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1  | INTRODUC TION

In recent years, several guidelines regarding the management of axial 
spondyloarthritis (axSpA) have been published,1-6 predominantly by 
societies and experts in Europe and the USA. These guidelines rep-
resent a distillation of current knowledge on axSpA, and can provide 
valuable guidance to clinicians; but evidence shows that the genetic 
features of axSpA may vary between Asian and Caucasian patients,7-11 
and when clinical issues such as limited access to biologics, limited 
reimbursement for treatment, limited awareness, and under-diagnosis 
are taken into account, it is clear that local perspectives are needed 
to improve the management of axSpA. Moreover, the incidence and 
prevalence of tuberculosis,12 hepatitis B,13 and hepatitis C14 are 
higher in Taiwan as compared to Europe or the USA, and this may 
limit treatment options for Taiwanese patients, particularly regard-
ing the use of biologics. Therefore, aspects of axSpA that have local 
relevance were discussed in these guidelines, and recommendations 
with an emphasis on improving awareness, diagnosis, management, 
and outcomes in Taiwanese patients were formulated. It is hoped that 
these guidelines will help to focus attention on under-addressed is-
sues in the management of axSpA, and bring a fresh perspective to 
the current discussion.

Axial spondyloarthritis is a chronic type of arthritis that primar-
ily affects the sacroiliac joints and the spine.7 Since the publication 
of the 2009 Assessment of SpondyloArthritis international Society 
(ASAS) classification criteria,15 axSpA has been categorized into 
radiographic axSpA, which is largely synonymous with ankylosing 
spondylitis (AS) and presents with radiographically visible struc-
tural damage to the sacroiliac joint and axial skeleton; and non-ra-
diographic axSpA (nr-axSpA), a milder form of axSpA that does not 
exhibit such structural damage but nevertheless imposes a heavy 
burden of disease.7,15,16 It has been proposed that the term “axSpA” 
should preferentially be used in diagnosis rather than nr-axSpA or 
AS,16,17 unless medical reasons exist to justify making a distinc-
tion.7,16 In the spirit of this, the term “axSpA” in these guidelines en-
compasses both nr-axSpA and AS.

Importantly, these guidelines seek to address less explored is-
sues in axSpA that are important for clinical management from both 
a local and global perspective. There is a recommendation discussing 
the management of extra-articular manifestations (EAM), primarily 
uveitis, psoriasis, and inflammatory bowel disease (IBD) but also 
encompassing other conditions that affect the lungs, kidneys, and 
heart of axSpA patients, with best management practices mentioned 
where supported by evidence. Osteoporosis and the risk of spinal 
fractures has been noted, since motorcycles and bicycles are one 
of the major modes of transport in Taiwan and can increase frac-
ture risk, which is a serious concern as such fractures are difficult 
to recover from and may incapacitate a patient for life in worst-case 
scenarios. Regarding treatment, recommendations for exercise have 
been broadened to include evidence for yoga, Tai Chi, qigong, and 
other types of exercise that are common in Taiwan. The latest clinical 
trial data for novel therapies such as interleukin-17 inhibitors (IL-17i) 
have also been included. It is hoped that the discussion of these is-
sues will help to provide practical and relevant evidence-based guid-
ance to clinicians in Taiwan and beyond.

2  | MATERIAL S AND METHODS

The formulation of these guidelines was undertaken by a committee 
of rheumatology and rehabilitation experts on behalf of the Taiwan 
Rheumatology Association (TRA). The structure of the guidelines was 
modeled on the recently published 2016 update of the ASAS-European 
League Against Rheumatism (EULAR) management recommenda-
tions for axial spondyloarthritis,1 and also incorporated elements 
from the UK National Institute for Health and Care Excellence (NICE) 
2017 guideline (NG65) on the diagnosis and management of SpA in 
over 16s,3 and the British Society for Rheumatology (BSR) and British 
Health Professionals in Rheumatology (BHPR) guideline for the treat-
ment of axSpA (including AS) with biologics.4 The objective was to 
establish guidelines for the clinical management of axSpA from a 
local perspective that would take into account issues and concerns in 

of the most up-to-date clinical evidence and the clinical experience of panelists. All 
Overarching Principles and Recommendations were graded according to the stand-
ards developed by the Oxford Centre for Evidence Based Medicine, and further eval-
uated and modified using the Delphi method.
Results: The guidelines specifically address issues such as local medical considera-
tions, National Health Insurance reimbursement, and management of extra-articular 
manifestations.
Conclusion: It is hoped that this will help to optimize clinical management outcomes 
for axial spondyloarthritis in Taiwan.

K E Y W O R D S

ankylosing spondylitis, axial spondyloarthritis, extra-articular manifestation, IL-17 inhibitor, 
non-radiographic axial spondyloarthritis, spinal fracture, TNF inhibitor
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clinical practice that are pertinent to Taiwan. The guideline commit-
tee was convened by W.-CT and included 15 experts in rheumatology 
and rehabilitation, with all members required to disclose any potential 
conflicts of interest prior to taking up their positions. Each commit-
tee member was assigned to conduct a systematic literature review 
for a specific section of these guidelines, with a special emphasis on 
recent studies published between 2015 and 2017 and issues not ad-
dressed by other guidelines. Collected evidence was presented to the 
committee for review and discussion by all members, and based on 
these discussion results, each member prepared the wording for the 
recommendations and accompanying statements in their responsible 
section. The recommendations and statements were then presented 
to the committee for discussion, voting, and revision based on the 
Delphi method, with a threshold of 75% required for approval of each 
recommendation and statement. The levels of evidence, grades of 
recommendation, and levels of agreement were then added to each 
recommendation (Table 1). Briefly, level Ia refers to evidence derived 
from the meta-analysis of randomized controlled trials; level Ib refers 
to evidence derived from at least one randomized controlled trial; 
level IIa refers to evidence derived from at least one controlled study 
without randomization; level IIb refers to evidence derived from at 
least one type of quasi-experimental study; level III refers to evidence 
from comparative, correlation, case-control, or other non-experimen-
tal descriptive studies; and level IV represents evidence from expert 
committee reports, opinions, or clinical experience from respected 
authorities. Recommendations and statements based on direct level 
I evidence were graded as A; those based on direct level II evidence 
or extrapolated from level I evidence were graded as B; those based 
on direct level III evidence or extrapolated from level I or level II 
evidence were graded as C; and those based on direct level IV evi-
dence or extrapolated from levels I, II, or III evidence were graded as 
D. Levels of agreement were derived through anonymous electronic 
voting at a committee meeting. The final guidelines and manuscript 
were reviewed and approved by all committee members, and were 
then reviewed and ratified by the TRA Executive Committee before 
submission to this journal.

3  | RESULTS

These guidelines are intended for the use of all healthcare profes-
sionals involved in the management of axSpA, including rheuma-
tologists, physiatrists, and clinicians of other disciplines. It is also 
important to explain these guidelines to patients and ensure their in-
formed participation in shared decision-making regarding treatment 
and care. Considering that these guidelines are intended to focus on 
the management of axSpA, other aspects of the disease such as clas-
sification, diagnosis, and pathogenesis will not be discussed, unless 
they are relevant to treatment decisions.

As both axSpA and nr-axSpA are relatively new concepts,15-17 it 
is inevitable that a significant proportion of the evidence in these 
guidelines was derived from AS patients. However, efforts have 
been made to identify and include evidence from studies conducted 

in axSpA patients, and although the term “axSpA” is used in these 
guidelines to refer to all patients across the spectrum of disease, the 
terms “nr-axSpA” and “AS” are also used where circumstances call for 
greater specificity. These guidelines also address the management 
of EAM and other comorbidities (eg osteoporosis and fractures) in 
axSpA, and although the guideline committee recognizes that these 
issues are complex and may even deserve their own guidelines, it 
is important for healthcare professionals to take these into account 
when advising patients, selecting treatment, and evaluating risks 
such as drug-drug interactions.

As with the ASAS-EULAR guidelines,1 these guidelines begin 
with a set of overarching principles that are meant to be kept in 
mind throughout the management of axSpA. These principles define 
the main considerations, influencing factors, and best approaches 
regarding axSpA care in Taiwan today. The overarching principles 
and background statements are presented below, along with their 
respective levels of evidence (LoE), grade of recommendation (GoR), 
and levels of agreement (LoA; see Table 1).

Overarching Principle 1: The rheumatologist serves as the main 
coordinator of care for axSpA, a disease with diverse manifestations 
that is best managed through multidisciplinary care. (LoA: 100%)

In a recent meta-analysis of eight studies (seven longitudi-
nal cohort studies and one cross-sectional study) involving 1242 
nr-axSpA patients and 2236 AS patients,18 it was found that the 
pooled prevalence of a history of EAM such as uveitis (15.9% 
vs 23.0%), psoriasis (10.9% vs 10.2%), and IBD (6.4% vs 4.1%) in 
nr-axSpA and AS patients was comparably high, indicating that 
the occurrence of EAM is independent of disease severity and 
structural damage, and suggesting that EAM prevalence numbers 
previously derived exclusively from AS patients may also apply 
to nr-axSpA patients. Another recent systematic review of 156 
studies (involving >44 000 AS patients) that further compared 
the prevalence of EAM in different regions derived similar results 
regarding the overall pooled prevalence of acute anterior uveitis 
(25.8%), psoriasis (9.3%), and IBD (6.8%),19 although prevalence 
was lower in Asia (uveitis: 21.4%; psoriasis: 3.1%; IBD: 2.9%) com-
pared to Europe and other regions. Moreover, AS patients have 
been reported to have higher risk of developing comorbidities as 
diverse as hypertension, dyslipidemia, metabolic syndrome, myo-
cardial infarction, stroke, osteoporosis, spinal fractures, obstruc-
tive sleep apnea, gastric and duodenal ulcers, depression, apical 
fibrosis, non-specific and incidental abnormalities in imaging of 
the lungs, spontaneous pneumothorax, nephrolithiasis, immuno-
globulin A (IgA) nephropathy, and renal amyloidosis.20 Population-
based studies conducted in thousands of Taiwanese AS patients 
also found higher risk of hypertension,21 acute coronary syn-
drome,22 and peptic ulcers21 as compared to the general popula-
tion. Taken together, these studies show that axSpA encompasses 
a diverse range of manifestations and comorbidities that require 
an integrated, multidisciplinary approach to effectively manage 
them. The selection of suitable treatment particularly requires an 
integrated approach in building a regimen that effectively checks 
musculoskeletal symptoms, EAM, and related comorbidities, all 



10  |     WEI Et al.

while avoiding potentially debilitating drug-drug interactions. In 
such a situation, the rheumatologist, having broad knowledge 
of the axSpA disease spectrum and the patient's condition, rep-
resents the ideal candidate to serve as the main coordinator of 
care with clinicians and health professionals in other specialties. 
Rheumatologists should recognize this role and take a proactive 
approach in securing multidisciplinary support for axSpA patients 
to achieve better management outcomes.

