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ABSTRACT
Objectives To analyse the long-term relationship
between disease activity and radiographic damage in
the spine in patients with ankylosing spondylitis (AS).
Methods Patients from the Outcome in AS International
Study (OASIS) were followed up for 12 years, with
2-yearly clinical and radiographic assessments. Two
readers independently scored the X-rays according to the
modiﬁed Stoke Ankylosing Spondylitis Spine Score
(mSASSS). Disease activity measures include the Bath AS
Disease Activity Index (BASDAI), AS Disease Activity Index
(ASDAS)-C-reactive protein (CRP), CRP, erythrocyte
sedimentation rate (ESR), patient’s global assessment and
spinal pain. The relationship between disease activity
measures and radiographic damage was investigated
using longitudinal, autoregressive models with 2-year
time lags.
Results 184 patients were included (70% males, 83%
HLA-B27 positive, mean (SD) age 43 (12) years, 20 (12)
years symptom duration). Disease activity measures were
signiﬁcantly longitudinally associated with radiographic
progression. Neither medication nor the presence of extraarticular manifestations confounded this relationship. The
models with ASDAS as disease activity measure ﬁtted the
data better than models with BASDAI, CRP or BASDAI
+CRP. An increase of one ASDAS unit led to an increase
of 0.72 mSASSS units/2 years. A ‘very high disease
activity state’ (ie, ASDAS >3.5) compared with ‘inactive
disease’ (ie, ASDAS <1.3) resulted in an additional 2-year
progression of 2.31 mSASSS units. The effect of ASDAS
on mSASSS was higher in males versus females (0.98 vs
−0.06 mSASSS units per ASDAS unit) and in patients
with <18 years vs ≥18 years symptom duration (0.84 vs
0.16 mSASSS units per ASDAS unit).
Conclusions This is the ﬁrst study showing that disease
activity contributes longitudinally to radiographic
progression in the spine in AS. This effect is more
pronounced in men and in the earlier phases of the
disease.

INTRODUCTION
▸ http://dx.doi.org/10.1136/
annrheumdis-2014-205464

To cite: Ramiro S, van der
Heijde D, van Tubergen A,
et al. Ann Rheum Dis
2014;73:1455–1461.

The relationship between inﬂammation and new
bone formation in ankylosing spondylitis (AS) has
been extensively debated over the past couple of
years.1 2 Studies with tumour necrosis factor inhibitors (TNFi), which have profound effects on
disease activity in AS, have failed to document
inhibition of radiographic damage progression,
thus challenging the dogma in rheumatology that
inﬂammation causes damage.3–5
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Existing data are inconclusive: In several observational studies up to 4 years duration, the acute
phase reactants (APR) C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR) have found to
be somehow associated with radiographic progression in AS,6–9 but the patient-reported outcome
(PRO) Bath AS Disease Activity Index (BASDAI))
has not.6 7
These studies, either positive or negative, have
been cross-sectional in nature, implying that they at
best provide evidence for a generic association
between disease activity and radiographic progression at the group level. Only a true longitudinal
analysis, however, will provide insight into whether
an increase in disease activity in a patient will be
followed by an increase in radiographic progression
in that patient.
Several reasons may explain why associations
between disease activity and radiographic progression are not easily demonstrated: First, radiographic
progression in AS is slow and is difﬁcult to measure.
Patients have to be followed up for a long period to
detect sufﬁcient progression of damage, while measurement error often jeopardises a reliable progression signal. Second, thus far disease activity in these
analyses has either been measured with PROs (eg,
BASDAI) or with APR (eg, CRP), providing disparate results. The recently developed AS Disease
Activity Index (ASDAS) combines PROs and APR
and has demonstrably better psychometric properties than the BASDAI and the CRP.10 11 ASDAS is
therefore an attractive measure for disease activity in
sophisticated longitudinal analyses. Third, associations of interest have usually been applied in databases of modest patient numbers and short
follow-up duration, while usually only baseline and
endpoint radiographic scores were exploited,
making conventional analyses less robust. A cohort
with AS patients with long-term follow-up and multiple repeated outcome observations will allow a
true longitudinal analysis and provide more statistical power, thus creating more robust results.
In the past, we have been able to demonstrate a
true longitudinal relationship between disease activity and radiographic progression in rheumatoid
arthritis.12 Using a similar methodology, we here
present a true longitudinal analysis in a 12-year
follow-up cohort of patients with AS. The aim was
to investigate the longitudinal relationship between
disease activity measured by various assessments
and radiographic progression in patients with AS.
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METHODS
Study population

Modelling and statistical analysis

For this study, data from the Outcome in Ankylosing Spondylitis
International Study (OASIS) were used. OASIS is a prevalence
cohort including 217 consecutive patients with AS from the
Netherlands, Belgium and France, which was started in 1996.13
Clinical and radiographic (cervical and lumbar spine) data were
collected every 2 years during 12 years. Patients were included
in the present study if they had at least two sets of radiographs
and data on disease activity available. All patients have given
informed consent, and the ethics committees from all participating hospitals have approved the study.

