects
on hepatocytes to increase ceruloplasmin level in the blood
serum [17, 37]. It is further reported that ceruloplasmin neu-
tralizes oxygen free radicals in arthritis, thus mitigating the
inflammatory process to become chronic, and this fact might
provide possible explanation for both the increased serum Cu
and Cp levels in RA patients [15, 38].

In this study, levels of serum Zn were significantly lower in
the RA patients as compared to those in the healthy control
which are comparable to the previous studies [22, 32, 39—41].
Contrary to the above studies, higher Zn levels were observed
in the patients with RA than those in the healthy controls
(80.1+12.5 and 72.0+8.0) but the correlation was not signif-
icant [42]. Low concentrations of the Zn seen in RA may be
due to malabsorption of this metal in RA [43], or it could be
because of the pro-inflammatory cytokines, which induce the
expression of the Zn importer, ZIP-14, and metallothionein
(MT) in the hepatocytes, that in turn, facilitates Zn uptake
and storage by the liver [44]. Previously, it was reported that
acute phase response to stress decreases concentration of the
Zn in plasma due to redistribution of the Zn into cellular com-
partments [45].

For iron concentration, serum levels were significantly
lower (p=0.001) in the patients than those in the controls.
The results of the present study are comparable to the precious
data [22, 32, 46]. It has been reported that approximately 30—
60 % of the patients with RA are anemic. Iron deficiency
anemia (IDA) is one of the main factors in patients with RA.
While anemia of inflammation (Al) is the major cause of
lower Fe in RA, this anemia usually shows no improvement
on iron therapy because of IL-6-mediated suppression of the
bone marrow [47].

Another observation noted in this study was a statistically
negative correlation between serum Zn and Cu levels (p val-
ue=0.000 and *=0.716) in the patient group. Although sig-
nificant alterations in serum levels of Zn, Cu, and Fe in asso-
ciation with RA had been documented in previous studies, no
study to date has reported a significant correlation within the
RA group between serum Zn and Cu levels. This change
might be due to the relatively greater decreased in the levels
of serum Zn while increased in the levels of serum Cu in the

RA patients, because of the active disease. Powanda and
Biesel (1982) are of the view that specific alterations in trace
element metabolism are part of the acute phase reaction and
usually are seen as reductions in the serum levels of the Zn and
elevations in serum Cu levels. Nutritional history of the pa-
tients can also be a factor in this connection [48].

Conclusion

In this study, serum trace elements including Zn, Cu, and Fe
are significantly altered in the patients with rheumatoid arthri-
tis as compared to those in the healthy controls. Correlation
was not observed among these trace elements in the RA pa-
tients while negative correlation was noted in Zn and Cu
levels. These results present direction to clinicians and other
professional exploring deficiency of essential trace metals in
biological samples of RA patients which may be helpful for
diagnosis and supplementary management of rheumatoid
arthritis.
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