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Aim
This study was designed to assess the serum levels boron (B), copper (Cu), and zinc (Zn)
in patients with juvenile idiopathic arthritis (JIA), and to evaluate their relationships with the
disease activity parameters.

Patients and methods

This study was conducted on 30 children with JIA and 20 apparently healthy children. Patients
were subjected to a thorough history‑taking, clinical examination, plain radiography of both
hands, and laboratory investigations including erythrocyte sedimentation rate, C‑reactive
protein, rheumatoid factor, and antinuclear antibodies. Disease activity was measured using
the Juvenile arthritis disease activity score 27 (JADAS‑27 score). Serum B, Cu, and Zn levels
were also measured.

Results

The mean serum B level was highly statistically significantly lower in the JIA patients’ group
than that in the control group. The mean serum Cu level was highly statistically significantly
higher in the JIA patients’ group than that in the control group. Finally, the mean serum Zn level
was statistically insignificantly lower in the JIA patients group than that in the control group.
There were significant negative correlations between serum B concentrations and tender joint
count (TJC). There were significant positive correlations between serum Cu concentrations
and TJC, erythrocyte sedimentation rate, and JADAS‑27. There were significant negative
correlations between serum Zn concentrations and TJC and JADAS‑27.

Conclusion

B serum level may play a role in the pathophysiology of JIA and its severity. Serum
levels of B, Cu, and Zn seem to be of fundamental importance in the assessment of a JIA patient.
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Introduction
Juvenile idiopathic arthritis ( JIA) is a heterogeneous
group of chronic arthritis diseases in childhood [1].
JIA is the most common chronic arthropathy
of childhood and its pathogenesis is still poorly
understood. It is also the most common inflammatory
joint disease in pediatric patients [2]. JIA is divided
into seven subtypes, defined by the International
League Against Rheumatism (ILAR) classification,
and includes systemic onset arthritis, oligoarthritis,
seropositive polyarthritis, seronegative polyarthritis,
psoriatic arthritis, enthesitis‑related arthritis, and
undifferentiated arthritis on the basis of clinical and
laboratorial data during the first 6 months of the
disease and the family history features [3–6].
Trace elements such as zinc (Zn) and copper (Cu) are
crucial catalytic cofactors for several enzymes, structural
proteins, and transcription factors. In addition, they
are essential elements for the immune system, and for
the integrity of the articular tissues [7,8]. Cu and Zn
are constituents of the superoxide‑dismutase enzyme,

which performs intracellular antioxidant functions.
Furthermore, Cu is a constituent of ceruloplasmin,
a powerful extracellular antioxidant enzyme. The
anti‑inflammatory effects of Cu and Zn have been
documented in humans and animals. Moreover, Zn
constitutes a structural element of alkaline phosphatase
and stimulates its synthesis in osteoblasts, playing
an important role in bone mineralization, and it is
responsible for the latency of metalloproteinases [9].
Boron (B) is a water‑soluble trace element and is directly
involved in immune defense mechanisms or affects
components of the immune system [10,11]. Moreover,
it influences the activity of many metabolic enzymes, as
well as the metabolism of steroid hormones and several
micronutrients, including calcium, magnesium, and
vitamin D [12]. Moreover, reported beneficial actions
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of B include arthritis alleviation or risk reduction,
bone growth and maintenance, central nervous system
function, cancer risk reduction, hormone facilitation,
and immune response, inflammation and oxidative
stress modulation [13–15].

