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Abstract To investigate the relationship between ionized
calcium and disease activity, parameters of bone
metabolism and bone mineral density (BMD) at the
lumbar spine (BMD-LS) and the femoral neck (BMD-
FN) measured by dual X-ray absorptiometry in rheu-
matoid arthritis (RA). In 146 patients with RA, the
following parameters were investigated: serum levels of
ionized calcium, total calcium, vitamin D metabolites
25-hydroxyvitamin D3 (25D3) and 1,25-dihydroxyvita-
min D3 (1,25D3), intact parathyroid hormone (iPTH),
interleukin-6, osteocalcin, erythrocyte sedimentation
rate (ESR) and c-reactive protein (CRP); renal excretion
of pyridinolin (PYD)- and desoxypyridinolin (DPD)-
crosslinks. A total of 30.1% of the patients were
hypercalcemic (ionized calcium >1.30 mmol/l). In
comparison with normocalcemic patients, those with
hypercalcemia had significantly higher ESR (P <0.01)
and CRP values (P <0.05) and significantly lower serum
levels of both iPTH (P <0.01) and 1,25D3 (P <0.05) and
a significantly lower BMD-LS (P <0.05). The results
indicate that a substantial part of RA patients is
hypercalcemic. Hypercalcemia is associated with high
disease activity and may contribute to suppression of
PTH secretion and vitamin D hormone synthesis. High
levels of ionized calcium may be a reflection of disease-
activity-related systemic bone loss, and could be a pre-
dictor of BMD at the lumbar spine in RA.

P. Oclzner (X)) - G. Lehmann - T. Eidner - S. Franke
A. Miiller - G. Wolf - G. Hein

Division of Rheumatology/Osteology,

Department of Internal Medicine 111,
Friedrich-Schiller University,

Erlanger Allee 101, 07740 Jena, Germany

E-mail: peter.oelzner(@med.uni-jena.de

Tel.: +49-36-419324326

Fax: +49-36-419326842

Keywords Ionized calcium - Bone mineral density -
Disease activity - Rheumatoid arthritis

Introduction

An important mechanism leading to bone loss in rheu-
matoid arthritis (RA) is increased bone resorption [1-6].
It is well known that increased bone resorption in pa-
tients with malignant disease is often associated with
hypercalcemia [7]. Production of cytokines and hor-
mones with bone-resorbing properties such as interleu-
kin-6 (IL-6), receptor activator of NFkappaB-ligand
(RANKL) and parathormone-related peptide (PTHrP)
by malignant cells or the induction of these mediators in
bone marrow stromal cells are important mechanisms
involved in osteolysis and hypercalcemia in malignant
disease [8—13]. Interestingly, the same mediators in-
volved in tumor osteolysis are expressed in activated
synovial fibroblasts in RA. The expression of 1L-6 [14,
15], PTHrP [16-18] and RANKL [19, 20] has been
demonstrated in activated synovial fibroblasts at the
pannus invasion front in RA and the pannus infiltrates
the adjacent cartilage and bone like a semimalignant
tumor [21].

Despite the expression of cytokines stimulating os-
teoclastogenesis and bone resorption in the rheumatoid
synovium, hypercalcemia has not been previously de-
scribed in RA. However, with respect to the total serum
calcium levels in RA, it must be considered that high
disease activity in RA is potentially associated with a
decrease in hepatic albumin synthesis, resulting in a
subsequent decrease in total serum calcium levels be-
cause up to 40% of total calcium is bound to albumin
[22, 23]. Therefore, the measurement of ionized (“‘free”)
calcium would be a better parameter than total calcium
to assess calcium metabolism in RA.

The aim of our study was to investigate serum levels
of ionized calcium in RA and the relationship of these
with bone mineral density (BMD), disease activity and
serum levels of calcium-regulating hormones.



Materials and methods
Patients

We investigated 146 patients with RA (age 18-84 years,
mean 58.0 £ 14.5 years) with a mean disease duration of
8.7+9.3 years (0.1-40 years). Eighty-seven patients were
postmenopausal women, 28 premenopausal women and
31 men. All patients fulfilled at least four of the 1987
revised ACR criteria for RA [24].

