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Abstract

Introduction: The aim was to assess osteocalcin (OC) and N-terminal telopeptide of type I collagen
(NTx) levels in men with ankylosing spondylitis (AS) and evaluate their relationship with the course
of the disease and the structural and functional state of bone tissue.

Material and methods: The study was conducted on 83 male patients with AS and 29 healthy in-
dividuals constituting the control group. Disease activity and functional limitations were assessed
using the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Ankylosing Spondyloarthri-
tis Disease Activity Score with C-reactive protein (ASDAS-CRP), and Bath Ankylosing Spondylitis
Functional Index (BASFI) functional indices. Laboratory testing included CRP and markers of bone
synthesis and resorption. Bone mineral density (BMD) of the lumbar spine and femoral neck was
determined using dual-energy X-ray absorptiometry.

Results: The mean OC levels did not differ significantly between AS patients and the control group
and showed no significant correlation with ASDAS, BASDAI, BASFI and CRP indices. On the other
hand, NTx values were significantly higher in AS patients than in the control group (105.8 +3.4 ng/ml
vs. 92.6 +5.1 ng/ml) and were closely related to the activity of the inflammatory process and low
functional capacity. The structural and functional state of the bone is impaired by increased bone re-
sorption. Thus, the proportion of patients with low BMD and fractures (68.2% and 27.3%) in the group
of patients with high NTx content was 4-12 times higher than with optimal levels of this marker (17.7%
and 2.2%). On the other hand, osteoproliferative changes were not associated with NTx levels but were
dependent on serum OC levels. In particular, in the group of patients with syndesmophytes, serum
OC values were higher (by 12.4%) than in the group without syndesmophytes.

Conclusions: Elevated NTx levels are associated with high inflammatory activity and low BMD. On
the other hand, OC concentration is not associated with disease progression but is increased in
individuals with syndesmophytes.
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Introduction a decrease in BMD increases the risk of low-energy frac-

A disorder of bone mineral density (BMD) in anky-  tures in patients with AS by almost 4 times compared to
losing spondylitis (AS) is a rather complex phenomenon.  the general population[2—4]. The causes and mechanisms
Paradoxically, structural damage in the form of ectopic  of osteoporosis and its complications are still not well
formation of bone tissue, characteristic of localization, understood, with an active inflammatory process play-
is accompanied by systemic loss of bone mass leading ing an important role. Thus, according to modern data,
to the development of osteoporosis [1]. It is known that  systemic inflammation, on the one hand, contributes
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to the resorption of bone tissue, through increased dif-
ferentiation of osteoclasts, and on the other hand, to
the local increase in the synthesis of bone tissue, mainly
due to the hyperproduction of tumor necrosis factor a
(TNF-a) and interleukin-17 (IL-17), which leads to ex-
cessive activation of osteoblasts and pathological new
bone formation [5-7]. Due to this, the determination
of specific markers of bone tissue synthesis and resorp-
tion would make it possible to assess the state of bone
metabolism and the development of the osteoporotic
process in patients suffering from AS. Data from the lite-
rature regarding the level of remodeling markers in AS
are quite contradictory. In a number of studies, an in-
crease in the concentration of bone metabolism markers
and a decrease in BMD have been observed [8, 9]. On
the other hand, there are studies where no correlation
was found between changes in BMD and the metabolic
state of bone tissue in patients with AS [10]. The rela-
tionship between the course of the disease and the de-
velopment of metabolic disorders of bone tissue in
patients with AS also remains poorly understood. There-
fore, the purpose of the study was to assess the levels
of osteocalcin (OC) and N-terminal telopeptide of type
I collagen (NTx) in men with AS and to evaluate their re-
lationship with the course of the disease and the struc-
tural and functional state of bone tissue.

