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Abstract
Aim: We aimed to examine the association between several circulating bone turnover markers [ os-
teocalcin (OC), osteoprotegerin (OPG), beta-CrossLaps (β-CTx)], hip and spine bone mineral den-
sity (BMD) and abdominal aortic calcification (AAC) in patients with chondrocalcinosis (CC).  
Methods: Thirty-six patients with CC and thirty-seven controls were consecutively enrolled in this pi-
lot case-control, cross-sectional study. The following parameters were assessed: serum levels of OC, 
OPG and β-CTx by enzyme-linked immunosorbent assay (ELISA); hip and spine BMD by dual-energy 
X-ray absorptiometry and AAC score by lateral radiography. Results: Patients with CC had higher  
levels of serum bone turnover markers and AAC score than the control group: OC [6.5 (3.5-9.9) vs 4.5 
(2.6-7.2) ng/ml; p=0.05], OPG [(7.7 (6.2-9.4) vs 6.5 (5.5-8.12) pmol/ml; p=0.02], β-CTx [6078 (5870-
6171) vs 5851 (5465-6109) pg/ml; p=0.02] and AAC score (3.6±6.2 vs 0.5±2; p=0.006). Conversely, 
even if statistical significance was not reached, hip and spine BMD was lower in patients with CC.  
Additionally, we found a positive correlation between OPG and AAC, but also between OPG and osteo-
porosis in patients with CC. Conclusion: Patients with CC are characterized by higher circulating OC, 
OPG and β-CTx. The presence of AAC was more common in patients with CC, being only associated 
with serum OPG.
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Introduction

Chondrocalcinosis (CC), defined as cartilage and 
fibrocartilage calcification identified by imaging 
or histological examination, is caused mainly by 
the deposition of calcium pyrophosphate (CPP) 
crystals in the cartilage of joints (1,2). The diag-
nosis of CC is confirmed either by radiography 
as the presence of a thin line, parallel with the 
articular surface and/or punctiform fibrocarti-
lage calcification, or by ultrasound according to 
Frediani’s ultrasound (US) patterns (3, 4).
Impaired inorganic pyrophosphate (PPi) levels 
are essential for the occurrence of CC. The for-
mation of CPP crystals commences with excess 
extracellular PPi, which inhibits the basic cal-
cium phosphate (BCP) crystal formation. Con-
versely, reduced extracellular PPi promotes BCP 
crystal formation (5). 
Bone status alterations and articular and vascular 
calcifications accompany the aging process and 
are associated with high morbidity and mortality. 
The clinical significance is the association and 
worsening of osteoarthritis in patients with artic-
ular calcifications and increased cardiovascular 
risk in patients with vascular calcifications and 
low bone mass (6-9).
In the past years, more data show that these 
pathological processes may share common 
pathways beyond the aging process (5, 10-17). 
The main link between the three pathological 
processes—articular calcifications, arterial cal-
cifications, and bone mineralization—is proba-
bly caused by PPi dysregulation in the vascular 
smooth muscle cell (VSMC) and the osteocyte/
osteoblast (5). Also, more complex mechanisms 
are implicated (5, 10-21). Moreover, another rea-
son to study the bone status in CC is the proven 
association with osteoarthritis, which can modi-
fy the bone mineral density (BMD) due to gen-
eralized or local alteration of the bone (22, 23).
Therefore, the aim of this study was to investi-

gate the association between osteocalcin (OC) 
as a marker of bone formation, osteoprotegerin 
(OPG) as a regulator of bone metabolism, Beta 
CrossLaps (β-CTx) as a marker of bone resorp-
tion, abdominal aortic calcification (AAC) and 
BMD in patients with CC. 

