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Increased serum levels of MIC1/GDF15 correlated
with bone erosion in spondyloarthritis
A pilot study
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Abstract
Introduction: To assess the association between growth differentiation factor-15 (GDF15) and radiographic features including
bone marrow edema and bone erosion in Spondyloarthritis (SpA).

Methods: Patients with SpA (n=120) receiving treatment in the Guangdong General Hospital, China, between August 2012 and
December 2016 were retrospectively included. Serum of patients and healthy controls (n=30) were collected andGDF15 levels were
measured using ELISA. Inflammation was assessed by C-reactive protein (CRP), and magnetic resonance imaging (MRI) of the
sacroiliac joint using Spondyloarthritis Research Consortium of Canada score and a method of dichotomy to assess fat metaplasia,
bone erosion, and ankylosis. Radiographs of the pelvis were scored using the modified New York (mNY) score.

Results: Serum GDF15 levels were higher in SpA patients compared to controls (503.52±222.92 vs. 190.86±104.18pg/mL,
P< .0001). Patients who suffered from bone erosion onMRI had higher levels of GDF15 (525.72 [186.33, 801.62]vs. 428.06 [255.15,
670.98] pg/mL, P= .0375). There was a positive correlation between serum GDF15 and CRP (r=0.5442, P< .0001). Moreover,
GDF15 levels were related to CRP levels (r=0.5658, P< .0001) in those X-ray scores were III, according to 1984mNY criteria.
Receiver operating characteristic (ROC) analysis showed that GDF15 levels above 501.98pg/mL could predict presence of bone
erosion on MRI.

Conclusion:The present study suggested that serumGDF15 levels are higher in SpA patients than in healthy controls. The GDF15
level was correlated with CRP and may be a surrogate biomarker in bone erosion.

Abbreviations: ASAS = Assessment of SpondyloArthritis international Society, ASDAS = Ankylosing Spondylitis Disease Activity
Score, BASDAI = Bath Ankylosing Spondylitis Disease Activity, BASFI = Bath Ankylosing Spondylitis Functional Index, CRP = C-
reactive protein, CRP = C-reactive protein, ESR = ESR GDF-15 = growth differentiation factor-15, IL = interleukin, MIC1 =
macrophage inhibitory cytokine 1, mNY score= themodified New York score, MRI=magnetic resonance imaging, RA= rheumatoid
arthritis, ROC = receiver operating characteristic, SOST = Sclerostin, SpA = Spondyloarthritis, SPARCC = Spondyloarthritis
Research Consortium of Canada, TNF-a = tumor necrosis factor-alpha.

Keywords: bone, erosion, macrophage inhibitory cytokine 1/Growth differentiation factor-15 (MIC1/GDF15), magnetic resonance
imaging, Spondyloarthritis (SpA)
1. Introduction

Spondyloarthritis (SpA) is an inflammatory disorder that
typically affects spine and sacroiliac joint. With the development
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of magnetic resonance imaging (MRI) technique, the diagnosis
and assessment of SpA have been improved greatly. However,
MRI examination is costly and interpretation of MRI images
requires specialized training. There is an urgent need to discover
useful serum biomarkers which can add values to radiographic
diagnostic techniques.
Several molecules are involved in new bone formation resulting

in structural damage in patients with SpA. Sclerostin (SOST) is a
glycoprotein secreted by osteocytes in bone, and it inhibits Wnt
signaling pathway, leads to decreased bone formation.[1] A study
revealed that the serum levels of SOST were found to be elevated
in patients with SpAwith high disease activity.[2] However, SOST
neither elevated in SpA with low disease activity nor it linked to
greater structural damage.[3]

Growth differentiation factor (GDF)-15, also called as
macrophage inhibitory cytokine 1 (MIC1), a member of the
transforming growth factor-beta superfamily of cytokines, plays
an important role in cell growth and differentiation.[4] The
GDF15 regulates inflammatory pathway and promotes inflam-
mation.[5] Lambrecht S et al [6] found that the patients with SpA
had a significantly higher concentration of GDF15 in the synovial
fluid. Thus, a local production of GDF15 in the synovial joint
may result in elevated levels of GDF15 in serum. In contrast, in
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another study, it was found that GDF15 was dramatically
secreted after activation of macrophage cells by tumor necrosis
factor-alpha (TNF-a) and transforming growth factor-beta
(TGF-b), wherein GDF15 played an anti-inflammatory role in
inflammation process [7]. In our previous study, an increased
expression of TNF-a and TGF-b mRNAs was noted along with
significant infiltration of inflammatory cells in the sacroiliac
joint.[8] Another study revealed that in bone, GDF15was secreted
from osteocytes under hypoxic condition which promoted
osteoclastic differentiation and reduced bone volume.[9] There-
fore, we hypothesized that GDF15 could be involved in
inflammation and bone erosion in SpA.
The present study aimed to compare the GDF15 serum levels

between patients with SpA and healthy controls and explain the
importance of GDF15 as a serum biomarker for SpA along with
radiographic and MRI parameters.
2. Patients and methods

