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Abstract
Background  Currently, the pathophysiology of new bone formation in radiographic axial spondyloarthritis (r-axSpA) 
remains unclear. Cellular elements and their secreted bone turnover markers might be one of the underlying 
mechanisms that drive the new bone formation. Our study aimed to investigate the role of bone turnover markers in 
r-axSpA patients with fatty lesions.

Methods  73 r-axSpA patients were enrolled in this study. 48 and 25 patients were divided into r-axSpA group with 
and without fatty lesions. Clinical variables were collected and all patients received comprehensive rheumatologic 
assessment for disease activity, including Modified Stoke Ankylosing Spondylitis Spine Score (mSASSS), Bath 
Ankylosing Spondylitis Disease Activity Index (BASDAI) and Axial Spondyloarthritis Disease Activity Score (ASDAS). 
Fatty lesions in the sacroiliac joints (SIJs) were scored independently by two radiologists. Serum levels of bone 
turnover markers, including sclerostin, osteoprotegerin (OPG), procollagen I N-terminal propeptide (PINP), cross linked 
C-telopeptide of type I collagen (CTX-I), osteocalcin (OC), were measured using enzyme-linked immunosorbent 
assays.

Results  There were no significant differences between two groups in terms of gender, age, body mass index 
(BMI), duration, smoking, HLA-B27 positivity rate, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), 
BASDAI, ASDAS-ESR, ASDAS-CRP, biological disease-modifying anti-rheumatic drugs (bDMARDs) rate. No significant 
differences were observed in terms of OPG, PINP, CTX-I or OC between two groups. The mSASSS were higher in fatty 
lesions group than in those without fatty lesions (p < 0.001). The serum sclerostin levels were significantly lower in 
r-axSpA patients with fatty lesions than in those without fatty lesions (p < 0.001). There were correlations between 
BMI, mSASSS and sclerostin with the comprehensive Berlin scoring method (CBM) scores in the univariate analysis 
(ρ = 0.311, ρ = 0.306, ρ = -0.920, respectively). However, only sclerostin had correlation with the CBM scores in 
multivariate analysis (ρ = -0.040, p < 0.001).
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Background
Radiographic axial spondyloarthritis (r-axSpA) is a 
chronic inflammatory disease and mainly affects the sac-
roiliac joints (SIJs) and axial skeleton joints, together with 
additional extra-musculoskeletal manifestations such as 
uveitis, psoriasis and inflammatory bowel disease [1].

The physiological state of the human skeleton is con-
stantly in a process of bone destruction by osteoclasts 
and bone remodeling by osteoblasts. During this process, 
osteoblasts and osteoclasts continuously release proteins 
and protein metabolites, which respond dynamically to 
the state of bone remodeling. These substances are also 
known as bone turnover markers [2, 3]. Structural dam-
age in individuals with r-axSpA is characterized by the 
formation of new bone in the spine. However, the patho-
physiology of new bone formation in r-axSpA remains 
unclear. Cellular elements and their secreted bone turn-
over markers might be one of the underlying mecha-
nisms that drive the new bone formation [4]. Previous 
research has identified several classical bone turnover 
markers, including cross linked C-telopeptide of type I 
collagen (CTX-I), procollagen I N-terminal propeptide 
(PINP), osteocalcin (OC) and (osteoprotegerin) OPG. 
OC and PINP were considered to be associated with 
bone formation, and CTX-I was associated with bone 
resorption. However, OPG was considered to inhibit the 
process of bone resorption. Sclerostin, a relatively new 
biomarker, has been identified as an important inhibi-
tor of the canonical Wnt-β catenin signaling pathway 
and thus inhibiting bone formation, which was consid-
ered a biomarker that may be able to predict the stage 
of r-axSpA disease activity [5, 6]. Furthermore, chronic 
inflammation and pathological remodelling of the bone 
tissue in r-axSpA might finally result in syndesmophytes 
formation and ankylosing. It was suggested in a cohort 
study that magnetic resonance imaging (MRI) vertebral 
corner inflammation followed by fat deposition was the 
strongest contributor to the development of new bone at 
the same vertebral corner, addressing the hypothesis that 
vertebral corner inflammation ‘leads to’ fat deposition, 
which in turn ‘leads to’ bone formation [7]. The mecha-
nism of interaction between chronic inflammation and 
new bone formation is still not completely understood.