Methods

Patients
We performed a cross-sectional study by consec-
utively enrolling patients diagnosed with CC and 
controls. Signed informed consent was obtained 
from every subject, and the study was approved 
by the Ethics Committee of the University. 
The CC group included patients with knee swell-
ing and/or pain, as well as radiographic and ul-
trasonographic evidence of CC at least in the 
knee joint. Nineteen patients also fulfilled the 
McCarty criteria for calcium pyrophosphate 
deposition (CPPD) disease (1). 
The radiographic evidence of CC was consid-
ered to be a thin line, parallel with the subchon-
dral bone in the middle zone of the cartilage 
(hyaline cartilage calcification) and punctate, 
dense as fibrocartilage calcification in the knees 
(3). The radiographs were made in a posteroan-
terior, weight-bearing semi-flexed position in 
all patients. The radiographs were not obtained 
with the same radiologic equipment, but the ra-
diographs were interpreted by the same exam-
iner.
Ultrasonographic evidence of CC was consid-
ered to be calcific deposition on cartilage and 
fibrocartilage, according to Frediani’s US pat-
terns (4). US examinations were performed by 
the same examiner using an Esaote MyLab 25 
Gold with 5–10 and 10–18 MHz linear probes. 
The synovial fluid analysis was performed using 
polarized light microscopy. CPP crystals were 
considered to be those with a parallelepipedic 
or rhomboid shape and weak birefringence (24). 
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Exclusion criteria were gout and/or other inflam-
matory rheumatic diseases. Patients with oral 
anticoagulant, renal impairment, or a medication 
known to interfere with bone metabolism or an-
ti-osteoporosis therapy (bisphosphonates) were 
also excluded from both groups. 
The control group included age- and gen-
der-matched patients presenting with mechani-
cal pain (pain that worsens with activity and im-
proves with rest, short-term joint stiffness) with 
an indication for radiological examination. All 
the control patients underwent knee radiography 
and US. We excluded patients with evidence of 
CC on US or radiography and with gout and/or 
other inflammatory rheumatic diseases. Patients 
with soft-tissue rheumatism and mild degenera-
tive changes were accepted as controls. 
Information about age, gender, weight, and 
height was collected for all patients. Weight and 
height were used to calculate the body mass in-
dex (BMI) (kg/m2). In addition, patients’ self-re-
ported information about smoking status, hyper-
tension, diabetes, diuretics use, meniscectomy, 
joint trauma, alcohol consumption, and renal 
lithiasis were recorded. 

Laboratory measurements
Erythrocyte sedimentation rate (ESR, mm/h), 
C reactive protein (CRP, mg/dl), uric acid (mg/
dl), total calcium  (mg/dl), ionized calcium (mg/
dl), alkaline phosphatase (U/I), magnesium (mg/
dl), and iron (μg/dl) levels were assessed in all 
patients.
The bone markers—OC (ng/ml), OPG (pmol/
ml), and β-CTx (pg/ml)—were measured using 
enzyme-linked immunosorbent assay kits (Bio-
Vendor LM, Czech Republic, for OC and OPG 
and MyBiosource, USA, for β-CTx) in accord-
ance with the manufacturer’s instructions. All 
measurements were performed on the same mi-
croplate reader (Tecan Sunrise, Switzerland). 

Bone mineral density assessment
The spine and hip BMD was measured by du-
al-energy X-ray absorptiometry (DXA) with Lu-
nar DPXTM-Pro/NT. The posteroanterior lumbar 
spine (L2–L4) and the left femoral neck and tro-
chanter were analyzed. BMD was given as g/cm2 

and as T-score values. Osteoporosis was defined 
as a T-score value of less than -2.5 (25).

Abdominal aortic calcification assessment
Vascular calcification—that is, AAC—was as-
sessed by lateral radiographs of the lumbar spine 
(L1–L4), using the anteroposterior severity score 
(0–24). The scores of the anterior and posterior 
of each aortic segment were summed up. Calcif-
ic deposits were graded from 0 to 3, as follows: 
0 (no aortic calcific deposits), 1 (small scattered 
calcific deposits occupying less than 1/3 of the 
longitudinal wall of the aorta), 2 (1/3–2/3 of the 
longitudinal wall of the aorta), and 3 (≥ 2/3 of 
the longitudinal wall of the aorta) (26).