Overarching Principle 2: The primary objective of axSpA 
treatment is to secure health-related quality of life and normal-
ize function for the patient to the greatest extent possible. (LoA: 
100%)

Health-related quality of life and physical function can be se-
verely affected by axSpA, and it appears that the impact on quality 
of life and function is comparable for nr-axSpA and AS patients, 
despite their differences in disease presentation and severity: a 

TA B L E  1   Taiwan Rheumatology Association consensus recommendations for the management of axSpA

 LoE GoR LoA (%)

Overarching principles

1 The rheumatologist serves as the main coordinator of care for axSpA, a disease with diverse manifesta-
tions that is best managed through multidisciplinary care.

— — 100.0

2 The primary objective of axSpA treatment is to secure health-related quality of life and normalize func-
tion for the patient to the greatest extent possible.

— — 100.0

3 Optimal management of axSpA requires a range of treatment strategies, including non-pharmacological 
treatment, pharmacological treatment, surgery, and lifestyle modification.

— — 100.0

4 Treatment of axSpA should involve shared decision-making between the patient and health profession-
als in order to achieve optimal care.

— — 100.0

5 The management of axSpA in Taiwan is strongly influenced by the National Health Insurance reimburse-
ment system and local health circumstances.

— — 100.0

Recommendations

1 Treatment for axSpA patients should be individualized according to the signs and symptoms of disease, 
patient characteristics, and treatment goals.

IV D 100.0

2 The diagnosis and monitoring of axSpA disease activity should be based on clinical symptoms and signs, 
laboratory tests, and imaging, while the frequency of monitoring should be decided on an individual 
basis.

IV D 100.0

3 axSpA patients should be treated to the clinical target (T2T) of reaching either clinical remission or at 
least minimal disease activity (MDA). The MDA for axSpA has not been defined yet, but achieving 
ASDAS < 2.1 and preferably <1.3 is recommended.

IV D 78.6

4 Patients with axSpA should be encouraged to stop smoking and start an individualized regular exercise 
program as soon as possible. The program should emphasize flexibility training, especially spinal mobil-
ity exercises, but aerobic exercise, resistance training, breathing exercises, and physiotherapy are also 
recommended.

IIa B 92.9

5 EAM are an important part of axSpA and should be actively evaluated and managed to improve patient 
outcomes.

IV D 92.9

6 NSAIDs are the first-line treatment to ensure symptom control for symptomatic axSpA, and it is recom-
mended to use an optimal dose to minimize complications. Ongoing monitoring of renal function, as 
well as gastrointestinal and cardiovascular side effects, should be determined on an individual basis. 
Analgesics may be considered to treat residual pain.

Ia A 92.9

7 Local injections of glucocorticoids to sites of inflammation and short-term systemic glucocorticoids may 
be beneficial, but long-term treatment with systemic glucocorticoids should be avoided.

IIa B 85.7

8 Although csDMARD monotherapy is not recommended for axSpA, it can be effective against peripheral 
arthritis and EAM; co-administration of csDMARDs with biologics may be beneficial in axSpA, but 
further evidence is needed to confirm this.

IIa B 85.7

9 In the event of treatment failure with conventional therapy, after evaluating other causes, biologic 
therapy should be considered for axSpA.

Ia A 92.9

10 Intra- or inter-class switching between biologics or small molecule therapies may be considered for 
patients with inadequate response or who become intolerant to therapy.

Ia A 92.9

11 In patients with refractory pain or disability and radiographically visible structural damage of the hip 
joint, hip arthroplasty should be considered, while corrective osteotomy may be considered for pa-
tients with disabling spinal deformity.

III C 100.0

Abbreviations: ASDAS, Ankylosing Spondylitis Disease Activity Score; axSpA, axial spondyloarthritis; csDMARDs, conventional synthetic disease-
modifying antirheumatic drugs; EAM, extra-articular manifestations; GoR, grade of recommendation; LoA, level of agreement; LoE, level of evidence; 
NSAIDs, nonsteroidal anti-inflammatory drugs.
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2015 retrospective study comparing observational data from the 
South Swedish Arthritis Treatment Group register found no sig-
nificant differences between nr-axSpA and AS patients in visual 
analog scale scores for global health and pain, Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing 
Spondylitis Functional Index (BASFI), and EuroQol 5-Dimensions 
(EQ-5D).23 Impaired quality of life and physical function can be 
observed in the early stages of disease,24,25 and generally wors-
ens in later stages.26-29 Moreover, daily life can be disrupted in 
multiple ways for axSpA patients: 53%-76% of AS patients report 
having problems with fatigue30-32; axSpA patients are more likely 
than the general population to have poor sleep, decreased sleep 
efficiency (total sleep time divided by time in bed), lower percent-
age of deep sleep, increased incidence of restless leg syndrome or 
similar symptoms, and a higher risk of obstructive sleep apnea.33 
Furthermore, the physical limitations of axSpA can affect basic ac-
tivities such as eating, washing, dressing, and social activities,34 as 
well as the ability to work. Cross-sectional studies have reported 
that 10.5%-32% of patients were forced to give up their jobs due 
to the disease,27,28,35-37 with limitations to work ability described 
by about half of all respondents.36,37 Taken together, the evidence 
shows that axSpA patients face significant challenges, and the 
main goal of treatment should therefore be to restore and preserve 
quality of life and normal function for patients as much as possible. 
It is also important to recognize that the cost of axSpA includes 
both direct costs related to treatment and indirect costs from loss 
of work productivity, inability to work, and restrictions in daily 
function, and all these costs should be considered when optimiz-
ing treatment for patients. A cross-sectional study has shown that 
axSpA patients who respond to treatment can achieve comparable 
health-related quality of life to the general population, and rates 
of activity impairment (33.3% vs 47.4%, P < .001) were also sig-
nificantly lower than non-responders, indicating the importance 
of effective treatment.24 When quality of life and normal function 
are achieved through effective management, patients will require 
less burden of care, and the overall socioeconomic costs are ex-
pected to be lower as well.

Overarching Principle 3: Optimal management of axSpA re-
quires a range of treatment strategies, including non-pharmacolog-
ical treatment, pharmacological treatment, surgery, and lifestyle 
modification. (LoA: 100%)

The management of axSpA should not be limited to a single treat-
ment strategy, but likely requires a range of strategies, the combi-
nation, sequence, time of initiation, and duration of which may be 
important for patient outcomes. Non-pharmacological, pharmaco-
logical, and surgical treatments are further discussed in their re-
spective recommendations and accompanying statements, but it is 
also important for clinicians to recognize that lifestyle modification, 
such as smoking cessation and regular exercise, can play a key role 
in management.

Although not part of the four management strategies de-
scribed above, axSpA patients in Taiwan may seek out comple-
mentary and alternative medicine (CAM) such as herbal remedies, 

acupuncture, moxibustion, and therapeutic massage (eg tuina), ei-
ther voluntarily or on the advice of family and friends. Therefore, 
it is important rheumatologists be aware that patients are likely 
to use CAM, and be ready to provide evidence-based advice in-
somuch as it is available. No randomized controlled trials (RCTs) 
with herbal remedies have been conducted in axSpA patients to 
date, and it should be noted that the use of herbal remedies can 
vary widely in terms of source ingredients, dose, regimen, and 
formulation. The quality of such products is not well-regulated, 
and rheumatologists should therefore encourage patients to seek 
out licensed and accredited establishments and practitioners (eg 
government-licensed Chinese medicine practitioners in Taiwan) 
whenever possible. Regarding acupuncture and/or moxibustion, a 
small randomized trial comparing heat-sensitive moxibustion (cup-
ping) with acupoint injection vs oral medication controls in 116 
AS patients found that cupping and acupuncture relieved major 
symptoms and improved joint function markedly in 38.9% of test 
subjects vs 11.9% of control subjects (P < .05).38 Regarding physio-
therapy and therapeutic massage, a 2008 Cochrane review found 
low to moderate quality evidence to support combined inpatient 
spa-exercise therapy followed by group physiotherapy over group 
physiotherapy alone, and for supervised group physiotherapy 
over home exercises.39 However, any type of spinal manipulation 
should be avoided in axSpA patients due to the risk of osteoporo-
sis and spinal fracture, and rheumatologists should expressly warn 
patients of the risk involved, especially with the strong massage 
and joint manipulation techniques common in tuina.

Overarching Principle 4: Treatment of axSpA should involve 
shared decision-making between the patient and health profession-
als in order to achieve optimal care. (LoA: 100%)

The goal of axSpA treatment is to enable the patient to secure 
quality of life and normalized function, but the patient's definition of 
normal life and function may be significantly different from that of 
the rheumatologist or other healthcare professionals. Therefore, it is 
important to work closely with the patient to understand his or her 
treatment goals, identify and explain potential barriers to achieving 
those goals, and help the patient make an informed decision regard-
ing treatment options. This process needs to continue throughout 
the management of axSpA. To achieve shared decision-making, 
patients need to be provided with adequate education about their 
disease, and the risk-benefit analysis of management decisions also 
needs to be communicated in a timely and understandable manner. 
Ideally, shared decision-making will help to bring patients, caregiv-
ers, and healthcare professionals together in working toward opti-
mal care and outcomes.

