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ABSTRACT

Introduction: This study aimed to determine
the association between extra-articular mani-
festations (EAMs) and baseline characteristics of
patients with ankylosing spondylitis (AS) and
identify their potential risk factors in an obser-
vational cohort.

Methods: We analyzed the data of consecutive
patients with AS obtained between April 2016
and May 2019 from the ongoing Chinese
Ankylosing Spondylitis Prospective Imaging
Cohort.
Results: Among the 1414patientswithAS, 23.1%
had experienced EAMs at baseline. The prevalence
rates of acute anterior uveitis (AAU), inflammatory
bowel disease, and psoriasis among patients with
AS were 16.7, 6.9, and 2.6%, respectively, and the
prevalence of AAU increased significantlywith the
disease duration. Patients with comorbidity of
AAU and psoriasis had Ankylosing Spondylitis
Disease Activity Score (ASDAS) than patients
without EAMs (2.16 ± 0.984 vs. 1.99 ± 0.956
[p = 0.025] and 2.36 ± 1.01 vs. 1.99 ± 0.96
[p = 0.025]). Among the 1087 patients with AS
without EAMs at baseline, 98 developed EAMs
during follow-up. Long disease duration
([10 years) and high disease activity at baseline
(ASDAS[2.1) were associated with the risk of
new-onset EAMs (hazard ratio [HR] [95% confi-
dence interval, CI], 2.150 [1.229–3.762] and 2.896
[1.509–5.561], respectively) and new-onset AAU
(HR [95% CI], 2.197 [1.325–3.642] and 3.717
[1.611–8.574], respectively).
Conclusions: In Chinese patients with AS,
patients with comorbidity of AAU and psoriasis
had higher disease activity scores than patients
without EAMs. Furthermore, the risk of AAU or
combined EAMs increases with the duration of
AS and appears to be associated with higher
cumulative exposure to inflammation.
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Key Summary Points

Why carry out this study?

Ankylosing spondylitis (AS) is a chronic
inflammatory disease, which often has
extra-articular manifestations (EAMs),
including acute anterior uveitis (AAU),
inflammatory bowel disease (IBD), and
psoriasis.

In China, patients with AS account for
0.3–0.5% of the total population, affecting
more than 4 million Chinese individuals.

EAMs are considered helpful for the
diagnosis of axial spondyloarthritis
(axSpA)/AS, and they are a part of the
axSpA classification standard; currently,
information regarding the characteristics
and development of EAMs in patients
with AS in China is limited.

This study aimed to determine the
characteristics related to the occurrence
and development of EAMs in patients
with AS and identify differences and
potential risk factors for the clinical
features at baseline between patients with
new-onset AAU, IBD, or psoriasis, and
those without EAMs.

What has been learned from the study?

Among the 1414 patients with AS, 23.1%
had experienced EAMs at baseline; the
prevalence rates of acute anterior uveitis
(AAU), inflammatory bowel disease, and
psoriasis among patients with AS were
16.7, 6.9, and 2.6%, respectively, and the
prevalence of AAU increased significantly
with disease duration.

Among 1087 patients with AS without
EAMs at baseline, 98 developed EAMs
during follow-up, and long disease
duration ([10 years) and high disease
activity at baseline (ASDAS[ 2.1) were
associated with the risk of new-onset
EAMs (hazard ratio [HR] [95% confidence
interval, CI], 2.150 [1.229–3.762] and
2.896 [1.509–5.561], respectively) and
new-onset AAU (HR [95% CI], 2.197
[1.325–3.642] and 3.717 [1.611–8.574],
respectively).

In Chinese patients with AS, patients with
comorbidity of AAU and psoriasis had
higher disease activity scores than
patients without EAMs and the risk of
AAU or combined EAMs increased with
the duration of AS.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14046497.

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic
inflammatory disease, which can lead to func-
tional damage and quality of life decline. It
causes spinal bone fusion and new bone for-
mation due to axial spine injury [1, 2]. Patients
with AS often have extra-articular manifesta-
tions (EAMs), including acute anterior uveitis
(AAU), inflammatory bowel disease (IBD), and
psoriasis [3]. The inflammation can also affect
the peripheral joints, skin, heart, lungs, eyes,
and intestines [1, 2]. The prevalence of AS varies
considerably globally [4]. Its prevalence in the
Western population is 0.6%, with an estimated
annual incidence of 3–7 per ten patients [5–7].
In China, patients with AS account for 0.3–0.5%
of the total population [8, 9]. The disease affects
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more than 4 million Chinese individuals,
mainly young and middle-aged men.

EAMs are considered helpful for the diagno-
sis of axial spondyloarthritis (axSpA)/AS [10],
and they are a part of the axSpA classification
standard [11, 12]. Therefore, it is important to
understand the characteristics of EAM occur-
rence and development. Furthermore, the inci-
dence of EAMs considerably varies with region
and race [3]. Currently, information regarding
the characteristics and development of EAMs in
patients with AS in China is limited. This study
aimed to determine the characteristics related
to the occurrence and development of EAMs in
patients with AS. We also aimed to identify
differences and potential risk factors for the
clinical features at baseline between patients
with new-onset AAU, IBD, or psoriasis, and
those without EAMs.