Radiographic damage
Radiographs were scored using the modiﬁed Stoke Ankylosing
Spondylitis Spine Score (mSASSS).14 According to this method,
the anterior vertebral corners (VCs) of the cervical and lumbar
segments (total of 24 VCs) are scored on a lateral view only for
the presence of an erosion and/or sclerosis and/or squaring (one
point), syndesmophyte (two points) and bridging syndesmophyte (three points). The total score ranges from 0 to 72.14
Two well-trained readers (SR and CS) have independently
scored all available radiographs per patient, blinded to demographic and clinical data, but with known chronology, as this is
the most sensitive method.15 Average scores of the two readers
were used. A total of 809 radiographs (184 at baseline; 177 at
year 2; 126 at year 4; 106 at year 6; 66 at year 8; 82 at year
10; and 68 at year 12) were obtained in which the mSASSS
could be determined. Details of the radiograph readings, imputation of missing VCs and reliability have been reported
elsewhere.16

Disease activity
Disease activity measures include the BASDAI (0–10),17 the
ASDAS (which was calculated using the CRP (mg/L)),11 CRP,
ESR, patient’s global assessment of disease activity (0–10) and
spinal pain (0–10). Disease activity states were computed using
the ASDAS cutoff-levels18: inactive disease (ASDAS <1.3), moderate disease activity (1.3 ≤ASDAS <2.1), high disease activity
(2.1 ≤ASDAS ≤3.5) and very high disease activity (ASDAS
>3.5). In analogy, disease activity states based on BASDAI were
computed, and because there are no well-deﬁned cut-offs, we
chose the following: BASDAI <2, 2 ≤BASDAI <4, 4 ≤BASDAI
≤6 and BASDAI >6.

The relationship between disease activity measures and radiographic damage was investigated using generalised estimating
equations (GEE), which is suitable to elucidate longitudinal relationships, and makes use of all available data.20 21 GEE corrects
for the within-subject correlation, and for this it requires an a
priori deﬁned ‘working’ correlation structure. On the basis of
the covariance matrix, the ‘exchangeable’ correlation structure
was most appropriate because the correlations of the outcome at
different time points were approximately equal (Pearson correlation coefﬁcients between 0.80 and 0.99).
In a ﬁrst set of analyses (baseline analysis), we have investigated using GEE whether disease activity determined at baseline
was associated with the development of radiographic damage
over time (disease activity × time interaction).
In a second set of analyses (longitudinal analysis), the longitudinal relationship between disease activity measures and
mSASSS over time was analysed in autoregressive marginal
models with 2-year time lags using GEE. Autoregressive analysis
adjusts a variable’s absolute value at a particular time point (t)
(here: mSASSSt) for the variable’s absolute value at the previous
time point (t−1) (here: mSASSSt−1) and can be considered synonymous to modelling progression over time. A ‘2-year time lag’
here means that a disease activity measure at the start of a
2-year interval (eg, ASDASt) was related to radiographic progression during the consecutive 2-year interval (here: mSASSSt
was modelled by ASDASt−1 and by mSASSSt−1). Interactions
were tested and if proven signiﬁcant (here p<0.1), analyses
were repeated in subgroups.
The following longitudinal models that differed with regard
to the disease activity measure were run: (1) with ASDAS as a
continuous measure; (2) with ASDAS categories; (3) with
BASDAI as a continuous measure and CRP; (4) with BASDAI
categories and CRP; (5) with patient global as a continuous
measure and CRP; and (6) with spinal pain as a continuous
measure and CRP.
The main model included only variables that were either (1)
associated with mSASSS or (2) confounded the relationship
between disease activity and radiographic progression.
A sensitivity analysis was performed including all variables
that, from a clinical perspective, could be contributory to
explaining the relationship between ASDAS and mSASSS.
Goodness-of-ﬁt statistics (quasi-likelihood under the independence model criterion (QIC)) were used to get an impression
about ‘how good the model ﬁts the data’, with lower QICs
reﬂecting better data ﬁt.
Analyses were done using Stata SE V.12 (Statacorp, College
Station, Texas, USA).

