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INTRODUCTION
It is known that the reduction of bone mineral density in 
the form of osteoporosis/osteopenia is a widely known 
complication of ankylosing spondylitis (AS) and is fre-
quently observed at early stages of the disease [1]. Loss of 
bone mass in this cohort of patients significantly increases 
the risk of compression fractures of vertebrae [2-3]. Over 
the period of 30 years after establishing the diagnosis of 
AS this risk makes up 14%-30% which is reliably higher 
than in practically healthy persons [4-5]. Pathogenesis of 
the reduction of bone mineral density actively correlates 
with activity of inflammatory process and, as a result, 
with intensification of resorption processes in bone tissue 
(N-telopeptide, C-telopeptide) and the reduction of bone 
formation markers (osteocalcin, PINP). Remodelling of 
bone tissue in case of AS is particularly characterized 
by the fact that in different regions of the skeleton the 
processes of formation and resorption of bone tissue 
take place in parallel. Thus, syndesmophytes are formed 
as a result of local inflammation with increased synthesis 
of bone matrix by osteoblasts in the points of tendon 
attachment and the presence of chronic inflammation 
which is supported by excessive amount of proinflam-
matory (TNF-alpha, IL-6, IL-7 etc.) cytokines which 

activate osteoclastogenesis and bone tissue resorption [6]. 
For this reason, the determination of bone metabolism 
markers would give us an opportunity to evaluate bone 
metabolism state in patients suffering from AS. Literary 
data on this matter are contradictory. A range of studies 
conducted on patients suffering from AS show an increase 
in the osteocalcin level in blood serum [7-8], according 
to the data of other studies, osteoporosis develops on the 
background of normal osteocalcin level [9], however, 
some studies show low concentration of the markers of 
bone tissue biosynthesis [10-11]. 

       As for the Ukrainian cohort of patients suffering 
from AS, no studies were conducted on this matter. The 
role of disease course in the formation of bone metabolism 
disorders is also unknown. 

THE AIM
The aim of our study was to examine metabolic state of the 
bone, in the context of bone formation markers (osteocal-
cin, PINP), evaluate their connection to the structural and 
functional state of the bone according to the data of X-ray 
densitometry and compare the identified disorders with 
disease course in men suffering from AS.
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ABSTRACT
The aim: To evaluate osteocalcin  and PINP levels in men suffering from AS and to compare them with structural and functional state of bone tissue and clinical course of illness.
Materials and methods: The study included 82 patients suffering from AS with an average age of 40,9±0,9 years. Osteocalcin level was determined in 82 patients, and PINP 
level was determined in 79 patients. Control group included 22 apparently healthy persons. Disease activity was assessed through CRP level, ASDAS and BASDAI scores, while 
functional ability was assessed through the BASFI score. Osteocalcin and PINP levels were determined by immunoenzymatic method for the purpose of evaluating the metabolic 
state of bone tissue.
Results: Average osteocalcin and PINP levels were not significantly different in patients suffering from AS and patients in the control group and did not show any significant 
correlation with ASDAS, BASDAI, BASFI and CRP scores. In patients with spinal ankylosis, average osteocalcin values (14,3 ng\ml) and PINP  (747,2 pg\ml) were higher compared 
to patients with single syndesmophytes (11,0 ng\ml; 711,8 pg\ml) and patients without syndesmophytes (10,4 ng\ml; 537,7 pg\ml respectively).
Conclusions: Osteocalcin and PINP levels are not related to age, disease duration, BMI, glucocorticoids load and inflammatory process activity, however, they are closely related 
to the presence of bone growths.
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MATERIALS AND METHODS 
The study included 82 patients suffering from AS (100% 
of them were men), their average age was 40,9±0,9 years, 
disease duration made 9,02±0,6 years. Osteocalcin level 
was determined in 82 patients, and PINP level was deter-
mined in 79 patients. Control group included 22 practically 
healthy persons without any rheumatic pathology. As a 
result of the expert examination conducted by the bioethics 
committee of Vinnytsia National Medical University it has 
been established that research methods do not contradict 
the basic norms of bioethics under the Declaration of Hel-
sinki and do not violate any human rights under current 
laws of Ukraine. The diagnosis of AS was established on the 
basis of ASAS criteria [12]. All the patients were assessed 
on the basis of their age, disease duration, intake of gluco-
corticoids (GC), calcium preparations and vitamin D. For 
each patient, сumulative dose and duration of treatment 
with GC was determined.

