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ABSTRACT

Osteoarthritis (OA) is a very common type of joint disease which causes mechanical abnormalities and degradation of joints, articular
cartilage and the sub-chondral bone. The present study is based on the measurement of selected essential and toxic metals (Ca, Mg, Fe,
Zn, Cu, Co, Mn, Cr, Cd and Pb) in the blood of OA patients and matching healthy subjects/controls. The blood samples were collected
form newly diagnosed OA patients and healthy subjects. The samples were solubilized by wet acid digestion method using concentrated
HNOj; and HCIO,, followed by the quantification of the metals by atomic absorption spectrometry. Average levels of Cd, Co, Cr, Mn and
Pb were found to be significantly higher in the blood of OA patients compared to the healthy subjects, which exhibited comparatively
higher concentrations of Cu, Fe, Mg and Zn. The spearman correlation coefficients were calculated for the metals; these were
significantly diverse in OA patients and healthy subjects. Multivariate analysis indicated markedly divergent apportionment of the metals
in the blood of OA patients compared to the healthy subjects. Plausible variations in the metal levels with respect to gender, habitat, food
habits and smoking habits were also evaluated in both donor groups. Overall, the study revealed that the distribution, mutual correlations
and multivariate apportionment of the essential and toxic metals in the blood of OA patients was significantly different compared to the

healthy subjects.
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1. INTRODUCTION

Osteoarthritis (OA) is one of the most common types of the
joint diseases [1]. It is an autoimmune disease, which includes
mechanical abnormalities involving degradation of joints, articular
cartilage and the sub-chondral bone next to it [2-4]. Clinical
symptoms of osteoarthritis may include joint
tenderness/stiffness, inflammation, creaking and locking of the
joints [3]. This disease commonly affects hands, feet, spine, and
the weight bearing larger joints, such as hips and knees, although
any joint in the body can be affected. As the disease progresses,
the affected joints appear swollen, stiff and painful. The diagnosis
of OA can often be made with reasonable certainty by clinical
examination and through X-rays. Treatment of osteoarthritis
patients is often aimed to relieve the pain and restore functioning
[5]. Acetaminophen and non-steroidal anti-inflammatory drugs are
widely prescribed for the treatment of osteoarthritis [4]. There is a
tremendous need to develop potent drugs that either arrest the
progression of osteoarthritis or prevent the development of the
disease [6]. The exact causes and aetiology of OA disease is
complex and not understood properly; among causative agents
environmental and genetic factors are considered very important

[7].

pain,

It has been observed that OA is linked with increased levels
of reactive oxygen species (ROS) and reactive nitrogen species
(RNS). Many trace metals such as Cd, Hg, Pb, Fe, As etc. and
other agents such as smoking, alcohol, vehicle exhaust, industrial
solvents, ozone and pesticides interact in the body to produce ROS
and RNS [8, 9]. Nitric oxide radical can start a large number of
catabolic reactions which produce inflammatory cytokines [10].
Cellular metabolism also produces ROS as a by-product; over
production of ROS may cause number of diseases including

osteoarthritis [11]. There are various types of ROS however, the
superoxide anion radical and hydroxyl radical have important
characteristics in inflammations specially inflammation diseases
of joints [12]. Antioxidants are required to scavenge these free
radicals; many essential metals directly or with the help of
enzymes act as antioxidants thus helping in getting relief from
synovium inflammation and to treat the structural changes taking
place in the joints [13]. Many antioxidants such as flavonoids,
vitamin-E, carotenoids, vitamin-C and trace metals cannot be
prepared inside the body, thus these are to be taken from the diet
or supplements [14].

Some trace metals are of prime importance in biological
systems in providing structural support, helping in conduction of
nerve impulse, working of muscles, production and functioning of
hormones and enzymes [15]. Study of trace metals is of special
interest due to their toxic and essential nature [16]. Many metals
are considered as micronutrients and their deficiency may cause
clinical manifestations but the same metals are toxic if present
above than threshold wvalues [17, 18]. Balance among the
concentrations of trace metals is recognized to be essential to
normal human homeostasis [19-21]. Metal ions also play essential
roles in about one third of the enzymes [22, 23]. A study indicated
that natural multi-mineral supplements exhibited
inflammatory and anti-oxidant properties [24]. Another study
indicated the increased daily consumption of magnesium caused
reduction in inflammation around the affected joint [25].
Similarly, low level of zinc may cause osteoporosis, poor outcome
of pregnancy and congenital diseases [27]. Therefore, it is
anticipated that the metal imbalances may have significant role in
onset of OA disease [26].

