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Background/Aims: The course of ankylosing spondylitis (AS) is rather variable,
and the factors that predict radiographic progression remain largely obscure. In
this study, we tried to determine the clinical factors and laboratory measures that
are useful in predicting the radiographic progression of patients with AS.
Methods: In 64 consecutive patients with AS, we collected radiographic and lab-
oratory data over 3 years. Radiographic data included images of the sacroiliac (SI)
and hip joints and laboratory data included areas under the curve (AUC) of eryth-
rocyte sedimentation rate (ESR), C-reactive protein (CRP), alkaline phosphatase
(ALP), and hemoglobin (Hb). We investigated associations among changes in ra-
diographic scores, initial clinical manifestations and laboratory measurements.
Results: Changes in scores for the SI joint and lumbar spine did not correlate
with AUC for ESR, CRP, or ALP. AUC for Hb did not significantly correlate with
radiographic progression in any joint. Patients with hip arthritis at the initial
visit showed significantly higher radiographic score changes after 3 years in the
SI and hip joint compared to those without hip arthritis. Patients who had shoul-
der arthritis as the initial manifestation had significantly increased AUCs for
ESR and CRP compared to those without shoulder arthritis. However, at 3 years,
the change of the lumbar spine score was significantly higher in patients without
shoulder arthritis.

Conclusions: These results indicate that hip arthritis at presentation is a useful
clinical marker for predicting the structural damage to the SI and hip joint, and
suggest that initial shoulder arthritis correlates with slower radiographic pro-
gression of the lumbar spine.
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INTRODUCTION

and ankylosis of the vertebral column, progressively
resulting in significant immobility and functional im-
pairment. Recent research has convincingly shown that

Ankylosing spondylitis (AS) is a common chronic in-
flammatory rheumatic disease that mainly affects the
spine and sacroiliac (SI)joints [1]. Characteristic features
of AS include new bone formation, syndesmophytes,
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radiographic damage in AS interferes with long-term
functioning, independent of the actual disease activity
[2]; therefore, radiographic damage is an important tar-
get for therapeutic intervention in patients with AS [3].
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The emphasis in AS management is on early diagnosis
and prevention of bony ankylosis.

Along the same lines, predictive markers identify-
ing patients with rapidly progressing disease and poor
prognosis would allow tailored treatment. In addition,
predictive markers could predict the effect of treatment
on radiographic changes.

Because inflammation is an important and powerful
element of AS and is considered by most rheumatolo-
gists to be linked to ankylosis, erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein (CRP) level are
frequently used to evaluate patients with AS. Several in-
vestigations have searched for predictors of AS disease
activity, including acute phase reactants. However, con-
trary to expectations, only 50% to 70% of patients with
active disease have increased levels of CRP and elevated
ESRs, indicating a lack of correlation between levels of
commonly assayed acute-phase reactants (ESR, CRP) and
disease activity [4-8].

Despite the advantages of using clinical or laboratory
markers to assess disease activity, which of these mea-
sures correlate with disease progression and outcome
remains undetermined. Radiographic change is the
most concrete marker of disease progression [9], but the
factors that predict radiographic progression in AS re-
main largely obscure.

In this study, we searched for clinical factors and lab-
oratory measures that predict radiographic progression
in patients with AS. We scored simple X-rays of the SI
and hip joints and lumbar spine and investigated asso-
ciations among changes in radiographic scores, initial
clinical manifestations, and laboratory measurements.

METHODS

Patients

We studied 64 consecutive outpatients who fulfilled the
modified New York criteria for AS at Samsung Medical
Center, Seoul, South Korea. The study group included 58
males and six females. All patients were taking nonste-
roidal anti-inflammatory drugs, and 14 were on cortico-
steroids (intermittently administered with a daily dose
of < 15 mg prednisolone/day). From medical records, we
collected information on initial articular symptoms and
signs (axial and peripheral joints), disease duration, and
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history of extra-articular manifestations, including en-
thesitis and uveitis.