Material and methods

The main group included 83 men with AS aged 40.7
+0.8 years. The average duration of the disease was 8.7
+0.5 years. The control group included 29 apparently
healthy individuals representative in terms of age and
gender. The study participants underwent examination
at the Rheumatology Department of Vinnytsia Research
Institute of Rehabilitation of Persons with Disabilities. At
the time of the study, men with AS were not taking basic
disease-modifying therapy, hormonal therapy, or calci-
um and vitamin D preparations. All patients were diag-
nosed with AS according to the modified New York 1984
criteria [11] and the Assessment of SpondyloArthritis
International Society (ASAS) criteria [12]. All patients un-
derwent a comprehensive clinical and laboratory exam-
ination. The determination of clinical activity of AS was
based on the Bath Ankylosing Spondylitis Disease Ac-
tivity Index (BASDAI) and Ankylosing Spondyloarthritis
Disease Activity Score with C-reactive protein (ASDAS-
CRP index: < 1.3 —inactive AS; 1.3-2.1 — moderate activi-
ty; 2.1-3.5 — high activity; > 3.5 — very high activity), and
functional capacity was assessed using the Bath Anky-
losing Spondylitis Functional Index (BASFI). The level
of the inflammatory activity marker C-reactive protein
(CRP) was analyzed using standard laboratory methods

in a medical institution. The marker of bone tissue re-
modeling (OC) was assessed by the immunoenzymatic
method using the N-MID Osteocalcin ELISA Kit (Immu-
nodiagnostic Systems, UK). The marker of bone resorp-
tion (NTx) was determined by the immunoenzymatic
method using the Human NTXI kit (Elabscience, USA,
catalog no.: E-EL-H0836, Lot: 31DCADXW39) according
to the manufacturer’s instructions.

Bone mineral density of the lumbar spine and femo-
ral neck was determined using dual-energy X-ray ab-
sorptiometry (DEXA) on a Hologic Discovery W device
(S/N 87227). In patients aged above 50 years, osteopo-
rosis was diagnosed when BMD showed a decrease in
the T-score < —2.5 SD, while osteopenia was defined by
a T-score range of —1 to —2.5 SD. For men aged up to
50 years, the Z-score was used; its decrease below
< -2.0 SD or less indicated a significant loss of bone
mass.

Lateral plain radiographs of the cervical, thoracic,
and lumbar spine were used to detect syndesmophytes.
Lateral radiographs were scored according to the modi-
fied Stoke Ankylosing Spondylitis Spinal Score (MSASSS).
The score includes the anterior corners of vertebrae
C2 to T1 and T12 to S1, which are graded with O to
3 points each (0 = normal, 1 = erosion, sclerosis or squar-
ing, 2 = syndesmophyte, 3 = bridging syndesmophyte).

Statistical analysis

Statistical processing of the obtained results was
carried out using Microsoft Office Excel for Windows
2007 and the universal statistical program Statistica
SPSS 10.0 for Windows. The following statistical values
were determined: number of observations (n), arithme-
tic mean (M), standard error of the average value (m),
and relative values (abs., %). The normality of the distri-
bution was checked by the Shapiro-Wilk test. The para-
metric Student’s t-test was used to assess the diffe-
rence between groups for a normal distribution, and
the Mann-Whitney U test for a distribution deviating
from the normal distribution. When comparing the fre-
quency of changes, Fisher’s exact method was used, and
the correlation of characteristics between indicators
was determined using Pearson’s correlation analysis (1)
(differences at p < 0.05 were considered significant).

Bioethical standards

The study adhered to the guidelines outlined in
the 1975 Declaration of Helsinki (revised in 2000) and
received approval from the Ethics Committee of Vinnyt-
sia National Pirogov Memorial Medical University, Proto-
col No. 25 of September 30, 2024. Informed consent was
obtained from all patients.
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Results

The analysis of the bone tissue synthesis marker
level showed that individuals of the control group and
patients with AS do not differ significantly. According to
the results of the percentile analysis, it was established
that in 95% of the control group, the level of OC was
in the range of 8.11-21.5 ng/ml (P5-P95), and in pa-
tients with AS, the level of the marker was in the range
of 3.4-20.6 ng/ml (P5-P95) (Table ). In contrast, the level
of NTx was significantly different between controls and
patients suffering from AS. Specifically, the average level
of NTx in the control group was 92.6 £5.1 ng/ml, while
in patients suffering from AS it was significantly higher
at 105.8 +3.4 ng/ml. Since there are no clear criteria
for gradation of OC and NTx levels in the literature, for
further analysis we chose indicators that corresponded
to P5, P5-P95 and P95 of the control group. The optimal
0S level was 8.11-21.5 ng/ml (P5-P95), a low level was

below 8.11 ng/ml (< P5), and a high level was above
21.5 ng/ml (> P95). The optimal NTx level was considered
to be < 104.5 ng/ml (< P75), a high level was 104.5—
131.8 ng/ml (P75-P95), and an extremely high level was
>131.8 ng/ml (> P95).