anti-
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Understanding the effects of essential and toxic metals on
human health is as complex as it is fascinating; the elevated metal
concentrations may prove toxic while the depletion of some trace
metal levels may cause various metabolic instabilities [28-32].
Many diseases of previously unknown aetiology now are ascribed
to the imbalances of trace metals [30, 31]. Human health can be
maintained only when the intake of food, water and air provides
the optimal daily doses of all essential elements [33]. The excess
or deficiencies of trace metals have been associated with many
diseases but the exact mechanisms of metal induced ailments have
been scarcely explained [34]. Trace metal analysis is utilized more

2. EXPERIMENTAL

2.1. Selection of the subjects. Newly diagnosed OA patients (n =
71) and matching healthy subjects (n = 82) were included in this
study on volunteer basis. The patients were selected among the
subjects admitted in Department of Rheumatology, Pakistan
Institute of Medical Sciences (PIMS), Islamabad, Pakistan. An
approval of this study was sought from ethical review committee
of the institute before sample collection. The healthy subjects or
controls were selected from close relatives of the patients with
matching age, gender, food habits and habitat. The subjects (both
patients and controls) were initially briefed about the purpose and
objectives of the study. The information about sample collection,
discomfort and any risks involved were briefed to the participants
before collecting blood samples. All the subjects participated in
this study on a volunteer basis and a written consent was obtained
from each participant before sampling. Important information such
as name, age, gender, habitat, food habits, smoking habits,
occupation, socioeconomic status, type of ailment, ailment
duration, stage of the disease, medication and mineral
supplements, etc. related to the subjects were noted on a proforma
at the time of sample collection.

2.2. Sample collection. Measurement of the metal levels in the
blood provides real insight into the transport of trace metals in the
body [36]. The blood samples were collected from antecubital
vein of forearm using disposable syringe as per standard
methodology. About 5.0 mL of the blood sample was drawn by
the syringe and transferred to the sample collection tubes (BD
Vacutainer Ref. 366430). These blood samples were stored at -
15°C till further processing. Every care was taken to avoid the
possibility of contamination during the sample collection. The
sample collecting tubes (BD Vacutainer) did not contain any
preservative or anti-coagulant agents; thus this method was helpful
to avoid any chemical contamination from the sample storing
equipment and found suitable for accomplishing the accurate
results of trace metals concentrations [15].

2.3. Sample preparation. Wet acid digestion was applied to the
blood samples for their complete solubilisation; concentrated
HNO; (65%) and HCIO4 (70%) were used in 1:1 (v/v) for this
purpose. The method was optimized previously by using different
proportions of the acids. It involved transfer of the blood sample
from storage tube to the digestion flask (Pyrex glass) and weighed
accurately (up to = 0.1 mg). To the flask containing blood sample,
10 mL of concentrated HNO; (65%) was added and the flask

often nowadays in the biomedical field for diagnostic purposes
and for evaluation of environmental/occupational exposure [35].
Thus, there is a vital need for the measurement essential and toxic
trace metals in the biological specimens to examine the
relationship between the diseases and imbalances among the
metals. Keeping these aspects in mind, concentrations of selected
essential and toxic metals (Ca, Mg, Fe, Zn, Cu, Co, Mn, Cr, Cd
and Pb) in the blood of OA patients and counterpart healthy
subjects were evaluated. The present study is mainly focused to
understand the comparative variations/imbalances in the
concentrations of trace metals in the patients and controls.

contents were left undisturbed for 5-10 minutes; afterward 10 mL
of concentrated HCIO4 (70%) was added and left the sample
undisturbed for another 5-10 minutes. The flask contents were
then heated gradually on hot plate (up to 80°C) for complete
mineralization until a clear solution was obtained. The sample
contents were then cooled to room temperature, and transferred to
the volumetric flasks and diluted up to the mark (50 mL) with
doubly distilled water. Similarly, a blank was also processed in the
same manner along with each batch of 5-8 samples. The blank
contained all the reagents in the same sequence and followed by
the same steps except that the blood sample was not present in it.
The blank contribution of each metal was subtracted from the
sample results to assure the quality of the metals data [15].

Table 1. Optimum analytical conditions maintained on AAS for the
analyses of selected metals using air-acetylene flame.

Wavelensth HC lamp Slit | Fuel-gas Detection Blz.mk'
Metal & current width flow rate| limit Contribution
(mA) (nm) | (L/min.) | (ug/L) (%)
Ca 422.7 6.0 0.5 2.0 4.0 0.9
Cd 228.8 4.0 0.3 1.8 4.0 0.9
Co 240.7 6.0 0.2 2.2 5.0 0.6
Cr 357.9 5.0 0.5 2.6 6.0 0.7
Cu 324.8 3.0 0.5 1.8 4.0 0.4
Fe 248.3 8.0 0.2 2.0 6.0 0.8
Mg 285.2 4.0 0.5 1.6 1.0 1.3
Mn 279.5 5.0 0.4 1.9 3.0 0.3
Pb 217.0 7.0 0.3 1.8 10.0 1.2
Zn 213.9 4.0 0.5 2.0 2.0 1.1