Seventy-four patients (age 20-79 years; mean
58.6+12.4 years) with a mean disease duration of
10.3+£8.7 years (0.5-34 years) were receiving glucocor-
ticoid treatment (5-15 mg prednisolone/day), whereas
72 patients (age 18-84 years; mean 59.5+15.5 years)
with a mean disease duration of 8.9+9.6 years (0.2-33
years) did not.

Patients gave their written informed consent before
participating in the study. The Ethical Committee of the
University approved the study design.

Laboratory tests and analytical techniques

The following parameters were investigated in the sera
of the patients: erythrocyte sedimentation rate (ESR), c-
reactive protein (CRP), interleukin-6 (IL-6), ionized
calcium, total calcium, albumin, the vitamin D metab-
olites 25-hydroxyvitamin D3 (25D3) and 1,25-di-
hydroxyvitamin D3 (1,25D3), intact parathyroid
hormone (iPTH) and osteocalcin (OC). Fasting venous
blood samples were drawn between 7 and 9 a.m. For
determination of vitamin D metabolites, iPTH and IL-6,
serum aliquots were frozen and stored at —70°C until
analyzed. Technical details concerning the measuring
of calcium-regulating hormones and IL-6 are listed in
Table 1.

Furthermore, the excretion of pyridinoline (PYD)-
and desoxypyridinoline (DPD)-crosslinks, as well as the
calcium/creatinine (u-Ca/crea)-ratio in the morning ur-
ine and the daily urinary calcium excretion, were mea-
sured.

Pyridinoline and DPD were determined in urine by a
reversed-phase HPLC method, described previously by
us [25], and expressed as the PYD/creatinine-ratio
(PYD/crea) and the DPD/creatinine ratio (DPD/crea),
respectively.
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Ionized calcium was measured by an ion-selective
electrode system (Ionometer EH-F, Fresenius, Schw-
einfurt, Germany). The normal value of ionized calcium
was 1.1-1.3 mmol/l.

Bone mineral density was determined by dual X-ray
absorptiometry (DXA, Hologic, Waltham, MA, QDR
4500A) at the lumbar spine (L1-4; BMD-LS) and the
femoral neck (BMD-FN).

Statistical analysis

The data were analyzed statistically using the SPSS for
Windows Statistical Program. For correlation analysis,
we used the Spearman correlation coefficient. To com-
pare the parameters of the various patient groups, first
the non-parametric Kruskal-Wallis test was used. If
significant differences were detected, the Mann—Whitney
U-test was used to compare particular groups. A
P <0.05 was considered significant.

Results
Serum levels of ionized calcium in RA

A total of 102 patients (69.9%) had normal serum
levels of ionized calcium, whereas 44 patients (30.1%)
were hypercalcemic (ionized calcium >1.30 mmol/l).
Serum levels of ionized calcium were not different
between postmenopausal women (1.28 £0.07 mmol/l),
premenopausal women (1.27£0.06 mmol/l) and men
(1.29+£0.05 mmol/l).

Furthermore, no significant differences were observed
in the level of ionized calcium between patients with
(1.28 £ 0.06 mmol/I) and without glucocorticoid therapy
(1.27+0.07 mmol/l). Ionized calcium was not related
with age, disease duration and cumulative glucocorti-
coid dose.

Correlation of ionized calcium with parameters
of disease activity and bone metabolism

In the whole group, ionized calcium was significantly
positively correlated with ESR and CRP (P <0.01), with
total calcium and calcium corrected for albumin
(P<0.01) and with the calcium/creatinine ratio in the
morning urine (P <0.05; Table 2).