2.1. Patients

In this retrospective observational study, patients with SpA (n=
120) receiving treatment in the Guangdong General Hospital,
Guangzhou, Guangdong, China, between August 2012 and
December 2016 were included. The study eligible criteria were as
follows: met the Assessment of SpondyloArthritis international
Society (ASAS) classification criteria 2009; had MRI data of the
sacroiliac joint; serum samples collected and preserved at -80°C;
and without any other infectious disease or organ function
failure. In the control group (n=30), healthy volunteers (who
were working as paramedics at the rheumatology department) of
ages between 20 and 38 years old were enrolled; all of them did
not have any rheumatic diseases or inflammatory back pain.
The study was approved by the Ethics Committee of

Guangdong General Hospital, China. Informed written consent
from patients was waived as it was a retrospective study. (Ethical
approval number: 2015327H)
2.2. Assessment of inflammatory and serum GDF15

Before MRI examination, at fasting state for more than 6hours,
patient’s blood samples were obtained and centrifuged immedi-
ately. Serum was separated and stored at -80°C. The serum
concentration of GDF15 and SOST were determined using an
enzyme-linked immunosorbent assay kit (R&D systems, Min-
neapolis), according to the recommendations of the manufac-
turers. Other parameters including erythrocyte sedimentation
rate (ESR) (mm/h) and C-reactive protein (CRP) (mg/L) were
obtained from patient’s medical records retained by Hospital
Information Management System. The levels of ESR above 15
mm/h and CRP above 8mg/L were considered abnormal. We
used Bath Ankylosing Spondylitis Disease Activity (BASDAI),
Bath Ankylosing Spondylitis Functional Index (BASFI), and
Ankylosing Spondylitis Disease Activity Score (ASDAS) to assess
severity and function of patients.
2.3. Radiographic and MRI parameters

The bone marrow edema was scored based on Spondyloarthritis
Research Consortium of Canada (SPARCC) scoring system.[10]

In brief, this scoring method is based on the assessment of
increased signal on T2 with fat suppression or short tau inversion
recovery (STIR) sequences denoting bone marrow edema on
2

oblique coronal slices of the sacroiliac joint. All such signal
changes within the iliac bone and sacrum up to the sacral
foramina are scored on 6 consecutive slices through the sacroiliac
joint. These slices are selected based on the SPARCC protocol.
Sacral interforaminal bone marrow STIR signal forms the
reference for determination of increased signal in the sacroiliac
joint. Each sacroiliac joint is divided into 4 quadrants, and the
presence of increased STIR signal in each of these 4 quadrants is
recorded in each of the 6 slices, giving a maximum score of 48.
The presence of a lesion exhibiting either intense or depth signal
anywhere within each sacroiliac joint of the 6 slices is given an
additional score, bringing the total score to 72. The method was
same with a previous report.[11]

Erosion was defined as loss of marrow signal on T1 sequence
(T1-SE) together with a defect in the overlaying cortical bone.[12]

The severity of radiographic damage was assessed by 1984
ModifiedNewYork (mNY) criteria for ankylosing spondylitis on
X-ray images. Radiographs of the pelvis were performed and
scored by 2 rheumatologists (with 4 and 14 years’ work
experience respectively) with extensive experience in musculo-
skeletal X-ray assessment. Assessments of MRI were also scored
by 2 radiologists (with 12 and 30 years’work experience). If there
was disagreement between the assessors, the case was referred to
3rd party (with 24 years working experience) and reached a
consensus.
2.4. Statistical analysis