Patients and methods
This study was conducted on 30 children with JIA,
diagnosed according to the ILAR classification of
JIA [3] attending Rheumatology, Rehabilitation and
Physical Medicine Department of Benha University
Hospitals. A total of 20 apparently healthy children,
age and sex matched to the patients’ group, represented
the control group. The cases were enrolled in the
period between August 2014 and February 2015.
Prior written consent was obtained from the parent of
each patient, and from those of the controls included
in the study. This study was approved by the Ethical
Committee of Faculty of Medicine, Benha University.
Patients were subjected to thorough history‑taking,
clinical examination including locomotor system
examination, slit lamp examination, plain radiography
of both hands, and laboratory investigations including
erythrocyte sedimentation rate (ESR), C‑reactive
protein, rheumatoid factor (RF), and antinuclear
antibodies (ANA). Disease activity was measured
using the JADAS‑27 score.
Measurement of serum boron, zinc, and copper

About 5–6 ml of blood was collected into a clean, dry,
labeled test tube and clear serum was harvested and
kept in a deep freezer at −20°C before analysis. Serum
samples of 1 ml were poured into 50‑ml beakers,
followed by the addition of 10 ml mixture of analytical
grade acids HNO3 : HClO4 in a ratio of 5 : 1. The
digestion was carried out at a temperature of about
190°C for 2–3 h. After cooling, the resulting solution
was transferred to polypropylene bottles made up to
a final volume (25 ml) with deionized water acidified
with 3% nitric acid. Procedural blanks, submitted to
the same steps described above for serum samples,
were analyzed in parallel to each sample. The samples
were analyzed using the Thermo Scientific iCap 7000
series ICP‑QES spectrometer (Thermo Scientific,
PerkinElmer, Waltham, MA, USA) in Laboratories
Compound of Desert Research Center of Egyptian
Ministry of Agriculture and Land Reclamation.

Results
The present study included 21 (70%) girls and
nine (30%) boys, whose ages ranged between 4 and
12 years (mean: 8.10 ± 2.67 years). A total of 20
apparently healthy children, age and sex matched
with the patients’ group, represented the control
group. As regards the JIA patients’ group, as shown
in Table 1, the disease duration ranged between 1
and 8 years, with a mean of 4.05 ± 2.04 years. The
number of tender/swollen joints ranged between one
and nine joints, with a mean of 4.50 ± 2.76 joints.
ESR ranged between 4 and 85 mm/h, with a mean of
28.25 ± 21.82 mm/h.Three (10%) cases were RF positive
and the other 27 (90%) cases were RF negative. There
were eight (26.7%) cases of the polyarticular subtype
and 22 (73.3%) cases of the oligoarticular subtype.
JADAS‑27 score ranged between 1.70 and 14.50, with
a mean of 7.24 ± 3.39. Moreover, hemoglobin (Hb)
concentration ranged between 9.10 and 14.20 g/dl,
with a mean of 11.24 ± 1.27 g/dl. Furthermore, red
blood cell (RBC) count ranged between 3.70 × 106
and 5.80 × 106 cells/mm3, with a mean of
4.84 × 106 ± 0.52 × 106 cells/mm3, whereas the
white blood cells (WBCs) count ranged between
4.30 × 106 and 13.80 × 106 cells/mm3, with a mean of
7.93 × 106 ± 2.67 × 106 cells/mm3. Only 12 out of 30 (40%)
cases were positive for ANA. In addition, four (13.3%)
cases had a history of uveitis. As regards disease activity
grade ( JADAS‑27) of JIA patients’ group, there were
18 (60%) patients with moderate disease activity and
12 (40%) patients with high disease activity. As regards
the measured serum trace elements in this study, as
Table 1 Clinical and laboratory data of juvenile idiopathic
arthritis patients group
Variables (n=30)
Duration of disease (years)
TJC
ESR (mm/h)
RF titer (n=3)
JADAS‑27 score
Hb% (g/dl)
RBCs (×106 cells/mm3)
WBCs (×103 cells/mm3)

Minimum

Maximum

4.05±2.04
4.50±2.76
28.25±21.82
33.4±17.99
7.24±3.39
11.24±1.27
4.84±0.52
7.93 ± 2.67

1.00
1.00
4.00
8
1.70
9.10
3.70
4.30

8.00
9.00
85.00
64
14.50
14.20
5.80
13.80

ESR, erythrocyte sedimentation rate; Hb, hemoglobin; RBC, red
blood cell; RF, rheumatoid factor; TJC, tender joint count; WBC, white
blood cell.
Table 2 Comparison between the juvenile idiopathic arthritis
patients and the control groups regarding measured serum
elements
Variables

Statistical analysis

Statistical analysis was carried out using
statistical package for the social sciences (SPSS)
program (version 22; SPSS Inc., Chicago, Illinois,
USA) on an IBM compatible computer.