Joint scoring

Plain X-rays of the SI joints (supine anteroposterior
films), lumbar spine (anterior/lateral), and hip joints
were taken at the time of diagnosis and after 3 years of
follow-up. These X-rays were reviewed blindly on two
separate occasions by two radiologists. Each SI joint was
evaluated according to the modified New York scoring
method: o (normal), 1 (suspicious change but not defi-
nite), 2 (loss of definition, some sclerosis, minimal ero-
sion, some joint space narrowing), 3 (definite sclerosis,
blurring, erosive change, loss of joint space), or 4 (anky-
losis). Each hip joint was scored by the Larsen method
as o (normal), 1 (slight abnormality, joint space narrow-
ing, subchondral osteoporosis), 2 (definite early change,
erosion, destruction of the joint space of less than 25%),
3 (medium destructive change, destruction of the joint
space of 26% to 50%), 4 (severe destructive change, de-
struction of the joint space of 51% to 75%), or 5 (mutilat-
ing abnormality, destruction of the joint space of more
than 75%). The lumbar spine was scored by the New Bath
Ankylosing Spondylitis Radiology Index method as o
(normal), 1 (suspicious but not definite), 2 (any number
of erosions, squaring, sclerosis with or without syndes-
mophytes on =< 2 vertebrae), 3 (syndesmophytes on = 3
vertebrae), or 4 (fusion involving = 3 vertebrae).

Physical measures
Physical measures included low back pain, back stiff-
ness, spinal mobility, and chest expansion.

Laboratory variables
To estimate the continuous value of each variable over
the 3-year period, the areas under the curve (AUC) of
ESR, CRP, alkaline phosphatase (ALP), and hemoglobin
(HDb) were integrated.

Statistical analysis

Interobserver and intraobserver agreement was ana-
lyzed by the « statistic. Results are presented as means =+
SD. Statistical significance between patients with radio-
logical progression and those without was estimated by
Student t test. Correlations between variables were ana-
lyzed by Spearman test.
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RESULTS

Patients had a mean disease duration of 9.25 + 4.3 years.
Fifty-eight of the patients were male, and six were female.
Details on clinical and laboratory measures and changes
in radiological scores are summarized in Table 1.

Clinical and laboratory variables

Patient age correlated with ESR (r = 0355, p = 0.004) but
not with CRP. ESR and CRP showed moderate positive
correlation (r= 0.524, p < 0.001), and both were moderate-
ly negatively correlated with Hb (with ESR, r=-0.513, p <
0.001; with CRP, r = 0.434, p < 0.001). No clinical variables
other than age correlated with any other physical or lab-
oratory measures.

Relationships between clinical/laboratory measures
and radiological progression

A positive correlation was found between the change in
hip joint score and the AUCs for ESR and CRP (r = 0.267,
p = 0.038; 1 = 0,501, p < 0.001, respectively). The correla-
tion of the hip joint score change with CRP was stronger
than with ESR. Changes in lumbar spine and SI joint
scores did not correlate with any laboratory measures.
Radiological progression of the SI and hip joint in pa-
tients with hip arthritis as an initial manifestation sig-
nificantly differed from that in other patients (0.36 + 0.54
VS. 0.02 * 0.45, p = 0.019 for SI joint; 0.45 + 0.78 vs. 0.09 +
032, p = 0.031 for hip joint) (Fig. 1). Patients with shoul-
der arthritis had significantly increased AUCs for ESR
(38.24 + 27.46 vs. 23.26 + 25.48, p = 0.048) and CRP (2.979 +
2.92 vs. 131+ 1.88, p = 0.016) than those without shoulder
arthritis (Fig. 2A and 2B). However, the change in lum-
bar spine score was significantly higher in patients with-
out shoulder arthritis as an initial manifestation than in
those with initial shoulder arthritis (1.64 + 4.21 vs. 6.23 +
750, p = 0.030) (Fig. 2C). On the other hand, change in SI
and hip joint scores was not associated with shoulder
arthritis (p = 0.284 for SI joint; p = 0.165 for hip joint).
Changes in lumbar spine score did not significantly dif-
fer between those with hip arthritis and those without