Table 1 Measuring procedure, producer and intra-assay/inter-assay coefficients of variation of determined calcium-regulating hormones

and cytokines

Parameter Method Producer Intra-assay coefficient Inter-assay coefficient
of variation (%) of variation (%)

25D3 RIA Nichols Institute Diagnostics 8.1-10.2 10.9-15.0

1,25D3 RIA Nichols Institute Diagnostics 5.4-10.6 9.3-15.3

iPTH RIA Nichols Institute Diagnostics 1.8-34 5.6-6.1

IL-6 EIA R&D Systems Minneapolis USA 2.143 3.8-6.3
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Table 2 Correlation between ionized calcium and parameters of disease activity and bone metabolism in 146 RA patients (Spearman

correlation coefficient)

Ca?* 1,25D3 iPTH ESR CRP IL-6
1,25D3 —0.26™"
iPTH —0.17" 0.25"
ESR 0.29"" —0.41""" —0.17"
CRP 0.23" —0.30""" —0.12 0.68""
IL-6 0.10 —0.29™" —0.18" 0.45™" 0.63"*"
25D3 0.12 0.14 —0.13 —0.16 —0.12 —0.03
tot. Ca 0.28"" —0.07 —0.09 —0.02 —0.18" —0.22"
Ca-Alb. 0.29" —0.36"" —0.16 0.517" 0.40"*" 0.04
u-Ca/crea 0.22" 0.18" —0.10 —0.26" —0.10 —0.22"
ocC 0.22" —0.01 0.07 0207 0.17, 0.11
PYD 0.16 —0.25™" —0.07 0.55"" 0.53"" 0.35"™"
DPD 0.12 —-0.16 —0.02 0.40"" 0.41"" 0.26""
Albumin —0.16 0.44"" —0.09 —0.50""" —0.51"" —0.28™"

Ca’" serum-ionized calcium, 7,25D3 1,25-dihydroxyvitamin D3, iPTH intact parathyroid hormone, ESR erythrocyte sedimentation rate,
CRP c-reactive protein, IL-6 interleukin-6, 25D3 25-hydroxyvitamin D3, tot. Ca total serum calcium, Ca-Alb. serum calcium corrected for
albumin, OC osteocalcin, u-Ca/crea calcium/creatinine ratio in the morning urine, PYD excretion of pyridinoline-crosslinks, DPD

excretion of desoxypyridinoline-crosslinks
P<0.001; P<0.01; P<0.05

In contrast, ionized calcium was negatively related
with the serum levels of both 1,25D3 (P<0.01) and
iPTH (P <0.05).

Furthermore, ionized calcium showed a positive
correlation with osteocalcin (P <0.05), but was not sig-
nificantly related with PYD or DPD.

1,25-Dihydroxyvitamin D3 was significantly nega-
tively correlated with both parameters of disease activity
ESR, CRP (P<0.001) and IL-6 (P<0.01), and nega-
tively correlated with PYD (P <0.01). 1,25D3 showed
positive correlations with iPTH (P <0.01) and u-Ca/crea
(P <0.05).

Osteocalcin (P <0.05) and the markers of bone
resorption PYD (P<0.001) and DPD (P <0.001) were
positively correlated with ESR and CRP.

Serum levels of IL-6 were significantly positively
correlated with the markers of bone resorption PYD
(P<0.001) and DPD (P<0.01) and showed a negative
correlation with iPTH (P <0.05) and total serum cal-
cium (P <0.05).

Serum albumin showed a highly significant negative
correlation with ESR, CRP (P<0.001), IL-6 (P<0.01)
and with the markers of bone resorption PYD
(P<0.001) and DPD (P<0.01) and a positive correla-
tion with 1,25D3 (P <0.001).