Mean±SD

B (ng/ml)
Cu (µg/dl)
Zn (µg/dl)

t‑test

Mean±SD
Patients (n=30)

Control (n=20)

t

P

17.64±4.78
156.45±23.98
111.65±28.99

31.64±4.82
114.45±23.99
128.10±27.62

9.23
5.54
1.84

<0.001*
<0.001*
0.06

B, boron; Cu, copper; Zn, zinc; *means significant.
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shown in Table 2 and Figs. 1a and 2a, first, the mean
serum B level was highly statistically significantly lower
in the JIA patients’ group (17.64 ± 4.78 ng/ml) than
in the control group (31.64 ± 4.82 ng/ml) (P < 0.001).
Second, the mean serum Cu level was highly
statistically significantly higher in the JIA patients’
group (156.45 ± 23.82 µg/dl) than in the control
group (114.45 ± 23.99 µg/dl) (P < 0.001). Finally, the
mean serum Zn level was statistically insignificantly lower
in the JIA patients’ group (111.65 ± 28.99 µg/dl) than
in the control group (128.10 ± 27.62 µg/dl) (P > 0.05).
The mean serum B concentration was statistically
significantly
higher
in
oligoarticular
JIA
patients (21.30 ± 4.16 ng/ml) than in polyarticular
JIA patients (14.64 ± 2.75 ng/ml) (P < 0.001), as
shown in Table 3 and Fig. 1b. The mean serum
Cu concentration was lower in oligoarticular JIA
patients (132.22 ± 8.39 µg/dl) than in polyarticular JIA
patients (176.27 ± 8.72 µg/dl), with a highly statistically
significant difference (P < 0.001). The mean serum
Zn concentration was higher in oligoarticular JIA
patients (137.22 ± 11.56 µg/dl) than in polyarticular
JIA patients (90.73 ± 20.50 µg/dl), with a highly
statistically significant difference (P < 0.001).
There were significant negative correlations between
serum B concentrations and tender joint count (TJC)
(P = 0.004). In addition, there were insignificant
correlations between serum B concentrations and
age (P = 0.84), the disease duration (P = 0.70), ESR
(P = 0.35), JADAS‑27 (P = 0.18), ANA (P = 0.56),
Hb (P = 0.91), WBCs (P = 0.46), and RBCs
(P = 0.05), as shown in Table 4 and Fig. 2. There were
significant positive correlations between serum Cu
concentrations and the following studied parameters:
TJC (P < 0.001), ESR (P = 0.03), and JADAS‑27
(P = 0.006). In addition, there were insignificant

correlations between serum Cu concentrations and the
patients’ age (P = 0.55), the disease duration (P = 0.33),
ANA (P = 0.58), Hb (P = 0.90), WBCs (P = 0.16),
and RBCs (P = 0.30), as shown in Table 4 and Fig. 3.
There were significant negative correlations between
serum Zn concentrations and TJC (P < 0.001)
and JADAS‑27 (P = 0.04). In addition, there
were insignificant correlations between serum Zn
concentrations and the patient’s age (P = 0.26),
the disease duration (P = 0.22), ESR (P = 0.44),
Table 3 Comparison between oligoarthritis and polyarthritis
juvenile idiopathic arthritis patients regarding measured
serum elements
Variables

B (ng/ml)
Cu (µg/dl)
Zn (µg/dl)

t‑test

Mean±SD
Oligoarthritis
JIA (n=20)