An important aspect of shared decision-making for Taiwanese 
axSpA patients involves family planning and pregnancy manage-
ment, as many patients are of reproductive age and may face fam-
ily pressure to conceive.40 Family planning discussions can fill a 
key unmet need for both male and female patients.41 Inflammation 
in axSpA has been associated with reduced sperm motility and 
impaired testicular function,42 and small cross-sectional studies 
have reported that a majority of married or sexually active male 
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patients felt that the disease had a negative effect on their sexual 
life, with issues such as low sex drive, premature ejaculation, sex-
ual dissatisfaction, and impotence more frequently occurring.43-45 
In addition, a 2016 Swedish case-control study of 388 deliveries 
among AS patients compared to 1082 matched controls from the 
general population found that even after adjustment for smoking 
habits, age, education, and comorbidities, female AS patients had a 
higher risk of caesarean section, preterm birth, and small-for-ges-
tational-age.46 Prior to conception, adjustments to therapy may be 
needed to avoid miscarriage or congenital abnormalities; however, 
pregnant axSpA patients can still experience active disease, and 
therefore treatment may still need to be maintained during preg-
nancy.47 Recommendations for patients with rheumatic diseases 
on the use of nonsteroidal anti-inflammatory drugs (NSAIDs),48-50 
conventional synthetic disease-modifying antirheumatic drugs 
(csDMARDs),49,50 and tumor necrosis factor inhibitors (TNFi)49-54 
during pregnancy and lactation are currently available, but there is 
insufficient data to make any recommendations regarding the use 
of IL-17i at present.55

Overarching Principle 5: The management of axSpA in Taiwan 
is strongly influenced by the National Health Insurance reimburse-
ment system and local health circumstances. (LoA: 100%)

In Taiwan, >99% of the population is covered under the 
National Health Insurance (NHI) program,56,57 and therefore the 
NHI reimbursement criteria has a critical influence on axSpA 
management. In addition, local health circumstances such as 
availability of medications, approved indications, prevalence of 
tuberculosis and hepatitis B, and patient preferences can also af-
fect treatment. The Taiwan NHI program currently recognizes AS, 
but not axSpA, as a disease indication.58 A variety of traditional 
NSAIDs and cyclooxygenase-2 (COX-2) inhibitors are covered by 
the NHI for the long-term treatment of inflammation and associ-
ated pain in AS patients.59 In addition, csDMARDs are reimbursed 
for the treatment of peripheral symptoms in AS patients.58 The 
NHI currently covers the use of biologics (bDMARDs, including 
TNFi and IL-17i) for the treatment of AS, but the reimbursement 
criteria is quite strict: biologics must be prescribed by clinicians 
licensed in the fields of rheumatology or immunology, and reim-
bursement must be applied for and approved prior to treatment 
initiation. In addition, the patient must be aged 18 or above, be 
positive for human leukocyte antigen-B27, have radiographic ev-
idence of sacroiliitis, and demonstrate at least two out of the fol-
lowing three conditions: limitations in lumbar flexion, limitations 
in chest expansion, or >3 months of lower back pain and morning 
stiffness that is not relieved by rest but improves with exercise.58 
Moreover, biologics may be initiated only when patients have per-
sistently high disease activity (BASDAI score ≥6 and erythrocyte 
sedimentation rate [ESR] >28 mm/1 h and C-reactive protein [CRP] 
>1 mg/dL in two consecutive tests, with at least a 4-week interval 
in between tests) and fails to respond to extensive treatment with 
at least two different NSAIDs (must have received continuous 
treatment at the same clinic or institution for 3 months or more, 
and must have used each NSAID for at least 4 weeks or more, 

unless discontinuation due to toxicity or tolerance occurs; those 
with peripheral symptoms must have undergone extensive treat-
ment with at least two NSAIDs and sulfasalazine).58 Furthermore, 
all patients must present a certificate indicating they have re-
ceived exercise-related patient education (or an affidavit stating 
that they exercise regularly at home), and must sign a treatment 
consent form indicating they understand the indications, contra-
indications, and side effects of therapy.58 AS patients who receive 
reimbursed biologics need to undergo BASDAI evaluation after 
12 weeks of treatment, and must demonstrate >50% improvement 
or a decrease of at least two points to continue therapy; efficacy 
evaluations should subsequently be undertaken every 12 weeks 
for those who continue treatment.58

The endemic presence of tuberculosis12 and hepatitis B13 in 
Taiwan is a critical issue. The incidence and prevalence of tuber-
culosis in Taiwan are both considerably higher than that seen in 
the USA or Europe.12 This can pose a problem, as a recent me-
ta-analysis of 71 RCTs involving 22 760 patients with AS, rheu-
matoid arthritis, or psoriatic arthritis found that the use of TNFi 
was associated with a 20% increase in the occurrence of any in-
fection, a 40% increase in serious infections, and a 250% increase 
in tuberculosis occurrence (including both reactivation and new 
infections).60 A new generation of biologics targeting the IL-17 
pathway, such as the IL-17i secukinumab, may represent a possible 
solution. In a pooled analysis of safety data from three controlled 
trials of secukinumab in psoriatic arthritis and two trials in AS, in-
volving 1045 psoriatic arthritis patients and 620 AS patients, no 
cases of tuberculosis activation were recorded.61 A subanalysis of 
51 Taiwanese patients who participated in the ERASURE phase III 
study of secukinumab for plaque psoriasis also reported no cases 
of tuberculosis reactivation or infection, but observed that upper 
respiratory tract infection was the most common adverse event.62 
However, it should be noted that real-world safety data for secuk-
inumab remains limited. For patients scheduled to receive TNFi, 
the 2012 TRA consensus recommendations for the screening and 
management of tuberculosis patients note that patients should 
be screened for active and latent tuberculosis infections prior to 
treatment, and the possibility of false-positive screening results 
should be considered, as almost all Taiwanese have received the 
bacillus Calmette-Guerin vaccine, and rates of non-tuberculosis 
mycobacterial infection are rising in Taiwan as well.63

The burden of hepatitis B in Taiwan is also great,13 and it has 
been reported that the frequency of hepatitis B virus (HBV) car-
riers in patients with rheumatic disease (including AS, rheumatoid 
arthritis, and psoriatic arthritis) was much higher in Taiwan com-
pared to European countries, while the use of TNFi was associated 
with a 39% HBV reactivation rate in HBV carriers.64 Hepatitis B 
reactivation can occur under immunosuppressive conditions,65 
and the 2012 TRA consensus recommendations regarding the 
screening and management of hepatitis B infection in rheumatic 
patients scheduled for biologic therapy recommend screening 
for HBV using a chemiluminescent immunoassay/chemilumi-
nescent enzyme immunoassay (CLIA/CLEIA) for HBV serology 
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and a real-time polymerase chain reaction (RT-PCR) method for 
HBV-DNA in all patients slated to receive treatment with biolog-
ics or csDMARDs.66 If HBV-DNA levels are detectable, it is rec-
ommended to start antiviral therapy first until HBV-DNA levels 
are undetectable, and it is also recommended that inactive HBV 
carriers and those with resolved HBV infections should receive 
prophylactic antiviral treatment; however, due to the high cost 
of antivirals such as entecavir, prophylaxis is generally given only 
after the detection of serum HBV-DNA or HBV surface antigen 
(HBsAg) seroconversion.66 Once csDMARD/biologic treatment 
is begun, serum HBV-DNA and liver transaminase levels should 
be monitored every month for the first 3 months, and then once 
every 3 months, so that reactivation can be managed in a timely 
fashion.66,67

4  | RECOMMENDATIONS

A total of 11 consensus recommendations were formulated, and 
their LoE, GoR, and LoA have been noted (Table 1). These recom-
mendations are intended to provide guidance for axSpA treatment 
and treatment-related issues in clinical practice, and have therefore 
been designed to be as clinically relevant as possible.

4.1 | Recommendation 1

Treatment for axSpA patients should be individualized according 
to the signs and symptoms of disease, patient characteristics, and 
treatment goals.

(LoE: IV; GoR: D; LoA: 100%)
This recommendation stems from the overarching principles, 

and considering that axSpA is a disease with diverse manifestations 
(axial symptoms, peripheral symptoms, and EAM) that require multi-
ple treatment strategies, rheumatologists should expect that a high 
level of individualization will be needed in the management of axSpA 
patients, and plan accordingly for this.

4.2 | Recommendation 2

The diagnosis and monitoring of axSpA disease activity should be 
based on clinical symptoms and signs, laboratory tests, and imag-
ing, while the frequency of monitoring should be decided on an in-
dividual basis.

(LoE: IV; GoR: D; LoA: 100%)
In order to diagnose axSpA and track subsequent clinical improve-

ment or worsening, methods of disease evaluation are necessary. 
The diagnosis of axSpA is based upon the 2009 ASAS classification 
criteria,15 and factors such as new bone formation (syndesmophytes) 
can be used to evaluate prognosis. In addition, the 2009 ASAS clas-
sification criteria allows for diagnosis based on positive findings 
(eg bone marrow edema) from either X-ray or magnetic resonance 

imaging (MRI).15 X-ray imaging can reveal syndesmophytes, but since 
radiologic progression is slow,68 it is suggested that the interval be-
tween spinal X-rays should be no less than 2 years. The modified 
Stoke Ankylosing Spondylitis Spine Score (mSASSS) can be used to 
evaluate radiologic changes, but is mostly used for clinical research. 
MRI can detect early inflammation before structural damage is ra-
diographically visible, and a high degree of spinal inflammation ob-
served on MRI has been correlated with a successful response to 
TNFi.69 Moreover, signs of disease progression (inflammation, bone 
erosion, fatty change) can be visualized on MRI, and these can be 
used to support decisions on whether or not an X-ray to assess the 
presence of syndesmophytes will be needed.69 The main limitations 
of MRI are the high cost and the risk of non-reimbursement by the 
NHI, which will affect examination frequency. Generally, the fre-
quency of monitoring should be decided on an individual basis,1 in 
line with Recommendation 1 of these guidelines. However, patients 
who have active disease, are receiving biologics, or have undergone 
recent changes in treatment may need to be more frequently moni-
tored. Ultrasound may sometimes be used in axSpA patients to eval-
uate peripheral arthritis, enthesitis, and EAM, and can be used for 
monitoring in such cases; however, ultrasound is not effective for 
spinal imaging. In addition, ESR and serum CRP are two common lab-
oratory measures of disease activity, and the BASDAI or Ankylosing 
Spondylitis Disease Activity Score (ASDAS) are frequently used to 
determine disease severity. A recent cross-sectional study of 81 
axSpA patients showed a good correlation between the ASDAS and 
MRI inflammatory scores in nr-axSpA but not in AS70; however, an-
other cross-sectional study of 40 axSpA patients failed to establish 
correlation between the Spondyloarthritis Research Consortium 
of Canada (SPARCC) MRI disease activity score and ASDAS or the 
BASDAI.71 Disease function is commonly scored using the BASFI. 
The use of these scores and laboratory tests should also be deter-
mined on an individual basis, and may be used to track progress in 
patients receiving TNFi or other biologics.