METHODS

Patients and Study Design

This study was a retrospective review of a
prospectively collected database. We analyzed
the data of the Chinese Ankylosing Spondylitis
Prospective Imaging Cohort (CASPIC) [13],
which is a nationwide, prospective, longitudi-
nal, and state-funded cohort comprising both
patients with peripheral SpA and those with
axial SpA who fulfill the modified New York
criteria for AS [14]. There was no other eligibil-
ity criterion for our cohort. Past history or cur-
rent symptoms of AAU, psoriasis, or IBD were
collected at baseline. The inclusion criteria were
as follows: diagnoses of AS made according to
the 1984 modified New York criteria [14].
Exclusion criteria pertained to the selected
patients for the following: (1) patients who were
unwilling to participate in the study and/or (2)
did not sign the consent form. The first visit of
patients with AS in the CASPIC was defined as
baseline. The data were obtained between April
2016 and May 2019.

The study protocol was authorized by the
Ethical Committee of the Chinese PLA General
Hospital (S2016-049-02). Written informed
consent was obtained from all patients before

entry into the study. Our study complies with
the Declaration of Helsinki.

EAMs

History or current symptoms of AAU, psoriasis,
or IBD were collected at baseline. Patients with
newly developed AAU, IBD, or psoriasis during
follow-up were considered to have specific
EAMs since definitive diagnosis. The diagnosis
of IBD, AAU, and/or psoriasis was confirmed by
ophthalmologists, gastroenterologists, and/or
dermatologists, respectively, unless the patients
provided previous medical records with a clear
description of the relevant conditions and
diagnosis. Moreover, the diagnosis of IBD was
further confirmed by endoscopy and pathology.

Collected Variables and Disease
Evaluation

The following patients’ details were collected at
baseline: sex; age; height; weight; body mass
index (BMI); onset time; disease duration; fam-
ily history of AS, AAU, IBD, and psoriasis; EAMs
(AAU, IBD, and psoriatic arthritis); smoking
status; human leukocyte antigen B27 (HLA-B27)
status with the flow cytometry method (FCM);
peripheral arthritis; and enthesitis. Laboratory
tests (C-reactive protein [CRP] and erythrocyte
sedimentation rate [ESR]) and ASDAS [15, 16]
were used for the objective evaluation of disease
activity. When the CRP level was lower than the
detection limit, a constant value of 2 mg/l was
used to calculate the ASDAS [17]. The ASDAS
were defined as follows:\1.3, inactive dis-
ease; C 1.3 and B 2.1, low disease activity
(LDA);[2.1 and B 3.5, high disease activity
(HDA); and[3.5, very high disease activity
(VHDA) [18]. Blood was collected at the time of
inclusion and each visit of patients. The Bath
Ankylosing Spondylitis Functional Index
(BASFI) (scale 0–10) [19] was used for the func-
tional evaluation of AS, and the Bath Ankylos-
ing Spondylitis Metrology Index (BASMI) [20]
was used as a measure of spine and hip mobility.
Spinal pain was evaluated using a 10-cm visual
analog scale pain score (scale 0–10).
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Definition of the Endpoint

The primary endpoint was defined as the
occurrence of any new-onset EAMs (AAU, IBD,
and psoriasis) during any follow-up visit.

Selection and Recording of the Treatment
Strategies

According to disease activity, doctors and
patients jointly determined the treatment
strategies, without any other study interven-
tion. The use of nonsteroidal anti-inflammatory
drugs, conventional synthetic disease-modify-
ing antirheumatic drugs, and tumor necrosis
factor inhibitors (TNFi), including biosimilar
etanercept (ETN; Yisaipu�; Sunshine Guojian
Pharmaceutical Co., Ltd.; Shanghai, China) or
adalimumab (ADA; AbbVie�, Ludwigshafen,
Germany) was recorded at each visit.

Quality Control

For quality control, an interdisciplinary
research team was established, comprising a
rheumatologist, an ophthalmologist, a gas-
troenterologist, and a dermatologist. Before the
study, we discussed and formulated a stan-
dardized research plan, and per the plan, we
trained the members of the project team before
patient recruitment, during treatment, and at
follow-up of the study participants. Trained
specialists educated patients and explained the
questionnaires and evaluation contents to
ensure the accuracy and comparability of
patients’ self-evaluation questionnaires and
scores. The inclusion, follow-up, and evaluation
of patients with AS were completed by
rheumatologists. The disease activity score and
function measurement of patients with AS were
evaluated by trained and relatively fixed spe-
cialists. Regular training sessions were organized
to standardize measurement practices. We col-
lected relevant disease information at each
treatment and follow-up of patients. After each
follow-up, the information was checked by a
specially assigned person (JXJ). After comple-
tion and correction, the forms were uploaded to
the system, and a logic error detection program

was set up to detect and check possible logic
errors in time.