(4-4 £ 7.06 V8. 4.19 £ 6.59, p = 0.030).
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Table 1. Clinical, laboratory characteristics at diagnosis and

radiological changes of ankylosing spondylitis patients (n = 64)

Characteristic Value
Demographics
Age, yr 26.20+9.21
Sex, male:female 58:6 (90.6:9.4)
Disease duration, yr 9.25+4.34
Clinical and laboratory variables
Hip arthritis 31(48.4)
Shoulder arthritis 22 (34.4)
Knee arthritis 24 (37.5)
Ankle arthritis 10 (15.6)
Enthesitis 12 (18.8)
Uveitis 10 (15.6)
HLA B2y 47(73-4)
Erythrocyte sedimentation rate, mm/hr ~ 33.44 +30.16
C-reactive protein, mg/dL 1.96 £2.13
Alkaline phosphatase, U/L 97.33 £ 27.44
Hemoglobin, g/dL 13.7+138
Changes in radiological scores over 3 years
Sacroiliac joint (modified New York)
<o 31
>o0& =<1 23
>1& <2 10

Lumbar spine (New Bath AS Radiological Index)

<o 22
>o0& =<1 35
>1& =2 4
Missing
Hip joint (Larsen method)

<o 36
>o0& =1 21
>1& <2 3
>2& =<3 1
Missing 3

Values are presented as mean + SD or number (%).
HLA, human leukocyte antigen; AS, ankylosing spondylitis.

DISCUSSION

Structural damage is an important outcome in many
rheumatic diseases with arthritis, and AS is no excep-
tion [10]. However, the progression of joint damage in
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Figure 1. Change in radiographic score over 3 years in the (A) sacroiliac (SI) joints and (B) hip joints in patients with initial hip

arthritis versus those without.
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Figure 2. Comparison of patients with shoulder arthritis as initial articular manifestation to those without. (A, B) areas under
the curve (AUC) for (A) erythrocyte sedimentation rate (ESR) and (B) C-reactive protein (CRP); (C) change in lumbar spine score.
LS, lumbar spine; BASRI, Bath Ankylosing Spondylitis Radiology Index.

AS is highly variable and unpredictable. In some cases,
radiographic progression is very slow; in other cases,
extensive or rapid bony ankylosis occurs within a few
years after disease onset. Therefore, distinguishing pa-
tients with more aggressive disease courses from those
likely to have slower progression by predictive markers
would help in selecting appropriate treatment and as-
sessing response to therapy. Given that there is no gold
standard available for measuring disease activity or pre-
dicting disease course and radiological outcome in AS,
many factors have been investigated. Acute phase reac-
tants, such as ESR and CRP, are considered objective in-
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dicators of inflammation [8]. In RA, numerous studies
have suggested that high ESR and CRP levels at onset or
during the disease course independently predict long-
term radiographic progression [11]. In AS, however, their
value in determining disease activity is rather limited;
elevated ESR and CRP are not frequently present in AS
and do not correlate well with clinical activity or radio-
logical progression [4-7,9]. In our study, we also found
no correlation among the AUCs of ESR, CRP, and pro-
gression in axial joints (SI and lumbar spine). Howev-
er, changes in hip joint scores correlated with AUC for
ESR and CRP. This result is in accordance with previ-
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ous studies, which have shown that both acute-phase
reactants and Bath AS Disease Activity Index scores are
higher in patients with peripheral joint involvement
than in patients with purely axial disease [4,12-14]. We
also observed significant radiological progression in the
SI and hip joints in patients with hip arthritis at pre-
sentation, suggesting that early hip arthritis may predict
radiological progression in the hip joints, while acute
phase reactants, such as ESR and CRP, reflect arthritis
activity in the hip joints. Because Amor et al. [15] report-
ed that hip involvement in spondyloarthropathies pre-
dicts severe outcome, we anticipated this result. In this
study, however, no significant association between hip
arthritis and structural progression in the lumbar spine
was found.