2.4. Analyses of the metals. In the present study, quantitative
measurements of selected essential and toxic metals including Ca,
Mg, Fe, Zn, Cu, Co, Mn, Cr, Cd and Pb were performed on Flame
Atomic Absorption Spectrophotometer (Shimadzu AA-670,
Japan). It has the capacity to operate automatically in background
compensation mode, thus correcting fluctuations in the observed
signal arising from factors other than the sample. Other salient
features of the equipment included automatic operational
conditions; recording of the data including the calibration curve
and precise data processing function to ensure high analytical
precision and accuracy. Lamp position, detector gain and beam
balancing are adjusted automatically with convenience to exclude
the deviant data in repeated analytical modes. Various analytical
parameters related to the instrument such as wavelength, hollow
cathode lamp current, slit width, flame type and fuel/oxidant flow
rates were optimized for the analysis of each metal independently
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as shown in Table 1. The metal data were processed for statistical

3. RESULTS AND DISCUSSION

3.1. Demographic characteristics. The demographic data of
osteoarthritis patients and healthy subjects is shown in Table 2.
The patients and healthy subjects were closely matched for age,
gender, habitat, food habits and smoking habits. Among the
selected subjects, 52% of the patients and 56% of healthy subjects
were females. Most of the healthy subjects and the patients (67%
and 64%, respectively) were the residents of urban areas. The
patients with vegetarian food habits constituted 36% of the
subjects while on the other hand 32% of the healthy subjects were
predominantly vegetarians. Smoking based assortment of the
subjects revealed that majority of the patients (78%) healthy
subjects (82%) were not addicted of smoking on regular basis.
Overall, the patients and healthy subjects demonstrated almost
comparable demographic characteristics.

Table 2. Characteristics of the Subjects.

Characteristics Patients Controls
n 77 82
Age (years)

Range 23-74 21-75

Average 45.45 43.61
Gender

Male 37 (48%) 36 (44%)

Female 40 (52%) 46 (56%)
Habitat

Urban 49 (64%) 55 (67%)

Rural 28 (36%) 27 (33%)
Food Habit

Vegetarian 28 (36%) 26 (32%)

Non-Vegetarian 49 (64%) 56 (68%)
Smoking habit

Smoking 17 (22%) 15 (18%)

Non-smoking 60 (78%) 67 (82%)

3.2. Distribution of selected metals in the blood. Basic statistical
parameters related to the distribution of selected essential and
toxic metal levels in the blood of osteoarthritis patients are shown
in Table 3. Most of the metals exhibited broad range and large
variations in their minimum and maximum concentrations. On the
average basis, comparatively higher levels were found for Fe
(239.7 pg/g), Ca (159.1 pg/g) and Mg (29.02 ng/g), followed by
relatively lower levels of Pb (5.729 pg/g), Zn (3.735 pg/g), Co
(2.918 pg/g), Cr (2.198 pg/g) and Cu (1.576 ng/g). However,
lowest average concentrations were noted for Mn and Cd at 0.550
and 0.473 ng/g, respectively. On the average basis, decreasing
trend of metal levels in the blood of OA patients revealed
following order: Fe > Ca> Mg > Pb > Zn> Co > Cr > Cu > Mn >
Cd. The major constituents of the blood (Fe, Ca and Mg) are
involved in vital metabolic processes [37, 38]. Most of the metals
exhibited random distribution pattern as manifested by
considerably large SD and SE values as well as markedly
dissimilar mean and median levels. Comparatively higher
dispersion in the concentrations was noted for Fe, Ca, Mg and Pb
as indicated by elevated SD and SE values. Some of the metals
(Co, Cr, Cu and Zn) showed relatively lower dispersion as
indicated by moderate SD and SE values, however, least
dispersion was found for Cd and Mn in terms of the lowest SD and
SE values. Large skewness values for Mn, Zn and Cu showed their
predominantly asymmetric distribution, while moderate skewness

evaluation including both univariate and multivariate methods.

values noted for Ca, Cd and Pb indicated relatively lower lop-
sidedness in the distribution of these metals in the blood of OA
patients. Nonetheless, comparatively symmetric distribution was
observed for Co, Cr, Fe and Mg as evidenced by the lowest values
of skewness and kurtosis. The quartile distribution (Figure 1)
showed that Ca, Fe and Mg displayed very narrow distribution as
specified by small variations in upper/lower quartiles, whereas
considerable variations were observed for Cd, Pb and Zn with
more or less symmetrical upper and lower quartiles. Nevertheless,
large and asymmetrical variations in the quartile distribution were
found for Co, Cr, Cu and Mn in the blood of OA patients.
OA (Blood)

Max
Min
75th %
25th %
Median
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Figure 1. Quartile distribution for selected metal levels (ung/g, wet
weight) in the blood of osteoarthritis (OA) patients.