4.3 | Recommendation 3

axSpA patients should be treated to the clinical target (T2T) of 
reaching either clinical remission or at least minimal disease activity 
(MDA). The MDA for axSpA has not been defined yet, but achieving 
ASDAS < 2.1 and preferably < 1.3 is recommended.

(LoE: IV; GoR: D; LoA: 78.6%)
In rheumatoid arthritis, T2T is clearly defined as either remission 

or low disease activity, but this is not the case for axSpA, which also 
lacks a definition for MDA.72 The 2017 update of recommendations 
by an international task force have stated that treatment targets for 
axSpA should include clinical remission or inactive musculoskeletal 
disease and EAM; in addition, imaging results may also be considered 
in clinical management alongside clinical and laboratory measures.2 
BASDAI < 4 with normal acute phase reactants is widely accepted 
as being indicative of low disease activity,73,74 while ASDAS < 2.1 is 
also a commonly used indicator of MDA.74 ASDAS < 1.3 (indicative 
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of inactive disease) is also gaining recognition as a treatment tar-
get.2 Based on the 2016 ASAS-EULAR recommendations,1 clinical 
remission in axSpA is considered to be when all clinical symptoms 
and signs are absent, and levels of inflammatory markers (eg ESR, 
CRP) are normal. In these guidelines, after taking into account the 
fact that ASDAS scores were found to be more responsive to clin-
ical measures such as CRP levels, MRI sacroiliac joint inflammation 
scores, and MRI total inflammation scores,75 the MDA for axSpA is 
recommended to be ASDAS < 2.1 and preferably ASDAS < 1.3. It 
should be noted that this recommendation does not override the 
need to help the patient achieve his or her desired treatment objec-
tives; indeed, it is expected that the achievement of T2T will facili-
tate this outcome. However, the guideline committee also notes that 
with no local Taiwan data available, and with the NHI reimbursement 
criteria strongly influencing clinical management, the achievement 
of even ASDAS < 2.1 may be challenging. Moreover, treatment tar-
gets for axSpA may need to be flexibly adjusted according to disease 
duration, as ASDAS appears to correlate with radiographic progres-
sion mostly during the early years of disease.70,76,77

4.4 | Recommendation 4

Patients with axSpA should be encouraged to stop smoking and 
start an individualized regular exercise program as soon as possible. 
The program should emphasize flexibility training, especially spinal 
mobility exercises, but aerobic exercise, resistance training, breath-
ing exercises, and physiotherapy are also recommended.

(LoE: IIa; GoR: B; LoA: 92.9%)
A recent study from Taiwan observed a strong association be-

tween smoking and poor disease prognosis in AS patients,78 and it 
has also been reported that axSpA patients who smoke have a re-
duced response to TNFi treatment79 and greater disease activity.80 
Therefore, all axSpA patients should be actively encouraged to stop 
smoking upon diagnosis, and smoking cessation programs may facil-
itate this. Regular exercise is recommended in axSpA patients, and 
is associated with benefits such as improved joint mobility, reduced 
disease activity, and decreased cardiovascular (CV) risk.81-83 It is im-
portant that exercise and physiotherapy programs be individualized 
so as to improve adherence and minimize the risk of injury.84,85 AS 
patients often have fragile and osteoporotic spines that can develop 
spinal fractures or dislocations from only mild trauma, and there-
fore contact sports, cervical traction, and spinal manipulation should 
be avoided. Exercise programs should include three components: 
flexibility training (especially spinal mobility exercises; may be per-
formed every day), resistance training (may be performed 2-3 days 
per week), and aerobic exercise (preferably swimming, other aquatic 
exercise, riding a stationary bicycle, or walking on a flat surface; may 
be performed 3-5 days per week or for a total of 150 minutes per 
week at moderate intensity).86 A warm-up of 5-10 minutes is rec-
ommended before exercise, as is a cool-down of about 5-10 minutes 
after exercise, and intensity levels should be increased gradually, in 
order to minimize the risk of injury.86 It is also important to avoid 

any intense strenuous exercise when there is a flare-up or acute 
inflammation.86

Postural education and exercise are important to help patients 
avoid positions that lead to prolonged stooping.86 In addition, daily 
deep breathing exercises with emphasis on full rib cage expansion 
are recommended to improve breathing patterns, as inflammation 
of the costochondral joints, costovertebral joints, or entheses can 
cause chest pain and prevent deep breathing.86 Physical modalities 
such as hot or cold packs, hot baths, hydrotherapy, electrotherapy, 
diathermy, spa therapy, and mobility exercise may also be consid-
ered, as they can help to alleviate pain and may be beneficial for 
axSpA patients who have gastrointestinal issues and are thus unable 
to use NSAIDs. These recommendations are largely in line with the 
2017 NICE guidance,3 which recommend that axSpA patients should 
be referred to a physiatrist or a physiotherapist to start a structured 
exercise program, or referred to other specialists (eg occupational 
therapist, orthotist, podiatrist, etc) when difficulties with daily ac-
tivities emerge. A 2016 evidence-based consensus statement re-
garding exercise in AS patients further recommends that exercises 
with an emphasis on improving or maintaining spinal mobility, such 
as specific proprioceptive neuromuscular facilitation techniques, are 
critical for advanced AS (known as “bamboo spine”) patients, and 
stretching, strengthening, cardiopulmonary, and functional fitness 
exercises are also important components of a balanced exercise pro-
gram for such patients.85 There is also preliminary evidence that sug-
gests modified Pilates and Tai Chi, incentive spirometry, and global 
postural re-education may be effective; a controlled trial conducted 
in 40 AS patients found that 60 minutes of Tai Chi twice weekly for 
8 weeks followed by 8 weeks of home-based Tai Chi with a Tai Chi 
video improved disease activity and flexibility over controls who had 
no structured exercise program.87

4.5 | Recommendation 5

EAM are an important part of axSpA and should be actively evalu-
ated and managed to improve patient outcomes.

(LoE: IV; GoR: D; LoA: 92.9%)
A significant proportion of axSpA patients will experience 

EAM and other comorbidities, and these can have a serious im-
pact on physical function and quality of life. Meta-analysis results 
have shown that EAM incidence is comparable in nr-axSpA and 
AS patients,18 indicating that EAM is a valid concern even in pa-
tients with relatively mild disease. Uveitis is the most common 
EAM by far, with a reported pooled prevalence rate of 21.4% in 
Asian AS patients.19 Acute anterior uveitis is the most frequent 
type associated with AS, and should be managed as an emergency 
to avoid complications; a Taiwanese study of 146 AS patients has 
also reported that acute anterior uveitis is associated with higher 
disease activity and poor functional ability.88 Generally, axSpA pa-
tients with anterior uveitis should be referred to an ophthalmolo-
gist as soon as possible, as inflammation can lead to papillary and 
lens dysfunction with blurring of vision, and glaucoma and severe 
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impairment of vision can occur in some cases if adequate treat-
ment is delayed.89,90 However, the prognosis is generally good 
following treatment with topical mydriatics, cycloplegics, and cor-
ticosteroids, and dilating drops (eg scopolamine) may be used to 
relieve pain.89,90 Most acute anterior uveitis cases resolve sponta-
neously within 3 months.90 It has been reported that sulfasalazine 
can reduce the incidence of uveitis flares91,92 and the intensity of 
new flares,92 and TNFi have been confirmed to reduce acute uve-
itis flares in AS patients as well.93-96 However, although meta-anal-
ysis93 and retrospective study94 results indicated that etanercept, 
infliximab, and adalimumab were all effective in reducing acute 
flares, it was noted that infliximab94 and adalimumab94,95 may be 
more effective, while etanercept may be no better than placebo.96 
Psoriasis is also a common EAM, with pooled prevalence reported 
to be 3.1% in Asian AS patients.19 TNFi (etanercept, infliximab, 
adalimumab) and IL-17i (secukinumab approved; ixekizumab and 
brodalumab currently under investigation) are indicated for AS 
and psoriatic arthritis and/or psoriasis in many countries89,90; how-
ever, 1.5%-5% of AS patients may experience onset or worsening 
of psoriasis following etanercept treatment,97 and a prior history 
of psoriasis was listed as one of the key risk factors for this par-
adoxical phenomenon. It has been reported that 50%-60% of AS 
patients demonstrate histological gut inflammation, and remission 
of joint inflammation consistently associates with the disappear-
ance of gut inflammation.98 Unchecked gut inflammation can de-
velop into IBD (including Crohn's disease and ulcerative colitis), 
for which the pooled prevalence in Asian AS patients has been 
reported to be 2.9%.19 For IBD patients, gut inflammation condi-
tions can be exacerbated by NSAIDs, which should therefore be 
used intermittently in low to moderate doses under close mon-
itoring in consultation with a gastroenterologist.89 csDMARDs, 
including methotrexate, azathioprine, or sulfasalazine, have been 
reported to be effective against IBD,99 and in Taiwan, several TNFi 
are indicated for the treatment of Crohn's disease (infliximab, 
adalimumab) or ulcerative colitis (infliximab, adalimumab, golim-
umab)58,90; however, etanercept100 and the IL-17i secukinumab101 
were not found to be effective in the treatment of Crohn's disease. 
A study of 11 701 Taiwanese AS patients has observed a greater 
risk of comorbidities compared to the general population,21 and 
EAM in the lung, kidney, and heart can also develop.102 EAM in 
the lung typically include interstitial lung disease, apical fibrosis, 
and bronchiectasis, but the underlying pathophysiology remains 
unclear. It has been reported that up to 52% of AS patients demon-
strate some type of lung involvement on high-resolution com-
puted tomography (CT) scan.103 Considering that many patients 
may have pathological lung changes that will not be discovered 
unless CT or biopsy tests are conducted, it is suggested that cli-
nicians can be more proactive and conduct these tests to assess 
the presence and severity of lung EAM in axSpA patients when 
necessary. Although the prevalence of kidney EAM in AS patients 
is low, many patients (10%-35%) will have renal comorbidities such 
as amyloidosis and IgA-associated nephropathy,21,90,104 which 
can significantly increase mortality risk. Evidence pertaining to 

treatment is limited to a report describing possible benefit for am-
yloidosis with long-term (>1 year) etanercept treatment.105 It has 
been reported that 10%-30% of AS patients have heart patholo-
gies (encompassing EAM and comorbidities), and the inflammatory 
environment of axSpA is known to increase CV risk in patients; 
this is a key cause of mortality.106,107 TNFi may help to reduce 
inflammation and CV risk, but no direct evidence is available to 
date. It should be noted that NSAIDs can exacerbate CV risk both 
during treatment and within the immediate weeks after treatment 
cessation,108 and decisions related to continuous or on-demand 
NSAIDs should be taken with this issue in mind. Further informa-
tion regarding NSAIDs is available in the statement accompanying 
Recommendation 6.