The aim of this study was to investigate the role of bone 
turnover markers in r-axSpA patients with fatty lesions 
and to examine the relationship between the serum levels 
of bone turnover markers and the severity of fatty lesion.

Methods
Study population
Seventy-three patients with r-axSpA were enrolled in this 
study. All these patients were admitted for moderate or 
severe back pain after the initial assessment was made 
by rheumatologists. Only those who might had active 
disease would be admitted. All the patients fulfilled the 
Modified New York Criteria [8]. Among these patients, 
forty-eight and twenty-five patients were classified into 
the group of r-axSpA with and without fatty lesion, 
respectively. Patients with recent infection, current preg-
nancy, a history of neoplasm or any chronic inflamma-
tory diseases were excluded. All the clinical data were 
collected from the medical records.

Blood sample collection and processing
6 mL of peripheral venous blood was taken in the early 
morning from these patients after fasting for at least eight 
hours at the Department of Rheumatology of the Fifth 
Affiliated Hospital of Sun Yat-sen University from May 
2022 to February 2024. All the blood samples were pro-
cessed within one hour. Blood samples were centrifuged, 
and serum was isolated and stored at -80℃ before use.

Clinical assessment and marker measurement
The demographic data were gathered from the patient 
charts. The erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), and human leukocyte antigen 
(HLA)-B27 were also collected. Serum levels of scleros-
tin (E-EL-H1544c, Elabscience, Wuhan, China), osteo-
protegerin (OPG) (CHE0074, 4Abio, Beijing, China), 
procollagen I N-terminal propeptide (PINP) (E-EL-
H0185c, Elabscience, Wuhan, China), cross linked 
C-telopeptide of type I collagen (CTX-I) (E-EL-H0835c, 
Elabscience, Wuhan, China) and osteocalcin (OC) (E-EL-
H1343c, Elabscience, Wuhan, China) were measured 
with a specific sandwich enzyme-linked immunosor-
bent assay (ELISA). A percentage coefficient of variation 
(CV%) ≤ 10% between duplicate samples was considered 
acceptable, and samples were re-tested until CV% ≤ 10% 
was attained. Bath Ankylosing Spondylitis Disease Activ-
ity Index (BASDAI) and Axial Spondyloarthritis Disease 
Activity Score (ASDAS) was used to assess the disease 
activity scores [9].

Imaging assessment
All the patients underwent the magnetic resonance imag-
ing (MRI) examination of the SIJs. Imaging scores were 
measured by two experienced radiologists. Fatty lesions 

Conclusions  In the r-axSpA patients with fatty lesions, serum sclerostin levels are declined. Serum sclerostin might 
be useful as a biomarker to predict the progression of the chronic inflammation in SIJs in r-axSpA.
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were scored using the comprehensive Berlin scoring 
method (CBM) on unenhanced T1-weighted (T1W) 
turbo spin-echo (TSE) sequence of MRI images. Each of 
the sacroiliac joints was divided into four quadrants using 
the SIJ space and a fictitious horizontal line passing below 
the first sacral neural foramina [10]. Figure 1 shows the 
scoring method for dividing each SIJ into quadrants. The 
CBM quantifies fatty lesions on a 0–3 scale (0: no fatty 
lesions, 1: ≤ 33%, 2: 33–66%, 3: > 66% of the subchondral 
bone area in the respective quadrant). The sum score of 
the CBM was calculated by adding up the 8 quadrants 
scores, ranging from 0 to 24 [11, 12].