Distribution of the selected metal levels in the blood of
healthy subjects as revealed by basic statistical parameters is also
shown in Table 3. Most of the metals exhibited variations by
several orders of magnitude as shown by the minimum and
maximum concentrations. Comparatively higher mean levels were
noted for Fe (305.4 pg/g) and Ca (169.5 ng/g), followed by
relatively lower levels of Mg (41.66 ng/g), Zn (8.934 pg/g), Pb
(4.030 pg/g), Cu (1.854 pg/g), Co (1.564 pg/g) and Cr (1.262
ng/g), while lowest average levels were found for Mn and Cd.
Mean concentrations of the metals in blood of normal donors
showed following decreasing order: Fe > Ca> Mg > Zn>Pb > Cu
> Co > Cr > Mn > Cd. Some of the metals (Ca, Fe, Mg, Zn, Pb
and Cu) exhibited predominantly non-Gaussian distribution as
revealed by corresponding higher SD and SE values, while rest of
the metals showed relatively dispersion in their
concentrations. Skewness and kurtosis values indicated relatively
symmetrical variations for Ca, Fe and Mn while the remaining
metals showed considerably asymmetrical variations in the blood
of healthy donors. Quartile distribution of the metals in the blood
of the healthy subjects is shown as box-whisker plot in Figure 2.
Among the metals in the blood of healthy subjects, Ca, Co, Cr, Cu
and Fe showed relatively broad distribution with significantly
divergent upper and lower quartiles. Nevertheless, Cd and Mn
showed very narrow distribution evidenced by overlapping of
upper and lower quartiles over the median levels. Among the
selected metals, Mg showed significant asymmetry towards lower
quartile. Overall, the quartile distribution of most of the metals in

lower
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the blood of healthy subjects was considerably divergent than the
patients.
Healthy Subjects (Blood)
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Figure 2. Quartile distribution for selected metal levels (ug/g, wet
weight) in the blood of healthy subjects.

Comparative evaluation of the metals levels in the blood of
the patients and controls revealed that majority of the metals
Table 3. Statistical distribution parameters for selected metal concentrations (pg/g, wet weight) in the blood of osteoarthritis patients and healthy

including Cd, Co, Cr, Mn and Pb exhibited relatively higher
contributions in the blood of OA patients than healthy subjects,
while healthy donors exhibited fairly higher average levels of Cu,
Fe, Mg and Zn than the patients. Relatively higher concentrations
of the toxic/trace metals in the blood of OA patients indicated
active role of these metals in the metabolism during osteoarthritis.
Nevertheless, mean levels of Ca were found almost comparable in
both study groups, which suggested that blood levels of Ca had
little effects on progress of OA disease. Higher levels of Pb in the
blood are associated with increased occurrence and severity of OA
indicating contribution of environmental factor for the onset and
progress of the disease [39, 40]. Another study related to the
distribution of metals in arthritis patients in comparison to healthy
controls indicated higher contribution of Mn and
contribution of Zn in the serum of the patients compared with
healthy subjects [41]. Overall, the proportional variations of toxic
and essential metals in the blood of the OA patients were
significantly diverse than healthy donors.

lower

subjects.
Osteoarthritis Patients Healthy Subjects
Mean Median SD SE Mean Median SD SE
Ca 96.58 | 337.4 | 159.1 | 153.6 | 4141 | 5978 | 1.672 | 6.179 | 15.21 1398 | 169.5 | 33.99 | 388.8 | 52.42 | 2.878 | 7.355
Cd 0.045 | 1.734 | 0.473 | 0.401 | 0.382 | 0.055 | 1.516 | 2.338 | 0.014 | 2.785 | 0.259 | 0.130 | 0.468 | 0.061 | 4.417 | 20.71
Co 0.330 | 7.845 | 2918 | 2.452 | 1.951 | 0.282 | 0.926 | 0.195 | 0.067 | 1544 | 1.564 | 0.620 | 2.758 | 0.359 | 3.526 | 13.71
Cr 0.330 | 5.841 | 2.198 | 2.057 | 1.524 | 0.225 | 0.804 | 0.029 | 0.044 | 1521 | 1.262 | 0.495 | 2.436 | 0.326 | 4.118 | 20.13
Cu 0.125 | 5.845 | 1.576 | 1.436 | 1.015 | 0.147 | 2.161 | 6.653 | 0.193 | 22.71 | 1.854 | 0.784 | 4.142 | 0.518 | 3.988 | 15.37
Fe 122.8 | 401.4 | 239.7 | 235.1 | 55.08 | 7.950 | 0.470 | 1.375 | 13.11 | 811.6 | 3054 | 3024 | 199.5 | 24.74 | 0.524 | -0.398
Mg | 15.84 | 45.65 | 29.02 | 28.82 | 6.678 | 0.964 | 0.343 | 0.145 | 16.64 | 2943 | 41.66 | 26.10 | 59.00 | 7.318 | 3.768 | 13.20
Mn | 0.050 | 6.246 | 0.550 | 0.374 | 0.909 | 0.133 | 5.584 | 35.00 | 0.009 | 1.803 | 0.344 | 0.227 | 0.377 | 0.051 | 2.354 | 6.397
Pb 0.425 | 21.82 | 5.729 | 3.557 | 6.012 | 0.886 | 1.587 | 1.478 | 0.355 | 25.32 | 4.030 | 2.712 | 4.678 | 0.655 | 3.060 | 10.88
Zn 0.325 | 22.52 | 3.735 | 2.759 | 3.535 | 0.510 | 3.369 | 16.44 | 0.708 | 49.86 | 8.934 | 8.484 | 6.997 | 0.919 | 3.854 | 20.90
Table 4. Correlation coefficient* matrix for selected metal levels in the blood of osteoarthritis patients and healthy subjects.
Ca Cd Co Cr Cu Fe Mg Mn Pb Zn