Disease activity was evaluated on the basis of BASDAI 
score and ASDAS-CRP score (<1,3 – inactive ankylosing 
spondylitis; 1,3-2,1 – moderate activity; 2,1 -3,5 – high 
activity; >3,5 – very high activity) and functional activity 
was evaluated using the Bath Ankylosing Spondyloar-
thritis Functional Index (BASFI). The level of markers of 
inflammatory process activity, erythrocyte sedimentation 
rate and C-reactive protein (CRP) were analysed using 
standard laboratory methods at a medical institution. 
Markers of bone remodelling (osteocalcin and PINP) were 

evaluated by an immunoenzymatic method using the sets 
«N-MID Osteocalcin ELISA Kit» (Immunodiagnostic 
Systems, Great Britain) and «Human PINP (Procollagen 
I N-Terminal Propeptide) ELISA Kit» (Ela science, USA).

Bone mineral density (BMD) was measured using du-
al-energy X-ray absorptiometry on the device «Hologic 
Discovery Wi» (S/N 87227) at the level of the lumber 
spine and the femoral neck. For patients aged 50 years 
old or older, the following terms of the World Health Or-
ganization (WHO) were used with respect to osteopenia 
and osteoporosis: osteopenia, Т-score <-1 up to> -2,5 and 
osteoporosis, T-score ≤ -2,5 SD. For patients aged up to 50 
years Z-score ≤ -2,0 SD was considered to be lower than 
expected for this age [13]. 

Statistical analysis of the results was performed us-
ing personal computer applications Microsoft office, in 
particular, Microsoft Excel 2010 and using the program 
“SPSS-10.0.5 for Window” (licensed № 305147890). The 
following statistical characteristics were used: the number 
of observations (n), the arithmetic mean (M), standard er-
ror of the mean (m), median range (maximum-minimum), 
relative values (abs.,%). The normality of the distribution 
of indicators was determined by the Shapiro-Wilk test. In 
our studies, there was a normal distribution of indicators, 
so the significance of the differences was determined by 
Student’s  t-test, to determine the relationships between 
indicators – Pearson’s correlation analysis (r).  P-value ≤ 
0,05 was considered significant statistically. To compare the 

Fig 1. Levels of osteocalcin 
and PINP in blood serum in 
men suffering from AS
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significance of the differences between the relative values 
used the exact Fisher method. The percentile method was 
used to establish standards for laboratory test results, such 
as the level of osteocalcin, the N-terminal propeptide of 
type I procollagen.

RESULTS 
The conducted study has shown that the content of bone 
metabolism markers, i.e. osteocalcin (OC) and procollagen 
I N-terminal propeptide (PINP), was not significantly dif-
ferent in men suffering from AS and in persons from the 
control group. In the control group, the level of osteocalcin 
was 12,9±0,9 ng/ml, while in men with AS was 12% lower 
and made 11,3±0,6 ng/ml. As for PINP level, in the control 
group they made 622,6±46,9 pg\ml and in the main group 
they made 606,7±42,1 pg\ml, i.e. were 2,5% lower.  Ranging 
the levels of bone formation markers showed (Figure 1) that 

low levels of osteocalcin and procollagen type 1 N-terminal 
propeptide were found in 9,1% of persons in the control group, 
while 81,8-90,9% persons had a relatively normal level of these 
markers. Low levels of bone metabolism markers were found 
in 23% of patients suffering from AS and relatively normal 
levels were found in 57-71,9% of patients. The study showed 
that from 4 to 20% of patients suffering from AS had relatively 
high levels of osteocalcin and procollagen type 1 N-terminal 
propeptide, while the control group had no patients with such 
levels of OC and only 9,1% of patients with such level of PINP.