Data for continuous variables fulfilled normal distribution were
presented as mean± standard deviation and abnormal distribu-
tion variables were presented a median (10 and 90% quartiles).
The Kolmogorov–Smirnov test was used to assess the normality
of distribution of continuous variables. Independent t test or
Mann–Whitney U test was used to examine the differences in
continuous variables between 2 groups. Data for categorical
variables were presented as number (percentage). Spearman’s
coefficient of correlation was used for bivariate correlations. Cut-
off value for GDF15 was selected using receiver operating
characteristic (ROC) analysis. Statistical analysis was performed
using SPSS for Windows version 20.0 (IBM, New York).
3. Results

3.1. Characteristics of the patients with SpA

The patients with SpA included 104 men and 16 women. Among
these patients, 113 (94.20%) were HLA-B27 positive. According
to clinical manifestations, X-ray results, and MRI features, 92
patients fulfilled 1987 mNY criteria. Twenty eight patients did
not fulfill the criteria and were classified as non-radiographic SpA
(nr-SpA) according to 2009 ASAS criteria. The median duration
of symptoms was 2.00 years. The disease duration was not
statistically significant between nr-SpA and ankylosing spondyli-
tis (AS) patients (2.00 [0.50, 10.00] vs. 2.00 [0.50, 6.10] years,
P= .4008). The demographic characteristics of patients were
summarized in Table 1.
3.2. GDF15 and SOST serum levels of patients with SpA
and controls

The GDF15 levels were significantly higher in patients with SpA
compared to control group (503.52±222.92 vs. 190.86±
104.18pg/mL, P< .0001, Fig. 1A). Patients who suffered from



Table 1

Demographic, clinical, laboratory and radiographic data of
patients and healthy controls.

Parameter
Patients with SpA

(n=120)
Healthy control

(n=30)

Age, median, years 25.00 (18.10,41.90) 25.00 (21.00, 34.90)
Male gender 104 (86.67%) 22 (73.33%)
Duration of symptoms, years 2.00 (0.50, 9.00)
HLA-B27 positive 113 (94.20%)
ESR, mm/h 10.00 (1.10,57.4)
CRP, mg/dL 6.03 (1.38,44.41)
BASDAI 2.00 (0.60,3.98)
BASFI 10.50 (0.00,32.00)
ASDAS 2.23 (1.06,4.15)

ASDAS=Ankylosing Spondylitis Disease Activity Score, BASDAI=Bath Ankylosing Spondylitis Disease
Activity, BASFI=Bath Ankylosing Spondylitis Functional Index, CRP=C-reactive protein, ESR=
erythrocyte sedimentation rate, GDF15=growth differentiation factor-15, SpA= spondyloarthritis.\
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bone erosions on MRI had much higher levels of GDF15
compared to those without erosions (525.72 [186.33, 801.62] vs.
428.06 [255.15, 670.98] pg/mL, P= .0375, Fig. 1B). Meanwhile,
the levels of GDF15 were different between subgroups of SpA
according to other categorical variables (CRP, ESR, and
ankylosis) presented in Fig. 2. No significant difference of
GDF15 was found between patients with or without fat
metaplasia. We also found that levels of GDF15 were
significantly higher in AS patients when compared to nr-SpA
patients (537.38±225.14 vs. 392.27±177.35pg/mL, P= .0022,
Fig. 2A). There were no significantly differences of SOST levels
between AS and nr-SpA patients, but the former had lower SOST
levels (328.41±138.12 vs. 387.07±162.76pg/mL, P= .0618).

3.3. Association of serum GDF15 levels with clinical
features, inflammatory, and radiographic variables in SpA
patients

The correlations between serumGDF15 levels and serum levels of
other factors involved in inflammation and bone formation are
shown in Table 2. The correlation analysis showed that there was
a positive correlation between serum GDF15 and CRP (r=
0.5442, P< .0001, Table 2). According to the severity of X-ray,
GDF15 levels were positively and significantly correlated with
CRP levels (r=0.5658, P< .0001) whose X-ray scores were III
degree. Levels of ESR and CRP were positively correlated with
Figure 1. Growth differentiation factor-15 (GDF15) levels rise in Spondyloarthritis (S
∗∗
P< .01. GDF15 = growth differentiation factor-15, SpA = Spondyloarthritis.
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GDF15 (r>0.3, P< .0001, Table 2). In addition, GDF15 had an
association with levels of BASDAI, BASFI, and ASDAS scores
(Table 2). No significant correlations were found between
GDF15 levels and SOST, SPARCC score.
3.4. Prediction of no bone erosion using serum GDF15
levels

The ROC analysis was adopted to predict patients who suffered
from bone erosion (Fig. 3). Cut-off value for GDF15 was
501.98pg/mL. An area under the ROC curve was 0.62 and the
sensitivity and specificity were 55.13% and 76.19%, respectively.