Ca 1
‘E Cd 0.311 1
8 |Co 0.065 0.276 1
& |Cr 0.115 0.228 0.265 1
& |Cu 0.171 -0.030 -0.103 0.408 1
é Fe 0.016 0.195 0.009 0.351 0.367 1
§ Mg -0.055 -0.112 0.247 0.140 -0.209 -0.008 1
£ |Mn -0.177 -0.100 -0.024 0.242 0.604 0.192 0.016 1
S |Pb -0.120 -0.043 -0.038 0.058 0.322 0.068 -0.239 0.346 1

Zn -0.055 -0.116 0.074 -0.009 0.203 0.118 -0.084 -0.114 0.233 1

Ca 1

Cd 0.683 1
2 |Co 0.146 0.717 1
% Cr 0.749 0.543 0.613 1
& |Cu 0.742 0.705 0.597 0.811 1
2 |Fe -0.322 -0.246 0.034 -0.173 -0.274 1
fcg Mg 0.822 0.755 0.685 0.883 0.953 -0.297 1
T (Mn 0.484 0.268 0.422 0.320 0.206 0.002 0.277 1

Pb 0.024 0.136 0.064 -0.018 0.107 -0.364 0.178 -0.045 1

Zn -0.249 -0.222 -0.138 -0.258 0.304 0.023 -0.241 -0.289 -0.029 1

*bold r-values are significant at p <0.05

3.3. Correlation study of selected metals in the blood. The
metal-to-metal correlations in the blood of OA patients (Table 4)
showed significant and positive correlations among Mn-Cu (r =
0.604), Cu-Cr (r = 0.408), Fe-Cu (r = 0.367), Fe-Cr (r = 0.351),
Pb-Mn (r = 0.346), Pb-Cu (» = 0.322) and Ca-Cd (» = 0.311). The
correlation study revealed strong associations of Cu with Mn, Cr,
Fe and Pb which indicated their dependency in occurrence on each

other. Similarly significant relationship of Ca and Cd indicated
their role in biological processes. The correlation study indicated
some mutual associations among the essential and toxic metals,
such as; Ca with Cd, Fe with Cr, Cu with Pb. The toxic metals (Cd
and PDb) can interact with essential metals; Pb interacts with Ca to
affect negatively cognitive development [42].
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The correlation coefficient matrix for selected essential and
toxic metals in the blood of healthy subjects is also shown in
Table 4. Very strong positive correlations were noted between Cu-
Mg (r = 0.953), Mg-Cr (r = 0.883), Ca-Mg (r = 0.822), Cr-Cu (r =
0.811), Cd-Mg (r = 0.755), Cr-Ca (r = 0.749), Cu-Ca (r = 0.742),
Co-Cd (r = 0.717), Cu-Cd (r = 0.705), Mg-Co (r = 0.685), Cd-Ca
(r =0.683), Co-Cr (r = 0.613), Cu-Co (r = 0.597) and Cd-Cr (r =
0.543). Some negative relationships were found for Pb-Fe (» = -
0.364) and Ca-Fe (r = -0.322). In the case of healthy subjects, the
correlation study indicated an apparently common origin of
essential metals (e.g. Ca and Mg) while the toxic/trace metals
(including Cd, Co, Cr and Cu) were mutually correlated indicating
their common origin. Similar trends were observed by another
study involving trace metals measurement in the blood of healthy
subjects in comparison with ovary cancer patients [43]. Overall,
the correlation pattern of toxic and essential metals in the blood of
healthy subjects remained evidently diverse compared with the
patients; it may be attributed to the disproportions of the nutrients
and trace metals in the case of OA patients.