Polyarthritis
JIA (n=6)

t

P

21.30±4.16
132.22±8.39
137.22±11.56

14.64±2.75
176.27±8.72
90.73±20.50

4.29
11.43
6.04

<0.001*
<0.001*
<0.001*

B, boron; Cu, copper; JIA, juvenile idiopathic arthritis; Zn, zinc.
Table 4 Correlations between serum boron, copper and
zinc and the juvenile idiopathic arthritis patients studied
parameters
Studied variables

B
r

Age
Disease duration
TJC
ESR
JADAS‑27
ANA
Hb
WBCs
RBCs

P value

Cu
r

P value

Zn
r

P value

0.05
0.84 −0.14 0.55
0.27
0.26
0.09
0.70 −0.23 0.33
0.30
0.22
−0.61 0.004* 0.86 <0.001* −0.72 <0.001*
0.22
0.35
0.40
0.03*
0.18
0.44
−0.31 0.18
0.60 0.006* −0.46 0.04*
−0.03 0.91 −0.11 0.58 −0.03 0.88
−0.03 0.91
0.03
0.90 −0.07 0.77
−0.18 0.46
0.33
0.16 −0.14 0.55
−0.44 0.05
0.25
0.30 −0.38 0.10

ANA, antinuclear antibodies; B, boron; Cu, copper; ESR, erythrocyte
sedimentation rate; Hb, hemoglobin; RBC, red blood cell; TJC, tender
joint count; WBC, white blood cell; Zn, zinc; *means significant.

Figure 1

a

b

The bar graph (a) shows the comparison between the juvenile idiopathic arthritis (JIA) patients and the controls regarding measured serum
elements, whereas the bar graph (b) shows the comparison between oligoarthritis and polyarthritis JIA patients regarding measured serum
elements.
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Figure 2

Correlations between serum boron concentrations and the studied variables among the juvenile idiopathic arthritis patients’ group. ESR,
erythrocyte sedimentation rate; TJC, tender joint count.

ANA (P = 0.88), Hb (P = 0.77), WBCs (P = 0.55),
and RBCs (P = 0.110), as shown in Table 4 and Fig. 4.

Discussion
JIA is the most common chronic arthropathy
of childhood, whose pathogenesis is still poorly
understood. It is also the most common inflammatory
joint disease in pediatric patients and it is divided into
seven subtypes defined by the ILAR classification [3].
Trace elements are involved in various vital processes
related to health, ranging from structural support,
nerve conduction, muscle contraction, enzymes and
hormones production, and maintenance of mineral
balance in human body [16]. The importance of trace
elements in chronic inflammatory arthritis is related
to their cofactor role in the functions of the immune

system and in different metabolic processes in the
articular tissues [17].
Zn is involved in several biochemical processes and plays an
important role in the growth and in the immune function.
Alternatively, Cu metabolism is significantly affected by
inflammation. Cu is bound to ceruloplasmin and its level
is increased as part of the acute phase response [2]. The
role of B is particularly important because it controls
the inflammatory process in arthritic conditions by
downregulating specific enzymatic activities typically
elevated during inflammation at the inflammatory site,
inhibiting the inflammatory stress and affecting the
production of inflammatory cytokines by cartilage cells
and cells involved in the inflammatory response [13].
Previous studies have reported reduced serum
selenium, magnesium, Zn, and elevated serum Cu in
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Figure 3

Correlations between serum copper concentrations and the studied variables among the juvenile idiopathic arthritis patients’ group. ESR,
erythrocyte sedimentation rate; TJC, tender joint count.