The study did not find a connection between the age and 
changes in levels of markers of bone tissue synthesis (Table I). 
Thus, the highest share of patients with low level of osteocalcin 
was found in the age group of 35-50 years and included 16 
patients (30,8%), in the group aged up to 35 years, low level 
of OC was registered in 31,6% of patients and in the group of 
patients older than 50 years it was registered in 27,3 % of pa-
tients. Similar results were obtained after analysing PINP levels, 

Fig 2. Osteocalcin and PINP levels 
depending on the presence of 
syndesmophytes 
Note: symbol * –  means reliable 
differences when compared to a 
group of patients without syndes-
mophytes,
t-test was used for intergroup 
comparison. 
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as the largest share of patients (28,6%) with low level was also 
found in the age group of 35-50 years. Disease duration also 
had no influence on OC and PINP levels in blood serum. In 
the group of patients with disease duration of 5-10 years and 
more than 10 years, low levels of osteocalcin and PINP were 
found practically in each second patient.

The study did not show any significant connection between 
bone metabolism markers and BMI, however, there was a 
distinct tendency towards a decrease of OC and PINP levels in 
proportion to the reduction of body mass. Levels of osteocalcin 

and PINP also had no relation to glucocorticoids (GC) load. 
Specifically, practically similar share of patients with low level of 
OC was registered in patients with cumulative dose of GC > 21,6 
g when compared to patients with GC dose < 21,6 g. It should be 
also noted that in patients with cumulative dose of GC > 21,6 g, 
the average content of PINP as well as the share of patients with 
low levels of the studied index were not also reliably different.

Levels of markers of bone tissue synthesis grew in parallel to 
the increase in the activity of inflammatory process (Table II). 
Specifically, in patients with very high activity of inflammatory 

Table I. Levels of osteocalcin and PINP depending on the age of patients, disease duration, BMI and glucocorticoids load 

Group

Bone metabolism markers

Osteocalcin,  n (%) PINP, n (%)

М±m Low level 
(<8,11 ng\ml) М±m Low level

(<311,4 pg\ml)

Control,
n=22 12,9±0,9 2 (9,1%) 622,6±46,9 2 (9,1%)

Patients with AS,  
n=82/79 11,3±0,6 19 (23,2%) 606,7±42,1 18 (22,8%)

Depending on the age

<35 years
n=19/19 11,0±1,0 6 (31,6%) 520,5±75,8 6 (31,6%)

35-50 years
n=52/49 11,2±0,8 16 (30,8%) 588,9±52,7 14 (28,6%)

>50 years
n=11/11 11,5±1,4 3 (27,3%) 811,6±132,6 2 (18,2%)

r 0,07 0,23

Depending on disease duration 

up to 5 years
n=13/13 12,6±1,0 1 (7,7%) 653,8±104,6 2 (15,4%)

5-10 years
n=42/41 10,5±0,9 15 (35,7%) 558,9±56,5 13 (31,7%)

>  10 years  
n=27/25 11,5±1,1 9 (33,3%)* 650,4±81,0 7 (28%)

r 0,14 0,11

Depending on BMI 

BMI<25
 n=45/44 10,8±0,9 15 (33,3%) 545,9±58,0 17 (38,6%)

BMI > 25 
n=37/35 11,7±0,8 10 (27,02%) 675,8±60,5 5 (14,3%)#

r 0,19 0,19

Depending on glucocorticoids load 

Cumulative  dose of  
GC < 21,6 g
(n=55/53)

11,1±0,7 17 (30,9%) 611,3±50,5 12 (22,6%)

Cumulative  dose of  
GC  > 21,6 g

(n=27/26)
11,4±1,2 8 (30,7%) 587,5±78,6 10 (38,4%)

Note: symbol * means reliable difference from the group of patients with disease duration of up to 5 years; 
symbol # means reliable difference from the group of patients with BMI < 25.
n - the number of observations, M - the arithmetic mean, m - standard error of the mean (m),  M ± m means   - mean ± standard error of the mean (SEM), 
r- Pearson’s correlation analysis. To compare the significance of the differences between the relative values used the exact Fisher method.
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process (ASDAS >3,5), a share of patients with low level of 
osteocalcin and PINP was 8-10% lower than in the group of 
patients with moderate activity of inflammatory process (AS-
DAS < 3,5). Similar trends were observed also with respect to 
BASDAI score. Average levels of OC and PINP in the group 
of patients with high activity (BASDAI > 4) were practically 
comparable to patients with low activity (BASDAI < 4). A 
share of patients with low levels of bone tissue synthesis was 
not also reliably different in groups depending on the func-
tional ability determined on the basis of BASFI score. While 
performing correlation analysis, no reliable correlations were 
found between high activity of inflammatory process (based 
on ASDAS-СRP and BASDAI scores) and low functional 
ability (BASFI score) with metabolic state of bone tissue de-
termined on the basis of OC and PINP levels.