The ranking of OC levels showed that 10.3%
of the control group had low levels, and 89.7% had
a relatively normal level, while among patients with
AS, low levels were found in about 23%, while relatively
normal and high indicators were observed in 71.9% and
4.9% of the patients, respectively. In the control group,
the percentage of patients with a high level of NTx was
6.9%, an extremely high level was detected in 17.3%
of patients, and in 75.8% it was within the normal range
(Fig. 1). In patients with AS, the percentage of patients
with a high level of NTx was 4 times higher than in
the control group at 26.5%, an extremely high level was
observed in 19.3% of patients, and a preserved level
was observed in 54.2% of patients.

Table I. Percentile analysis of markers of bone tissue synthesis and resorption in the control group and in AS patients

Group Average level 0C [ng/ml]
W £m) P, P, P, P Py Py
Control (n = 29) 12.9 +0.9 8.1 8.3 10.1 14.5 20.3 215
Patients with AS (n = 82) 11.3 +0.6 3.4 3.9 7.4 14.3 18.5 20.6
NTx [ng/ml]
Control (n = 29) 92.6 £5.1 58.9 64.0 714 104.5 121.2 131.8
Patients with AS (n = 83) 105.8 +3.4* 66.7 68.1 84.5 133.3 147.5 155.3

* Significant difference between the patients suffering from AS and the control group.
AS — ankylosing spondylitis, m — standard error of the average value, M — arithmetic mean, NTx — N-terminal telopeptide of type | collagen,

OC - osteocalcin.

ocC

71.9%
89.7%

Control, n =29 AS patients, n = 82
W High level OC (> 21.5 ng/ml)
O Relatively normal level OC (8.11-21.5 ng/ml)
B Low level OC (< 8.11 ng/ml)

NTx

Control, n =29

AS patients, n = 83
W Optimal level NTx (< 104.5 ng/ml)

O Extremely high level NTx (131.8-104.5 ng/ml)
W High level NTx (> 131.8 ng/ml)

Fig. 1. Serum levels of osteocalcin and NTx in men with AS and controls.

*Sign indicated credible differences in relation to patients of the control.
AS —ankylosing spondylitis, NTx — N-terminal telopeptide of type | collagen, OC — osteocalcin.
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The study did not reveal a significant relationship
between age and changes in the levels of bone tissue
synthesis and resorption markers. Thus, the highest
proportion of patients with a low level of OC was in
the age group of 18-29 years and was 31.6%, in the age
group of 3044 years a low level of OC was registered
in 30.8% of patients, and in the group of 45-59 years
a low level of OC was registered in 27.3% of patients
(Table I1). Similar results were obtained when analyzing
NTx levels, as the highest proportion of patients (36.4%)
with high levels was also found in the 18-29 age group.
The duration of the disease also did not affect the level
of OC and NTx in blood serum.

The level of the bone tissue synthesis marker had
no clear relationship with the activity of the inflamma-
tory process. Thus, in patients with very high activity
(ASDAS > 3.5), the proportion of patients with a low
level of OC was 10% lower than in the group of patients
with moderate activity (ASDAS < 3.5). According to the
BASDAI, the average levels of the marker were com-
parable. The proportion of patients with a low content
of OC probably did not differ in the groups depending
on the functional capacity determined by the BASFI
(Table 11). On the other hand, the intensity of destruc-
tion of bone tissue was closely associated with high
activity of the disease. It was found that patients with
high BASDAI values (> 4) had a significantly higher
(by 16.8%) average NTx concentration and the pro-
portion of patients with a high level of the resorption
marker than in the group of patients with BASDAI < 4.
Similar patterns were also found according to the BASF,
where in the group with low functional status (BASFI

> 4) the proportion of patients with a high level of NTx
was 1.5 times higher than in the group with preserved
functional capacity (BASFI < 4). The correlation between
NTx and CRP level was even stronger. Thus, in the group
of patients with an optimal level of CRR the average
value of the resorption marker was 88.8 +6.8 ng/ml,
and in the groups with a high and very high level of CRR
the values were 109.4 +4.6 ng/ml and 116.8 +6.7 ng/m|,
respectively.