patients with rheumatoid arthritis (RA). To date, our
knowledge about the serum level of these molecules in
JIA and its correlation with clinicopathologic features
is still incomplete [18]. To accomplish our goals,
this study was conducted on a group of 30 patients
suffering from JIA diagnosed according to the ILAR
classification of JIA, attending the Rheumatology,
Rehabilitation and Physical Medicine Outpatient
Clinic and Inpatient Department of Benha University
Hospitals. In addition, 20 apparently healthy children,
age and sex matched with patients, were included in
this study as controls.
This study showed that the mean serum B concentration
was lower in the JIA patients’ group (17.64 ± 4.78 ng/ml)
than in the control group (31.64 ± 4.82 ng/ml), with
a highly statistically significant difference (P < 0.001),
and this was in agreement with Al‑Rawi et al. [11], who

reported that serum B levels were significantly lower
in RA patients than in controls. Moreover, our results
showed that serum B levels were highly statistically
significantly higher in JIA patients with oligoarticular
than in those with polyarticular pattern (P < 0.001) [11].
Our findings are also supported by those of a study by
Newnham [19], who reported that the occurrence of
arthritis is negatively correlated with the amount of B
in the soil and in the water supply, and emphasized that
in areas where daily B intakes were typically 1 mg, the
estimated incidence of arthritis ranged from 20 to 70%.
In areas where daily B intakes ranged from 3 to greater
than 10 mg, the estimated incidence of arthritis ranged
from 0 to 10% [19]. Moreover, it has been found that B
concentrations in bone and synovial fluid were lower in
RA patients than in healthy controls [20]. In addition,
a recent study of 20 patients with osteoarthritis has
also found that B supplementation alleviated subjective
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Figure 4

Correlations between serum zinc concentrations and the studied variables among the juvenile idiopathic arthritis patients’ group. ESR, erythrocyte
sedimentation rate; TJC, tender joint count.

measures of arthritis. Patients with mild to moderate
arthritis supplemented daily with 6 mg of B as calcium
fructoborate, naturally occurring B complex commonly
found in fruits and vegetables, reported marked reduction
in pain. By week 8, 80% of the test participants reduced
or eliminated their use of pain killers. In addition,
joint rigidity essentially disappeared, and mobility was
markedly increased at 8 weeks. Patients with severe
arthritis, who were supplemented daily with 12 mg of
B as calcium fructoborate, exhibited a more subdued
improvement in mobility and rigidity but still reported
a significant reduction in the use of pain killers [21].
Meanwhile, serum B level in our study was statistically
significantly correlated with TJC (P = 0.004); there
were insignificant correlations between serum B
level and ESR (P > 0.05) and JADAS‑27 (P > 0.05),
and these findings were consistent with a study by
Al‑Rawi et al. [11], who concluded that serum B

levels in RA patients were lower than that of controls,
without significant correlation with ESR or DAS‑28.
These findings suggested that serum B level has a role
in the pathophysiology of chronic arthritis in children
and did not correlate with disease activity because these
patients were under drugs controlling disease activity
parameters [11].
Our study found that serum Cu level was
higher (156.45 µg/dl) in JIA patients than in
controls (114.45 µg/dl), with a highly statistically
significant difference (P < 0.001). These findings
were in agreement with that of a study by Taneja and
Mandal [18] in Chandigarh, India, who emphasized
that serum Cu, as well as urinary excretion, were
increased in RA patients compared with healthy
controls. Our study was in agreement with theirs
regarding the positive significant correlations between
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serum Cu level and TJC (P < 0.001), ESR (P = 0.04),
and JADAS‑27 (P < 0.01) [18]. In addition, our data
were the same as that of Strecker et al. [22], who
demonstrated significant correlation between serum
Cu and disease activity parameters in RA patients.
The increase of serum Cu may be because of the rise
in ceruloplasmin, which is an acute phase protein, and
whose role in adjuvant arthritis is to neutralize free
oxygen radicals, mainly anion superoxide, in an attempt
to stop the process of turning chronic [22].
Surprisingly, we found that the serum levels of
Zn were lower (111 µg/dl) in JIA patients than in
controls (128 µg/dl), and that there were statistically
significant correlations between serum Zn level and
TJC (P < 0.001) and JADAS‑27 (P < 0.001). On the
contrary, we agree with a study by Mierzecki et al. [23],
who demonstrated that Zn level was reduced in the
serum and hair of RA patients; there was a point of
disparity where they documented significant correlation
between serum Zn level and disease duration [23].
We found polyarticular subtype affecting six (20%)
patients, oligoarticular subtype affecting 20 (66.7%)
patients, and other subtypes affecting four (13.3%)
patients. These results were nearly similar to that a
study by Hyrich et al. [24], who documented the same
percentages for the polyarticular subtype. Moreover,
the current study disagrees with the study by Şen
et al. [25], conducted on disease characteristics in
children in southwestern Turkey (n = 213 patients),
in which they reported that the polyarticular subtype
affected 42.3% patients and oligoarticular subtype
affected 37.1% patients. This can be attributed to the
greater number of patients (n = 213) included in their
study, so that other subtypes were represented [25]. In
addition, the current study showed positive ANA in
12 (40%) patients and this was in accordance with a
study by Cassidy and Petty [26]. Furthermore, Weiss
and Ilowite [27] documented the same percentage
of positive ANA. Moreover, the two studies were in
agreement with the percentage of positive RF reported
in the current study [27]. Furthermore, BenEzra
et al. [28] reported that 11.6% of the 172 patients
with JIA enrolled in their study had uveitis, which
was nearly similar to the percentage reported in the
current study. In addition, our results were consistent
with that of a study by Heiligenhaus et al. [29], who
demonstrated that uveitis prevalence was 12% for all
JIA patients.