Statistical analysis
Statistical analysis was performed using Med-
Calc Statistical Software version 18.2.1 (Med-
Calc Software bvba, Ostend, Belgium; http://
www.medcalc.org; 2018). Quantitative data 
were expressed as mean ± standard deviation or 
median and interquartile range, depending on the 
normality of the distribution as verified with a 
Kolmogorov–Smirnov test. Qualitative variables 
were characterized by frequency and percent-
age. Differences between groups for quantitative 
variables were assessed with a Student t-test or a 
Mann–Whitney test, whichever was appropriate. 
The differences in frequency were checked using 
a chi-square test. We used the receiver operating 
characteristic (ROC) curves for calculating the 
discriminative value of the bone turnover mark-
ers for the diagnosis of CC. Cut-off values were 
chosen where sensitivity and specificity were at 
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their maximum. A two-tailed p-value of less than 
0.05 was considered statistically significant.

Results

The study included n = 73 patients: n = 36 pa-
tients with CC and n = 37 controls, similar in age 
and gender.  The general characteristics of the 
enrolled patients are detailed in Table 1. 
We found higher levels of serum OC, OPG, and 
β-CTx in the CC group than in the controls, as 
shown in Table 2.
The BMD at the femoral neck, trochanter, and 
spine was lower in patients with CC than in the 
controls, but this difference was not statistically 
significant (Table 2).  

As expected, the AAC score was higher in pa-
tients with CC (Table 2) than in the controls. 
AAC was present in 38.8% of the patients with 
CC and in 11.1% of the controls. 
Also, the ROC curves of OC, OPG, and β-CTx 
were obtained to assess the potential usefulness 
of the bone turnover markers for the diagnosis of 
CC. The larger the area under the curve (AUC), 
the greater the accuracy of the diagnosis (Table 
3).
When we compared the serum levels of the 
bone turnover markers in patients with CC and 
osteoporosis to patients with CC without os-
teoporosis, only OPG was found to be signifi-
cantly higher in patients with osteoporosis when 
BMD was measured in all three sites (trochanter, 

Table 1. General characteristics of study participants

Variable
Controls

n=37
Chondrocalcinosis

 n=36
P 

Age (years) 59.8±9.2 62.3±9.8 0.2

Gender Female 29 (78.4%) 25 (69.4%) 0.5Male 8 (21.6%) 11 (30.6%)
BMI (kg/m2) 29.1±4.9 27.7±5 0.2
ESR (mm/h) 12 (8.5-14.5) 11.5 (5-31.7) 0.2
CRP (mg/dl) 0.5 (0.2-0.9) 0.5 (0.3-1.4) 0.2
Uric acid (mg/dl) 4 (3.0-4.5) 4 (3.7-5.9) 0.06
Total calcium (mg/dl) 8.2 (8-9) 9 (8-9.4) 0.06
Ionized calcium (mg/dl) 4 (3.5-4) 4 (3.9-4.4) 0.01
Alkaline phosphatase (U/I) 79 (69.5-120) 127 (77.7-162.2) 0.003
Magnesium (mg/dl) 2 (2-2.3) 2 (1.9-2.2) 0.2
Iron (μg/dl) 78 (66.5-87.5) 74 (59.5-87.7) 0.9
Hypertension1 2 (5.4%) 8 (22.22%) 0.0002
Diabetes1 0 (0%) 6 (16.6%) 0.0005
Hypothyroidism 0 (0%) 4 (11.11%) 0.1
Smoking 3 (8.1%) 0 (0%) 0.2
Diuretics use 1 (2.7%) 7 (19.4) 0.02
Meniscectomy 0 (0%) 1 (2.7%) 0.4
Joint trauma 0 (0%) 1 (2.7%) 0.4
Alcohol consumption 0 (0%) 0 (0%) 1
Renal lithiasis 0 (0%) 1 (2.7%) 0.4

