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ABSTRACT

Objectives: This study aims to investigate radiographic progression according to the presence or absence of uveitis in patients with ankylosing
spondylitis (AS).
Patients and methods: A total of 598 patients (529 males, 69 females, mean age 38.1±9.2 years; range, 18 to 73 years) from the Observation Study
of Korean Spondyloarthropathy Registry who met the modified New York criteria for AS were included in this study. At baseline, all data were
stratified into two groups according to the presence or absence of uveitis. Baseline and radiographic progression were assessed for five years in
this registry. Modified Stoke Ankylosing Spondylitis Spinal Score (mSASSS) was read by two radiologists. Reliability was assessed using inter- and
intra-class correlation coefficient for each radiograph. Comparison of mSASSS changes was analyzed by analysis of covariance model after adjusting
for confounding factors.
Results: The evaluation of mSASSS showed good agreement between the two readers. A total of 193 patients (32.27%) had a history of uveitis that
presented at a mean age of 39.6 years, including 30 females (15.54%). There were statistically significant differences in age (p=0.01), sex (p=0.04),
hip joint involvement (p<0.01), and human leukocyte antigen B27 carrier state (p=0.02) between the two groups according to uveitis. A simple
comparison revealed no significant difference in mSASSS change for five years between the two groups (mean: 3.05±0.62 vs. 3.78±0.78, p=0.47).
After adjusting for confounding factors in multiple comparisons by Bonferroni correction, patients with uveitis had no significant association with
mSASSS change for five years (mean: 6.29±1.32 vs. 5.49±1.39, p=0.68).
Conclusion: Our study confirms that there is no significant association between uveitis and radiographic progression in patients with AS after
adjusting for confounding factors.
Keywords: Ankylosing spondylitis, radiographic progression, uveitis.

Ankylosing spondylitis (AS) is a chronic,
systemic, and inflammatory rheumatic disease
that primarily influences the axial skeleton with
variable involvement of peripheral joints and
extra-articular organs.1 The prevalence of AS
ranges from 0.1 to 0.4% in the general population.

It typically influences young adults, with onset
age of 20 to 30 years.2,3 The most specific and
typical symptom of AS is pain in lumbar and
gluteal areas.4 Extra-articular manifestations of
AS have also been frequently reported, with eyes
being the most commonly involved.5 Uveitis,
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inflammation of the anterior uvea containing iris
and ciliary body, has been positively associated
with disease progression of AS and occurs in
30 to 40% of patients with AS.6-8 Symptoms of
acute anterior uveitis (AAU) generally include
an acute onset of eye redness and pain, intense
photophobia, blepharospasm, and myosis that
will eventually lead to reduction in visual acuity.9
The association between uveitis and AS has been
well recognized.8,10,11 However, the relationship
between spinal bone formation and uveitis in
patients with AS has been rarely reported. In
addition, to our knowledge, previous studies did
not focus on radiographic progression with regard
to uveitis in AS. Therefore, in this study, we aimed
to investigate radiographic progression according
to the presence or absence of uveitis in patients
with AS.

PATIENTS AND METHODS
The
Observation
Study
of
Korean
Spondyloarthropathy (SpA) Registry (OSKAR)
is a longitudinal ongoing observational study
on clinical, functional, and structural outcomes
of SpA in Korea.1 A total of 598 patients
(529 males, 69 females, mean age 38.1±9.2
years; range, 18 to 73 years) from OSKAR who
met the modified New York criteria for AS12
were included in this study that was conducted
at Hanyang University Hospital for Rheumatic
Diseases, and Chonnam National University
Hospital between May 2007 and July 2015. At
baseline, all data were stratified into two groups
according to the presence or absence of uveitis.
Among them, subjects with available radiographic
and clinical data were enrolled consecutively.
After that, we examined radiographic spinal
progression at follow-up. The study protocol was
approved by the Hanyang University Hospital
for Rheumatic Diseases, and Chonnam National
University Hospital Ethics Committee. A written
informed consent was obtained from each patient.
The study was conducted in accordance with the
principles of the Declaration of Helsinki.
Radiographs were scored independently by
two radiologists. All clinical parameters were
blinded to readers. Because the modified Stoke
Ankylosing Spondylitis Spinal Score (mSASSS)
was identified as the most sensitive method,13