Statistical Analyses

Continuous variables are presented as mean (s-
tandard deviation (SD) [5]), and dichotomous
data are presented as frequency. The mean (SD)
was used for normally distributed data, and a
t test was used for intergroup comparisons of
two independent samples. The mean (P25, P75)
was used for non-normally distributed data, and
the Wilcoxon signed-rank test was used for
intergroup comparisons. Counting data are
expressed as frequency, and the Chi-square test
was used for intergroup comparisons.

The baseline characteristics associated with
EAMs, AAU, IBD, and psoriasis were determined
using univariate and multivariate logistic
regression analyses. The rank-sum test was used
to compare the disease activity (ASDAS) at
baseline between combined EAMs and without
EAMs patients with AS. Patients were excluded
from the logical analysis if data about EAMs
could not be retrieved. Only features in the
univariate analysis with p\0.20 were input in
the (backward) multivariate analysis. In addi-
tion, collinearity and interaction were checked.
Risk factor for EAMs, odds ratio (OR), hazard
ratio (HR), and relative risk (RR) were used in
the cross-sectional analysis at baseline and the
longitudinal queue.

Survival analysis was used to calculate the
incidence of EAMs during follow-up. The Cox
regression analysis and Kaplan–Meier curve
were used to determine the demographic and
clinical characteristics associated with the new-
onset of any type of EAMs. Patients were
excluded from the Cox regression analysis if
EAM data could not be retrieved. First, the
baseline features and, subsequently, time-vary-
ing features at EAM diagnosis were used. For
patients who were not diagnosed with EAMs,
the baseline features were used. SPSS 23.0 (IBM
Corp., Armonk, NY, USA) software was used for
data analysis. Results with p\0.05 were con-
sidered statistically significant.
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Table 1 Baseline characteristics of the patients in CASPIC

Baseline characteristics EAMs group
n = 327

Without EAMs group
n = 1087

p value

Age, years 32.73 ± 8.70 29.71 ± 8.57 \ 0.0001*

Onset age, years 22.89 ± 7.78 22.14 ± 7.79 0.1247

Disease duration, years 9.90 ± 6.58 7.80 ± 5.84 \ 0.0001*

0–5 years, n 75 393

5–10 years, n 104 387

[ 10 years, n 148 307

Male gender, n 260 891 0.317

HLA-B27 positive, n (%) 287 (87.8) 905 (83.3) 0.06

Family history of AS, n (%) 84 (25.7) 172 (15.8) \ 0.001*

BMI 23.58 ± 4.97 23.50 ± 4.06 0.7797

Peripheral arthritis, yes, n 41 116 0.363

Enthesitis, yes, n 69 242 0.589

BASFI 1.74 ± 1.80 1.53 ± 1.60 0.045*

BASMI 2.02 ± 2.08 1.81 ± 2.01 0.1389

CRP, mg/l 12.55 ± 22.34 11.47 ± 18.71 0.4114

Elevated CRP, n (%) 124 (44.3) 412 (42.7) 0.636

Elevated ESR, n (%) 70 (22.9) 214 (22.1) 0.764

ASDAS 2.17 ± 0.97 1.99 ± 0.96 0.004*

ASDAS condition 0.0347*

ID, n 54 261

LDA, n 101 340

HAD, n 112 334

VHDA, n 29 75

TNFi used, n (%) 115 (35.17) 333 (30.63) 0.122

Continuous data are presented as mean ± standard deviation and categorical data are presented as number (%). *p\ 0.05.
Among 327 patients with EAMs, 280 CRP values and 305 ESR values were collected at the baseline. Among 1087 patients
without EAMs, 965 CRP values and 967 ESR values were collected at baseline
EAMs extra-articular manifestations, HLA-B27 human leukocyte antigen B27, BMI body mass index, BASFI Bath
Ankylosing Spondylitis Functional Index, BASMI Bath Ankylosing Spondylitis Metrology Index, CRP C-reactive protein,
ESR erythrocyte sedimentation rate, ASDAS Ankylosing Spondylitis Disease Activity Score, ID inactive disease, LDA low
disease activity, HDA high disease activity, VHDA very high disease activity, TNFi tumor necrosis factor inhibitor
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RESULTS

Baseline Characteristics of Patients

A total of 1414 patients with AS were included
in the study. There were 327 patients with AS
with EAMs (EAMs group) and 1087 without
EAMs (without EAMs group) at baseline. All
baseline demographic and clinical characteris-
tics of patients were compared between the
EAMs and without EAMs groups (Table 1). The
average disease duration was 9.90 ± 6.58 and
7.80 ± 5.84 years in the EAMs and without
EAMs groups, respectively. In addition, there
were differences between the two groups in
terms of age (32.73 ± 8.70 vs.
29.71 ± 8.57 years) and family history of AS
(25.7 vs. 15.8%, p\0.05). The scores of BASFI
and ASDAS in the EAMs group were higher than
those in the without EAMs group (1.74 ± 1.80
vs. 1.53 ± 1.60 and 2.17 ± 0.97 vs. 1.99 ± 0.96,
respectively; p\0.05). There was no significant
difference in age, sex, HLA-B27-positive rate,
BMI, peripheral arthritis, enthesitis, acute
inflammatory index (ESR and CRP), and BASMI
between the two groups (Table 1).