Other potentially contributing factors
Factors potentially inﬂuencing the relationship between disease
activity and radiographic damage were also taken into account.
These included symptom duration, gender, HLA-B27 status, baseline mSASSS, extra-articular manifestations (EAM) and treatment.
Information on the presence of EAM, that is, uveitis, psoriasis or
inﬂammatory bowel disease, was collected at every visit, and each
EAM was considered to be persistent after its ﬁrst presentation.
Non-steroidal anti-inﬂammatory drugs (NSAIDs), diseasemodifying antirheumatic drugs (DMARDs) and/or TNFi were
recorded as dichotomous variables (yes/no) at every visit. NSAID
intake was also computed, for every 2-year interval, according to
the NSAID index proposed by the Assessment of
SpondyloArthritis international Society (ASAS),19 which takes into
account the type of drug, dose and duration of treatment, varying
from 0 to 100 (100 means daily NSAID intake in full dose).
1456

RESULTS
In total, 184 patients (70% males, 83% HLA-B27-positive) with
at least one 2-year mSASSS interval and disease activity measures at the start of that interval available were included in the
analyses (table 1). These patients had similar baseline characteristics as those included in the entire OASIS cohort (see online
supplementary table S1). Patients that were followed-up until
year 12 were not different from those initially included in the
study (see online supplementary table S1).
A total of 39 (21%) patients had 2 sets of X-rays, 32 (17%)
had 3 sets, 31 (17%) had 4 sets of X-rays, 32 (17%) had 5 sets,
29 (16%) had 6 sets and 21 (11%) had all 7 sets of X-rays.
During follow-up, 95% of the patients were at some time
exposed to NSAIDs and 22% (5% before year 8) to TNFi. The
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evaluable x-rays were 2 years, in less than 1% was the interval
longer than 6 years and on average the interval was 2.4 years.

Table 1 Baseline demographic, clinical and radiographic
characteristics
Assessment

N=184
mean (SD) or n (%)

Age (years)
Male gender (%)
HLA-B27 positive (%)
Symptoms duration (years)
Disease duration (years)
ASDAS-CRP
BASDAI (0–10)
CRP (mg/L)
Elevated CRP (%)*
ESR (mm/h)
Patient’s global assessment of disease activity (0–10)
Spinal pain (0–10)
mSASSS (0–72)
mSASSS >0 (%)
NSAIDs (%)
Tumour necrosis factor α inhibitors (%)

43 (12)
129 (70%)
149 (83%)
20 (12)
11 (9)
2.6 (1.0)
3.4 (2.0)
17.4 (23.3)
85 (48%)
14.0 (15.0)
3.7 (2.7)
3.5 (2.3)
10.8 (15.2)
140 (81%)
125 (68%)
0 (0%)

Baseline analysis
On average patients had a progression of 1.9 mSASSS units/2
years. All separate disease activity measures assessed at baseline
except spinal pain were signiﬁcantly associated with the course
of radiographic damage over time (table 2).
Patients with inactive disease (ASDAS <1.3) at baseline had an
average progression of 0.71 mSASSS units/2-years, whereas
patients with very high disease activity (ASDAS >3.5) at baseline
had a progression of 3.1 mSASSS units/2-year progression. A
similar relationship was found for BASDAI: patients with a
BASDAI <4 at baseline had an average progression of 1.4 mSASSS
units/2 years, while patients with a BASDAI ≥4 (2.7 mSASSS
units/2 years) or those with a BASDAI >6 (2.0 mSASSS units/
2 years) at baseline experienced more progression over time.

Longitudinal analysis
All disease activity measures, except ESR as a separate variable,
were longitudinally associated with radiographic progression
(table 3). The autoregressive time-lagged nature of the analysis
is congruent with the following longitudinal interpretation: “An
increase of one ASDAS unit in an individual patient is expected
to lead to an increase of 0.72 mSASSS units over the next two
years”.
Further, “a patient with very high disease activity (ASDAS
>3.5) may in comparison to a patient with inactive disease
(ASDAS <1.3) expect an additional progression of 2.3
mSASSS-units in the subsequent two years.”

*The cut-off was 10 mg/L for the Dutch patients and 5 mg/L for the Belgian and
French patients.
ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score (C-reactive protein);
BASDAI, Bath Ankylosing Spondylitis Disease Activity Score; CRP, C-reactive protein;
ESR, erythrocyte sedimentation rate; mSASSS, modified Stoke Ankylosing Spondylitis
Spine Score; NSAIDs, non-steroidal anti-inflammatory drugs.

mean (SD) follow-up duration per patient was 7.9 (4.0) years,
and the mean (SD) number of radiographs was 4.2 (1.7) (range
2–7). The vast majority (87%) of the intervals between

Table 2

Effect of disease activity at baseline on the course of radiographic progression over time
Progression rate per
2-year interval*
β (95% CI)