cervical and lumbar spinal X-rays were used.
We excluded radiographs with more than three
vertebral sites missing. If fewer than three
vertebral sites were missing, missing scores were
substituted by the mean score of the vertebra of
the same spinal region of the patient according to
a previous paper.14
All clinical values were confirmed by
rheumatologists participated in our registry.
Clinical data included sex, age, duration of
disease, juvenile-onset AS (JoAS), peripheral
arthritis, uveitis, family history of AS, and use
of biologics. Hip X-rays were not available for all
patients in our cohort. Therefore, involvement
of the hip was assessed based on clinical
findings according to the rheumatologist's clinical
perception. Nonsteroidal anti-inflammatory drug
(NSAID) index was also calculated according to
recommendations.15 Family history was defined as
whether the patient had any first-degree relatives
(parents, siblings, or off-spring) diagnosed with
AS. Laboratory tests included C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR) level,
and human leukocyte antigen (HLA) B27 status.
All cases with uveitis were confirmed by an
ophthalmologist.
Statistical analysis
Intra- and inter-reader reliabilities were
assessed using intra-class correlation coefficient
(ICC) for each radiograph. Clinical comparisons
for continuous variables were performed using
t-test. Chi-square test was used to compare
categorical variables. Comparison of mSASSS
changes was assessed by analysis of covariance
(ANCOVA) model after adjusting for confounding
factors using Bonferroni correction. P values
lower than 0.05 were accepted as statistically
significant.

RESULTS
Agreement between the two readers was
very good, with ICC for intra- and inter-reader
reliabilities of 0.75 (95% confidence interval
[CI]: 0.61-0.82) and 0.71 (95% CI: 0.58-0.82),
respectively. Agreement regarding mSASSS
change was moderate, with ICC of 0.57
(95% CI: 0.47-0.68) for intra-reader reliability
and 0.64 (95% CI: 0.45-0.76) for inter-reader
reliability.
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Table 1. Comparison of baseline characteristics of patients with or without uveitis
Uveitis present (n=193)
n

%

Age (year)
Sex
Female

Mean±SD

n

%

39.7±9.2
30

15.54

40

20.73

Duration (year)
Family history of AS

Uveitis absent (n=405)
Mean±SD

p

37.4±9.2

0.01

39

9.63

59

14.57

0.39

20.8±5.7

0.04
20.8±5.7

0.91

JoAS

41

21.24

73

18.02

0.57

Peripheral arthritis

85

44.04

153

37.8

0.15
< 0.01

Hip joint involvement

113

58.5

172

42.5

HLA-B27 positivity

184

95.33

375

92.59

0.02

Use of biologics

106

54.92

165

40.74

0.09

mSASSS

18.8±16.9

17.1±17.1

0.26

ESR (mm/h)

58.7±37.1

50.3±37.5

0.07

CRP (mg/dL)

4.0±3.7

3.5±3.3

0.23

SD: Standard deviation; AS: Ankylosing spondylitis; JoAS: Juvenile-onset ankylosing spondylitis; HLA: Human leukocyte antigen; mSASSS: Modified Stoke
Ankylosing Spondylitis Spinal Score; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein.

were observed. Therefore, we analyzed mSASSS
change according to frequencies of uveitis.
However, the frequency of uveitis did not affect
radiographic change (p=0.89).
We re-analyzed mSASSS change using
ANCOVA
model
because
radiographic
progression might be affected by clinical
parameters. Confounding clinical factors were
age, sex, disease duration, baseline mSASSS, hip
joint involvement, ESR, NSAID index, and use
of biologics. NSAID indices were not statistically
significant between the two groups (49.2±34.1
in the non-uveitis group vs. 44.0±35.4 in the
uveitis group, p=0.93). Fourteen patients in the
non-uveitis group at baseline developed uveitis
during the five-year follow-up period. They had
5
p=0.46
4
mSASSS

We examined the baseline demographics
and clinical features of 598 patients (Table 1).
A total of 193 patients (32.27%) had history of
uveitis with a mean (standard deviation [SD])
age of 39.65 (9.22) years while a total of 405
individuals (67.72%) had no history of uveitis
with a mean (SD) age of 37.41 (9.16) years.
There were statistically significant differences in
age (p=0.01), sex (p=0.04), hip joint involvement
(p<0.01), and HLA-B27 carrier state (p=0.02)
between the two groups of patients with
or without uveitis. However, there were no
significant differences in duration of disease,
family history of AS, JoAS, peripheral arthritis,
use of biologics, baseline mSASSS, ESR, or
CRP between the two groups. With simple
comparison, there was no significant difference
in mSASSS at baseline (mean 18.81 [SD 16.94]
vs. 17.10 [17.09], p=0.26) between the two
groups. At two-year follow-up, radiographic
progression was not significant between the
two groups (mean 1.18 [standard error of mean
(SEM) 6.10] vs. 1.97 (6.59), p=0.16, data not
shown). A simple comparison revealed no
significant difference in mSASSS change for
five years (mean 3.05 [SEM 0.62] vs. 3.78
[SEM 0.78, p=0.46]) (Figure 1). During the
five-year follow-up, patients with one episode
(n=114, 59.1%), two episodes (n=39, 20.2%),
and more than three episodes (n=40, 20.7%)

3
2
1
0
Non uveitis

Uveitis

Figure 1. Comparison of radiographic progression scores
for all patients in the two groups.
mSASSS: Modified Stoke Ankylosing Spondylitis Spinal Score.
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Table 2. Radiographic progression between patients with or without uveitis
Dependent variable: mSASSS progression
Uveitis