Cross-Sectional Analysis of EAMs
in Patients with AS

Overall, 327 (23.1%) patients in the CASPIC had
experienced EAMs before inclusion at baseline.
At baseline, the prevalence rates of AAU, IBD,
and psoriasis in patients with AS were 16.7, 6.9,
and 2.6%, respectively. In the EAMs group at
baseline, there were 200 patients with only AAU
(61.2%), 62 with only IBD (20.0%), and 25 with
only psoriasis (7.6%). There were 40 patients
(12.2%) with overlapping EAMs. AAU along
with IBD (28/40, 70%) was the most common
combination in patients with overlapping
EAMs. Furthermore, the three EAMs overlapped
in 4/40 (10%) patients. At baseline, patients
with a history of only AAU and overlap of EAMs
were correlated with the duration of disease
(p\ 0.05), and 46.5% of patients with only AAU

Table 2 EAMs characteristics by disease duration at baseline

EAMs in baseline
(n = 327)

Total
(n = 327)

Disease
duration £ 5 years
(n = 75)

Disease
duration > 5 years
and £ 10 years
(n = 104)

Disease
duration > 10 years
(n = 148)

p value

Only AAU, n (%) 200 (61.2) 47 (23.5) 60 (30.0) 93 (46.5) \ 0.0001*a

Only IBD, n (%) 62 (20.0) 14 (22.6) 20 (32.2) 28 (45.2) 0.068

Only psoriasis, n (%) 25 (7.6) 8 (32.0) 11 (44.0) 6 (24.0) 0.557

C 2 EAMs, n (%) 40 (12.2) 6 (15.0) 13 (32.5) 21 (52.5) 0.009*b

EAMs extra-articular manifestations, AAU acute anterior uveitis, IBD inflammatory bowel disease
*p\ 0.05
a Disease duration B 5 years vs. disease duration[ 10 years, p\ 0.001; disease duration B 5 years vs. disease dura-
tion[ 10 years, p\ 0.001
b Disease duration B 5 years vs. disease duration[ 10 years, p = 0.03

Fig. 1 Distribution of EAMs by disease duration at
baseline. EAM extra-articular manifestation, AAU acute
anterior uveitis, IBD inflammatory bowel disease
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and 52.5% of patients with overlapping EAMs
had a disease duration of[10 years (Table 2
and Fig. 1).

Overall, 200 patients had experienced AAU
at baseline. In these patients, the prevalence of
AAU increased significantly with the disease
duration (p\ 0.001) (Fig. 2). Furthermore,
patients with comorbidity of AAU and psoriasis
had higher disease activity scores (ASDAS) at
baseline than patients without EAMs
(2.16 ± 0.98 vs. 1.99 ± 0.956 [p = 0.025] and
2.36 ± 1.01 vs. 1.99 ± 0.96 [p = 0.025]) (Fig. 3).

First, patients with EAMs were associated
with age (OR 1.031; 95% confidence interval
[CI], 1.011–1.051), long duration of AS (course
of AS,[10 years) (OR 1.597; 95% CI
1.134–2.249), and a family history of AS (OR
1.768; 95% CI 1.222–2.559) at baseline. Second,

patients with a history of only AAU were asso-
ciated with a long duration of AS ([10 years)
(OR 1.897; 95% CI 1.286–2.796), HLA-B27 pos-
itivity (OR 3.175; 95% CI 1.429–7.055), and a
family history of AAU (OR 3.029; 95% CI
1.176–7.801) at baseline. Finally, patients with a
history of only IBD were associated with age
(OR 1.046; 95% CI 1.012–1.082) and a family
history of IBD (OR 26.247; 95% CI
6.342–108.621) at baseline. However, unlike
AAU, in patients with a history of only IBD, the
HLA-B27-positive rate was lower (OR 0.435;
95% CI 0.216–0.875) than that in patients
without EAMs at baseline. In the multivariate
analysis, sex, BMI, peripheral arthritis symp-
toms, enthesitis, and functional indicators were
not associated with a history of EAMs, only
AAU, or only IBD. At baseline, the multivariate

Fig. 2 Prevalence of AAU at baseline according to the disease duration. AAU acute anterior uveitis

Fig. 3 Ankylosing spondylitis disease activity score at baseline. ASDAS ankylosing spondylitis disease activity score, EAMs
extra-articular manifestations, AAU acute anterior uveitis, IBD inflammatory bowel disease
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Table 3 Multivariate analysis of EAMs, AAU, IBD, and without EAMs at baseline

EAMs Only AAU Only IBD

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Gender, male 0.934 (0.618,

1.413)

0.748 1.405 (0.898,

2.199)

0.137 0.556 (0.237, 1.307) 0.178

AGE 1.031 (1.011,

1.051)

0.002* 1.022 (1.000,

1.045)

0.049* 1.046 (1.012, 1.082) 0.008*

Long duration

([ 10 years)