Research has established that BMD disorders are
primarily caused by increased resorption of bone tissue.
In the group of patients with a high content of NTx, sig-
nificantly lower BMD indicator levels were noted. Thus,
the average values of the Z- and T-score of the lumbar
spine and femoral neck were 4.6-1.9 and 3.1-1.5 times
lower than in the group with normal levels of the re-
sorption marker (Table IV). In addition, the proportion
of patients with low BMD and fractures (68.2% and
27.3%) in the group of patients with a high content
of NTx was 4-12 times higher than in the group with
preserved levels of this marker (17.7% and 2.2%). In con-
trast, OC concentration was not significantly associat-
ed with low BMD and osteoporotic fractures. Thus, the
percentage of patients with reduced BMD at different
levels of OC was almost the same (36.5% and 36.8%).

However, the synthesis of pathologically new bone
tissue and the development of osteoproliferative pro-
cesses was closely associated with the content of OC
(Table V). In the group of patients with syndesmophytes,
the serum level of OC (12.1 £0.9 ng/ml) was significantly
higher than in the group without syndesmophytes (10.6
+0.7 ng/ml).

Table Il. Concentration of OC and NTx depending on the age of the patients and the duration of the disease

Group Synthesis marker — OC Resorption marker — NTx
M tm Low level (< 8.11 ng/ml) M tm High level (> 131.8 ng/ml)
[n (%)] [n (%)]
Depending on age
18-29 years old 11.0 £1.0 6 (31.6) 106.3 +7.4 8 (36.4)
(n =19/22)
30-44 years old 112 +0.8 16 (30.8) 107.5 +4.4 11 (22.0)
(n=52/50)
45-59 years old 11.5 +1.4 3(27.3) 104.6 +9.1 3(27.3)
(n =11/11)
Depending on the duration of the disease
< 5years 12.6 +1.0 1(7.7) 102.2 £8.0 4 (30.8)
(n=13/13)
5-10 years 10.5 0.9 15 (35.7) 106.5 +4.8 12 (26.7)
(n =42/45)
> 10 years 115 £1.1 9(33.3) 109.7 +6.4 6 (24.0)
(n =27/25)

m — standard error of the average value, M — arithmetic mean, NTx — N-terminal telopeptide of type | collagen, OC — osteocalcin.
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Table Ill. Relationship of OC and NTx levels with activity indicators according to ASDAS, BASDAI, BASFI functional
index and pro-inflammatory mediator CRP

Indicator Synthesis marker — OC Resorption marker — NTx
M +m Low level (< 8.11 ng/ml) M +m High level (> 131.8 ng/ml)
[n (%)] [n (%)]
ASDAS < 3.5 (n=42/42) 10.3 +0.9 15 (36.5) 100.7+46  9(21.4)
> 3.5 (n = 40/41) 12.1+0.7 10 (26.3) 113.045.0 13 (31.7)
R -0.15 0.21
BASDAI <4 (n=24/23) 10.9 +1.2 8(333) 95.5 £4.3 3(13.1)
> 4 (n = 58/60) 11.3+0.7 17 (30.3) 1111 £45* 19 (31.6)*
R -0.12 0.37#
BASFI <4 (n=23/24) 115 +1.2 7 (30.4) 97.7 6.2 4 (16.6)
> 4 (n = 59/59) 111407 18 (30.5) 110.5 +4.1 18 (30.5)
R -0.18 0.25%*
CRP < 5.4 (n=20/18) 10314 8 (40.0) 88.8 +6.8 2 (11.1)
54-134 (n=41/44)  11.4+08 12 (29.3) 109.4 +4.6* 13 (29.5)
>13.4 (n=21/21) 115 +1.1 5(23.8) 116.8 +6.7* 7(33.4)
R -0.13 030"

* Significant differences in relation to patients with the lowest BASDAI and CRP indicators, p < 0.05.