Time
ASDAS–time interaction
Baseline ASDAS<1.3
Baseline ASDAS≥1.3 & <2.1
Baseline ASDAS≥2.1 & ≤3.5
Baseline ASDAS>3.5
BASDAI–time interaction
Baseline BASDAI<4
Baseline BASDAI≥4
CRP–time interaction
Negative baseline CRP§
Positive baseline CRP§
ESR–time interaction
Baseline ESR<20
Baseline ESR≥20
Patient’s global assessment–time interaction
Baseline patient’s global assessment<4
Baseline patient’s global assessment≥4
Spinal pain–time interaction

p Value†

1.95 (1.67 to 2.23)
0.001
0.71 (0.08
1.30 (0.85
1.90 (1.44
3.05 (2.34

to
to
to
to

1.35)
1.76)
2.35)
3.76)
0.023

1.41 (1.07 to 1.75)
2.71 (2.18 to 3.23)
0.010
1.73 (1.42 to 2.04)
2.20 (1.73 to 2.67)
0.005
1.72 (1.41 to 2.04)
3.01 (2.39 to 3.62)
0.001
1.35 (1.00 to 1.70)
2.82 (2.36 to 3.28)
0.147

N‡
202
200
14
45
88
44
202
120
81
201
101
94
201
149
47
202
111
90
201

*Because the dependent variable was the modified Stoke in Ankylosing Spondylitis Spine Score (mSASSS) and the independent variable was time, the regression coefficient (ß) obtained
reflects the progression of mSASSS per 2 years.
†p Values are only shown for the interactions between time and other variables. In the presence of a significant interaction, results are stratified, and the progression in each of the
subgroups is presented through the regression coefficient.
‡All patients with an mSASSS evaluable at each time point independently of the availability of a 2-year progression score were included in the models.
§The cut-off was 10 mg/L for the Dutch patients and 5 mg/L for the Belgian and French patients.
ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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Longitudinal relationship between disease activity and radiographic damage

Variable

High vs inactive (≥4 and ≤6 vs <2)
Very high vs inactive (>6 vs <2)
CRP (mg/L)
ESR (mm/h)
Patient’s global assessment (0–10)
Pain (0–10)
HLA-B27 (positive vs negative)
Biologics
DMARDs
NSAIDs
NSAID score (0–100)
Uveitis
Inflammatory bowel disease
Psoriasis
Extra-articular manifestation
QIC of the model

Model with ASDAS
categorical

Model with BASDAI
continuous and CRP

Model with BASDAI
categorical and CRP

Model with
Patient
global and CRP

Model with back
pain and CPR

Analysis in
separate models
ß (95% CI)*
(N=174–185)

Multivariable
regression 1
ß (95% CI)
(N=183†)

Multivariable
regression 2
ß (95% CI)
(N=183†)

Multivariable
regression 3
ß (95% CI)
(N=184)

Multivariable
regression 4 ß
(95% CI)
(N=184)

Multivariable
regression 5
ß (95% CI)
(N=184)

Multivariable
regression 6
ß (95% CI)
(N=184)

–
0.72 (0.41 to 1.04)

1.03 (1.01 to 1.05)
0.72 (0.41 to 1.04)

1.03 (1.01 to 1.05)
‡

1.03 (1.01 to 1.05)
‡

1.03 (1.01 to 1.05)
‡

1.03 (1.01 to 1.05)
‡

1.03 (1.01 to 1.05)
‡

0.57 (−0.56 to 1.69)

‡

0.57 (−0.56 to 1.69)

‡

‡

‡

‡

0.91 (−0.17 to 1.99)
2.31 (1.11 to 3.51)
0.24 (0.09 to 0.40)

‡
‡
‡

0.91 (−0.17 to 1.99)
2.31 (1.11 to 3.51)
‡

‡
‡
0.21 (0.06 to 0.37)

‡
‡
‡

‡
‡
‡

‡
‡
‡

−0.19 (−0.98 to 0.60)

‡

‡

‡

‡

‡

1.13 (0.30 to 1.97)
1.11 (0.12 to 2.11)
0.02 (0.01 to 0.04)
0.02 (−0.01 to 0.04)
0.20 (0.08 to 0.32)
0.25 (0.12 to 0.38)
0.47 (−0.47 to 1.41)
0.25 (−0.94 to 1.44)
1.03 (−0.19 to 2.25)
0.58 (−0.10 to 1.26)
0.00 (−0.01 to 0.01)
−0.11 (−0.89 to 0.66)
0.26 (−0.81 to 1.33)
−0.25 (−1.68 to 1.18)
−0.17 (−0.86 to 0.52)

‡
‡
‡
‡
‡
‡
§
§
§
§
§
§
§
§
§
5439

‡
‡
‡
‡
‡
‡
§
§
§
§
§
§
§
§
§
5458

‡
‡
0.02 (0.00 to 0.04)
‡
‡
‡
§
§
§
§
§
§
§
§
§
5665

−0.29
(−1.09 to 0.52)
1.06 (0.21 to 1.90)
0.82 (−0.19 to 1.84)
0.02 (0.01 to 0.04)
‡
‡
‡
§
§
§
§
§
§
§
§
§
5579