1.597 (1.134,

2.249)

0.007* 1.897 (1.286,

2.796)

0.001* 1.171 (0.650, 2.108) 0.599

HLA-B27 positive 1.514 (0.883,

2.597)

0.132 3.175 (1.429,

7.055)

0.005* 0.435 (0.216, 0.875) 0.020*

Family history of

AS 1.768 (1.222,

2.559)

0.003*

AAU 3.029 (1.176,

7.801)

0.022*

IBD 26.247 (6.342,

108.621)

\ 0.0001*

Peripheral arthritis 1.20 (0.81, 1.77) 0.363 1.19 (0.76, 1.84) 0.446 0.648 (0.258, 1.627) 0.356

BASFI 1.069 (0.943,

1.212)

0.300 1.041 (0.951,

1.139)

0.382 1.112 (0.962, 1.285) 0.152

BASMI 0.958 (0.878,

1.045)

0.330 0.962 (0.875,

1.058)

0.428 0.990 (0.864, 1.134) 0.881

ASDAS, condition

ID

LDA 1.192

(0.768,1.851)

0.434 1.067 (0.647,

1.761)

0.799 1.180 (0.567, 2.457) 0.658

HDA 1.140 (0.677,

1.919)

0.623 1.188 (0.661,

2.135)

0.566 1.169 (0.544, 2.510) 0.689

VHDA 1.356 (0.576,

3.192)

0.486 1.282 (0.483,

3.404)

0.618 1.107 (0.345, 3.549) 0.865

*p\ 0.05
EAMs extra-articular manifestations, AAU acute anterior uveitis, IBD inflammatory bowel disease, HLA-B27 human
leukocyte antigen B27, BMI body mass index, BASFI Bath Ankylosing Spondylitis Functional Index, BASMI Bath
Ankylosing Spondylitis Metrology Index, ASDAS Ankylosing Spondylitis Disease Activity Score, ID inactive disease, LDA
low disease activity, HDA high disease activity, VHDA very high disease activity, OR odds rate
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analysis was not performed for those with a
history of psoriasis due to the low number of
patients with psoriasis (n = 25) (Table 3).

Development of New-Onset EAMs

Among patients with AS without EAMs at
baseline, excluding 267 patients with no follow-
up information, the median follow-up period of
820 patients was 17.0 (1–33) months. Ninety-
eight patients developed new-onset EAMs dur-
ing the follow-up period: 68 (69%) developed
AAU, 21 (22%) developed IBD, and nine (9%)
developed psoriasis. Among patients with EAMs
at baseline, excluding 46 patients with no fol-
low-up information, the median follow-up per-
iod of 281 patients was 14.0 (1–32) months.
Three patients developed other EAMs based on
the history of EAMs at baseline: two patients
with AAU developed IBD, and one patient with
IBD developed psoriasis.

Baseline Characteristics Associated
with New-Onset EAMs During Follow-Up

The new-onset EAMs (including AAU, IBD, and
psoriasis) during the follow-up period were
correlated with long disease duration
([10 years) (HR 2.150; 95% CI 1.229–3.762),
HLA-B27 positivity (HR 0.542; 95% CI
0.310–0.948), and HDA at baseline (ASDAS[
2.1) (the HRs [95% CI] of HDA and VHDA were
2.896 [1.509–5.561] and 5.536 [2.597–11.802],
respectively). New-onset AAU during the fol-
low-up period was correlated with long disease
duration (HR 2.197; 95% CI 1.325–3.642) and
HDA (the HRs [95% CI] of HDA and VHDA were
3.717 [1.611–8.574] and 6.562 [2.425–17.753],
respectively) at baseline (p\0.05). We did not
conduct a multivariate analysis with IBD and
psoriasis because there were only a few patients
with these two diseases (n = 21 and n = 9,
respectively). In addition, in the univariate
analysis, TNFi treatment seemed to promote the
development of new EAMs (HR 1.511; 95% CI
1.008–2.264), but no statistical significance was
observed in the multivariate analysis (Tables 4
and 5).

Furthermore, a Kaplan–Meier curve was
developed according to HLA-B27 positivity/
negativity based on the outcome index of any
new-onset EAMs. The incidence rate of new-
onset EAMs in HLA-B27-positive patients was
approximately half of that in B27-negative
patients (RR 0.542; 95% CI 0.310–0.948;
p = 0.032; Fig. 4).

A Kaplan–Meier curve was developed
according to baseline disease activity (ASDAS
B 2.1/[2.1). The incidence rate of new-onset
EAMs in patients with unstable disease control
at baseline (HAD and VHDA, ASDAS[2.1) was
three times that in stable disease (ID and LDA,
ASDAS B 2.1) (RR 3.003; 95% CI 1.977–4.564;
p\0.001) (Fig. 5).

DISCUSSION

Our results showed that in the cohort of
patients with a relatively long duration of AS
symptoms, a considerable number (23.1%) of
patients had C 1 EAMs at baseline. During the
follow-up period, the patients often developed
new EAMs. We found that the presence of
EAMs, AAU alone, and combined EAMs (C 2
kinds of EAMs) in patients with AS was signifi-
cantly correlated with the duration of AS.
However, we did not find the same correlation
for IBD and psoriasis.