Quantitative variables are expressed as mean ± standard deviation or as median and interquartile range); BMI, body mass index; 
ESR, erythrocyte sedimentation rate; CRP, C reactive protein. 1 Four of the patients had both hypertension and diabetes
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femoral neck, and lumbar spine) and only OC 
when BMD was measured at the trochanter, as 
summarized in Table 4. We did not find any dif-
ferences in the control group between patients 
with and without osteoporosis. The correlation 
between the three bone turnover markers and 
different clinical, demographic, or laboratory pa-
rameters were also assessed in CC patients; the 
results are detailed in Table 5. In brief, OC was 
negatively correlated with BMI; OPG was posi-
tively correlated with age, alkaline phosphatase, 
creatinine, and AAC score; and β-CTx did not 
correlate with any of the parameters. OPG was 

not correlated with AAC in patients without CC 
(1.04, p = 0.06). 

Discussion

The study has investigated the modification of 
serum OC, OPG, and β-CTx levels, as well as 
the potential association with BMD and AAC, in 
patients with CC. 
The rationale of the study started from the po-
tential links between bone status, vascular cal-
cification, and articular calcification beyond the 
aging process.

Table 2. Comparison of bone turnover markers, bone mineral density and abdominal  
aortic calcification score

Variable
Controls

n=37
Chondrocalcinosis

 n=36
P 

OC (ng/ml) 4.5 (2.6 -7.2) 6.5 (3.5 – 9.9) 0.05
OPG (pmol/ml) 6.5 (5.5-8.12) 7.7 (6.2-9.4) 0.02
β-CTx (pg/ml) 5851 (5465-6109) 6078 (5870-6171) 0.02
Trochanter BMD 0.2±1.2 -0.4±1.5 0.1
Femoral neck BMD 0.2±1.3 -0.2±1.5 0.1
Lumbar spine BMD 0.7±2 -0.4±2 0.2
AAC score 0.5±2 3.6±6.2 0.006

OC, osteocalcin; OPG, osteoprotegerin; β-CTx, Beta CrossLaps; BMD, bone mineral density; AAC, abdominal aortic calcifica-
tion. BMD values are expressed as T score

Table 3. The ROC curves analysis: assessment of the discriminative values for bone turnover markers in 
chondrocalcinosis

Cut-off 
values

AUC Sensitivity Specificity P 

OC
6.1 

ng/ml

0.634
(95% CI,  

0.513 - 0.743)

52.7%
(95% CI,  

35.5% -69.6%)

72.9% 
(95% CI,  

55.9% - 86.2%)
0.04

OPG
7.3 pmol/

ml

0.651
(95% CI, 

 0.530 - 0.759)

61.1%
(95% CI,  

43.5% -76.9%)

70.2%  
(95% CI,  

53% - 84.1%)
0.02

β-CTx 5851 pg/ml
0.657

(95% CI,  
0.537 - 0.764)

77.7% 
(95% CI,  

60.8% - 89.9%)

56.7%
(95% CI,  

39.5% - 72.9%)
0.01

OC, osteocalcin; OPG, osteoprotegerin; β-CTx, β CrossLaps; AUC, area under the curve, CI, confidence interval.
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Calcium phosphate mineralization necessary for 
bone matrix formation is inhibited by PPi, but 
other factors are also involved in this complex 
interplay, such as alteration in vitamin D and K 
metabolism, matrix metalloproteinases, collagen 
cleavage, genetic polymorphisms of enzymes 
including human ankylosis, tumor growth factor 
beta, vitamin K-dependent carboxylation/gam-
ma-carboxyglutamic domain (matrix Gla pro-
tein), bone morphogenic protein-7, adenosine 
triphosphate binding cassette transporter subtype 
(6), osteopontin, OPG, and low-grade inflamma-
tion (10-15). Addison et al. found that PPi in-
hibits the mineralization of osteoblast cultures 

through different mechanisms (16). Also, CPP 
crystals stimulate osteoclastogenesis through 
receptor activation of nuclear factor kappa-β 
ligand (RANKL), p38 mitogen-activated pro-
tein kinase, and extracellular-signal-regulated 
kinase. These lead to local bone resorption (17-
19). Moreover, OPG knock-out mice developed 
osteoporosis and calcifications (20). Abhishek et 
al. suggest a generalized predisposition of CPPD 
(21).
Common mechanisms of arterial and articular 
calcification are aging, inorganic phosphate, 
altered differentiation of VSMC and chondro-
cytes, a deficiency of calcification inhibitors 