‡
‡
0.02 (0.00 to 0.04)
‡
0.17 (0.05 to 0.29)
‡
§
§
§
§
§
§
§
§
§
5664

‡
‡
0.02 (0.00 to 0.04)
‡
‡
0.22 (0.00 to 0.04)
§
§
§
§
§
§
§
§
§
5473

*All models are time-lagged (2 years of time lag) and autoregressive (ie, adjusted for mSASSS in the 2 years before). ß reflect progression in mSASSS units over 2 years.
†One patient had a missing in one of the items of the ASDAS (BASDAI question 3) and therefore ASDAS could not be calculated.
‡Not included in the model.
§Not selected during multivariable regression analysis (p ≥ 0.05).
ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Activity Index; CRP, C-reactive protein; mSASSS, modified Stoke Ankylosing Spondylitis Spine Score; ESR, erythrocyte sedimentation rate; DMARDs, disease
modifying antirheumatic drugs; NSAIDs, non-steroidal anti-inflammatory drugs; QIC, Quasi-likelihood under the Independence model Criterion.
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Previous mSASSS (0–72)
ASDAS
ASDAS disease activity states
Moderate vs inactive (≥1.3 and <2.1 vs
<1.3)
High vs inactive (≥2.1 and ≤3.5 vs <1.3)
Very high vs inactive (>3.5 vs <1.3)
BASDAI (0–10)
BASDAI disease activity states
Moderate vs inactive (≥2 and <4 vs <2)

Model with
ASDAS
continuous

Clinical and epidemiological research
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Table 3

Figure 1 Longitudinal relationship
(modelled) between disease activity
(ASDAS) and radiographic damage
(mSASSS). The graphs are two
visualisations (solutions) of the same
multivariable regression equation with
the parameter estimates shown in
table 4: mSASSStime point t=−0.27+1.03
*mSASSSt−1+0.72 ASDASt−1. The
mSASSS at baseline (10.8 units) was
assumed to be the intercept (mSASSS
at t0). In (A), four equidistant ASDAS
values, each reﬂecting a certain
disease activity state, were chosen and
a stable ASDAS level over time was
assumed. In (B), ﬂuctuating ASDAS
levels over time (in a decreasing
pattern) were assumed (closed
triangles). ASDAS, Ankylosing
Spondylitis Disease Activity Score;
mSASSS, modiﬁed Stoke Ankylosing
Spondylitis Spine Score.

Similarly, “an increase of one BASDAI unit is associated with
an increase of 0.21 mSASSS units, and an increase of 10 mg/L
in CRP is associated with an increase of 0.2 mSASSS units”.
Models with ESR instead of CRP were similar, except for the
fact that ESR itself was not a statistically signiﬁcant contributor
in any analysis.
The model with ASDAS as a continuous score had lowest
QICs of all models, illustrating that the model with ASDAS as a
disease activity measure has best captured variation in

Table 4

radiographic scores (better than the model with BASDAI and
CRP, for instance).
The visual relationship between ASDAS and mSASSS is
shown in ﬁgure 1. In this modelling exercise, ﬁgure 1A, a stable
ASDAS level over time was assumed, and progression curves
were plotted for different ASDAS levels. Starting with an
mSASSS of 10.8 at baseline (representing the study population’s
mean value), the average patient with ‘inactive disease’ (plotted
as ASDAS of 1.0) would reach an mSASSS of 15.8 (5 units

Longitudinal relationship between ASDAS and radiographic damage in different strata

Stratification for

Stratum analysed

Multivariable regression models
(autoregressive and time-lagged)
ß (95%CI)*

Gender

ASDAS
ASDAS
ASDAS
ASDAS
ASDAS
ASDAS
ASDAS
ASDAS

0.98
−0.06
0.84
0.16
0.21
−0.06
0.94
0.36

Symptom duration‡
Gender and symptom duration‡

in
in
in
in
in
in
in
in

males (n=129)
females (n=54)†
symptom duration <18 years (n=92)
symptom duration ≥18 years (n=80)
women, symptom duration <18 years (n=24)
women, symptom duration ≥18 years (n=29)
men, symptom duration <18 years (n=68)
men, symptom duration ≥18 years (N=51)

(0.56 to 1.39)
(−0.40 to 0.27)
(0.42 to 1.26)
(−0.22 to 0.54)
(0.03 to 0.38)
(−0.63 to 0.51)
(0.43 to 1.45)
(−0.12 to 0.84)