On the other hand, structural damage progression in
the lumbar spines was significantly slower in patients
with shoulder arthritis at presentation, suggesting that
peripheral joint involvement in AS may predict less se-
vere structural damage in the spine. This is consistent
with a recent study by Baek et al. [16], which reported
less radiographic change in patients with peripheral
joint arthritis. On the contrary, Carette et al. [17] noted
previously that early involvement of peripheral joints
correlates with poorer prognosis for spinal mobility.
Hips and shoulders are the peripheral joints most com-
monly affected in patients with AS. Hip involvement has
been recognized as a common and disabling problem,
whereas shoulder involvement is less frequent and less
severe [18]. This correlation of hip arthritis with dis-
ease progression in AS may result from the fact that the
hip joints are anatomically closer to the axial skeleton.
However, histopathology indicates that AS in the hip
involves inflammation and erosion of the subchondral
bone marrow [19], not formation of new bones, in con-
trast to the classical changes caused by AS in the spine.
Given previous conflicting findings, our results are not
sufficient to indicate that peripheral arthritis is a pro-
tective predictor against structural damage in the spine.
Because little information is available on the association
of peripheral arthritis and radiographic progression in
the spine in AS, further study is required to clarify this
issue.

Anemia of chronic disorders is an indicator of disease
activity in systemic autoimmune disease [20,21], thought
to be mediated by inflammation-associated cytokines
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[22]. We investigated, therefore, the relationship be-
tween AUCs for HbD levels with those for ESR and CRP
and changes in radiographic scores, and found that Hb
correlated negatively with ESR and CRP but did not re-
late to radiographic changes. This result suggests that
systemic inflammation does not correlate with progres-
sion of bony ankylosis.

We also evaluated whether levels of the bone forma-
tion marker ALP correlate with radiographic changes
and found no relationship. Several studies have found
significant relationships between acute-phase reactants
and biochemical markers of bone resorption, such as
urinary pyridinoline, f-Pyr, {-Dpyr, and collagen pyri-
dinium cross-links [23-25]. Thus, bone resorption mark-
ers may be more likely to relate to AS progression.

The lack of correlation between radiographic progres-
sion, in particular ankylosis in the spine, and serological
markers of inflammation may be explained by the obser-
vation that the biomarkers measured primarily reflect
peripheral synovitis rather than the ankylosing process
in the axial joints. This observation supports the idea
that the dominant feature reflecting structural damage
in AS is osteoproliferation rather than bone erosion. A
recent study demonstrated that inflammation and joint
remodeling are uncoupled in a mouse model of spondy-
loarthritis, which reinforces this hypothesis [26]. How-
ever, the interactions of inflammation and new bone
formation in AS deserve further study.

This study has several potential limitations, including
its relatively small sample size. This was not a prospec-
tive study, but its longitudinal nature makes it better
suited to evaluate the impact of fluctuating inflamma-
tion on structural damage than a cross-sectional study.
All of patients in this study were TNF-a inhibitor naive
because TNF-o blockers could reduce inflammation ef-
fectively in AS patients [27,28]. An analysis over a longer
period of observation would be desirable; however, our
assessment period was longer than the minimum re-
quired for significant changes in new bone formation (2
years). The modified Stoke Ankylosing Spondylitis Spine
Score might have been a better choice for our purposes
because it focuses heavily on osteoproliferation and is
considered superior for evaluation of structural chang-
es in the spine [29,30]. Nonetheless, all scoring methods
used in this study to assess the structural damage of pa-
tients with AS were validated methods of evaluation.
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This study suggests that hip arthritis at the time of
diagnosis is a useful clinical predictor of radiographic
progression in the SI and hip joints. On the other hand,
initial shoulder arthritis seems to correlate with slower
radiographic progression in the lumbar spine.