Table 4. Bone turnover markers in patients with chondrocalcinosis according with T score
Variable T score ≥-2.5 T score <-2.5 P

                               Trochanter BMD
n=30 n=6

OC (ng/ml) 4.9 (2.74-8) 6.1 (5.3-12) 0.03
OPG (pmol/ml) 6.9 (5.8-8.54) 9.3 (7.6-9.5) 0.01
β-CTx (pg/ml) 5977 (5780-6150) 6027 (5637-6248) 0.7

                            Femoral neck BMD
n=32 n=4

OC (ng/ml) 5.07 (2.8-8.2) 5.5 (3.4-15.3) 0.3
OPG (pmol/ml) 6.9 (5.8-8.4) 9.4 (8.8-10.7) 0.01
β-CTx (pg/ml) 5987 (5794-6150) 5949 (5645-6393) 0.7

                           Lumbar spine BMD
n=27 n=9

OC (ng/ml) 4.9 (2.74-8.19) 5.7 (3.6-9.33) 0.2
OPG (pmol/ml) 6.7 (5.7-8.26) 9.3 (7-9.5) 0.003
β-CTx (pg/ml) 6007 (5794-6150) 5870 (5571-6193) 0.6

OC, osteocalcin; OPG, osteoprotegerin; β-CTx, Beta CrossLaps; BMD, bone mineral density.

Table 5. The correlations of bone turnover markers in patients with chondrocalcinosis
Variable r value (p value)
OC BMI -0.4 (p<0.001)

OPG

Age 0.5 (p<0.001)
Alkaline phosphatase 0.2 (p=0.03)
Creatinine 0.3 (p<0.001)
AAC 0.278 (p=0.01)

OC, osteocalcin; OPG, osteoprotegerin; BMI, body mass index; AAC, abdominal aortic calcification.
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(mainly PPi), low-grade inflammation, and the 
pro-mineralizing effect of apoptosis and matrix 
vesicles (14, 15). Also, OPG/RANKL, leptin, 
and excess of inorganic phosphate are involved 
in arterial calcification, while an excess of PPi 
and upregulated transglutaminases are inhib-
itors of cartilage calcification. In CC, besides 
the above-mentioned mechanism, chondrocyte 
hypertrophy and the capacity of chondrocytes to 
produce high amounts of PPi are also involved 
(7, 14, 15). OC and alkaline phosphatase are de-
scribed as calcification promoters and low OPG 
as a calcification inhibitor (27).
There are no published studies on serum levels 
of these three bone markers in CC, and only a 
few studies analyzed the association between 
CC and BMD (28, 29). 
Furthermore, the association between BMD and 
vascular calcification in patients with CC was 
assessed only by the presence or absence of cal-
cification, not by a scoring system (28).
Regarding BMD, in our study, the hip and spine 
BMD was lower in patients with CC than in the 
controls, but this difference was not statistically 
significant. Also, the percentage of patients with 
osteoporosis was higher in the CC group than in 
the control group. It is important to mention that 
osteoarthritis of the spine and large joints can 
interfere with spine and hip DXA examination 
because of increased BMD (30-33).  In a large 
study, the BMD was examined by the metacar-
pal index and calcaneal DXA but not by hip and 
lumbar spine DXA, which are the gold standard. 
The authors found an association between a low 
metacarpal index and CC but not with calcaneal 
DXA (28). Other authors found an association 
between higher BMD and knee CC (30). An ex-
planation for the association with cortical BMD, 
but not with trabecular BMD, might be the high 
levels of parathyroid hormone 44–68 peptide in 
the patients with CPPD, although this fragment 
is not known to have an effect on bone metabo-
lism (34, 35).