3.4. Multivariate analysis of selected metals in the blood.
Another important aspect of the present study is multivariate
analysis of the essential and toxic metals in the blood of OA
patients and healthy subjects. The principle component analysis
(PCA) of the metal levels in blood of the patients extracted by
varimax normalized rotation on the data-set are shown in Table 5,
whereas the corresponding CA based on Ward’s method is shown
in Figure 3. In the case of OA patients, four PCs were extracted
with eigen values greater than 1, cumulatively explaining more
than 65% of the total variance. The cluster analysis (CA) of the

metal levels in the blood of OA patients demonstrated three strong
clusters; Zn-Pb, Mn-Cu-Fe-Cr and Co-Cd-Ca-Mg. Similarly, PC 1
showed higher loading for Cr, Cu, Fe and Mn with a strong mutual
cluster of these metals in CA, manifesting the common origin of
these metals which may be traced in anthropogenic contributions
alongside the dietary intake. Likewise, PC 2 revealed elevated
loading for Ca and Cd, which were mostly contributed by dietary
habits and environmental pollutants. PC 3 exhibited significant
loadings for Co, Cr and Mg, which were mainly regulated by
internal metabolism. Lastly, PC 4 showed elevated loadings for Pb
and Zn, well supported by CA. In most of the previous studies,
these metals were ascribed to anthropogenic pollutants,
particularly the activities related to the combustion of fuels;
however Pb and Zn are also emitted in fly-ash from coal fired
power plants [44].

OA - Blood (Ward's method)
1.8

1.6

14

1.2

1.0

0.8

0.6

Linkage Distance (Pearson r)

0.4

||

Zn Pb Mn Cu Fe Cr Mg Co Cd Ca

Figure 3. Cluster analysis of selected metals in the blood of osteoarthritis
(OA) patients.

Table 5. Principal component analysis of selected metals in the blood of osteoarthritis patients and healthy subjects.

Osteoarthritis Patients

Healthy Subjects

PC1 PC2 PC3 PC 4 PC1 ‘ PC2 PC3 PC 4
Eigen value 2.318 1.821 1.338 1.084 3.796 1.787 1.395 1.221
Total Variance (%) 23.18 18.21 13.38 10.84 37.96 17.87 13.95 12.21
Cumulative eigen value 2318 4.139 5.476 6.560 3.796 5.583 6.978 8.199
Cumulative Variance (%) 23.18 41.39 54.76 65.60 37.96 55.83 69.78 81.99
Ca 0.024 0.757 -0.104 -0.128 0.972 -0.084 0.043 0.099
Cd 0.026 0.772 0.227 0.000 0.200 -0.072 0.790 -0.201
Co -0.038 0.246 0.786 0.123 0.064 -0.081 0.151 0.922
Cr 0.576 0.232 0.526 0.043 0.670 -0.001 0.142 -0.659
Cu 0.856 0.066 -0.187 0.185 -0.159 0.049 0.804 0.343
Fe 0.529 0.234 0.116 0.151 -0.219 0.808 -0.306 -0.087
Mg -0.068 -0.301 0.694 -0.308 0.957 -0.045 -0.127 0.085
Mn 0.813 -0.309 -0.021 -0.148 0.746 -0.037 0.136 -0.543
Pb 0.405 -0.168 -0.200 0.518 0.035 0.912 0.198 0.020
Zn 0.009 -0.044 0.051 0.903 0.561 -0.117 0.145 -0.332

The PCA of essential and toxic metal levels in the blood of
healthy subjects extracted by varimax normalized rotation on the
data-set are also shown in Table 5, while the corresponding CA is
portrayed in Figure 4. In the case of healthy subjects, the PCA
yielded four PCs of the metals with eigen values higher than 1,
commutatively exhibiting more than 81% of the total variance of
data. The CA of the metal data in the blood of healthy subjects
revealed very strong clusters of Zn-Fe; Pb-Cu-Cd; Mn-Cr-Co and
Mg-Ca. PC 1 showed higher loadings for Ca, Mg, Cr and Mn;
these metals were mostly contributed by the dietary intakes with
some contributions from external environmental conditions.
Similarly, PC 2 showed elevated loadings for Fe and Pb which
were mainly associated with anthropogenic sources alongside
natural contributions. Third PC showed elevated loadings of Cd

and Cu, while PC 4 exhibited rather higher loadings for Co-Cu in
the blood of healthy subjects. These two PCs were mostly
originating from anthropogenic sources, especially industrial
waste/effluents. Overall, the PCA and CA findings evidenced that
the origin and apportionment of the metals in the blood of OA
patients and healthy subjects were significantly dissimilar with
diverse contributing factors, which may be ascribed to the altered
metabolism due to the disease. In the case of OA patients, toxic
metals were strongly associated with some essential metals (e.g.,
Cd showed interference with Ca and Mg, Cr and Cu with Fe, and
Pb with Zn). In contrast, the healthy subjects showed typically
separate groups of the essential and toxic metals. These
associations indicated that the metabolism of essential metals was
significantly affected and/or altered by toxic metals in the case of

Page | 1949



Ghulam Muhammad Mujtba Hashmi, Munir H. Shah

patients. Based on these deliberations, it can be assumed that
PCA/CA may be used as a diagnostic tool in clinical studies
although it required further support/justification by detailed
studies comprising of larger population segments.