Our study’s aim was to identify reliable and predictive
factors for radiographic progression in AS. Given the
consensus that systemic inflammation is likely to relate
to radiological progression in AS, a number of studies
have focused on the relationship between clinical dis-
ease activity and inflaimmatory markers. Despite the
limitations of the present study, such as its small sample
size and retrospective design, these results could help
us understand the factors that predict bony structural
changes in patients with AS.

KEY MESSAGE

1. The inflammatory markers erythrocyte sedimenta-
tion rate and C-reactive protein are not associated
with radiographic progression of the lumbar spine
in ankylosing spondylitis (AS).

2. Hip arthritis at presentation is a useful predictor of
structural damage to the sacroiliac and hip joints in
AS.

3. Peripheral arthritis, especially shoulder arthritis,
might predict slower radiographic progression of
the lumbar spine in AS.

Conflict of interest
No potential conflict of interest relevant to this article
was reported.

REFERENCES

1. Baraliakos X, Listing J, Rudwaleit M, et al. Progression of
radiographic damage in patients with ankylosing spon-
dylitis: defining the central role of syndesmophytes. Ann
Rheum Dis 2007;66:910-915.

2. Brophy S, Mackay K, Al-Saidi A, Taylor G, Calin A. The
natural history of ankylosing spondylitis as defined by
radiological progression. ] Rheumatol 2002;29:1236-1243.

3. van der Heijde D, Landewe R, van der Linden S. How
should treatment effect on spinal radiographic progres-

sion in patients with ankylosing spondylitis be mea-

396  www.kjim.org

The Korean Journal of Internal Medicine Vol. 30, No. 3, May 2015

10.

11.

12.

13.

15.

16.

sured? Arthritis Rheum 2005;52:1979-1985.

Ozgocmen S, Godekmerdan A, Ozkurt-Zengin F. Acute-
phase response, clinical measures and disease activity in
ankylosing spondylitis. Joint Bone Spine 2007;74:249-253.
Ruof ], Stucki G. Validity aspects of erythrocyte sedimen-
tation rate and C-reactive protein in ankylosing spondy-
litis: a literature review. ] Rheumatol 1999;26:966-970.
Sheehan NJ, Slavin BM, Donovan MP, Mount JN, Mathews
JA. Lack of correlation between clinical disease activity
and erythrocyte sedimentation rate, acute phase proteins
or protease inhibitors in ankylosing spondylitis. Br J
Rheumatol 1986;25:171-174.

Spoorenberg A, van der Heijde D, de Klerk E, et al. Rela-
tive value of erythrocyte sedimentation rate and C-reac-
tive protein in assessment of disease activity in ankylos-
ing spondylitis. ] Rheumatol 1999;26:980-984.
Spoorenberg A, van Tubergen A, Landewe R, et al. Mea-
suring disease activity in ankylosing spondylitis: patient
and physician have different perspectives. Rheumatology
2005;44:789-795.

Taylor HG, Wardle T, Beswick EJ, Dawes PT. The relation-
ship of clinical and laboratory measurements to radio-
logical change in ankylosing spondylitis. Br ] Rheumatol
1991;30:330-335.

Calin A. Ankylosing spondylitis. Clin Rheum Dis
1985;11:41-60.

Morel J, Combe B. How to predict prognosis in early
rheumatoid arthritis. Best Pract Res Clin Rheumatol
2005;19:137-146.

Zochling J, Braun J, van der Heijde D. Assessments in
ankylosing spondylitis. Best Pract Res Clin Rheumatol
20006;20:521-537.

Munoz-Villanueva MC, Munoz-Gomariz E, Escude-
ro-Contreras A, Perez-Guijo V, Collantes-Estevez E. Bio-
logical and clinical markers of disease activity in ankylos-
ing spondylitis. ] Rheumatol 2003;30:2729-2732.
Heuft-Dorenbosch L, van Tubergen A, Spoorenberg A, et
al. The influence of peripheral arthritis on disease activ-
ity in ankylosing spondylitis patients as measured with
the Bath Ankylosing Spondylitis Disease Activity Index.
Arthritis Rheum 2004;51:154-159.