*Results refer to different multivariable models. Stratifications were made due to significant interactions. The ß indicates the progression in mSASSS per unit increase in ASDAS per
2 years. In italic are the strata in which there is a significant effect of disease activity (as measured by the ASDAS) on radiographic damage (as measured by the mSASSS).
†One patient had a missing in one of the items of the ASDAS (BASDAI question 3) and therefore ASDAS could not be calculated.
‡Symptom duration was not available for 12 patients who could therefore not be included in this stratified analysis.
ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath AS Disease Activity Index; mSASSS, modified Stoke Ankylosing Spondylitis Spine Score.
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progression) after 12 years, whereas the average patient with
‘very active disease’ ( plotted as ASDAS of 4.0) would reach an
mSASSS of 29.8 units (19 units progression). In ﬁgure 1B, a
modelled example is shown reﬂecting how (longitudinal) ﬂuctuation in ASDAS may lead to (longitudinal) ﬂuctuation in
mSASSS progression in a typical patient.
A signiﬁcant interaction was found between ASDAS and
gender ( p=0.007), as well as ASDAS and symptom duration
( p=0.011). The effect of ASDAS on mSASSS was higher in
males versus females: an increase of one ASDAS unit led to an
increase of 0.98 and −0.06 mSASSS units/2 years, respectively.
The effect of ASDAS on mSASSS was also higher in patients
with symptom duration below the median (18 years) versus
above the median: an increase of one ASDAS unit led to an
increase of 0.84 vs 0.16 mSASSS units/2 years, respectively
(table 4).
The same type of effect modiﬁcation was found in the models
with other disease activity measures. Effect modiﬁcation or confounding was not found for HLA-B27, drug use (NSAIDs,
TNFi) and the presence of any EAM (table 3). Additional information on drug use over time can be found in the online supplementary table S2. A sensitivity analysis including HLA-B27,
NSAID-score and TNFi-usage provided similar results as the
main analysis (see online supplementary table S3).
When—as a sensitivity analysis—analyses were repeated using
only data from follow-up until year 4, results were similar for
most disease activity measures, but the longitudinal association
between CRP and radiographic progression was not statistically
signiﬁcant anymore.