# Significant correlation.

ASDAS — Ankylosing Spondyloarthritis Disease Activity Score, BASDAI — Bath Ankylosing Spondylitis Disease Activity Index, BASFI — Bath

Ankylosing Spondylitis Functional Index, CRP — C-reactive protein, m — standard error of the average value, M — arithmetic mean,
NTx — N-terminal telopeptide of type | collagen, OC — osteocalcin.

Table IV. Relationship of levels of OC and NTx with the structural state of bone tissue in men with AS

BMD indicators

Synthesis marker — OC

Resorption marker — NTx

Preserved level Low level Preserved level High level
(n=63) (n=19) (n=61) (n=22)
Lumbar spine
Z-score -0.9+0.2 -1.2+0.2 -0.45 0.2 -2.1+0.2*
T-score -1.0+0.2 -1.2+0.1 -0.70 £0.2 -2.17 £0.2*
BMD [g/sm?] 1.01 £0.01 0.96 +0.02 1.01+0.02 0.86 +0.03*
Femoral neck
Z-score -1.2 +0.1 -1.5+0.2 -0.62 +0.1 -1.22 +0.1*
T-score -1.440.1 -1.7£0.2 -1.07 £0.1 -1.59 +0.2*
BMD [g/sm?] 0.76 +0.01 0.66 +0.02 0.78 +0.01 0.71 +0.02*
Number of patients with reduced BMD [n (%)] 23 (36.5) 7 (36.8) 8 (17.7) 15 (68.2)*
Number of patients with syndesmophytes [n (%)] 29 (46.1) 5(26.3) 14 (31.1) 10 (45.5)
Number of patients with fractures [n (%)] 9(14.3) 2 (10.5) 1(2.2) 6 (27.3)*

* Significant differences in relation to patients with a preserved NTx level, p < 0.05.
BMD — bone mineral density, NTx — N-terminal telopeptide of type | collagen, OC — osteocalcin.
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Table V. Serum levels of OC and NTx in patients with osteoproliferative changes in bone tissue

Indicators

Synthesis marker

Osteoproliferative changes

Patients without syndesmophytes (n = 48)

Patients with syndesmophytes (n = 34)

OC [ng/ml], M +m 10.6 +0.7 12.1 +0.9*
Resorption marker
NTx [ng/ml], M +m 102.5 +4.13 113.9 +6.03

* Significant difference in relation to the group of patients without syndesmophytes.
m — standard error of the average value, M — arithmetic mean, NTx — N-terminal telopeptide of type | collagen, OC — osteocalcin.

Discussion

Thus, research has established that in men with AS,
resorptive processes in bone tissue prevail over biosyn-
thetic ones. In particular, low levels of OC were found
in 23% of patients with AS, while in the control group
such levels were found in 9.1% of the patients. As for
the average concentration of the marker, it was only
12% lower than in the control group. On the other hand,
a high level of NTx, as a marker of resorption, was found
in 26.5% of patients suffering from AS, while in the con-
trol group it was in 6.9%. The average content of NTx
was also significantly higher in AS patients than in
the control group (105.8 +3.4 ng/ml vs. 92.6 +5.1 ng/ml).
Literary data on this issue in AS patients are quite
contradictory. Thus, according to a previous study [13],
the average level of OC was lower in patients with AS
than in the control group, while in other studies [14, 15],
the level of OC in patients with AS did not differ from
that in the control group, or was even 50% higher [16, 17].
Our results are consistent with other researchers’ data
on NTx levels. In particular, it has been reported that
there were significantly (relative to control) higher
levels of markers of bone tissue resorption in patients
[8, 18]. However, other research results [19, 20] showed
that serum levels of markers of bone decay did not dif-
fer significantly between patients with AS and healthy
controls.

We did not find any influence of age and dura-
tion of the disease on the concentration of bone tis-
sue remodeling markers in blood serum. However, in
the study of Huang et al. [18], a significant relationship
was found between OC and the duration of the disease
(r=0.324; p =0.034), and according to the data of Arends
et al. [8], close associations were found between age,
disease duration, and resorptive processes in AS patients.