4. Discussion

The SpA is an inflammatory arthritis disease and its pathologic
changes include an initial inflammation to bone destruction,
followed by fat metaplasia and new bone formation. Various
inflammatory cytokines such as TNF-a, interleukin (IL)-1, IL-6,
and IL-23 participate in the inflammatory bone destruction. In
the present study, GDF15 levels in patients with SpA were
compared and found that GDF15 level was higher in patients
who have bone erosion. As far as we know, this is the 1st study
focusing on relationship between serum GDF15 levels and MRI
changes in SpA.
It is well known that bone erosion is a predominant pathologic

feature in rheumatoid arthritis (RA) and GDF15 can predict the
presence of severe disease and bone erosion in RA.[13] Moreover,
under hypoxia, osteocytes could secret GDF15 to promote
osteoclastogenesis.[9] Compared to patients with RA, it was
found that GDF15 levels were lower in SpA.[5,13] In the present
study, it was found that GDF15 levels were higher in patients
with bone erosion compared to those without bone erosion. It
was speculated that this may due to 2 reasons as follows. First,
GDF15 could function as an anti-inflammatory factor induced by
inflammation [14–16] leading to bone destruction. Second,
inflammatory cytokine TNF-a can promote GDF15 expression
and secretion.[17] Hence, it was assumed that the patients with
higher GDF15 level might have higher TNF-a level which was
more likely to suffer from bone erosion. We speculated that
GDF15 was a surrogate biomarker in bone metabolism. There is
an apparent need for further study to explore the role of GDF15
in SpA pathologic process.
According to radiographic features, axial SpA is commonly

divided into nr-axSpA and AS. In the present study, serum
pA) patients than normal control (A), but mainly in those with erosion (B).
∗
P< .05
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Figure 2. Growth differentiation factor-15 (GDF15) levels showed differences by subgroups of AS and nr-SpA (A) or ankylosis (B), or ESR (C), CRP (D).
∗
P< .05

∗∗
P< .01. CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, GDF15 = growth differentiation factor-15.
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GDF15 levels of nr-SpA patients were much lower than AS
patients. When taking severity of X-ray into consideration, it was
found that GDF15 was positively correlated with CRP level,
especially in III degree radiographic destruction. Inflammatory
factors could stimulate bone formation pathways in the
pathology process of SpA. Activation of these pathways lead
to pathological ossification ,[18] and thus it may explain that the
levels of inflammatory factors are all elevated in AS patients.
Radiographic as well as laboratory results are both critical for

disease diagnosis and monitoring the progress of the disease. The
MRI scans of sacroiliac joint shows bone edema reflecting
inflammatory pathological changes and SPARCC score system
has been widely accepted as a useful method to assess degree of
Table 2

Correlation coefficients (r) of serum GDF15 levels with ESR, CRP,
BASDAI, BASFI, ASDAS, SOST, and SPARCC scores.

R P value

CRP 0.5442 <.0001
ESR 0.4692 <.0001
BASDAI 0.3525 <.0001
BASFI 0.3176 <.0001
ASDAS 0.5250 <.0001
SOST �0.1434 .0801
SPARCC score 0.0143 .8768
Degree of X-ray according to 1984 mNY criteria
0 (n=17) 0.1789 .4920
I (n=5) �0.4000 .5046
II (n=17) 0.4926 .0445
III (n=59) 0.5658 <.0001
IV (n=22) 0.3879 .0744

ASDAS=Ankylosing Spondylitis Disease Activity Score, BASDAI=Bath Ankylosing Spondylitis
Disease Activity, BASFI=Bath Ankylosing Spondylitis Functional Index, CRP=C-reactive protein,
ESR= erythrocyte sedimentation rate, GDF15=growth differentiation factor-15, mNY=Modified New
York Score, SOST= sclerostin, SpA= spondyloarthritis, SPARCC=Spondyloarthritis Research
Consortium of Canada.
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bone edema. In the present study, SPARCC scores of patients
were high. However, no evidence for relationship between high
SPARCC scores and GDF15 levels was found. Hence, GDF15
could be a new meaningful biomarker for inflammation along
with CRP. It was noted that bonemarrow edema could be evident
in patients with nonspecific back pain compared to healthy
controls.[19] Structural lesions are considered critical in the
diagnosis of SpA recently. Weber et al [19] found that bone
marrow edema as well as bone erosion together accounts for the
Figure 3. Receiver operating characteristic (ROC) of growth differentiation
factor-15 (GDF15) level for predicting bone erosion. GDF15 = growth
differentiation factor-15, ROC = receiver operating characteristic.
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structural changes identified in theMRI of nr-SpA patients. These
findings remind us to focus on bone marrow edema and bone
erosions at the same time. However, it was not confirmed in the
present study that GDF15 in combination with bone marrow
edema could promote positive sacroiliac joint criteria which
require further extensive investigation.
The SOST is a molecule which inhibits the Wnt signaling