Healthy Subjects - Blood (Ward's method)
25

2.0

1.5

1.0

Linkage Distance (Pearson r)

0.5

0.0 — —
Zn Fe Pb Cu Cd Mn Cr Co Mg Ca

Figure 4. Cluster analysis of selected metals in the blood of healthy
subjects.

3.5. Gender-based comparison of the metal levels in OA
patients and healthy subjects. The gender-based variations of
average metals levels (£ SE) in the blood of OA patients in
comparison with healthy subjects (Figure 5) revealed that most of
the metals were relatively higher in the blood of male patients
compared with the female patients; this may have some
relationship with the possibility of metabolism in males/females as
it has been reported that there is significant effect of gender on the
distribution of micronutrients and trace metals in the blood of the
donors [45]. The mean concentrations of Co, Cu, Fe, Mn, Pb and
Zn were found to be significantly higher in the male patients,
while Cd and Cr were noticeably higher in the blood of female
patients; however Ca and Mg have comparable average levels in
both female and male patients. In contrast to the patients, male and
female controls showed an entirely different pattern; except Pb
and Zn all the metals showed higher levels in the blood of male
healthy subjects than female donors. Similarly, comparison of the
metal levels in male patients and male controls showed significant
differences; mean levels of Cd, Co, Mn and Pb were considerably
higher in the blood of male patients while the essential metals
(such as Ca, Cu, Fe, Mg and Zn) exhibited higher average levels in
the male healthy subjects. A recent study reported considerably
lower levels of Fe in OA patients compared with the healthy
subjects [46]. The female patients showed higher levels of Ca, Cd,
Co, Cr, Cu, Mg and Mn than the female controls which showed
relatively higher average levels of Fe, Pb and Zn. Among these
metals, Fe and Zn play very important role in metabolism of bone;
a previous study reported positive correlation of Zn with Fe in the
synovial fluid [46]. It has been reported that Zn, Cu, and Fe levels
may change in the course of inflammatory process [47].

3.6. Habitat-based comparison of the metal levels in OA
patients and healthy subjects. Comparative average
concentrations (£ SE) of the metals in the blood of OA patients
from rural and urban residential premises in comparison with
counterpart healthy subjects are shown in Figure 6. It has been
reported that environmental factors may contribute to the onset
and progression of autoimmune disecase [48]. Average
concentrations of Cd, Cr, Fe, Mg and Pb were found almost
comparable in both urban/rural patients; however the average

levels of Ca and Cu were found elevated in the blood of the
patients from rural areas while Co and Zn were considerably
higher in the blood of the patients from urban areas. In the case of
healthy subjects, mean levels of Ca, Cd, Co, Cr, Cu, Mg and Mn
were found significantly higher in the rural subjects compared to
the urban subjects, which showed relatively elevated average
levels of Fe, Pb and Zn. The patients living in urban residential
areas showed considerably higher concentrations of Ca, Cd, Co,
Cr, Cu, Mg, Mn and Pb in comparison with the urban controls
whereas rural patients exhibited elevated concentrations of Mn
and Pb in comparison with their counterpart rural controls. Many
kinds of abnormalities in the distribution of trace metals have been
diagnosed in inflammatory diseases including osteoarthritis since
long but interpretation of these changes have not been explained
yet [49, 50, 51]. In general, comparative variations of the essential
and toxic metals in the blood of the patient and healthy subjects
from rural and urban localities showed considerable disparities
indicating a possible mode of metal imbalances due to the
environmental factors.
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Figure 5. Gender-based comparison of average metal levels (ug/g = SE)
in the blood of osteoarthritis (OA) patients and healthy subjects/controls.
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Figure 6. Habitat-based comparison of average metal levels (ng/g = SE)
in the blood of osteoarthritis (OA) patients and healthy subjects/controls.