Serum levels of ionized calcium, total calcium, albumin
and IL-6 according to different CRP levels

Serum levels of total calcium, ionized calcium, albumin
and IL-6 in patients with different disease activity
according to the CRP level are shown in Fig. 1. Serum
levels of total calcium were not influenced by disease
activity. In contrast, serum levels of ionized calcium

were significantly higher in patients with high disease
activity (CRP >60 mg/l; P<0.01) and in patients with
CRP 20-60 mg/l (P <0.05) in comparison to those with
CRP <20 mg/l. Patients with CRP > 60 mg/l had sig-
nificantly lower albumin levels than patients with lower
disease activity (P <0.001). The IL-6 serum levels were
significantly higher in patients with CRP >60 mg/l
(P<0.001) and in those with CRP 20-60 mg/l
(P<0.001) in comparison with patients with low disease
activity (CRP <20 mg/l). Furthermore, patients with
CRP 20-60 mg/l showed significantly lower IL-6 levels
compared with patients with CRP > 60 mg/l (P <0.01).

Influence of glucocorticoid therapy on BMD,
parameters of disease activity and bone metabolism

Patients receiving glucocorticoid treatment at the time of
the investigation had a significantly longer disease
duration (10.3+8.9 vs 6.9+9.5 years; P<0.001), a sig-
nificantly lower ESR (41 £28 vs 54 +28 mm/h; P <0.01)
and a significantly lower renal excretion of both PYD
(90.0£65.0 vs 114.4+62.1 nmol/mmol creatinine;
P<0.01) and DPD (14.6+£10.0 vs 19.9+10.0 nmol/
mmol creatinine; P<0.001) and a significantly higher
u-Ca/crea-ratio (0.46+0.26 vs 0.36 vs 0.23; P<0.05)
compared with patients not receiving glucocorticoid
therapy. Despite a lower BMD-LS (0.81+£0.24 vs
0.84+0.15 g/em?) and BMD-FN (0.71+0.15 vs
0.74+0.15 g/em?) in patients with glucocorticoid ther-
apy, the differences to those without glucocorticoid
treatment were not significant. Serum levels of 25D3,
1,25D3, iPTH, IL-6, osteocalcin, albumin, total calcium
and ionized calcium did not differ between patients with
and without glucocorticoid therapy.
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Fig. 1 Serum levels of IL-6, 250 1,4
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total Ca

Differences between hypercalcemic and normocalcemic
patients with RA

Hypercalcemic patients showed a significantly lower
BMD-LS (P <0.05) and significantly higher values of
ESR (P<0.01) and CRP (P <0.05) than normocalcemic
patients. Furthermore, hypercalcemic patients were
characterized by significantly lower serum levels of both
1,25D3 (P <0.05) and iPTH (P <0.01) in comparison
with normocalcemic patients (Fig. 2).

Correlation between BMD at the lumbar spine
and femoral neck and parameters of disease activity,
bone metabolism, age and disease duration

BMD-LS showed a significant negative correlation with
the age of patients (P<0.001) and with serum-ionized
calcium, PYD-excretion and ESR (P <0.05).

In contrast, BMD-FN showed no correlation with
ionized calcium, but was significantly negatively related
to the PYD/DPD-ratio in the morning urine
(P<0.001). Furthermore, BMD-FN was negatively
correlated with both age (P<0.001) and disease dura-
tion (P<0.01) and with the cumulative glucocorticoid
dose (P<0.05).

Both BMD-LS and BMD-FN showed no significant
correlations with serum levels of 1L-6, calcium-regulat-
ing hormones or osteocalcin.

CRP<20 mgl CRP20-60 CRP>60mg/l
(n=62) mg/l (n=42) (n=42)

albumin

Influence of gender and menopausal state on BMD

Postmenopausal women had a significantly lower BMD-
LS (0.77+0.22 g/cm?) in comparison with premeno-
pausal women (0.91+0.14 g/cm?; P<0.001) and with
men (0.88+0.15 g/cmz; P<0.05) and a significantly
lower BMD-FN (0.69+0.16 g/cm?) in comparison with
premenopausal women (0.76 £0.13 g/cm?* P<0.01) and
with men (0.79 +0.12 g/cm?; P<0.01).

Discussion

RA is associated with increased bone resorption and the
mediators of this process are in part identical with those
in malignant disease. Because increased bone resorption
in malignant disease is often associated with hypercal-
cemia, the aim of our study was to measure ionized
calcium in RA patients and to investigate the relation-
ship of ionized calcium with BMD, parameters of bone
metabolism and disease activity.