In the baseline cross-sectional analysis, the
history of AAU was associated with longer dis-
ease duration and older age. Vertically, the new
onset of AAU was also related to longer disease
duration and higher disease activity index of AS
at baseline. Furthermore, the new onset of
EAMs was observed more in HLA-B27-negative
patients than in HLA-B27-positive patients with
AS, and this may be attributed to the effect of
patients with IBD in the cohort on the overall
new-onset EAMs. This is because in the cross-
sectional study at baseline, we found that HLA-
B27-negative patients had a relationship with
the history of IBD. In patients with psoriasis, no
such association was found. This reflects the
difference in inflammation accumulation and
exposure period, and the degree of inflamma-
tion exposure may be relatively higher in
patients with AAU and combined EAMs. We
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also found that the new onset of EAMs and AAU
were related to a long duration of AS
([10 years). Patients with a long duration of AS
([10 years) have a 1.15-fold higher risk of the
new onset of EAMs and a 1.197-fold higher risk
of the new onset of AAU than do patients with

AS with a disease duration of B 5 years; this is
similar to the findings of a clinical study [21].
Furthermore, we found that patients with a
relatively HDA (ASDAS[2.1) at baseline were
more likely to develop any new-onset EAMs and
AAU.

Table 4 Univariate analysis of new-onset extra-articular manifestations (EAMs) and new-onset acute anterior uveitis
(AAU)

New-onset EAMs New-onset AAU

HR (95% CI) P HR (95% CI) P

Age 1.025 (1.005, 1.046) 0.016* 1.034 (1.018, 1.051) \ 0.001*

Onset age 1.022 (0.999, 1.046) 0.064 1.005 (0.986, 1.025) 0.6

Disease duration 0.031* \ 0.001*

0–5, years

5–10, years 1.516 (0.904, 2.541) 0.115 1.43 (0.97, 2.09) 0.068

C 10, years 1.989 (1.193, 3.317) 0.008* 2.64 (1.84, 3.79) \ 0.001*

Male gender 0.774 (0.468, 1.280) 0.318 1.629 (0.928, 2.860) 0.089

HLA-B27 positive 0.650 (0.380, 1.112) 0.116 1.356 (0.692, 2.655) 0.375

Family history of AS 1.183 (0.699, 2.002) 0.531 1.458 (0.806, 2.635) 0.212

Family history of AAU 2.252 (0.712, 7.127) 0.167 3.383 (1.060, 10.800) 0.040*

BMI 1.00 (0.97, 1.03) 0.779 0.99 (0.96, 1.02) 0.584

Peripheral arthritis 1.20 (0.81, 1.77) 0.363 1.19 (0.76, 1.84) 0.446

Enthesitis 0.92 (0.67, 1.56) 0.589 0.91 (0.63, 1.30) 0.59

BASFI 1.076 (1.001, 1.157) 0.046* 1.041 (0.951, 1.139) 0.382

BASMI 1.025 (0.984, 1.126) 0.139 1.056 (0.972, 1.147) 0.197

Elevated CRP 1.581 (1.046, 2.391) 0.030* 2.063 (1.249, 3.406) 0.005*

ASDAS 1.212 (1.063, 1.382) 0.004* 1.217 (1.004, 1.425) 0.014*

ID

LDA 1.225 (0.617, 2.432) 0.562 1.272 (0.552, 2.934) 0.572

HDA 2.819 (1.508, 5.272) 0.001* 1.982 (0.901, 4.358) 0.089

VHDA 5.972 (2.945, 12.112) \ 0.001* 3.557 (1.427, 8.863) 0.006*

TNFi therapy, used 1.511 (1.008, 2.264) 0.045* 1.338 (0.838, 2.135) 0.223

*P\ 0.05
EAMs extra-articular manifestations, AAU acute anterior uveitis, HLA-B27 human leukocyte antigen B27, BMI body mass
index, BASFI Bath Ankylosing Spondylitis Functional Index, BASMI Bath Ankylosing Spondylitis Metrology Index, CRP
C-reactive protein, ASDAS Ankylosing Spondylitis Disease Activity Score, ID inactive disease, LDA low disease activity,
HDA high disease activity, VHDA very high disease activity
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The risk of new EAMs in HLA-B27-positive
patients with AS was small compared to that in
HLA-B27-negative patients with AS. These
findings were further confirmed using the
Kaplan–Meier curve analysis. The risk of any
new EAM in HLA-B27-positive patients with AS
was 0.542 times higher than that in HLA-B27-
negative patients. In patients with AS, HLA-B27
positivity may be a protective factor for new-
onset EAMs. The risk of any new EAM in
patients with AS with unstable disease control
(HAD and VHDA, ASDAS[2.1) was three times
higher than that in patients with a relatively
stable disease control (ID and LDA, ASDAS
B 2.1). In our study, the history of EAMs was
not associated with peripheral arthritis and
enthesitis, even in patients with IBD and pso-
riasis. This finding is contrary to that of Gaelle
et al. [22], who reported that in patients without
EAMs and those with psoriasis, there was a