4.6 | Recommendation 6

NSAIDs are the first-line treatment to ensure symptom control for 
symptomatic axSpA, and it is recommended to use an optimal dose 
to minimize complications. Ongoing monitoring of renal function, 
as well as gastrointestinal and cardiovascular side effects, should 
be determined on an individual basis. Analgesics may be considered 
to treat residual pain.

(LoE: Ia; GoR: A; LoA: 92.9%)
Nonsteroidal anti-inflammatory drugs remain the first-line treat-

ment for symptomatic axSpA patients, and it is recommended to use 
an optimal dose to ensure symptom control and minimize complica-
tions. Renal function may need to be monitored in patients receiv-
ing NSAIDs, to be determined on an individual basis. The potential 
to increase gastrointestinal toxicity and CV risk are the two most 
commonly cited issues with NSAID use. Several RCTs have shown 
that COX-2 inhibitors have reduced gastrointestinal toxicity as com-
pared to traditional NSAIDs.109 Moreover, in patients taking cele-
coxib 400 mg/d for 6 months, gastric ulcer risk was reduced by more 
than 70% with the addition of a proton-pump inhibitor.110 Therefore, 
when selecting NSAIDs in patients with gastrointestinal risk factors, 
COX-2 inhibitors are preferred, and the use of gastro-protective 
treatment should be considered.

Regarding CV risk, a long-term placebo-controlled trial of 
celecoxib 400 and 800 mg/d (a dose not used in rheumatology 
practice) for the prevention of colonic adenomas demonstrated 
increased risk of CV events with treatment.111 By contrast, ce-
lecoxib at 400 mg/d did not increase CV risk in two other long-
term placebo-controlled trials, for the prevention of adenomatous 
polyps112 and Alzheimer's disease.113 In addition to these reports, 
two large meta-analyses comparing NSAIDs with placebo treat-
ment revealed that COX-2 inhibitors, diclofenac, and ibuprofen 
all increased major vascular events to varying degrees, while 
only naproxen did not increase either major vascular events or 
mortality.114,115 It should be noted that, compared to patients 
with autoimmune diseases, the patients recruited in the above 
trials did not have diseases with persistent inflammation. Given 
that chronic inflammation is recognized as a CV risk factor, the 
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anti-inflammatory effect of NSAIDs may reduce the CV risk of 
autoimmune diseases, and such an effect might counterbalance 
the increased CV risk from NSAID treatment in arthritis patients. 
Several trials have been performed in patients with rheumatoid 
arthritis or osteoarthritis, but the immunomodulatory effects of 
csDMARDs cannot be excluded from the study results. In the 
CLASS (Celecoxib Long-Term Arthritis Safety Study) trial, ce-
lecoxib 800 mg/d did not carry greater CV risk than diclofenac 
150 mg/d or ibuprofen 2400 mg/d.116 Recently, the Prospective 
Randomized Evaluation of Celecoxib Integrated Safety vs 
Ibuprofen or Naproxen (PRECISION) trial, which was conducted to 
assess the cardiovascular risk of celecoxib 200 mg/d as compared 
with traditional NSAIDs (ibuprofen 1800 mg/d and naproxen 
750 mg/d) in patients with rheumatoid arthritis or osteoarthri-
tis, found celecoxib to be non-inferior to ibuprofen or naproxen 
with regard to CV safety, and naproxen did not demonstrate su-
perior CV outcomes over celecoxib or ibuprofen.117 A sub-study 
of the PRECISION trial further found that a lower percentage of 
celecoxib users developed hypertension compared to ibuprofen 
or naproxen users.118 Moreover, in a recent case-control study 
of 421 AS patients with CV disease (CVD) and 842 sex- and age-
matched controls collated from the Taiwan NHI claims database 
for the period spanning 1997-2008, it was found that although 
AS patients are at increased risk of CVD, frequent COX-2 inhib-
itor users had a 10-fold lower CVD risk at 24 months compared 
to non-users.119 Another recent 10-year population-based retro-
spective cohort study encompassing a total of 1208 AS patients 
and 19 328 non-AS patients sampled from the Taiwan NHI claims 
database similarly found that high cumulative defined daily doses 
of celecoxib had significant protective effects against CVD in AS 
and control patients.120 Regarding non-frequent NSAIDs users, al-
though short-term exposure to NSAIDs did carry higher CVD risk, 
this risk disappeared after 12 months, suggesting that long-term 
NSAID use may alleviate CV risk in AS patients. This result was 
mirrored by two other studies,121,122 which showed that lack of 
exposure to NSAIDs was a risk factor for vascular mortality in AS 
patients. Considering that individual CVD risk is influenced by a 
number of factors, including age and pre-existing CV risk, the use 
of NSAIDs should be tailored on a case-by-case basis.

Regarding long-term NSAID use in AS patients, the key question 
is whether treatment carries increased risk, and the risks and benefits 
of continuous or on-demand NSAIDs should be critically evaluated. A 
2-year randomized controlled trial comparing continuous and on-de-
mand NSAID treatment found that continuous celecoxib use reduced 
radiographic progression in AS patients.123 Similar results were ob-
served in a retrospective analysis of the German Spondyloarthritis 
Inception Cohort, which compared high and low NSAID intake over 
2 years.124 Patients with elevated CRP or high disease activity ap-
pear to benefit more from continuous NSAID use124,125; however, 
this was challenged in a recently published randomized controlled 
trial, which found that continuous use of diclofenac over 2 years 
did not reduce radiographic progression in AS patients compared 
to on-demand diclofenac, even when subgroup analysis of patients 

identified as being more susceptible to radiographic progression (ie 
patients with elevated CRP, baseline syndesmophytes, or smokers) 
was conducted.126 Further research will be needed to confirm that 
continuous NSAID use can delay radiographic progression in AS, and 
the type of NSAIDs used may affect outcomes as well. Therefore, it 
is recommended that continuous use of NSAIDs should be guided by 
patient symptoms and objective measures of inflammation, rather 
than by the treatment goal of preventing structural progression.1 
The risks and benefits of NSAIDs should be continuously evaluated 
throughout treatment, and if symptoms recur after stopping or re-
ducing the dose of an NSAID, continuous use is advised.1 It should 
be noted that NSAIDs are not primarily prescribed for the alleviation 
of pain, but for the control of inflammation; any residual pain can 
be managed through conventional analgesics. Although formal ev-
idence that analgesics are efficacious in axSpA is lacking, the 2016 
ASAS-EULAR guidelines recommend that analgesics, such as parac-
etamol and opioid-like drugs, might be considered for residual pain 
after previously recommended treatments have failed, are contrain-
dicated, or are poorly tolerated.1

4.7 | Recommendation 7

Local injections of glucocorticoids to sites of inflammation and 
short-term systemic glucocorticoids may be beneficial, but long-
term treatment with systemic glucocorticoids should be avoided.

(LoE: IIa; GoR: B; LoA: 85.7%)
Long-term treatment with systemic glucocorticoids is not rec-

ommended in the treatment of axSpA patients; however, a recent 
study has found that the short-term use of high-dose (50 mg/d) oral 
prednisolone in active AS patients was more effective in achieving 
50% of BASDAI improvement after 2 weeks of treatment, compared 
to a 20 mg/d dose or placebo.127 This suggests that a daily dose of 
50 mg oral prednisolone could be considered as a short-term bridg-
ing solution or flare treatment. The local use of image-guided gluco-
corticoid injections at sites of musculoskeletal inflammation is still 
recommended128,129; however, uncontrolled overuse of local injec-
tions should be avoided.

4.8 | Recommendation 8

Although csDMARD monotherapy is not recommended for axSpA, 
it can be effective against peripheral arthritis and EAM; co-admin-
istration of csDMARDs with biologics may be beneficial in axSpA, 
but further evidence is needed to confirm this.

(LoE: IIa; GoR: B; LoA: 85.7%)
Evidence for the use of csDMARD monotherapy in the treatment 

of axSpA remains inconclusive, and controlled studies involving sul-
fasalazine,130-133 mesalazine,134-136 methotrexate,131,137 or leflun-
omide138,139 in AS or axSpA patients failed to consistently observe 
significant improvement in BASDAI, BASFI, or other measures of dis-
ease activity. Therefore, csDMARD monotherapy is not recommended 
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for the treatment of axSpA per se.1,130-132,137,140 However, sulfasala-
zine,140,141 and leflunomide138 may be beneficial against peripheral 
arthritis, and csDMARDs have shown efficacy in the treatment of 
EAM; for example, it has been reported that sulfasalazine can reduce 
the incidence of uveitis flares91,92 and the intensity of new flares,92 
and methotrexate, azathioprine, and sulfasalazine have been reported 
to be effective against IBD.99 High cumulative defined daily doses of 
sulfasalazine have also been shown to significantly reduce CV risk in 
a large Taiwanese retrospective cohort study.120 Interestingly, recent 
studies have shown that methotrexate may play a role in reducing im-
munogenicity and anti-drug antibody formation when administered 
concomitantly with TNFi (adalimumab,142,143 infliximab143). A recent 
cohort study of 1365 AS patients and 1155 undifferentiated spondy-
loarthritis patients further found that patients who used csDMARDs 
concomitantly with TNFi (adalimumab, etanercept, or infliximab) had 
better 5-year retention for their first TNFi.144 These results point to 
possible benefit with co-administration of csDMARDs during TNFi 
treatment, but further evidence will be needed to confirm this.145

4.9 | Recommendation 9

In the event of treatment failure with conventional therapy, after 
evaluating other causes, biologic therapy should be considered for 
axSpA.