Amor B, Santos RS, Nahal R, Listrat V, Dougados M. Pre-
dictive factors for the longterm outcome of spondyloar-
thropathies. ] Rheumatol 1994;21:1883-188.

Baek HJ, Shin KC, Lee Y], et al. Clinical features of

adult-onset ankylosing spondylitis in Korean patients:

http://dx.doi.org/10.3904/kjim.2015.30.3.391


www.kjim.org

Kim H, et al. Predictive factors of progression in AS

17.

18.

19.

20.

21.

22.

23.

24.

patients with peripheral joint disease (PJD) have less se-
vere spinal disease course than those without PJD. Rheu-
matology 2004;43:1526-1531.

Carette S, Graham D, Little H, Rubenstein ], Rosen P. The
natural disease course of ankylosing spondylitis. Arthritis
Rheum 1983;26:186-190.

Vander Cruyssen B, Munoz-Gomariz E, Font P, et al. Hip
involvement in ankylosing spondylitis: epidemiology
and risk factors associated with hip replacement surgery.
Rheumatology 2010;49:73-81.

Appel H, Kuhne M, Spiekermann §, et al. Immunohis-
tochemical analysis of hip arthritis in ankylosing spon-
dylitis: evaluation of the bone-cartilage interface and
subchondral bone marrow. Arthritis Rheum 2006;54:1805-
1813.

Means RT Jr, Krantz SB. Progress in understanding the
pathogenesis of the anemia of chronic disease. Blood
1992;80:1639-1647.

Gudbjornsson B, Hallgren R, Wide L, Birgegard G. Re-
sponse of anaemia in rheumatoid arthritis to treatment
with subcutaneous recombinant human erythropoietin.
Ann Rheum Dis 1992;51:747-752.

Bertero MT, Caligaris-Cappio F. Anemia of chronic dis-
orders in systemic autoimmune diseases. Haematologica
1997;82:375-381.

Marhoffer W, Stracke H, Masoud I, et al. Evidence of
impaired cartilage/bone turnover in patients with active
ankylosing spondylitis. Ann Rheum Dis 1995;54:556-559.
MacDonald AG, Birkinshaw G, Durham B, Bucknall RC,

http://dx.doi.org/10.3904/kjim.2015.30.3.391

25.

206.

27.

28.

20.

30.

KJIM™

Fraser WD. Biochemical markers of bone turnover in
seronegative spondylarthropathy: relationship to disease
activity. Br ] Rheumatol 1997;36:50-53.

Astbury C, Bird HA, McLaren AM, Robins SP. Urinary
excretion of pyridinium crosslinks of collagen correlated
with joint damage in arthritis. Br ] Rheumatol 1994;33:11-
15.

Lories RJ, Derese I, de Bari C, Luyten FP. Evidence for
uncoupling of inflaimmation and joint remodeling in
a mouse model of spondylarthritis. Arthritis Rheum
2007;56:489-497.

Davis JC Jr, Van Der Heijde D, Braun J, et al. Recombinant
human tumor necrosis factor receptor (etanercept) for
treating ankylosing spondylitis: a randomized, controlled
trial. Arthritis Rheum 2003;48:3230-3236.

van der Heijde D, Dijkmans B, Geusens P, et al. Effica-
cy and safety of infliximab in patients with ankylosing
spondylitis: results of a randomized, placebo-controlled
trial (ASSERT). Arthritis Rheum 2005;52:582-591.

Wanders AJ, Landewe RB, Spoorenberg A, et al. What
is the most appropriate radiologic scoring method for
ankylosing spondylitis? A comparison of the available
methods based on the Outcome Measures in Rheumatol-
ogy Clinical Trials filter. Arthritis Rheum 2004;50:2622-
2632.

Creemers MC, Franssen MJ, van't Hof MA, Gribnau FW,
van de Putte LB, van Riel PL. Assessment of outcome in
ankylosing spondylitis: an extended radiographic scoring
system. Ann Rheum Dis 2005;64:127-129.

www.kjim.org 397


www.kjim.org