Ranging CRP levels as optimal, high and very high it was 
shown that in the group of patients with optimal level of 
CRP a share of patients with low levels of markers of bone 
tissue synthesis probably no different than in the groups 
of patients with high and very high CRP. Based on average 
values of  OC and PINP, there were also significant differ-
ences in groups of patients. In groups with very high levels 
of CRP, concentration of OC and PINP was practically 
9-11% higher than in the group with optimal level of CRP. 

The study showed that serum levels of OC and PINP in 
patients suffering from AS were associated with presence 
of osteophytes (Figure 2). Thus, average level of OC in 

patients with syndesmophytes made 11,0±1,4 ng/ml and 
in patients without syndesmophytes it made 10,4±0,7 ng/
ml, i.e. it was 5,5% lower. Such trend was also observed 
with respect to PINP level where in the group of patients 
without syndesmophytes, low level of PINP was found in 
17 patients and in the group with syndesmophytes it was 
found only in 3 patients (23,1%), while the average level of 
PINP was 24,5% higher. In patients with compete spinal 
ankylosis, average levels of the mentioned markers of bone 
tissue synthesis were even higher, and with respect of OC 
level in blood serum, in general, the values were reliable 
when compared to patients without syndesmophytes.

In the next part of the study, we tried to analyse the differ-
ences between patients depending on X-ray changes (ankylosis, 
syndesmophytes) in the spine (Table III). It was found that in 
patients with complete spinal ankylosis, besides reliably higher 
levels of OC and PINP, the average age of the patient was also 
reliably higher when compared to patients without syndes-
mophytes. Patients with spinal ankylosis when compared to 
patients without spinal ankylosis showed a tendency towards an 
increase in disease duration as well as activity of inflammatory 
process and cumulative GC dose was higher. It was established 
that patients with complete ankylosis had a higher BMD index 
of the lower spine when compared to patients without anky-
losis and, on the contrary, they had a lower BMD index of the 
femoral neck, which can be obviously connected to the place 
(trabecular or cortical part of the vertebral bodies) of BMD 

Table II.  Connection of ОС and PINP with activity indices based on ASDAS-CRP and BASDAI scores, BASFI functional index and CRP 

Level

Bone metabolism marker 

Osteocalcin,  n (%) PINP, n (%)

М±m Low level
(<8,11 ng/ml) М±m Low level

(<311,4 pg\ml)

ASDAS

<3,5
(n=42/41) 10,3±0,9 15 (36,5%) 583,9±59,4 13 (31,7%)

> 3,5
(n=40/38) 12,1±0,7 10 (26,3%) 624,5±61,1 9 (23,7%)

r -0,15 -0,19

BASDAI

<4
(n=24/23) 10,9±1,2 8 (33,3%) 596,9±78,0 7 (30,4%)

> 4
(n=58/56) 11,3±0,7 17 (30,3%) 597,9±50,7 15 (26,8%)

r -0,12 -0,10

BASFI

< 4
(n=23/22) 11,5±1,2 7 (30,4%) 688,1±72,5 5 (22,7%)

> 4
(n=59/57) 11,1±0,7 18 (30,5%) 570,8±51,3 17 (29,8%)

r -0,18 -0,08

CRP

< 5,4
(n=20/19) 10,3±1,4 8 (40,0%) 571,4±98,3 6 (31,6%)

5,4-13,4
(n=41/40) 11,4±0,8 12 (29,3%) 602,1±59,3 10 (25,0%)

> 13,4
(n=21/20) 11,5±1,1 5 (23,8%) 627,5±76,3 6 (30,0%)

n - the number of observations,  M ± m means mean ± standard error of the mean (SEM), r- Pearson’s correlation analysis.
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determination. As for Z-score, in the region of the femoral neck 
it was reliably higher in patients with complete spinal ankylosis 
when compared to patients without syndesmophytes.