3.7. Diet-based comparison of the metal levels in OA patients
and healthy subjects. Average levels of selected metals in the
blood of OA patients and controls with vegetarian/non-vegetarian
food habits are shown in Figure 7. Former research studies have
shown that food habits have an important contribution in
autoimmune diseases; fasting and subsequent controlled
vegetarian diet is shown to lessen the activity of the disease [52].
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Among the selected metals, Cu, Pb and Zn showed elevated levels
in the blood of vegetarian patients, while Cd, Co, Cr and Mn were
found higher in the non-vegetarian patients. However, Ca, Fe and
Mg levels manifested almost comparable contributions in both
groups showing that vegetarian and non-vegetarian food habits did
not have any effect on these metals. In the case of healthy
subjects, Mn was found elevated in the blood of vegetarian
controls while average levels of the other metals were noted
relatively higher in the non-vegetarian controls. Similarly,
comparison of the average metal levels in the blood of vegetarian
patients with vegetarian controls showed that mean levels of Mg
and Mn were noted almost comparable in both groups, while Fe
and Zn were found significantly higher in the vegetarian controls.
Nonetheless, Ca, Cd, Co, Cr, Cu and Pb contents were
comparatively higher in the patients with vegetarian food habits.
Comparison of the average metal levels in non-vegetarian patients
with counterpart non-vegetarian controls indicated that Cd, Co, Cr,
Mn and Pb levels were significantly higher in non-vegetarian
patients while Cu, Fe, Mg and Zn levels were noted elevated in the
non-vegetarian controls. It has been reported that higher levels of
red meat and protein consumption found correlated with greater
risk of autoimmune inflammatory diseases [53], however some
other studies suggested no proven relationship of red meat and
protein consumption with the risk of arthritis [54].

3.8. Smoking-based comparison of the metal levels in OA
patients and healthy subjects. Average metal levels in the blood
of OA patients with smoking/non-smoking habits in comparison
with similar healthy subjects are shown in Figure 8. Studies
related to the epidemiology have indicated the association of
various types of arthritis with smoking habits or excessive
exposure to the tobacco [55-61]. It has been suggested that the
immune system of the body might be activated due to exposure of
respiratory organs to the cigarette smoke. Mean concentrations of
Co, Cr, Cu, Fe, Mg, Mn and Pb were found to be comparatively
higher in the blood of patients with smoking habits, while in
comparison non-smoking patients depicted higher levels of Ca and
Cd in their blood. However, Zn exhibited almost comparable
contribution in both groups.
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Figure 7. Diet-based comparison of average metal levels (nug/g + SE) in
the blood of osteoarthritis (OA) patients and healthy subjects/controls.

It has been reported that smoking may contribute in the
accumulation of toxic metals; mean contents of Co, Cr and Cd

were found to be significantly higher in the smoking controls
compared to the non-smoking controls. Similarly, mean
concentrations of Co, Mn and Pb were found elevated in the blood
of smoking patients in comparison with smoking healthy subjects.
This pattern indicated that the higher concentrations of Co, Mn
and Pb in the blood of OA patients may contribute towards the
onset and progression of the disease. The risk of arthritis is
believed to be directly related to smoking; normally it increases
with continued smoking [62]. Overall, comparative assessment of
the metals in the blood of smoking and non-smoking subjects
showed substantial disproportions indicating the metal imbalances
due to smoking habits.
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Figure 8. Smoking-based comparison of average metal levels (ug/g + SE)
in the blood of osteoarthritis (OA) patients and healthy subjects/controls.

3.9. Variations of the metal levels with age of the patients and
controls. Variations in the metal levels with the age of OA
patients and controls revealed that the concentrations of Cr and Cu
in the blood exhibited significant diverse relationships, while other
metals demonstrated insignificant associations with the age.
Variations of Cr levels in the blood of the patients and controls
with age are shown in Figure 9. The results indicated that Cr levels
exhibited increasing trend with the age of the patients but on
contrary it showed decreasing trend with the age of healthy
subjects. Elevated Cr levels were associated with higher burden of
the free radicals [14, 63]. It takes part in redox reactions by
converting itself to various oxidation states; thus it may act as
cytotoxcin, carcinogenic and genotoxcin. Higher concentrations of
Cr and its long term exposure may affect the immune system;
however its mechanism is not clearly understood [64]. Similarly,
comparative variations in the concentrations of Cu in the blood of
OA patients and healthy donors with their age are illustrated in
Figure 10. Proportional appraisal revealed that Cu levels exhibited
a significant build-up in the blood of the patients with increasing
age, however it exhibited depleting pattern in the blood of the
healthy subjects. Relatively higher concentrations of Cu in the
blood of the patients with age are due to the fact that during
inflammation processes in autoimmune diseases ceruloplasmin is
released in the blood; it increases the concentration of Cu in the
blood of the patients. Elevated concentrations of Cu were also
linked with the excessive formation of the free radicals and
promotion of the autoimmune diseases. These findings are in
agreement with the previous studies [46, 65].
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Figure 9. Comparative variations of Cr levels in the blood with the age of
OA patients and healthy subjects/controls.

4. CONCLUSIONS

The present study showed divergent distribution of
essential and toxic metals in the blood of OA patients and healthy
subjects. Significantly higher average concentrations of Cd, Co,
Cr, Mn and Pb were noted in the blood of the patients in
comparison with the controls which in turn showed higher
concentrations of Cu, Fe, Mg and Zn. Correlation study showed
diverse associations among the essential and toxic metals in the
patients and controls. PCA and CA revealed mutual
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