trend of increased joint swelling. The difference
in the findings may be related to the ethnic
differences in the subjects studied. A similar
finding was also obtained in our previous study:
in the CASPIC, the occurrence of peripheral
arthritis and enthesitis was not related to the
disease duration [13]. Additionally, in the pre-
sent study, in the univariate analysis, patients
with AS with a history of TNFi treatment
seemed to be more likely to develop new EAMs,
but no such result was obtained in the multi-
variate analysis. This may be related to the
higher proportion of patients with AAU (69.4%)
among those with new-onset EAMs. In the
CASPIC, tumor necrosis factor receptor fusion
protein was the main target component of TNFi
[13]. It has been reported that the receptor
fusion protein may induce AAU development
[23, 24], explaining the result of our study. At
the same time, we found that there was also

Table 5 Multivariate analysis of new-onset extra-articular manifestations (EAMs) and new-onset acute anterior uveitis
(AAU)

Multivariate analysis

HR (95%CI) p

New-onset EAMs

Long duration (C 10 years) 2.150 (1.229, 3.762) 0.007*

HLA-B27 positive 0.542 (0.310, 0.948) 0.032*

ASDAS condition

HDA 2.896 (1.509, 5.561) 0.001*

VHDA 5.536 (2.597, 11.802) \ 0.001*

New-onset AAU

Long duration (C 10 years) 2.197 (1.325, 3.642) 0.02*

ASDAS condition

HDA 3.717 (1.611, 8.574) 0.02*

VHDA 6.562 (2.425, 17.753) \ 0.001*

*P\ 0.05. The dependent variable included gender, disease duration, BASFI, HLA-B27 status, family history of AS,
ASDAS condition and TNFi used in the equation when calculating the independent variables new-onset EAMs. The
dependent variable included gender, disease duration, BASFI, HLA-B27 status, family history of AAU and ASDAS
condition in the equation when calculating the independent variables new-onset AAU
EAMs extra-articular manifestations, AAU acute anterior uveitis, HLA-B27 human leukocyte antigen B27, ASDAS
Ankylosing Spondylitis Disease Activity Score, HDA high disease activity, VHDA very high disease activity
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new-onset AAU in patients with AS who used
tumor necrosis factor monoclonal antibody
(Supplementary Table S1). Our results are simi-
lar to a newly published cohort study of 175
patients with AS, which revealed that the
receptor fusion protein does not elevate the risk
of occurrence of uveitis compared with mono-
clonal TNF antibodies [25]. Although there was
no evidence that tumor necrosis factor mono-
clonal antibody may promote the occurrence of
AAU in patients with AS, it was still worthy of
clinical attention and further research.

Patients with AS are more likely to develop
AAU, IBD, and psoriasis than the general pop-
ulation. It has been reported that the cumula-
tive incidence rate of AAU in the general
population is 0.2–1.0% [3]. Furthermore, the

prevalence of IBD is 0.01–0.5% and that of
psoriasis is 0.3–2.5% in the general population
[26, 27]. A meta-analysis of the results of 156
studies in more than 40,000 patients with AS
showed that the prevalence rates of AAU, IBD,
and psoriasis were 25.8, 6.8, and 9.3%, respec-
tively [3]. Ivette et al. showed that the preva-
lence rates of AAU, IBD, and psoriasis at
baseline were 18.0, 6.9, and 4.1%, respectively
[21]. AAU is the most common EAM in patients
with AS [3]. In our study, the prevalence rates of
AAU, IBD, and psoriasis at baseline were 16.7,
6.9, and 2.6%, respectively, comparable to those
reported by Ivette et al. [21]. In similar clinical
studies, the prevalence of different EAMs in
patients with AS or nr-axSpA in the DESIR
cohort and GESPIC was comparable to that

Fig. 4 Kaplan–Meier curve of new extra-articular manifestations (grouped by human leukocyte antigen B27 [HLA-B27]
positivity/negativity)
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observed in our study [28, 29]. However, the
prevalence of psoriasis was slightly lower in our
study, which may be due to the difference in
the race of the participants. Furthermore, pre-
vious studies have shown that the prevalence of
AAU increased with disease duration in patients
with AS [3, 30]. In a meta-analysis, the preva-
lence of AAU was related to the disease dura-
tion. In patients with AS with an average disease
duration of\10 and[ 20 years, the prevalence
rates of AAU were 17.4 and 38.5%, respectively
[3]. A systematic review of 1989 patients with
SpA showed that the prevalence of AAU
increased with the disease duration [31]. This is
similar to our finding in the CASPIC. At base-
line, we found that the history of AAU and IBD
was related to the prolongation of AS. However,
in the multivariate analysis at baseline and fol-
low-up longitudinal observation study, we

found that only the occurrence of AAU was
related to a long disease duration, whereas IBD
did not show such a relationship. It should be
noted that no such association with psoriasis
was found in previous studies. This may be
because psoriasis and IBD occurred before the
onset or diagnosis of AS; however, this has not
been proven. This is because EAMs are a part of
the current criteria of axSpA and are considered
helpful for the diagnosis of axSpA or AS [32, 33].
The relationship between AS and EAMs requires
more attention in the future.