DISCUSSION
Thus, by analysing metabolic state of bone tissue (levels 
of bone synthesis markers), it was established that an in-
significant reduction of osteocalcin and PINP levels were 
observed in men suffering from ankylosing spondylitis 
when compared to patients from the control group. And 
specifically, average concentration of osteocalcin in pa-
tients suffering from AS was 12% lower than in practically 
healthy persons and made 11,3±0,6 ng/ml in comparison 
to 12,9±0,9 ng/ml. Average values of  PINP in the main 
group made up 606,7±42,1 pg/ml and 622,6±46,9 pg/ml 
in the control group which was only 2,5% more. Literary 
data on this matter are contradictory. Thus, according to 
the data of  Ö. Altіndag et al [14],  average level of OC in 
patients suffering from AS was 43% lower than in the con-
trol group. Osteocalcin concentration of blood serum was 
lower than in the study by Huang WN et al [15]. However, 
there also exist such studies, where OC levels in patients 
suffering from AS in comparison to patients from the con-
trol group were not different or were even 57% higher [16]. 
The opinion of researchers on the bone formation marker 
PINP is contradictory. Thus, in the study by Perpétuo IP et 
al [17], serum level of P1NP was lower in patients suffering 
from AS when compared to the control group, and, on the 
contrary, in the study by Pnar Borman et al [18], PINP level 
was significantly higher in patients suffering from AS and 
grew in proportion to the disease activity. 

The study did not show any influence of age and disease 
duration on the concentration of bone metabolism markers 
in blood serum. However, the study by Huang J et al [9] 
found a correlation between osteocalcin and disease du-
ration in patients suffering from AS (r = 0,323, p = 0,034). 

Levels of the mentioned bone formation markers also had 
no relation to BMI and GC load. According to the data of 
Yushina SA et al [19], patients who systematically took GC 
showed stable reduction of osteocalcin level.

 It is known that one of the unfavourable pathogenic fac-
tors of bone metabolism is a systemic inflammatory process 
related to excessive activation of proinflammatory factors, 
such as tumour necrosis factor alpha (TNF-α), interleukin-1 
(IL-1), IL-6 and IL-17 which lead to excessive destruction of 
bone tissue, primarily, due to hyperactivation of osteoclasts 
and decreased synthesis of osteoblasts [20]. Ankylosing 
spondylitis is uniquely characterized by the fact that due to 
multiple inter-relations and interactions of bone tissue and 
the immune system, active inflammation, on the one hand, 
contributes to bone resorption by way of intensified differ-
entiation of osteoclasts and, on the other hand, leads to local 
bone formation, primarily, through TNF-alpha and IL-17 
hyperproduction which cause excessive activation of osteo-
blasts and synthesis of pathologically new bone formations 
and in the future lead to the formation of syndesmophytes 
and spinal ankylosis [21-22].

We did not find any reliable associative connection 
between the activity of inflammatory process evaluated 
on the basis of ASDAS-CRP, BASDAI scores and the con-
centration of bone metabolism markers. Thus, in case of 
very high activity of the disease and low functional ability 
(ASDAS >3,5; BASDAI >4; BASFI>4 ), levels of osteocalcin 

Table III. Peculiarities of AS disease course in patients without syndesmophytes, with single syndesmophytes and spinal ankylosis 