(LoE: Ia; GoR: A; LoA: 92.9%)
In the event of treatment failure with conventional therapy, 

other causes should be evaluated and addressed first, including but 
not limited to osteoporosis, spinal fractures, malignancy, fibromyal-
gia, tuberculosis, or tuberculosis spine. It should be noted that the 
risk of osteoporosis and spinal fractures in axSpA patients is signif-
icant even in the early stages of disease20; however, osteoporosis 
is generally asymptomatic until fractures develop, and for axSpA 
patients with unknown persistent back pain other than that known 
to be associated with inflammation, the possibility of spinal fracture 
should be considered and assessed. The prevalence of spinal frac-
tures in AS has been reported to be 10%-40%, with a significantly 
increased risk of fracture as compared to the general population20; 
moreover, following spinal fracture, patients with AS are 11 times 
more likely to sustain a spinal cord injury than the general popula-
tion.146 Despite this risk, epidemiology reports suggest that more 
than half of axSpA patients have never undergone any kind of bone 
densitometry test,147 while in those tested, more than half are regu-
larly found to have low bone mineral density.148 Considering that bi-
cycles and motorcycles are often used for transportation in Taiwan, 
the risk of osteoporosis and spinal fracture needs to be addressed as 
early as possible in axSpA patients, to prevent complications or even 
permanent disability arising as the result of an accident or fall while 
riding a bicycle or motorcycle.

Once other causes have been evaluated and excluded, biologic 
therapy may be considered. There are currently two main classes of 
biologics available for the treatment of axSpA (AS): TNFi (including 
etanercept, infliximab, adalimumab, certolizumab, and golimumab) 

and IL-17i (secukinumab approved; ixekizumab and brodalumab cur-
rently under investigation). In Taiwan, the NHI currently covers adalim-
umab, etanercept, golimumab, and secukinumab for the treatment of 
AS.58 The European Medicines Agency has approved the use of TNFi 
for the treatment of nr-axSpA patients, but the US Food and Drug 
Administration has not approved any therapeutic indications for axSpA 
or nr-axSpA as yet, citing difficulties in defining the disease and mon-
itoring treatment efficacy. Although the availability of biologics may 
vary between countries, in the event that both classes are available, 
the choice of biologic should be made according to disease severity, 
EAM, comorbidities, and other characteristics of individual patients.1 
In current practice, biologics are usually initiated with TNFi treatment, 
but there may be instances for which IL-17i might be a better starting 
biologic: for example, tuberculosis or HBV reactivation following TNFi 
treatment is a major concern, and the IL-17i secukinumab appears to 
have lower risk of tuberculosis reactivation,61,62 although long-term 
real-world safety data will be needed to confirm this.

4.10 | Recommendation 10

Intra- or inter-class switching between biologics or small molecule 
therapies may be considered for patients with inadequate response 
or who become intolerant to therapy.

(LoE: Ia; GoR: A; LoA: 92.9%)
Previously, only one class (TNFi) of biologics was available for 

the treatment of axSpA, but with the advent of IL-17i and other 
agents targeting the IL-23/IL-17 axis,149 intra- or inter-class switch-
ing between biologic agents is now possible for patients who have 
inadequate response or become intolerant to therapy. A recently 
published systematic review of 134 studies found that the main 
reasons that induced switching from initial TNFi therapy included 
lack of efficacy (14%-68%; primary failure), adverse events/poor tol-
erability (13%-57%; primary failure), and loss of efficacy (13%-61%; 
secondary failure).150 For cases of primary failure characterized by 
lack of response, it may be worthwhile to re-consider the diagnosis, 
as the ASAS-EULAR guideline task force has stated that true pri-
mary failure is rare in axSpA patients with active disease1; however, 
patients with true primary failure or intolerance/toxicity to TNFi 
may benefit from switching to IL-17i.1 For patients with secondary 
failure characterized by loss of response, intra-class switching can 
extend efficacy, but it should be noted that drug survival rates are 
generally lower for the second (47%-72%) and third (49%) TNFi at 
2 years.150,151 In patients who lose response to TNFi, switching to an 
IL-17i can be beneficial, but overall efficacy may be less than in TNF-
naïve patients.152 Switching for primary failure may be conducted 
after the patient has initiated one class of therapy and found to be 
unresponsive or intolerant within 3-6 months, while switching for 
secondary failure may be conducted if regular monitoring shows 
that response to treatment has decreased, or if anti-drug antibodies 
emerge.1,150 As small molecule therapies emerge in the near future, 
it may be possible to consider switching to such therapies in the ad-
vent of treatment failure with biologics.
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A recent study of 42 axSpA patients who underwent dose reduc-
tion of TNFi for 1 year found that 76.2% remained in remission or low 
disease activity at the end of the study, with shorter duration of remis-
sion before dose reduction, shorter duration of treatment with biolog-
ics, and shorter disease duration found to be risk factors for relapse.153 
Tapering or dose reduction of etanercept has been conducted success-
fully in AS patients with >6 months of stable disease, with acceptable 
efficacy in cases that needed to restart a full dose of treatment154,155; 
however, in stable patients who completely discontinued etaner-
cept156 or adalimumab,157 a greater percentage experienced disease 
flares as compared to controls. These results indicate that dose reduc-
tion may be carried out successfully in long-term stable patients,158 
but evidence for the specific timing of dose reduction and the effect 
of restoring full doses in relapsed patients remains limited for now.

4.11 | Recommendation 11

In patients with refractory pain or disability and radiographically 
visible structural damage of the hip joint, hip arthroplasty should 
be considered, while corrective osteotomy may be considered for 
patients with disabling spinal deformity.

(LoE: III; GoR: C; LoA: 100%)
A study of three real-world datasets involving 2718 AS patients 

found that 24%-36% of patients presented with clinically significant 
hip involvement, and 5% of all pooled patients required hip surgery.159 
Patients who demonstrate radiographic structural damage and ac-
companying symptoms should be considered for hip arthroplasty 
regardless of age, and cementless prostheses are preferred in young 
patients.1 Corrective osteostomy is highly specialized and should be 
undertaken in consultation with a spinal surgeon for patients with se-
vere and disabling spinal deformities. Two recent retrospective studies 
respectively involving 13160 and 12161 AS patients found that kyphosis 
correction and alleviation of back pain could be achieved by osteot-
omy through the pathological fracture gap or same-level transpseu-
darthrosis osteotomy with surgical repair via interbody fusion by a 
single posterior approach, indicating that these approaches are feasi-
ble and potentially effective.

5  | DISCUSSION

These guidelines have endeavored to include the latest evidence 
concerning the management of axSpA, and have also incorporated 

F I G U R E  1   Management algorithm for axSpA
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issues of local relevance to clinicians in Taiwan. A clinical algo-
rithm covering key aspects of axSpA management is provided in 
Figure 1 for easy reference. It should be noted that the Overarching 
Principles and Recommendations should be read with the accompa-
nying statements to derive the best picture of current evidence, and 
the listed references may need to be consulted when more infor-
mation is needed. Although significant challenges still remain with 
the recognition of axSpA as a category of disease that can be used 
in drug indications and reimbursement criteria, initiatives aimed at 
increasing clinician acceptance, promoting related research, and 
advising healthcare policymakers will be undertaken in the near 
future. These guidelines will continue to be updated in the event 
of new evidence or the approval of new treatments for axSpA, and 
feedback will be actively solicited from rheumatologists, clinicians 
of other disciplines, other healthcare professionals (including phar-
macists, physical therapists, and nurses), professional societies, pa-
tient groups, healthcare institutions, regulatory authorities, health 
insurance providers, and the pharmaceutical industry, in order to 
ensure that these recommendations remain up-to-date and relevant 
for clinical practice.
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Abstract
Objective: Axial spondyloarthritis (axSpA) is a chronic inflammatory disease bear-
ing challenges in early diagnosis. To improve clinical diagnosis and management of 
axSpA, recommendations were developed with current axSpA classification criteria 
and recent advances in medical imaging applications.
Methods: A systematic literature review was conducted by 10 rheumatologists and 
radiologists in Taiwan to retrieve research evidence on the utilization of imaging mo-
dalities, including conventional radiography (CR), magnetic resonance imaging (MRI), 
computed tomography (CT), ultrasound (US), quantitative sacroiliac scintigraphy 
(QSS), and dual-energy X-ray absorptiometry (DXA). The panel of experts proposed 
six key issues on the role of imaging in early diagnosis of axSpA, monitoring of disease 
activity and structural changes, predicting treatment effects, and assessing compli-
cations such as osteoporosis and spinal fracture. The consensus was established on 
the basis of research evidence, clinical experiences and expert opinions. For each 
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1  | INTRODUC TION

Axial spondyloarthritis (axSpA) is a chronic inflammatory rheu-
matic disease that mainly affects the axial skeleton, including the 
sacroiliac joint (SIJ) and spine, with chronic back pain in late ad-
olescence or early adulthood.1-3 The majority of axSpA patients 
suffer from inflammatory back pain (IBP), while some patients may 
only experience increased stiffness of their back.4 As for patients 
with peripheral spondyloarthritis (SpA), symptoms such as arthri-
tis, enthesitis, and dactylitis occur in the peripheral joints. AxSpA 
can be further classified into non-radiographic axSpA (nr-axSpA) 
and the radiographic established stage of ankylosing spondylitis 
(AS). Although the pathogenic progression from nr-axSpA to clas-
sic axSpA remains incompletely understood, the most prominent 
clinical features of axSpA cover the inflammatory axial manifesta-
tions (e.g. sacroiliitis, spondylitis, aseptic spondylodiscitis) as well 
as new bone formation, such as syndesmophytes and ankylosis.5 
Nevertheless, patients may express typical inflammatory symp-
toms in the early disease phase, but structural changes may only be 
radiologically evident after years of onset.6,7 To improve the treat-
ment outcome, an early and reliable diagnosis of axSpA should be 
developed with current classification criteria and recent advances 
in imaging techniques for this disease.