DISCUSSION
In the present study, we have shown for the ﬁrst time that
disease activity is longitudinally associated with radiographic
progression in AS. The effect of disease activity on radiographic
damage is stronger in men than in women, and in the earlier
phases of the disease. Although the longitudinal association is
seen with all measures of disease activity, the ASDAS, combining
PROs and APR in a ﬁxed relationship, showed the best
performance.
Previous studies have found only a relatively weak association
between radiographic progression and APR, but not with radiographic progression and PROs such as BASDAI.6–9 Further, these
studies provided cross-sectional analyses that do not allow a longitudinal interpretation.6 7 We have demonstrated here for the ﬁrst
time that the effect of disease activity on radiographic damage is
actually rather impressive and longitudinal: per one ASDAS unit
increase a 0.7 mSASSS units progression in 2 years can be
expected. This longitudinal relationship was pertinent over the
entire 12 years of follow-up. An important observation here is that
the models with ASDAS as a disease activity measure outperformed the models with all other disease activity measures, which
importantly adds to the validity of ASDAS as the disease activity
measure of choice. The fact that signiﬁcant longitudinal associations with radiographic progression could also be established for
other disease activity measures (among which PROs that showed
inconclusive results in conventional cross-sectional analyses in the
past) than ASDAS alone points to the power of longitudinal databases and appropriate longitudinal analysis.
While the observation of a link between disease activity and
radiographic progression is rather new, we acknowledge that
disease activity (inﬂammation) by far does not fully explain
radiographic damage in AS: even without measurable disease
activity there is still considerable radiographic progression. It
can be deduced from the model that patients who have inactive
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disease for the entire 12 years still can expect a progression of
5 mSASSS units on average. Radiographic progression without
measurable clinical disease activity in AS is different from radiographic progression in patients with RA in remission in which
progression is almost absent. It seems as if increased bone formation in AS is partly constitutive and partly inﬂammationdependent. A parallel with ﬁndings from MRI studies is appealing here: MRI inﬂammation at the vertebral corner to some
extent forecasts the development of syndesmophytes, but most
new syndesmophytes still develop in sites not previously active
on MRI.22
The effect of disease activity on radiographic progression
seems to be far stronger in men than in women. Only in men
we found an additional progression of about 1 mSASSS unit
per 2-year interval per additional unit of ASDAS. This male–
female disparity is an attractive explanation for the frequently
observed more severe radiographic damage in males.16 Such a
statement should be taken with some consideration, though,
since less than one-third of the included patients were women
with on average little structural progression, which complicates the search for an external factor that modulates
progression.16
We have also found a stronger effect of disease activity on
radiographic progression in the (relatively) early phase of the
disease. A clear explanation is lacking, but one might speculate
on the effects of more strenuous physical exercise in the early
phases of the disease as compared with the later phases. A relationship between mechanical forces on the spine and syndesmophyte formation has been postulated in the past,23 and one may
reason that younger people with shorter disease duration will
usually perform more intensive occupational physical activities
with stronger forces acting on the spine. Since male patients
may often have physically more demanding jobs than females,
this speculative explanation may extend to the demonstrated
male–female disparity. Of note, short and long symptom duration in our analysis is only a convenience distinction since we
have stratiﬁed by the median of symptom duration, which was
already 18 years. It is obvious that more research should give
resolution here.
What are the consequences of our observations?
It was the unexpected lack of inhibition of structural damage
by TNFi3–5 that has triggered the debate about the link of
inﬂammation and bone formation. Recent new observational
studies have suggested a protective effect of TNFi on radiographic progression,9 24 but are not beyond methodological
argumentation.25
The results of the current study could light-heartedly be
interpreted as if inhibition of disease activity (by, eg, TNFi) will
automatically lead to inhibition of radiographic progression.
Such a spurious ‘causal-chain-interpretation’ would ignore
the evidence that TNFi have more effects than only suppression
of TNF-induced inﬂammation. For example, TNFi have been
suggested to be responsible for bone formation in animal
models,26 so that negative effects on unrelated bone-forming
processes could counterbalance a potentially positive effect on
inﬂammation. The negative results of TNFi with regard to syndesmophyte formation in three independent studies with an
untreated control group3–5 are compatible with such a scenario
and cannot easily be ignored by sparse information from observational studies,9 24 although former trials were of short
duration.
Further, trials with NSAIDs in AS in fact have proven a
TNF-independent mechanism of action being responsible for
NSAID-induced inhibition of syndesmophyte formation.27
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The biggest challenge for the near future will therefore be to
design a clinical study that takes all these different aspects into
consideration.
This study has limitations that should be discussed. As a
cohort study, it suffers from losses to follow-up, which may
result in bias-by-completion. However, our main study question
relates to an association between disease activity and radiological
progression rather than to ﬁnd the best estimate of absolute
progression. It is unlikely that the relationship between disease
activity and progression per se is different in patients completing
12 years of follow-up and in those that discontinue early
for whatever reasons. Furthermore, the sample size of this long-term observational study is not large enough to split the data
into several relevant subgroups (eg, females only, or HLAB27-negative patients).
Strengths of our study are the uniquely long follow-up of
patients with AS according to a predeﬁned protocol of data collection and the longitudinal analyses we conducted, which make
use of all data collected over time, are more powerful and may
to some extent allow a temporal relationship, thus bringing in
an element of causality. Analyses incorporated adjustments for
existing structural damage at every time point, the strongest
known determinant of subsequent progression.6 7 28 Another
important strength of this study, already discussed, is the consistency of the results across the different disease activity measures
analysed in this study.
In summary, this study has demonstrated that inﬂammation in
AS indeed leads to new bone formation. The next question will
be whether lowering disease activity by drugs with various
modes of action will result into less radiographic damage.
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Online Supplementary Table S1. Baseline characteristics
Assessment

Patients
included
in this
study
N = 184
mean (SD)
or n (%)
43 (12)
129 (70%)
149 (83%)
20 (12)
11 (9)
2.6 (1.0)
3.4 (2.0)
17.4 (23.3)
85 (48%)
14.0 (15.0)
3.7 (2.7)

Initial
Patients
OASIS
with x-ray
population available
N = 216*
at year 12
mean (SD)
N = 68
or n (%)
mean (SD)
or n (%)
44 (13)
43 (11)
154 (71%)
48 (72%)
174 (84%)
55 (82%)
20 (12)
21 (11)
11 (9)
11 (8)
2.7 (1.1)
2.7 (1.0)
3.4 (2.1)
3.4 (2.1)
18.0 (24.4) 17.1 (22.1)
101 (48%)
33 (52%)
14.6 (15.7) 12.3 (12.9)
3.8 (2.8)
3.5 (2.9)

Age [years]
Male gender (%)
HLA-B27 positive (%)
Symptoms duration [years]
Disease duration [years]
ASDAS-CRP
BASDAI [0-10]
CRP [mg/l]
Elevated CRP (%)‡
ESR [mm/h]
Patient's global assessment of
disease activity [0-10]
Spinal pain [0-10]
3.5 (2.3)
3.5 (2.4)
3.2 (2.2)
mSASSS [0-72]
10.8 (15.2) 11.6 (16.2) 11.2 (15.7)
mSASSS >0 (%)
140 (81%) 149 (81%)
52 (83%)
NSAIDs (%)
125 (68%) 146 (68%)
45 (67%)
Tumor necrosis factor alpha
0 (0%)
0 (0%)
0 (0%)
inhibitors (%)
* Initially, 217 patients were included in OASIS, but clinical data from one patient
could not longer be retrieved
ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score (C-reactive protein);
BASDAI, Bath Ankylosing Spondylitis Disease Activity Score; CRP, C-reactive
protein; ESR - erythrocyte sedimentation rate; mSASSS, modified Stoke
Ankylosing Spondylitis Spine Score; NSAIDs - non-steroidal anti-inflammatory
drugs