Statistical analysis
The numerical variable results were described as the 
means ± standard deviation (SD) or the median (inter-
quartile range: first - third quartile) for normally dis-
tributed or non-normally distributed data. Categorical 
variables were assessed by the chi-square test. Normally 
distributed variables were compared using indepen-
dent-sample t-test. Nonnormally distributed variables 
were compared using the Mann-Whitney U test. The 
correlation analysis was evaluated by Spearman’s cor-
relation coefficient. Analysis for clinical characteristics, 
bone turnover biomarkers and the CBM scores, was 
performed using univariate analysis. The multivariate 
analysis was further performed to correct the potential 
confounders. For all the analysis, the p value of < 0.05 was 
considered to indicate statistical significance. Intra- and 
inter-observer reliability was assessed by intraclass corre-
lation coefficient (ICC). The statistical analysis was per-
formed using Statistical Package of Social Science (SPSS) 
version 27.0.

Results
Assay and observer reliability
Each of all the biomarkers achieved an acceptable inter-
assay CV% (≤ 10%). Excellent intra-observer reliability for 
two radiologists was achieved (ICC = 0.825, ICC = 0.849, 
respectively). Good inter-observer reliability was also 
achieved (ICC = 0.779).

Comparison of clinical characteristics of r-axSpA 
subgroups
Table  1 lists the baseline data of r-axSpA patients with 
and without fatty lesion. There were no significant dif-
ferences in terms of sex, age, body mass index, dura-
tion, smoking or HLA-B27 between two groups. In 
addition, no significant differences were observed in 
terms of ESR, CRP, ASDAS-ESR, ASDA-CRP, BASDAI 
or biological disease-modifying anti-rheumatic drugs 
(bDMARDs) rate between the two groups (p = 0.436, 
p = 0.613, p = 0.429, p = 0.475, p = 0.317, p = 0.727, respec-
tively). However, the Modified Stoke Ankylosing Spondy-
litis Spine Score (mSASSS) of the group with fatty lesions 
were significantly higher than the group without fatty 
lesions (p < 0.001).

Table 1  Comparison of demographic and clinical characteristics 
between r-axSpA with and without fatty lesions

Fatty lesions 
(n = 48)

No fatty lesions 
(n = 25)

p 
value

Male (%) 40 (83.3%) 17 (68.0%) 0.133
Age (year) 34.2 ± 7.5 33.2 ± 8.6 0.598
BMI (kg/m2)a 23.2 (20.5–25.5) 23.9 (21.3–26.5) 0.450
Duration (year)a 5.3 (3.0-11.5) 8.0 (2.3–10.0) 0.701
Smoking status (%) 10 (20.8%) 7 (28.0%) 0.492
HLA-B27 positive (%) 45 (93.8%) 23 (92.0%) 1.000
ESR (mm/H)a 17.0 (9.0-27.8) 13.0 (6.0-28.5) 0.436
CRP (mg/L)a 4.7 (1.9–13.3) 5.3 (0.8–11.6) 0.613
ASDAS-ESRa 2.0 (1.2–2.9) 1.6 (1.0–3.0) 0.429
ASDAS-CRPa 1.8 (1.1–2.9) 1.6 (0.9–2.8) 0.475
BASDAIa 1.8 (0.8–3.2) 0.9 (0.4–3.1) 0.317
bDMARDs rate 42 (87.5%) 21 (84.0%) 0.727
mSASSSa* 4 (2–9) 1 (0–3) < 0.001
Sclerostin (pg/ml)* 254.2 

(204.8-341.3)
462.1 
(360.4-631.7)