Current standard criteria for AS diagnosis are mainly based 
on the modified New York (mNY) criteria for the classification of 
AS.8 According to the criteria, a patient can be classified with AS 
when the radiographic sacroiliitis and at least one clinical crite-
rion are met. Clinical criteria are characterized by IBP, limited spi-
nal mobility, and restricted chest expansion. However, the mNY 
criteria should not be used for recognition of early axSpA pa-
tients, as these criteria are not sensitive enough for early inflam-
matory disease symptoms. The Assessment of SpondyloArthritis 

international Society (ASAS) has established new classification 
criteria for axSpA and peripheral SpA, which have covered the 
entire spectrum of typical SpA features, such as clinical mani-
festations, family history, imaging, and laboratory analyses.1 The 
axSpA criteria consist of two arms: the “imaging arm” and the 
“clinical arm”, and can be applied to patients with chronic back 
pain that has onset before the age of 45 years and persists for 
≥3 months. Human leukocyte antigen (HLA)-B27 positivity was 
incorporated into clinical features for axSpA validation. On the 
other hand, application of imaging modalities has played a critical 
part in the diagnosis and disease management of axSpA, such as 
conventional radiography (CR, X-ray), computed tomography (CT), 
and magnetic resonance imaging (MRI). To differentiate nr-axSpA 
from axSpA, MRI was applied to nr-axSpA patients for detecting 
early inflammatory changes of axSpA, particularly bone marrow 
edema (BME), without evident radiographic features.9 Notably, 
CT is commonly used in many countries, such as Taiwan and other 
developing countries in the Asia-Pacific region, especially when 
the accessibility of MRI is restricted.10,11 According to modified 
Berlin diagnostic algorithms in 2013 and 2016, it was generally 
accepted that CR is utilized to confirm AS and MRI can be used to 
support the recognition of axSpA in an early phase; however, the 
relevance of CT to assist the diagnosis of axSpA remains ignored 
and requires further clarification.12,13

To meet regional clinical need and patient demand, the rec-
ommendations were developed with an evidence-based approach 
for the diagnosis and management of axSpA in Taiwan on the use 
of imaging modalities. While the majority of axSpA studies were 
conducted in Western countries, it has been shown that the clini-
cal features of patients with axSpA are similar between Taiwanese 
and other ethnic groups, and approximately one-third of pa-
tients with IBP fulfill ASAS criteria for nr-axSpA in the emerging 

recommendation statement, the level of evidence was evaluated, the strength of rec-
ommendation was graded and the final level of agreement was determined through 
voting.
Results: In total, four overarching principles and 13 recommendations were formu-
lated. These recommendations outlined different imaging approaches in the diagnosis 
and management of axSpA disease progression. Considering CT is easy to perform 
when MRI is less available in Taiwan, the expert panel proposed a concise and practi-
cal diagnostic scheme to strengthen the valuable role of MRI and CT in the diagnostic 
evaluation of axSpA without evident radiographic features.
Conclusion: These modified recommendations provide guidance for rheumatologists, 
radiologists and healthcare professionals on timely diagnosis of axSpA and disease 
management with appropriate imaging modalities.

K E Y W O R D S

ankylosing spondylitis, axial spondylarthritis, magnetic resonance imaging, radiography
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countries of Asia.7,14,15 With the considerations of local clinical 
resources that MRI is less available and CT is commonly used, the 
aims of consensus development are focused on the applications of 

imaging modalities in the early diagnosis of axSpA, disease moni-
toring, treatment prognosis, complication assessment and differ-
ential diagnosis.

TA B L E  1   Clinical practice recommendations for the use of imaging in the diagnosis and management of spondyloarthritis

Recommendation Tentative statement LOEa GORb LOAc

Recommendation 1. Diagnosis of axSpA

1.1 CR applications CR of the SIJ and the lumbar spine (to T10) is recommended for the diagnosis of AS 
or other axSpA in patients with inflammatory low back pain

III B 9.50 ± 0.53

1.2 MRI applications If CR is negative and nr-axSpA is suspected, MRI is strongly recommended for as-
sessing whether the active inflammation (mainly BME) and structural changes are 
present. The recommended protocol includes oblique-coronal scan of SIJ view, 
with combined T1W and STIR sequences

II B 9.60 ± 0.70

1.3 CT applications If MRI is not available, CT scan can be performed to detect the erosions or structural 
abnormalities of SIJ

II B 9.20 ± 0.92

1.4 US applications US is recommended for peripheral SpA evaluation, but is not recommended for 
axSpA

II B 8.90 ± 0.74

1.5 QSS applications Scintigraphy without the combination of CT is not recommended for the diagnosis 
of axSpA

II B 9.00 ± 0.94

Recommendation 2. Monitoring disease activity in axSpA

 Monitoring axSpA disease progression should be based on patient-reported out-
comes, clinical assessments, and laboratory findings. MRI, with STIR sequence, can 
be an alternative technique to detect the inflammatory disorders in SIJ and spine 
(optional) in addition to clinical assessments

II B 9.00 ± 0.94

Recommendation 3. Monitoring structural changes in axSpA

3.1 CR application CR of the spine is suggested for long-term monitoring of structural changes. Spinal 
monitoring can be performed by CR at the symptomatic segment. Structural 
changes in nr-axSpA are recommended to monitor by CR in the SIJ. Monitoring 
frequency should be no more than once every 2 y, depending on the individual 
condition

II B 8.90 ± 0.74

3.2 CT and MRI 
application

MRI or CT may have additional benefit for the assessment of thoracic spine lesions, 
such as syndesmophytes, and early detection of SIJ damages

II B 8.70 ± 1.16

Recommendation 4. Predicting treatment effect in axSpA

 MRI inflammatory activity (i.e. BME) may be considered as a reference to predict the 
response of biologic agent treatment for axSpA, in addition to clinical examinations

I B 8.90 ± 0.99

Recommendation 5. Osteoporosis

5.1 In axSpA 
patients with 
syndesmophytes

In axSpA patients with syndesmophytes in the lumbar spine on CR, recommended 
osteoporosis assessments are DXA of bilateral hip joints and QCT of the spine. AP 
DXA of the spine is not recommended

III B 9.40 ± 0.84

5.2 In axSpA 
patients without 
syndesmophytes

In axSpA patients without syndesmophytes in the lumbar spine on CR, recom-
mended osteoporosis assessments are DXA of bilateral hips and AP spine

III B 9.30 ± 0.67

Recommendation 6. Spinal fracture

6.1 CR applications CR is the initial imaging method recommended for suspected VFs in axSpA III A 9.70 ± 0.48

6.2 MRI and CT 
applications

If CR is negative, and VFs are still suspected, additional MRI or CT of the spine 
should be performed

IV A 8.90 ± 0.99

Abbreviations: AP, anteroposterior; AS, ankylosing spondylitis; axSpA, axial spondyloarthritis; BME, bone marrow edema; CR, conventional 
radiography; CT, computed tomography; DXA, dual-energy X-ray absorptiometry; MRI, magnetic resonance imaging; nr-axSpA, non-radiographic 
axSpA; QCT, quantitative computed tomography; SIJ, sacroiliac joint; STIR, short tau inversion recovery sequence; T1W, T1-weighted; VF, vertebral 
fracture.
aLevel of evidence (LOE); I, evidence from randomized controlled trials; II, evidence from controlled study without randomization; III, evidence 
from non-experimental descriptive studies, such as comparative studies, correlation studies, and case-control studies; IV, evidence from expert 
committees opinions or clinical experience of respected authorities, or both. 
bGrade of evidence (GOR); A, consistent level I studies; B, consistent level II or III studies or extrapolations from level I studies; C, level IV studies or 
extrapolations from level II or III studies; D, level V evidence or troublingly inconsistent or inconclusive studies of any level. 
cLevel of agreement (LOA); numerical rating scale (1-10) with 1, ‘do not agree at all’; 10, ‘fully agree’. 
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2  | METHODS

The expert panel consists of 10 rheumatologists and radiologists in 
Taiwan with expertise in axSpA. Three consensus meetings were 
consecutively held in July, October of 2017 and January of 2018 
for literature reviews, evidence quality assessments, and statement 
formulations, which were coordinated by The Taiwan Rheumatology 
Association and The Radiological Society Republic of China. Current 
clinical unmet needs for axSpA were proposed to cover the broad 
perspectives of disease diagnosis and management by means of 
medical imaging technologies. Main topics included diagnosis of early 
axSpA, disease monitoring for inflammatory and structural damages, 
treatment prognosis, and detection of suspected spinal fracture and 
osteoporosis.

Systematic literature searches were performed to include stud-
ies addressing adult patients (≥18 years) with suspected or estab-
lished AS, covering the use of imaging modalities: CR, MRI, CT, 
ultrasound (US), quantitative sacroiliac scintigraphy (QSS), and du-
al-energy X-ray absorptiometry (DXA). Non-human studies, review 
articles, non-English studies were excluded. Recent studies (pub-
lished from January 2013 to December 2017) were selected from 
the PubMed database and Google Scholar search engine for detailed 
analysis. Relevant clinical evidence described in the 2014 European 
League Against Rheumatism (EULAR) recommendations for the di-
agnosis of axSpA,16 the 2014 European Society of Musculoskeletal 
Radiology (ESSR) consensus9 and the Australian and New Zealand 
consensus statements17 also had been taken into consideration. 
The recommendations (Table 1) were generated with systematic lit-
erature reviews during three expert consensus meetings, using the 
GRADE approach.18 Level of evidence (LOE) for each literature was 
determined by the Oxford Levels of Evidence, which evaluate the 
literature hierarchy based on the type of research.19 Next, grading 
for the strength of each recommendation was determined according 
to the inclusion literature and expert opinions.19 The final level of 
agreement (LOA) for each recommendation statement was rated by 
the experts during the meeting on a score scale from 1 (not recom-
mended) to 10 (fully recommended). The scores reflect the quality of 
evidence and the importance of clinical feasibility.

3  | OVER ARCHING PRINCIPLES

1. Imaging plays an integral role in the diagnosis and management 
of patients with axSpA. Imaging may be used for multiple 
reasons that include confirming the diagnosis, monitoring 
disease activity or structural damage, providing prognostic 
information, selecting patients for specific therapies, and 
evaluating osteoporosis and spinal fracture.

2. The appropriateness and feasibility of different imaging modali-
ties might depend on different contexts.

3. Adequate communication to reconcile rheumatologists and 
experienced radiologists should be established, including the 

appropriate selection of image modalities or protocols, consent in 
the evaluation system, and ensuring the familiarity with the imag-
ing features of axSpA and its differential diagnosis.

4. Since axSpA incurs high individual, medical and societal costs, the 
decision-making on when to perform or repeat high-cost imaging 
(such as MRI) for providing useful information in clinical diagnosis 
or management of axSpA should take cost and effectiveness into 
consideration.