Online Supplementary Table S2. Drug use over follow-up time
Time point
(years)
0
2
4
6
8
10
12

NSAID use (yes
vs no) (%)
125 (68%)
136 (75%)
121 (82%)
108 (81%)
88 (77%)
71 (72%)
56 (68%)

NSAID score (01)*
0.53
0.53
0.58
0.59
0.55
0.50
0.42

TNFi use (ves vs
no) (%)
0 (0%)
0 (0%)
1 (1%)
9 (7%)
21 (18%)
32 (31%)
26 (29%)

1

* NSAID score at baseline (time point = 0) was calculated on basis of the
treatment during the first 3 weeks in the OASIS
NSAID - non-steroidal anti-inflammatory drug; TNFi - tumor necrosis factor
inhibitor

2

Online Supplementary Table S3 - Longitudinal relationship between disease activity and radiographic damage - Sensitivity analysis*
Model with
Model with
Model with Model with
Model with
Model with
ASDAS
BASDAI
BASDAI
Patient global back pain and
ASDAS
continuous
categorical
continuous categorical
and CRP
CPR
and CRP
and CRP
Multivariable Multivariable Multivariable Multivariable Multivariable
Variable
Multivariable
regression 2 regression 3 regression 4 regression 5
regression 1
regression 6
ß (95% CI)
ß (95% CI)
ß (95% CI)
ß (95% CI)
ß (95% CI)
ß (95% CI)
(N = 177¥)
(N = 177¥)
(N = 178)
(N = 178)
(N = 178)
(N = 178)
Previous mSASSS 1.02 (1.00; 1.04) 1.02 (1.00; 1.04) 1.02 (1.00;
1.03 (1.01; 1.02 (1.00; 1.04) 1.02 (1.00; 1.04)
(0-72)
1.04)
1.05)
ASDAS
0.71 (0.39; 1.02)
§
§
§
§
§
ASDAS disease
activity states
- Moderate vs
§
0.49 (-0.62;
§
§
§
§
inactive (≥1.3
1.60)
and <2.1 vs <1.3)
- High vs inactive
§
0.84 (-0.23;
§
§
§
§
(≥2.1 and ≤3.5 vs
1.91)
<1.3)
- Very high vs
§
2.25 (1.07;
§
§
§
§
inactive (>3.5 vs
3.43)
<1.3)
BASDAI (0-10)
§
§
0.19 (0.04;
§
§
§
0.35)
BASDAI disease
activity states
- Moderate vs
§
§
§
-0.28 (-1.08;
§
§
inactive (≥2 and
0.52)

3

<4 vs <2)
- High vs inactive
(≥4 and ≤6 vs
<2)
- Very high vs
inactive (>6 vs
<2)
CRP (mg/l)
ESR (mm/h)
Patient's global
assessment (010)
Pain (0-10)

§

§

§

0.96 (0.12;
1.80)

§

§

§

§

§

0.67 (-0.35;
1.68)

§

§

§

§

§
§

§
§

0.02 (0.00;
0.04)
§
§

§

§

§

0.02 (0.01; 0.02 (0.00; 0.04) 0.02 (0.00; 0.04)
0.04)
§
§
§
§
0.16 (0.04; 0.28)
§

§

§

0.21 (0.08; 0.35)

*All models are time-lagged (2 years of time lag) and auto-regressive (i.e. adjusted for mSASSS in the 2-years before). ß reflect progression in mSASSS
units over 2 years. As a means of sensitivity analysis, HLA-B27, NSAID score and TNFi over time were included in the models. The number of patients
differs slightly from the number of patients included in the main analysis due to missing information in some of the variables.
§ Not included in the model
¥ One patient had a missing in one of the items of the ASDAS (BASDAI question 3) and therefore ASDAS could not be calculated
ASDAS - Ankylosing Spondylitis Disease Activity Score; BASDAI - Bath Ankylosing Spondylitis Activity Index; CRP - C-reactive protein; CI - confidence
interval; mSASSS - modified Stoke Ankylosing Spondylitis Spine Score; ESR - erythrocyte sedimentation rate; DMARDs - disease modifying
antirheumatic drugs; NSAIDs - non-steroidal anti-inflammatory drugs; QIC - quasi-likelihood information criterion
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