HLA-B27 is closely related to the pathogen-
esis of AS. Strong evidence supports that it is an
independent risk gene for the pathogenesis of
AS/SpA and that it is the strongest among all
known HLAs [34]. There is evidence to show
that HLA-B27 and IBD have a strong correla-
tion, but whether there is a difference between

Fig. 5 Kaplan–Meier curve of new extra-articular manifestations (grouped by baseline disease activity ankylosing spondylitis
disease activity score [ASDAS] B 2.1/[ 2.1)
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the prevalence of HLA-B27-positive and HLA-
B27-negative patients is still unclear [35] [36]. In
a large-scale study, in 908 HLA-B27-positive and
90 HLA-B27-negative patients with AS, the
relationship between HLA-B27 and IBD in
patients with AS was analyzed [37]; 9% and 20%
of the patients had IBD. This was confirmed in
our study; HLA-B27-positive patients with AS
had a greater risk of AAU occurrence and lower
risk of IBD occurrence than the HLA-B27-nega-
tive patients. Our previous study results sug-
gested a similar trend, but there was no
statistical difference, which may be related to
the small number of patients observed in the
previous study (801 patients with AS) [38].
Although there was no statistical difference, the
proportion of patients with IBD was different
(the incidence rates of IBD in HLA-B27-positive
and HLA-B27-negative patients with AS were 2.4
and 3.1%, respectively). Its clinical significance
is worthy of attention. We should also pay
attention to the possibility of IBD development
in HLA-B27-negative patients with AS if they
have obvious intestinal symptoms.

In our study, we compared patients with AS
with and without EAMs, in whom of EAMs was
related to their family history of AS. Patients
with AAU or IBD alone showed a relation to
their corresponding family history (family his-
tory of AAU or IBD). Furthermore, in the lon-
gitudinal analysis of new-onset EAMs, we found
that any new-onset EAM was related to disease
activity (ASDAS) at baseline. Although our
findings suggested a link between EAMs and
disease activity of AS (ASDAS), it did not nec-
essarily describe causal relationships. The pres-
ence of IBD or AAU may also be a manifestation
of cumulative exposure to systemic inflamma-
tion. Alternatively, patients with IBD or AAU
may show more inflammatory activity before its
occurrence. Therefore, we should also evaluate
the changes in imaging and activity score to
determine whether HDA and persistent inflam-
matory activity are risk factors for EAMs.

This study has several limitations. First, at
baseline, we recorded EAMs in patients with AS
by asking their medical history and reviewing
the medical records of previous related diagno-
sis and treatment. However, 29 patients could
not clearly describe their previous medical

history or provide the examination and medical
records of diagnosis, which may have led to an
underestimation of the prevalence of EAMs. It
also highlights the importance of consultation
and physical examination of EAMs in daily
practice. This can be achieved through some
simple inquiries with doctors and then deter-
mining whether to recommend the patient to
the corresponding specialist for diagnostic
examination. Second, because of the relatively
long disease duration at baseline, many patients
(327/1414, 23.1%) already had EAMs, and we
could not include them in the subsequent sur-
vival analysis. Among some early cohorts
[28, 29] including our study, there was no study
in which EAMs or axSpA/AS appeared before the
other. This should be further analyzed in col-
laboration with ophthalmologists, gastroen-
terologists, and dermatologists. Furthermore,
our research was based on real-world data
without intervening with patients. Therefore,
many patients were lost during the follow-up,
the possible reasons for which include a change
in long-term residence, transfer of patients to a
community hospital for follow-up, and other
uncertain factors. We analyzed the baseline
characteristics of patients who were lost to fol-
low-up, with no statistical difference; therefore,
we believe that there was no significant choice
bias (Supplementary Table S2). Finally, we did
not discuss the evaluation of imaging, changes
in disease activity, and inflammatory markers in
this study. This will be supplemented and dis-
cussed in our follow-up study.

Herein, we systematically described and
analyzed the characteristics and new develop-
ment of EAMs in Chinese patients with AS. In
particular, the occurrence of AAU was positively
related to the prolongation of AS duration.
Furthermore, HLA-B27-negative patients were
more likely to develop IBD. The occurrence of
EAMs was related to the increase in disease
activity (ASDAS) in patients with AS.

CONCLUSIONS

In Chinese patients with AS, patients with
comorbidity of AAU and psoriasis had higher
disease activity scores than patients without
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EAMs. Furthermore, the risk of AAU or com-
bined EAMs increased with the duration of AS
and appears to be associated with higher
cumulative exposure to inflammation. Our
results may be a guide for clinical practice. In
particular, our study suggests that it is impor-
tant to closely monitor the disease activity of AS
because patients with AS may be prone to EAMs.
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