pathway, leading to decreased bone formation. It was reported
that low level of SOST was related to new syndesmophyte
formation.[20]The SOST could be responsible for the suppression
of Wingless protein-3a and dikkopf-1 protein levels in SpA with
high disease activity.[3] However, there are contradictory results
regarding the association of SOST in SpA patients.[21–23] In the
present study, no difference between the 2 groups was noted. This
may attribute to small sample size of patients and short-term
duration of study.
The present study has several limitations. First of all, this is a

single-center, retrospective, observational study with limited
patient data. Hence, the small sample size can have profound
effects on the study outcome and may limit the statistical power
of the results. Secondly, we just focused on the relationship
between GDF15 and clinical features of SpA; however, this was
not a cause and effect outcome. The exact role of GDF15 in SpA
needs to be verified in further large-scale experimental and
clinical trials.
In conclusion, higher GDF15 levels in patients with SpA are

positively correlated to CRP, and it may play a role in bone
erosion. The present study findings need to be verified further
with larger clinical trials with long-term follow-up.
Author contributions

Conceptualization: Yingyu Song, Hui Zeng.
Data curation: Yingyu Song, Xiao Zhang, Haobo Lin,

Guangfeng Zhang, Hui Zeng, Yonghan Zeng.
Formal analysis: Yang cui, Yingyu Song, Guangfeng Zhang, Hui

Zeng, Yonghan Zeng.
Funding acquisition: Yang cui.
Investigation: Yingyu Song, Haobo Lin, Guangfeng Zhang, Hui

Zeng, Yonghan Zeng.
Methodology: Haobo Lin.
Project administration: Yang cui.
Software: Xiao Zhang.
Writing – original draft: Yingyu Song.
Writing – review & editing: Yang cui, Yingyu Song, Haobo Lin.
References

[1] Li X, Zhang Y, KangH, et al. Sclerostin binds to LRP5/6 and antagonizes
canonical Wnt signaling. J Biol Chem 2005;280:19883–7. doi:10.1074/
jbc.M413274200.

[2] Muntean L, Lungu A, Gheorghe SR, et al. Elevated serum levels of
sclerostin are associated with high disease activity and functional
impairment in patients with axial spondyloarthritis. Clin Lab
2016;62:589–97.

[3] Korkosz M, Gasowski J, Leszczynski P, et al. High disease activity in
ankylosing spondylitis is associated with increased serum sclerostin level
and decreased wingless protein-3a signaling but is not linked with greater
5

1471-2474-14-99.
[4] Meadows CA, Risbano MG, Zhang L, et al. Increased expression of

growth differentiation factor-15 in systemic sclerosis-associated pulmo-
nary arterial hypertension. Chest 2011;139:994–1002. doi:10.1378/
chest.10-0302.

[5] Weir K. Microbiology: inflammatory evidence. Nature 2015;528:S130–
131. doi:10.1038/528S130a.

[6] Lambrecht S, Coudenys J. Reduced levels of the TGFb family. Ann
Rheum Dis 2011;A88.

[7] Ago T, Sadoshima J. GDF15, a cardioprotective TGF-beta superfamily
protein. Circ Res 2006;98:294–7. doi:10.1161/01.RES.0000207919.
83894.9d.

[8] Cui Y, Xiao Z, Shuxia W, et al. Computed tomography guided intra-
articular injection of etanercept in the sacroiliac joint is an effective mode
of treatment of ankylosing spondylitis. Scand J Rheumatol 2010;39:229–
32. doi:10.3109/03009740903313613.

[9] Hinoi E, Ochi H, Takarada T, et al. Positive regulation of osteoclastic
differentiation by growth differentiation factor 15 upregulated in
osteocytic cells under hypoxia. J Bone Miner Res 2012;27:938–49.
doi:10.1002/jbmr.1538.