One of the unfavorable pathogenetic factors of dis-
turbances in the metabolic state of bone tissue is the sys-
temic inflammatory process. Literature data clearly
indicate that high disease activity stimulates osteoclas-
togenesis and leads to destructive processes in bone

tissue [21, 22]. We observed that the increase in NTx
levels in patients with AS was closely associated with
the activity of the inflammatory process. Thus, the high-
est proportions of patients with a high level of the bone
resorption marker are in the groups of patients with
high and very high activity according to ASDAS and
BASDAI. N-terminal telopeptide of type I collagen lev-
els were also associated with increased serum levels
of the pro-inflammatory mediator C-reactive protein. On
the other hand, the concentration of OC did not depend
on the inflammatory process. In particular, with very
high activity and low functional capacity (ASDAS > 3.5;
BASDAI > 4; BASFI > 4), the content of the marker in
blood serum was comparable to that found in patients
with moderate activity and preserved functional capac-
ity (ASDAS < 3.5; BASDAI < 4; BASFI < 4). Our data are
consistent with the results of other studies [16, 19, 23]
in which it was found that the levels of OC in blood se-
rum were not correlated with any of the clinical (ASDAS,
BASDAI) and laboratory (CRR ESR) markers of the inflam-
matory process, and the level of urinary N-telopeptide
was significantly higher in patients with high disease
activity [20]. However, there is also research in which
no relationship was found between disease activity and
markers of bone resorption in AS patients [19].

The intensity of destructive processes in the bone
was closely associated with changes in BMD identified
by dual-energy X-ray absorptiometry, as well as with
the presence of fractures. In particular, in patients with
a high level of NTx, the Z-score at the level of the lumbar
spine was 4.6 times lower (femurs —1.9 times) compared
to that at the optimal level of NTx, at —=2.1 0.2 (-1.22
+0.10) vs. —-0.45 +0.2 (-0.62 +0.10). In parallel with the
increase in serum NTx, the proportion of individuals
with a decrease in BMD and fractures significantly in-
creased. Thus, in men with a destruction marker level
of > 131.8 ng/ml, a decrease in densitometric indicators
was found in 68.2% of patients, and the proportion
of patients with fractures was 12 times higher than at
the optimal level of this marker. A number of scientific
studies have reported that the generalized loss of bone

Reumatologia 2025; 63/3
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mass in patients with AS is associated with a high con-
tent of markers of bone destruction [16, 24].

The study found that OC concentration was not
significantly associated with low BMD and osteopo-
rotic fractures. Instead, the synthesis of pathological
new bone tissue and the development of osteoproli-
ferative changes were closely associated with the con-
tent of OC in blood serum. Thus, in the group of pa-
tients with syndesmophytes, the serum values of OC
were significantly higher (by 12.4%) than in the group
without syndesmophytes. The data of other scien-
tists are quite contradictory. In particular, Arends et
al. [8] reported that increased levels of OC in AS pa-
tients were associated with reduced BMD. On the oth-
er hand, several studies [17, 25] have demonstrated
that patients with pronounced syndesmophytes and
ankylosis of the spine have significantly higher levels
of markers of bone tissue synthesis.

Summarizing our data, we can state that in studied
group of men with AS, OC levels did not differ from those
of the control group, whereas the concentration of the re-
sorption marker (NTx) was significantly elevated. Levels
of NTx were associated with high disease activity and
low BMD. These data support the theory that patients
with AS have imbalanced bone metabolism and that
inflammatory activity may affect bone metabolism and
lead to osteoporosis.

Study limitations

This study had some limitations. First, it was a single-
center study and the sample size was relatively small.
Second, the measurement of serum bone remodeling
markers was performed only once and mainly in pa-
tients with high inflammatory activity and the study
group with AS consisted only of men. Third, the treat-
ment given to the patients was not taken into account,
and there was no follow-up period.

Conclusions

An increase in the levels of the bone resorption
marker (NTx) is associated with a decrease in BMD
(Z-, T-score, BMD) and occurrence of fractures and is not
related to the presence of syndesmophytes; in contrast,
OC levels are not associated with decreased BMD and
fractures, but are increased in individuals with syndes-
mophytes.

The NTx levels are closely associated with BASDAI in-
flammatory process activity (r=0.37, p < 0.05), CRP levels
(r=0.30, p < 0.05), and functional capacity according to
BASFI (r = 0.25, p < 0.05) and are not related to the age
of the patients and the duration of the disease. Osteocal-
cin levels do not correlate with the course of the disease.
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