One study on bone metabolism in children with
chronic rheumatic diseases found no relationship be-
tween disease activity and serum levels of ionized cal-
cium [26]. However, this study population consisted of
heterogeneous rheumatic diseases including juvenile
chronic arthritis, systemic lupus erythematosus and
juvenile dermatomyositis, making an interpretation dif-
ficult.
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Fig. 2 Serum levels of ESR, 90 100 -
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The relation between ionized calcium on one hand
and other parameters of bone metabolism and BMD in
patients with RA on the other was hitherto not investi-
gated.

According to the measured serum levels of ionized
calcium, approximately 30% of the investigated RA
patients were hypercalcemic. Hypercalcemia was asso-
ciated with a higher disease activity, lower serum levels
of both 1,25D3 and iPTH and a lower BMD-LS. The
latter finding was surprising, because calcium deficiency
is a risk factor for osteoporosis.

Potential causes and consequences of hypercalcemia
in RA patients should be discussed.

The serum calcium level is determined by bone
resorption, intestinal calcium absorption and renal cal-
cium reabsorption/excretion [27]. Potentially, the rise of

serum-ionized calcium in patients with high disease
activity could be explained by an increase in one or more
of these processes.

Intestinal calcium absorption is mainly influenced by
the 1,25D3 level and action [28, 29]. Low 1,25D3 serum
levels were shown to be associated with decreased
intestinal calcium absorption [28, 30]. In our patients,
1,25D3 serum levels showed a negative relationship to
disease activity, as clearly proved by the negative cor-
relation between 1,25D3 level on one hand and CRP,
ESR and IL-6 on the other. This finding is in accordance
with the results of a recent study [29]. Because of the
positive correlation between ionized calcium and disease
activity, the negative relation between 1,25D3 and dis-
ease activity and the positive relationship between
1,25D3 and intestinal calcium absorption shown in other



studies, an increase of intestinal calcium absorption with
increasing disease activity as a cause for the rise of
ionized calcium can be excluded.

Renal calcium reabsorption is increased by PTH [27].
Serum levels of ionized calcium showed a positive cor-
relation with the Ca/crea-ratio in the morning urine and
the daily urinary calcium excretion was slightly but not
significantly higher in hypercalcemic patients than in
normocalcemic (data not shown). Therefore, and be-
cause iPTH levels in our patients correlated negatively
with both disease activity (ESR and IL-6) and ionized
calcium, an increase in renal calcium reabsorption as a
cause of increasing ionized calcium in patients with high
disease activity is unlikely.

A rise in bone resorption with increasing disease
activity in our RA patients is clearly proved by the sig-
nificant positive correlation between PYD/crea and
DPD/crea on one hand and ESR, CRP and IL-6 on the
other. Principally, the increase in bone resorption in
patients with high disease activity could be the main
cause of high serum levels of ionized calcium and
hypercalcemia in these patients, respectively.

On the other hand, the total serum calcium levels in
our patients were not related to disease activity and
showed a tendency to fall in patients with high CRP-
levels. This discrepancy of the relation between disease
activity on one hand and total serum calcium and ionized
serum calcium on the other could be explained by the
decrease of serum albumin in patients with high disease
activity, clearly proved by the highly significant negative
correlation of serum albumin with ESR, CRP and IL-6.
Because of the albumin binding of a part of the serum
calcium, the total serum calcium level is strongly
dependent on the serum albumin level and a decrease of
serum albumin lowers total serum calcium levels [27]. In
contrast, the serum level of ionized calcium is not
dependent on serum albumin and ionized calcium in
hypocalcemia, which is caused by albumin deficiency,
usually remains normal. Therefore, an increased bone
resorption leading to an influx of calcium into the blood
from the extravessel space in RA patients with high
disease activity could induce hypercalcemia measured by
high levels of ionized calcium, whereas the serum levels of
total calcium are in the low normal or normal range.
Proinflammatory cytokines are involved in both the in-
crease in bone resorption and the suppression of hepatic
albumin synthesis in RA patients with high disease
activity. Thus, the effects of IL-6 are crucial for the
inhibition of hepatic albumin synthesis [23, 31]. On the
other hand, the activation of the IL-6-system probably
plays a central role in bone loss in RA [5, 6, 32-35].