In our study, serum levels of OC, OPG, and 
β-CTx were higher in patients with CC than in 
age- and gender-matched control subjects. We 
also found significantly higher alkaline phos-
phatase levels in the CC group, but these were 
within the reference intervals. 
In CC, the only bone turnover marker examined 
in other studies was urinary CrossLaps and bone 
alkaline phosphatase, which were not signifi-
cantly altered compared to the control popula-
tion (36). 
There are a few studies that demonstrated that 
serum levels of OC, OPG, and β-CTx are higher 
in patients with low BMD (37-39). The proven 
association between higher bone turnover mark-
ers and lower BMD was confirmed in our study 
only by OPG at all measured sites and by OC 
measured at the trochanter. 
Our observations suggest that bone turnover 
markers can provide information about bone 
status before the DXA alteration in patients with 
CC, due to the known association between CC/
osteoarthritis and interference with BMD.  
We also calculated the discriminative value of 
the bone turnover markers for the diagnosis of 
CC. Our analysis of ROC curves indicated that 
the studied markers have poor diagnostic accu-
racy for CC.
The only bone turnover marker associated with 
osteoporosis in patients with CC was OPG. Also, 
OPG was positively correlated with AAC in the 
same group of patients. The relationship between 
OPG and BMD in different pathological states 
is still under debate. In a genetic study, ablation 
of the OPG gene by targeted gene deletion in 
mice was associated with osteoporosis and arte-
rial calcification (20). In contrast, high levels of 
OPG were associated with lower BMD, acting as 
a calcification inhibitor (27, 38). The same con-
troversy surrounds OPG and vascular disease. In 
a genetic study, OPG knock-out mice developed 
arterial calcifications, while in a clinical study, 
high levels of OPG were associated with vascu-
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lar calcification (20). Therefore, the high OPG 
serum levels found in our patients with CC sug-
gest that OPG could be a marker for bone loss 
and AAC.  In agreement with other studies, we 
found an association between vascular calcifica-
tion and CC (13, 28). Patients with CC had high-
er AAC scores than the age- and gender-matched 
controls. To our knowledge, this is the first study 
to evaluate AAC in patients with CC according 
to a scoring system. 
Nevertheless, there were several limitations to 
our study. We did not evaluate the complete ex-
tent of the vascular calcification by performing 
whole-body computed tomography. We could 
not establish a cause-effect relationship between 
the levels of circulating OC, OPG, and β-CTx 
and BMD or AAC due to the cross-sectional de-
sign of the study, as well as the small number of 
investigated patients.
In the future, we will try to investigate the re-
lationship between bone turnover markers and 
oxidative stress in risk populations and the asso-
ciation with other calcification markers, such as 
matrix Gla protein (40). Although this was a pi-
lot study, the outcomes could provide an incen-
tive for further studies on bone status reflected 
by modified serum markers or even in the syno-
vial fluid of patients with CC. 
Bone turnover markers could be valuable for 
bone status assessment in patients with CC. 
Moreover, in these patients, serum bone markers 
could fluctuate earlier than BMD modification. 

Conclusions

Higher serum values of OC, OPG, and β-CTx 
were found in patients with CC than in controls 
represented by patients with mechanical pain. 
Higher serum levels of OPG were associated 
with both osteoporosis and AAC. The presence 
of AAC was more common in patients with CC 
who also had higher ACC scores than in the age- 
and gender-matched controls. As a hypothesis 

that should be further proven, we propose that 
higher serum levels of OPG might be an indi-
cator for the presence of aortic calcifications in 
patients with CC.
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CPP  - calcium pyrophosphate 
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OPG - osteoprotegerin
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ROC - receiver operating characteristic 
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