< 0.001

OPG (pg/ml) 412.4 ± 289.1 370.2 ± 271.6 0.548
PINP (pg/ml) 2639.5 ± 1298.7 2979.5 ± 1306.7 0.293
CTX-I (ng/ml)a 0.42 (0.27–0.68) 0.34 (0.21–0.54) 0.313
OC (ng/ml)a 57.6 (35.7–95.1) 54.5 (26.6-112.6) 0.857
r-axSpA = radiographic axial spondyloarthritis; BMI = body mass index; HLA-
B27 = human leukocyte antigen B27; ESR = erythrocyte sedimentation rate; 
CRP = C-reactive protein; ASDAS = Axial Spondyloarthritis Disease Activity 
Score; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index; bDMARDs 
= biological disease-modifying anti-rheumatic drugs; mSASSS = Modified 
Stoke Ankylosing Spondylitis Spine Score; OPG = Osteoprotegerin; PINP = 
Procollagen I N-Terminal Propeptide; CTX-I = Cross Linked C-telopeptide of 
Type I Collagen; OC = Osteocalcin
aMedian (Interquartile range)
∗Statistical significance

Fig. 1  The CBM scores to evaluate fatty lesions by MRI in the SIJs. The fig-
ure shows a T1w TSE sequence and a coronal slice of the SIJs. Each of the 
SIJs was divided into four quadrants by the joint space and a horizontal 
fictitious line passing below the first sacral neural foramina. The compre-
hensive Berlin scoring method quantifies fatty lesions on a 0–3 scale (0: no 
fatty lesions, 1: ≤ 33%, 2: 33–66%, 3: > 66% of the subchondral bone area in 
the respective quadrant), adding up to a total score of 0–24
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Comparison of bone turnover markers between two 
groups
There were no significant differences between two groups 
in terms of serum levels of OPG, PINP, CTX-I and OC. 
However, the serum levels of sclerostin in the group with 
fatty lesions were significantly lower than those in the 
group without fatty lesions (p < 0.001) (Fig. 2).

Univariate and multivariate analysis between clinical 
variables, bone turnover markers and CBM scores
Table  2 presents the correlation between clinical vari-
ables, bone turnover markers and the CBM scores. In 
r-axSpA patients with fatty lesions group, there were cor-
relations between body mass index (BMI), mSASSS and 
sclerostin with the CBM scores in the univariate analysis 
(ρ = 0.311, ρ = 0.306, ρ = -0.920, respectively). However, 
the serum levels of OPG, PINP, CTX-I or OC were not 
correlated with the CBM scores (ρ = -0.081, ρ = 0.079, 
ρ = -0.054, ρ = 0.022, respectively), and all the p values 
were > 0.05. In the multiple linear regression analysis, 

only sclerostin had correlation with the CBM scores [B 
(95%CI) = -0.040 (-0.049, -0.032), p < 0.001]. Figure  3 
shows that serum sclerostin levels correlated negatively 
with CBM scores (ρ = -0.920, p < 0.001). Multiple linear 
regression analysis models were conducted to investigate 
whether the CBM score was an independent variable of 
BMI, mSASSS and sclerostin level. The CBM scores were 
independently associated with sclerostin level [B (95%CI) 
= -17.227 (-20.825, -13.628), p < 0.001]. However, the 
CBM score was not an independent variable of BMI and 
mSASSS (p = 0.705, p = 0.630, respectively) (Table 3).

Discussion
In this study, serum sclerostin levels decreased in the 
r-axSpA patients with fatty lesions. Negative associa-
tion was detected between the serum levels of sclerostin 
and the comprehensive Berlin scoring method scores in 
r-axSpA patients with fatty lesions.