95% CI
Mean±SE

Lower bound

Upper bound

Absence

*6.29±1.32

3.67

8.93

Presence

*5.49±1.39

2.72

8.25

p
0.68

mSASSS: Modified Stoke Ankylosing Spondylitis Spinal Score; CI: Confidence interval; SE: Standard error; * Adjusted for multiple comparisons
by Bonferroni correction (covariates: age, sex, disease duration, baseline radiographic score, hip joint involvement, erythrocyte sedimentation
rate, nonsteroidal anti-inflammatory drug index, and use of biologics).

variable onset times of uveitis. Therefore, their
radiographic data were excluded from analysis
with the ANCOVA model. After adjusting for
confounding factors in multiple comparisons
by Bonferroni correction, patients with history
of uveitis had no significant association with
mSASSS change for five years (mean 6.29
[SEM 1.32] vs. 5.49 [1.39], p=0.68) (Table 2).

DISCUSSION
Because chronic inflammation of spine in
AS causes progressive visible structural damage,
there has been considerable interest in factors
affecting radiologic change in patients with AS.
However, there have been controversial results
on radiographic progression regarding uveitis.
One study has shown that history of uveitis is
significantly associated with higher radiological
score using Bath Ankylosing Spondylitis Radiology
Index (BASRI).16 On the other hand, Gehlen et
al.5 have reported that BASRI scores are not
significantly different between patients with or
without uveitis (6.4±4.5 vs. 7.3±5.0, p=0.46)
in a cross-sectional study. Chen et al.17 have
also demonstrated that uveitis does not affect
radiographic spinal involvement using both BASRI
and mSASSS for patients in Taiwan. Recently,
multivariable analysis results from Outcome in
Ankylosing Spondylitis International Study cohort
have shown that AAU is no longer associated
with radiographic damage over time.18 In the
same line, our simple comparison revealed no
differences in mSASSS change for five years.
It has been reported that uveitis is associated
with extensive radiographic progression in
male patients by using BASRI through logistic
regression analysis.19 In the present study using
the same logistic regression analysis, there was
no significant mSASSS change in males regarding

uveitis (3.4±0.7 in non-uveitis, 4.4±0.9 in uveitis,
p=0.37).
Hip joint involvement is an important feature
in AS. An observational study on 390 AS
patients has reported that the prevalence of hip
joint involvement is higher in the uveitis group.2
Sampaio-Barros et al.20 have also shown that
anterior uveitis is significantly associated with
hip involvement. Patients with hip involvement
have worse scores in mSASSS.17 Although
hip involvement was based on clinical findings
according to the rheumatologist's clinical
perception in the present study, our data
also showed significant correlation between
uveitis and hip joint involvement. CRP level
is an independent predictor for radiographic
spinal progression in AS.21 NSAIDs can retard
new bone formation in AS patients.22 Results
from a German Spondyloarthritis Inception
cohort have confirmed that progression of
the structural damage in the spine is strongly
dependent on the presence of already occurred
damage.23 When all clinical parameters related
to radiographic progression were considered,
our prospective results did not show significant
correlation between uveitis and radiographic
progression.
There has been considerable interest in the
risk of uveitis for patients with AS.2,7,10,11,24 The
strong correlation of AS with uveitis is supposed
to be related to the presence of HLA-B27.11,25
It has been reported that about 30 to 50% of
subjects with uveitis are related to the presence
of HLA-B27 and that HLA-B27 positive patients
have a 3.8-fold greater possibility of developing
uveitis than HLA-B27 negative patients.7 Such
positive association between HLA-B27 and
uveitis is also supported by our results, although
a few studies have shown no difference in
HLA-B27 between those with or without a
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history of uveitis.2,5 Several established reports
have shown no association between sex and
uveitis. 5,8,26 Rusman et al. 27 have reported
that acute anterior uveitis is more prevalent in
male patients. On the contrary, we found that
females seemed to have higher prevalence of
uveitis in comparison with males (43.5% vs.
30.8%, p=0.04), similar to our previous study.1
This discrepancy may be explained by regional
and ethnic differences. Female and HLA-B27
positive patients were more likely to have uveitis
in our cohort. Thus, we should pay attention to
patients with these risk factors in the early state
of the disease.
This study has some limitations. Magnetic
resonance imaging is the most sensitive imaging
modality for early detection of spine and sacroiliac
joint changes in AS. Recently, post-inflammatory
fatty lesions seem to be predictable for the
formation of new syndesmophytes.28 However,
this study was based on conventional radiographic
imaging only. Furthermore, although smoking
could have important effects on radiographic
change,23 such data were not included in this
study.
In conclusion, this study was focused on
uveitis and radiologic progression for five years
in a sequence with large and well-classified
samples. Our study confirmed that there was
no association between uveitis and radiographic
progression in patients with AS after adjusting for
confounding factors.
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