Conclusion and recommendations
The pathogenesis of JIA could involve the trace
element changes as they are part of both intracellular
and extracellular antioxidant functions. Serum Zn, Cu,

and B should be included in the routine assessment
of children with JIA, and B should be supplemented
in cases with JIA with high inflammatory disease
activity.
Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

References

1 Ralph A, Jacups S, McGough K, McDonald M, Currie BJ. The challenge
of acute rheumatic fever diagnosis in a high‑incidence population: a
prospective study and proposed guidelines for diagnosis in Australia’s
Northern Territory. Heart Lung Circ 2006; 15:113–118.
2 Wanchu A, Sud A, Bambery P, Prasad R, Kumar V. Plasma and peripheral
blood mononuclear cells levels of Zn and Cu among Indian patients with
RA. Ann Rheum Dis 2002; 61:88.
3 Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg J,
et al. International League of Associations for Rheumatology classification
of juvenile idiopathic arthritis: second revision, Edmonton, 2001.
J Rheumatol 2004; 31:390–392.

4 Phelan JD, Thompson SD, Glass DN Susceptibility to JRA/JIA: complementing
general autoimmune and arthritis traits. Genes Immun 2006; 7:1–10.
5 Angeles‑Han S, Prahalad S. The genetics of juvenile idiopathic arthritis:
what is new in 2010? Curr Rheumatol Rep 2010; 12:87–93.
6 Haines KA. Juvenile idiopathic arthritis: therapies in the 21st century. Bull
NYU Hosp Jt Dis 2007; 65:205–211.
7 Ferencík M, Ebringer L. Modulatory effects of selenium and zinc on the
immune system. Folia Microbiol (Praha) 2003; 48:417–426.
8 Rosenstein ED, Caldwell JR. Trace elements in the treatment of rheumatic
conditions. Rheum Dis Clin North Am 1999; 25:929–935; viii.
9 Tapiero H, Tew KD. Trace elements in human physiology and pathology:
zinc and metallothioneins. Biomed Pharmacother 2003; 57:399–411.
10 Hunt JR. Bioavailability of iron, zinc, and other trace minerals from
vegetarian diets. Am J Clin Nutr 2003; 78(Suppl):633S–639S.
11 Al‑Rawi ZS, Gorial FI, Al‑Shammary WA, Muhsin F, Al‑Naaimi AS,
Kareem S. Serum boron concentration in rheumatoid arthritis: correlation
with disease activity, functional class, and rheumatoid factor. J Exp Integr
Med 2013; 3:9–15.
12 Devirian TA, Volpe SL. The physiological effects of dietary boron. Crit Rev
Food Sci Nutr 2003; 43:219–231.
13 Nielsen FH, Meacham SL. Growing evidence for human health benefits of
boron. J Evid Based Complement Altern Med 2011; 16:169–180.
14 Sutherland B, Strong P, King JC. Determining human dietary requirements
for boron. Biol Trace Elem Res 1998; 66:193–204.
15 Hunt CD, Idso JP. Dietary boron as a physiological regulator of the normal
inflammatory response: a review and current research progress. J Trace
Elem Exp Med 1999; 12:221–233.