[10] Maksymowych WP, Wichuk S, Chiowchanwisawakit P, et al. Develop-
ment and preliminary validation of the spondyloarthritis research
consortium of Canada magnetic resonance imaging sacroiliac joint
structural score. J Rheumatol 2015;42:79–86. doi:10.3899/
jrheum.140519.

[11] Cui Y, Zheng J, Zhang X, et al. Evaluation of treatments for sacroiliitis in
spondyloarthropathy using the Spondyloarthritis Research Consortium
Canada scoring system. Arthritis Res Ther 2016;18:1.

[12] Weber U, Pedersen SJ, Ostergaard M, et al. Can erosions on MRI of the
sacroiliac joints be reliably detected in patients with ankylosing
spondylitis? - a cross-sectional study. Arthritis Res Ther 2012;14:
R124. doi:10.1186/ar3854.

[13] Brown DA, Moore J, Johnen H, et al. Serum macrophage inhibitory
cytokine 1 in rheumatoid arthritis: a potential marker of erosive joint
destruction. Arthritis Rheum 2007;56:753–64. doi:10.1002/art.22410.

[14] Hsiao EC, Koniaris LG, Zimmers-Koniaris T, et al. Characterization of
growth-differentiation factor 15, a transforming growth factor beta
superfamily member induced following liver injury. Mol Cell Biol
2000;20:3742–51.

[15] Kelly JA, Lucia MS, Lambert JR. p53 controls prostate-derived factor/
macrophage inhibitory cytokine/NSAID-activated gene expression in
response to cell density, DNA damage and hypoxia through diverse
mechanisms. Cancer Lett 2009;277:38–47. doi:10.1016/j.can-
let.2008.11.013.

[16] Hur KY. Is GDF15 a novel biomarker to predict the development of
prediabetes or diabetes? Diabetes Metab J 2014;38:437–8. doi:10.4093/
dmj.2014.38.6.437.

[17] Bootcov MR, Bauskin AR, Valenzuela SM, et al. MIC-1, a novel
macrophage inhibitory cytokine, is a divergent member of the TGF-beta
superfamily. Proc Natl Acad Sci U S A 1997;94:11514–9.

[18] Dougados M, Baeten D. Spondyloarthritis. Lancet 2011;377:60071–8.
2127-2137. doi:10. 1016/S0140-6736 (11).

[19] Weber U, Ostergaard M, Lambert RG, et al. Candidate lesion-based
criteria for defining a positive sacroiliac joint MRI in two cohorts of
patients with axial spondyloarthritis. AnnRheumDis 2015;74:1976–82.
doi:10.1136/annrheumdis-2014-205408.

[20] Appel H, Ruiz-Heiland G, Listing J, et al. Altered skeletal expression of
sclerostin and its link to radiographic progression in ankylosing
spondylitis. Arthritis Rheum 2009;60:3257–62. doi:10.1002/art.24888.

[21] Tuylu T, Sari I, Solmaz D, et al. Fetuin-A is related to syndesmophytes in
patients with ankylosing spondylitis: a case control study. Clinics (Sao
Paulo) 2014;69:688–93. doi:10.6061/clinics/2014 (10)07.

[22] Haynes KR, Tseng H-W, Kneissel M, et al. Treatment of a mouse model
of ankylosing spondylitis with exogenous sclerostin has no effect on
disease progression. BMC musculoskeletal disorders 2015;16:368.

[23] Tsui FW, Tsui HW, Las Heras F, et al. Serum levels of novel noggin and
sclerostin-immune complexes are elevated in ankylosing spondylitis. Ann
Rheum Dis 2014;73:1873–9. doi:10.1136/annrheumdis-2013-203630.

http://www.md-journal.com

	Increased serum levels of MIC1/GDF15 correlated with bone erosion in spondyloarthritis
	1 Introduction
	2 Patients and methods
	2.1 Patients
	2.2 Assessment of inflammatory and serum GDF15
	2.3 Radiographic and MRI parameters
	2.4 Statistical analysis

	3 Results
	3.1 Characteristics of the patients with SpA
	3.2 GDF15 and SOST serum levels of patients with SpA and controls
	3.3 Association of serum GDF15 levels with clinical features, inflammatory, and radiographic variables in SpA patients
	3.4 Prediction of no bone erosion using serum GDF15 levels

	4 Discussion
	Author contributions
	References