Indexes
Patients without 

syndesmophytes,
n= 55

Patients with single 
syndesmophytes, 

n = 13

Patients with spinal 
ankylosis,  

n=14

OC levels, ng/ml 10,4±0,7 11,0±1,4 14,3±1,5*

PINP levels, pg/ml 537,7±48,5 711,8±116,9 747,2±105,2

Age, years 38,6±1,2 48,3±1,3* 43,5±1,5*#

Disease duration 7,7±0,6 9,7±1,3 9,7±1,3

Cumulative GC dose,g 14,5±1,8 16,7±2,7 16,0±2,9

ASDAS, points 3,5±0,1 3,4±0,1 3,5±0,2

BASDAI, points 5,2±0,2 5,3±0,4 5,6±0,4

BASFI, points 4,9±0,3 5,6±0,5 5,2±0,4

CRP levels, mg/l 10,7±0,9 11,5±1,8 14,7±2,8

ESR levels, mm/h 23,1±1,4 23,1±4,6 26,2±3,4

BMD of the lumbar spine, g/cm2 0,93±0,02 0,95±0,04 0,98±0,04

Z- score of the lumbar spine, SD -1,38±0,2 -0,68±0,4 -0,36±0,6

BMD of the femoral neck,  g/cm2 0,75±0,02 0,73±0,03 0,73±0,04

Z-score of the femoral neck, SD -0,87±0,01 -1,07±0,2 -1,14±0,1

Note: symbol * means reliable differences when compared to the group of patients without syndesmophytes,
symbol #  means reliable differences when compared to the group of patients with single syndesmophytes.
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not significantly affect the synthesis of OC and PINP. In 
men suffering from AS, a pathologically new formation of 
bone tissue is observed which shows itself first in the form 
of syndesmophytes and later in the form of complete spinal 
ankylosis which is confirmed by credible increase of bone 
formation markers.

CONCLUSIONS
1.  In men suffering from ankylosing spondylitis the level 

of OC and PINP in blood serum do not significantly 
differ from patients in the control group. OC and PINP 
levels have no relation to age, disease duration, BMI and 
GC load. Inflammation process activity also did not 
significantly affect the levels of markers of bone tissue 
synthesis.

2.  Patients suffering from AS show pathologically new 
formation of bone tissue in the form of syndesmophytes 
and spinal ankylosis which is closely connected to the 
elevated level of bone formation markers, and is not 
associated with the course of the disease.
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and PINP in blood serum were practically comparable 
to moderate activity and functional ability of the patient. 
Bone formation markers also had no relationship to the 
CRP level. Similar results were obtained in the study by  
Park MC et al [23] where average level of osteocalcin in 
blood serum was not different in patients and in the control 
group and showed no significant correlations with BMD 
and BASDAI scores. No significant connection of disease 
activity to OC level was also found in the study by Muntean 
L et al [24]. However, the study by Bugrova OV et al [25] 
showed reliable associative connections between the level 
of osteocalcin and ASDAS-CRP score.  

Analysis of bone formation markers depending on X-ray 
changes in the spine showed that in the group of patients 
with complete spinal ankylosis, OC values were reliably 
37,5% higher than in the group without syndesmophytes. 
Also, in the last group, PINP levels were lower than in the 
group with single syndesmophytes and complete spinal 
ankylosis. The study showed that patients with complete 
spinal ankylosis had a reliably higher age than patients 
without osteophytes. However, bone mineral density 
was determined on the basis of BMD score which was 
calculated in the region of the lumbar spine, and it was 
found to be lower in the last group when compared to the 
group with spinal ankylosis; simultaneously, BMD level in 
the region of the femoral neck was lower in the group of 
patients with syndesmophytes and spinal ankylosis than 
in the group without syndesmophytes. As for  Z-score, it 
was slightly higher in the region of the femoral neck in 
patients with complete spinal ankylosis when compared 
to patients without syndesmophytes. The data provided by 
other studies are also contradictory. According to the data 
of Arends S et al [26], increased levels of ОС and PINP in 
patients suffering from AS were associated with reduced 
bone mineral density. In the study by Gamez-Nava et al 
[27], patients with marked syndesmophytes had a higher 
level of OC than patients without syndesmophytes. 

  That is, such different results can be explained by the fact 
that measurement of bone mineral density in the region of 
the lumbar spine using X-ray absorptiometry is normally 
performed in anteroposterior projection. For this reason, 
any type of spinal lesion related to AS, and namely: pres-
ence of osteophytes, calcifications, degenerative changes 
of facet joints, hyperostosis and lesion of the posterior 
arch of vertebrae can influence the measurement of bone 
mineral density, i.e. increase BMD value and, thus, BMD 
levels can be normal or high in patients with osteoporosis 
as previously shown in studies [28-29]. In our opinion, 
determination of bone mineral density in the region of the 
femoral neck is a more sensitive method of osteoporosis 
evaluation in case of AS in patients with single syndesmo-
phytes as well as in patients with complete spinal ankylosis.

    Thus, when analysing our own data and the results 
of literary data it should be notated that in men suffering 
from AS, concentration of bone formation markers does 
not significantly differ from practically healthy persons. OC 
and PINP levels have no relation to age, disease duration, 
BMI and GC load. Inflammation process activity also did 
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