Different clinical parameters, including gender, age, 
duration, life style factors, body mass index, ESR and 

Fig. 2  Comparison of bone turnover markers levels between r-axSpA with and without fatty lesions. The serum levels of sclerostin were significantly 
lower in r-axSpA patients with fatty lesions than in those without fatty lesions (p < 0.001). No significant differences were observed in terms of OPG, PINP, 
CTX-I or OC between two groups
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CRP, were reported to be associated with radiographic 
progression in r-axSpA patients [13–15]. Besides these 
clinical parameters, different biomarkers were also found 
to predict radiographic progression in r-axSpA patients, 
among them were markers of inflammation, bone turn-
over biomarkers and adipokines [16, 17]. The role of 
bone turnover markers for predicting the radiographic 
progression has been paid more and more attention in 
the recent years [16, 18, 19]. Additionally, it was found 
that MRI vertebral corner inflammation followed by fat 

deposition could contribute to the new bone formation 
at the same vertebral corner. Therefore, it would be of 
great importance to identify the relationship between 
bone turnover markers and the severity of fatty lesions 

Table 2  Univariate and multivariate analysis between CBM scores and clinical variables and biomarkers in r-axSpA with fatty lesions
Univariate analysis Multivariate analysis

Variables ρ p value B (95%CI) β p value
Age (year) 0.133 0.366
BMI (kg/m2) 0.311 0.031* 0.015 (-0.121, 0.151) 0.019 0.825
Duration (year) 0.025 0.864
ESR (mm/H) 0.058 0.694
CRP (mg/L) 0.182 0.216
ASDAS-ESR 0.022 0.883
ASDAS-CRP 0.104 0.483
BASDAI 0.041 0.784
mSASSS 0.306 0.034* -0.021 (-0.076, 0.034) -0.066 0.448
Sclerostin (pg/ml) -0.920 < 0.001* -0.040 (-0.049, -0.032) -0.840 < 0.001*

OPG (pg/ml) -0.081 0.582
PINP (pg/ml) 0.079 0.595
CTX-I (ng/ml) -0.054 0.715
OC (ng/ml) 0.022 0.880

Adjusted R2 = 0.669
r-axSpA = radiographic axial spondyloarthritis; ρ = Spearman’s correlation coefficient; B = Unstandardized coefficient; β = Standardized coefficient; CI = confidence 
interval  ; CBM = the comprehensive Berlin scoring method; BMI = body mass index; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; ASDAS = Axial 
Spondyloarthritis Disease Activity Score; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index; SIJ = Sacroiliac joint; mSASSS = Modified Stoke Ankylosing 
Spondylitis Spine Score; OPG = Osteoprotegerin; PINP = Procollagen I N-Terminal Propeptide; CTX-I = Cross Linked C-telopeptide of Type I Collagen; OC = Osteocalcin; 
R2 = coefficient of determination
*Statistical significance

Table 3  Multiple linear regression analysis models showing 
independent variables associated with sclerostin levels in r-axSpA 
patients

Dependent variable
Independent 
variable

Ad-
just-
ed R2

B (95%CI) β p value

Model 1 0.055 BMI
  Age (year) 0.209 (-0.004, 0.422) 0.289 0.054
  ASDAS-CRP 1.013 (-0.472, 2.498) 0.198 0.176
  CBM scores 0.069 (-0.298, 0.436) 0.055 0.705
Model 2 0.005 mSASSS
  Age (year) 0.438 (-0.111, 0.987) 0.241 0.115
  ASDAS-CRP 0.528 (-3.299, 4.355) 0.041 0.782
  CBM scores 0.227 (-0.718, 1.173) 0.072 0.630
Model 3 0.689 Sclerostin
  Age (year) 0.127 (-1.963, 2.218) 0.011 0.903
  ASDAS-CRP -4.519 (-19.082, 

10.043)
-0.053 0.535

  CBM scores -17.227 (-20.825, 
-13.628)

-0.827 < 0.001*

r-axSpA = radiographic axial spondyloarthritis; R2 = coefficient of determination; 
B = Unstandardized coefficient; β = Standardized coefficient; CI = confidence 
interval  ; BMI = body mass index; ASDAS = Axial Spondyloarthritis Disease 
Activity Score; ESR = erythrocyte sedimentation rate; BASDAI = Bath Ankylosing 
Spondylitis Disease Activity Index; CBM = the comprehensive Berlin scoring 
method; mSASSS = Modified Stoke Ankylosing Spondylitis Spine Score; 
CRP = C-reactive protein;
*Statistical significance