The assumption that the rise of ionized calcium re-
lated to increasing disease activity is caused by increased
bone turnover and resorption is underlined by the po-
sitive correlation between ionized calcium and osteo-
calcin, as a marker of bone turnover.

Another potential explanation for elevated levels of
ionized calcium in patients with high disease activity is
a decrease of albumin-bound calcium due to inflamma-
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tion-associated acidosis [36, 37]. However, a low pH in
patients with RA was only detected in the synovial fluid
and not in the serum [37]. Therefore, despite serum pH
was not measured in our patients an increase of ionized
calcium due to acidosis is not likely.

Furthermore, the question is if hypercalcemia influ-
ences the secretion of calcium-regulating hormones in
patients with high disease activity? Indeed, the decrease
of the serum levels of 1,25D3 and iPTH in patients with
high disease activity could be in part the consequence of
hypercalcemia in these patients. Ionized calcium is one
of the negative regulators of PTH secretion, by inter-
action with the calcium-sensing receptor of the para-
thyroid gland [38]. A suppression of PTH secretion due
to hypercalcemia and a subsequent decrease in the
activity of the renal 1-alpha-hydroxylase in patients with
high disease activity is in accordance with the finding of
higher disease activity and lower iPTH and 1,25D3 levels
in hypercalcemic patients and with the positive correla-
tion between iPTH and 1,25D3. In addition, the effects
of proinflammatory cytokines could contribute to low
levels of 1,25D3 and PTH in patients with high disease
activity. It has been shown that nuclear factor kappa B
that is induced by TNF-alpha downregulates the pro-
moter of the l-alpha-hydroxylase [39]. Moreover, the
proinflammatory bone-resorbing cytokines IL-15 and
IL-6 were shown to inhibit PTH-secretion in vitro [40,
41]. In the case of IL-1p, this inhibition of PTH-secre-
tion was induced by an increase of mRNA of the cal-
cium-sensing receptor [40].

Tonized calcium showed a significant negative corre-
lation with BMD-LS. The finding of lower BMD-LS in
hypercalcemic patients in comparison to normocalcemic
may reflect an increased systemic bone resorption in
patients with high disease activity. This hypothesis is in
accordance with various data from RA patients and
animal models of this disease that have shown an in-
crease of osteoclastogenesis and of secretion of proin-
flammatory cytokines with bone-resorbing properties in
the bone marrow, suggesting a disease-activity-related
systemic bone loss [6, 42—46]. It has been also shown that
functional bone resorptive activity of RA-osteoclasts
formed from circulating precursors is higher than those
of normal controls [47].

Interestingly, an increase in ionized calcium has been
shown to induce the secretion of IL-6 in mononuclear
blood cells in vitro and in vivo [48]. Because IL-6 is a
cytokine with bone-resorbing properties, the stimulation
of its secretion by ionized calcium may induce a circulus
vitiosus, leading to further bone resorption in chronic
inflammatory processes such as RA.

In summary, the results of our study show that a
substantial part of RA patients are hypercalcemic and
this hypercalcemia may contribute to the suppression of
PTH secretion and 1-alpha-hydroxylation of 25D3.
Therefore, ionized calcium should be measured to assess
calcium metabolism in RA. The increase in ionized
calcium in RA patients with high disease activity may
reflect systemic effects of proinflammatory cytokines
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with bone-resorbing properties involved in systemic
bone loss. Thus, the results of this study agree with other
investigations showing the importance of high disease
activity and high bone turnover for systemic bone loss in
RA [1, 49-51]. Longitudinal studies would be beneficial

to

evaluate the importance of ionized calcium as a

marker of bone loss in RA.
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