16 Pasha Q, Malik SA, Shaheen N, Shah MH. Investigation of trace metals
in the blood plasma and scalp hair of gastrointestinal cancer patients in
comparison with controls. Clin Chim Acta 2010; 411:531–539.
17 Ala S, Shokrzadeh M, Pur Shoja AM, Saeedi Saravi SS. Zinc and copper
plasma concentrations in rheumatoid arthritis patients from a selected
population in Iran. Pak J Biol Sci 2009; 12:1041–1044.
18 Taneja SK, Mandal R. Assessment of mineral status (Zn, Cu, Mg and Mn)
in rheumatoid arthritis patients in Chandigarh, India. Rheumatol Rep 2009;
1:16–20.
19 Newnham RE. How boron is being used in medical practice. In: Goldbach HE,
Rerkasem B, Wimmer MA, Brown PH, Thellier M, Bell RW, editors. Boron in
plant and animal nutrition. New York, USA: Kluwer; 2002. 59–62.
20 Havercroft JM, Ward NI. Boron and other elements in relation to
rheumatoid arthritis. In: Momcilovic B, editor Trace elements in man and
animals. 7th ed. Zagreb, Croatia: IMI; 1991. 82–83.

[Downloaded free from http://www.err.eg.net on Monday, November 14, 2016, IP: 208.53.112.118]
66

Egyptian Rheumatology & Rehabilitation

21 Miljkovic D, Scorei RI, Cimpoiaşu VM, Scorei ID. Calcium fructoborate:
plant‑based dietary boron for human nutrition. J Diet Suppl 2009;
6:211–226.
22 Strecker D, Mierzecki A, Radomska K. Copper levels in patients with
rheumatoid arthritis. Ann Agric Environ Med 2013; 20:312–316.
23 Mierzecki A, Strecker D, Radomska K. A pilot study on zinc levels in patients
with rheumatoid arthritis. Biol Trace Elem Res 2011; 143:854–862.
24 Hyrich KL, Lal SD, Foster HE, Thornton J, Adib N, Baildam E, et al. Disease
activity and disability in children with juvenile idiopathic arthritis one year
following presentation to paediatric rheumatology. Results from the Childhood
Arthritis Prospective Study. Rheumatology (Oxford) 2010; 49:116–122.
25 Şen V, Ece A, Uluca Ü, Güneş A, Yel S, Tan I, et al. Evaluation of children
with juvenile idiopathic arthritis in southeastern Turkey: a single center

experience. Hippokratia 2015; 19:63–68.
26 Cassidy JT, Petty RE. Chronic arthritis in childhood. In: Cassidy JT,
Petty RE, Laxer RM, Lindsley CB, editors. Textbook of pediatric
rheumatology. 5th ed. Philadelphia: Elsevier Saunders; 2005. 206–260.
27 Weiss JE, Ilowite NT. Juvenile idiopathic arthritis. Rheum Dis Clin North
Am 2007; 33:441–470; vi.
28 BenEzra D, Cohen E, Behar‑Cohen F. Uveitis and juvenile idiopathic
arthritis: a cohort study. Clin Ophthalmol 2007; 1:513–518.
29 Heiligenhaus A, Niewerth M, Ganser G, Heinz C, Minden K. Prevalence
and complications of uveitis in juvenile idiopathic arthritis in a
population‑based nation‑wide study in Germany: suggested modification
of the current screening guidelines. Rheumatology (Oxford) 2007;
46:1015–1019.