Fig. 3  Correlation between serum sclerostin levels and CBM scores in r-
axSpA with fatty lesions. The serum sclerostin levels correlated negatively 
with CBM scores (ρ = -0.920, p < 0.001)
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in r-axSpA patients. In this study, there was only signifi-
cant difference in terms of sclerostin among these bone 
turnover markers between groups with and without fatty 
lesions and r-axSpA patients with fatty lesions exhib-
ited lower serum levels of sclerostin than those without 
fatty lesions. The serum levels of sclerostin in all r-axSpA 
patients in our research were different from previous 
studies. In a meta-analysis, the mean sclerostin levels var-
ied greatly even in different studies, from 7.41 to 427.69 
pg/ml [20]. These huge differences might be attributed 
to race, use of different ELISA kits and different disease 
status of the patients. The serum levels of sclerostin in 
r-axSpA still remain controversial. Several studies dem-
onstrated that serum sclerostin levels were significantly 
lower in r-axSpA patients than in healthy controls [4, 
21–24]. No significant difference was also reported in 
sclerostin levels between r-axSpA and healthy controls in 
another study [25]. However, there is still little concentra-
tion about sclerostin levels in r-axSpA subgroups.

MRI vertebral corner inflammation followed by fat 
deposition could contribute to the development of new 
bone at the same vertebral corner [7], indicating patients 
with r-axSpA might experience acute inflammation, 
fatty deposition and then bone formation sequentially. It 
was reported that the sclerostin serum level had a weak 
negative correlation with the active inflammatory MRI 
SIJ lesions by SpondyloArthritis Research Consortium 
of Canada (SPARCC) [23]. Serum sclerostin was signifi-
cantly higher in axSpA without syndesmophytes growth 
than in axSpA with new syndesmophytes [21]. Moreover, 
the serum level of sclerostin was also correlated with 
syndesmophytes and modified Stoke Ankylosing Spon-
dylitis Spine Score (mSASSS) [26, 27]. However, there 
were few studies focusing on the relationship between 
fatty lesions and serum sclerostin level. In this research, 
r-axSpA patients with fatty lesions had lower serum lev-
els of sclerostin. Thus, we speculate that lower serum lev-
els of sclerostin might participate in the whole process of 
new bone formation and the progression of inflammation 
might lower the levels of serum sclerostin. Nevertheless, 
the mechanism remains unknown. The serum scleros-
tin level significantly increased over time after initiation 
of TNF inhibitor [24]. Furthermore, the serum levels of 
sclerostin were increased after the treatment of imre-
coxib or celecoxib in r-axSpA and a decrease in ESR was 
significantly correlated with the levels of sclerostin being 
significantly elevated in the SPARCC-reduced group [28]. 
Further studies should focus on how the inflammation 
could drive the change of sclerostin and then promote 
the new bone formation.

There are still limitations to this study. First, it had 
a relatively small sample and was a cross-sectional 
design. Longitudinal cohort studies with larger samples 
should be needed to confirm whether the serum level of 

sclerostin may be a useful marker to predict fatty lesion 
in r-axSpA. Second, not all the bone turnover mark-
ers were included in this study. Third, the relationship 
between pathological studies of SIJs with fatty lesions and 
sclerostin should also be investigated to further ascertain 
the role of bone turnover markers in r-axSpA. Finally, 
the use of different bDMARDs might have effects on the 
radiographic imaging and the serum level of biomarkers 
and the use of bDMARDs should be investigated in the 
further study.

Conclusions
This research reported the serum levels of sclerostin 
decreases in r-axSpA patients with fatty lesions. These 
results provide important implications for physicians 
to understand the role of bone turnover markers in the 
fatty lesion in r-axSpA. Future studies should focus on 
monitoring the change of the serum level of sclerostin in 
r-axSpA patients with fatty lesions.
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