4  | RECOMMENDATIONS

4.1 | Recommendation 1. Diagnosis of axSpA

4.1.1 | CR applications

CR of the SIJ and the lumbar spine (to T10) is recommended for the 
diagnosis of AS or other axSpA in patients with inflammatory low 
back pain
CR detects chronic bone changes in the SIJ and spine, such as 
erosions and new bone formation.20 Development of axSpA usu-
ally begins in the SIJ, and the presence of chronic changes of the 
spine is rare on its own, especially syndesmophytes. X-ray imaging 
is therefore commonly used for the diagnosis of AS through the as-
sessment of structural changes in the SIJ. The current ASAS rec-
ommendations for radiographic axSpA diagnosis protocols include 
the anteroposterior (AP) pelvic X-ray or the Ferguson method for 
assessments of the hip joint and SIJ, covering the most frequent 
SpA occurrence sites,20 as well as lateral view of the whole spine, 
acquiring cervical and lumbar spine full visualization. Both diagnos-
tic methods can be employed in accessing sacroiliitis. Given that im-
aging access of the SIJ can be challenging due to its irregular shape, 
AP pelvis radiographs has been argued for interpretation difficulty 
and inconsistency.21 Instead, Ferguson method is a modified AP 
pelvic X-ray to produce a clearer accessed view of the SIJ, which is 
recommended by Taiwan's experts when reading conventional ra-
diographs is difficult.

Spinal damage assessment should be performed through X-ray 
from the lateral views of the cervical and lumbar spine, scoring by the 
modified Stoke Ankylosing Spondylitis Spinal Score (mSASSS).20,22 
Alternatively, based on local clinical experiences, experts in Taiwan 
suggested KUB (kidney, ureter, and bladder) X-ray can be performed 
to cover complete visualizations of the spine, hip joint, and SIJ, but 
axSpA diagnostic specificity is lower than the pelvic X-ray at the hip 
joint and SIJ.

In general, CR detects structural changes of the bone, such as 
squaring, erosion of vertebral body, and new bone formation (syn-
desmophytes) or bamboo spine, which are the consequences of in-
flammation usually found in the later stages of AS.20,23 Conventional 
radiography has a low sensitivity and inconsistency in inflammatory 
identification.21,24-26 Therefore, technical limitation remains in iden-
tifying early disease stage, or low-grade sacroiliitis, and CR alone 
may be inadequate for early axSpA diagnosis.27
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4.1.2 | MRI applications

If CR is negative and nr-axSpA is suspected, MRI is strongly 
recommended for assessing whether the active inflammation 
(mainly BME) and structural changes are present. The 
recommended protocol includes oblique-coronal scan of SIJ view, 
with combined T1-weighted (TIW) and short tau inversion recovery 
(STIR) sequences
In subjects with IBP and clinically suspicious nr-axSpA (by 2009 ASAS 
new classification criteria),1 clinical diagnosis using MRI is strongly 
recommended. The advent of MRI technique has been shown to 
discriminate early axSpA-associated IBP from non-specific chronic 
back pain through the detection of pathological SIJ changes, particu-
larly active inflammation depicted by BME, before the appearance 
of radiographic structural damages.16,28-32 The diagnostic utility of 
MRI for patients with IBP or axSpA signs/symptoms has demon-
strated varying sensitivity and higher specificity in various studies. 
In general, MRI demonstrated a superior and consistent sensitivity 
in detecting sacroiliitis than CR.25,30,33 Besides active inflammation 
lesions (including BME, synovitis, capsulitis, and enthesitis), MRI 
enables the detection of structural damage lesions (including ero-
sion, fat infiltration, sclerosis, and bony bridges/ankylosis).30 Recent 
studies suggested the diagnostic utility of MRI can be improved with 
the integration of assessing structural damage lesions in SIJ.31,33-36 
Moreover, the inclusion of SIJ erosions on MRI can further increase 
AS diagnostic sensitivity without compromising specificity.31,37

According to the updated ASAS definition of active sacroiliitis on 
MRI for classification of axSpA, a positive MRI relies on the detec-
tion of BME presence in subchondral bone that is associated with 
typical structural changes (i.e. erosion, fat metaplasia and sclerosis) 
due to spondyloarthritis.38 The standard imaging planes for SIJ are 
oblique axial and coronal planes.17,39 Active inflammatory changes 
like BME should be visualized by STIR sequence or T2-weighted 
fat-suppressed (T2W FS) sequence, which depicts water with high 
sensitivity. Contrast enhancement with gadolinium (Gd; namely Gd-
labeled diethylenetriamine-pentaacetic acid [Gd-DTPA]) on T1W 
with fat suppression sequences (i.e. T1W FS post-Gd), can also be 
utilized to detect bone marrow abnormalities in SIJ and spine, al-
though contrast injection may not be necessary.40,41 However, it 
should be noted that BME may occur temporally or involve other 
diseases. For other active inflammatory lesions in SIJ, synovitis 
should be detected by T1W post-Gd, and capsulitis and enthesitis 
may also be better detected on contrast-enhanced T1W FS im-
ages.39 In addition, the evaluation of structural features, especially 
erosions, through T1W sequence should be used as a supplementary 
approach to facilitate the early diagnosis of axSpA.23

Spine MRI is not recommended in the standard diagnosis pro-
tocol, but may be performed as a supplementary tool for diagnosis 
of axSpA, as inflammatory lesions in the spine may also occur.1,42,43 
Moreover, inflammatory and structural lesions shown on spine MRI 
may increase the diagnostic specificity.44,45 Sagittal plane should be 
used for imaging of the spine.17,39 However, the proportion of spinal 

inflammation in patients suspected of early axSpA with chronic 
back pain or without sacroiliitis was found quite low according to 
the DESIR and SPACE cohorts.46,47 Thus, little incremental value of 
spine MRI was added to SIJ MRI in the early axSpA diagnosis, com-
pared to SIJ MRI alone.48,49

4.1.3 | CT applications

If MRI is not available, CT scan can be performed to detect the 
erosions or structural abnormalities of SIJ
CT scan allows 3-dimensional reconstructed images of the SIJ space 
and the vertebral column, providing higher sensitivity than CR in vis-
ualizing early sacroiliac abnormalities and joint space narrowing.50,51 
Computed tomography (low-dose CT if available) can be performed 
to facilitate the diagnosis of AS in patients with suspected axSpA 
when CR is negative and access to MRI is limited.52,53 The struc-
tural abnormalities of SIJ detected on CT may include subchondral 
sclerosis, erosions, and ankylosis. Bony erosions appear to be the 
most reliable indicator of sacroiliitis on CT scans, but only multiple or 
large erosions are considered as a valid solitary diagnostic sign.54,55 
Although radiation exposure hazard in CT is a general concern when 
making a diagnostic decision, local practice may advocate the use of 
CT before MRI due to the advantages in lower cost, faster and more 
reliable acquisition, and higher spatial resolution. Nevertheless, CT 
is inferior to MRI and US in detecting soft-tissue changes, which may 
restrict its imaging application.23

4.1.4 | US applications

US is recommended for peripheral SpA evaluation, but is not 
recommended for axSpA
US has a limited imaging window in which deeper and anterior 
regions of the SIJ may be not accessible. Instead, US can provide 
valuable noninvasive evaluation for SpA patients with peripheral en-
thesitis.9,56 More advanced contrast-enhanced US or color Doppler 
ultrasonography may also provide supplementary diagnostic infor-
mation in detecting active sacroiliitis in suspected axSpA patients, 
with demonstrated sensitivity similar to MRI.57-60

4.1.5 | QSS applications

Scintigraphy without the combination of CT is not recommended 
for the diagnosis of axSpA
Bone scintigraphy was frequently used in the past for detecting ac-
tive sacroiliitis.61 However, its use has been largely replaced by MRI 
due to its low sensitivity and specificity.25,62,63 In addition, the value 
of this technique may help the differential diagnosis of back pain as-
sociated conditions, such as suspected fracture and metabolic bone 
disease.64,65
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4.2 | Recommendation 2. Monitoring disease 
activity in axSpA

Monitoring axSpA disease progression should be based on patient-
reported outcomes, clinical assessments, and laboratory findings. 
MRI, with STIR sequence, can be an alternative technique to detect 
the inflammatory disorders in SIJ and spine (optional) in addition to 
clinical assessments
MRI has not only facilitated earlier diagnosis or prognosis of axSpA, but 
has also provided objective evidence of active inflammation support-
ing disease management.66,67 The standard disease activity parameters 
used for axSpA monitoring are Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI), Ankylosing Spondylitis Disease Activity Score 
(ASDAS), C-reactive protein (CRP), and erythrocyte sedimentation rate 
(ESR), or pain. Most studies have found no significant or weak corre-
lations between clinical disease activity parameters and MRI scoring 
methods for assessments of active inflammatory lesions.16,68 However, 
disease activity is longitudinally associated with sacroiliac inflammatory 
lesions on MRI, especially when ASDAS is used for the clinical meas-
urement.69 In addition, a significant correlation of BASDAI scores was 
found with apparent diffusion coefficient (ADC) values from the diffu-
sion-weighted MRI and the Spondyloarthritis Research Consortium of 
Canada (SPARCC) index, which can be useful MRI indices for sacroiliitis 
activity in AS.70 Positive associations were also found between clinical 
disease activity parameters (i.e. spinal pain and stiffness) and ADCs on 
diffusion-weighted images in AS with spinal inflammation.71 As for clini-
cally active nr-axSpA patients without initial quantifiable inflammatory 
signs, the later established inflammation can be found by subsequent 
disease monitoring using MRI (and/or CRP assessment) for treatment 
decisions.72 Instead of subjective patient-reported outcomes from 
chronic manifestations, these findings suggest MRI should be there-
fore considered as a useful adjunct tool in clinical practice to reflect 
acute disease activity.73 In general, STIR sequence is the suggested MRI 
protocol to detect BME during disease progression.23 Monitoring fre-
quency should be decided on an individual basis. Imaging should be re-
peated when the clinical observations will affect therapeutic decisions.

4.3 | Recommendation 3. Monitoring structural 
changes in axSpA

4.3.1 | CR application

CR of the spine is suggested for long-term monitoring of structural 
changes. Spinal monitoring can be performed by CR at the symptomatic 
segment. Structural changes in nr-axSpA are recommended to monitor 
by CR in the SIJ. Monitoring frequency should be no more than once 
every 2 years, depending on the individual condition
Chronic structural changes in patients with confirmed axSpA (AS) is 
primarily monitored by CR in the spinal area, as disease progression 
predominantly occurred in the spine while less in the SIJ or the hip.74-76 
Chronic erosions of the spine lead to sclerotic changes and syndesmo-
phyte formation that bridges the adjacent vertebral bodies (ankylosis). 

Ankylosis of the spine greatly affects AS patients’ daily life, associated 
with the limitations of physical function and mobility of the spine. 
Detection of new syndesmophyte formation is considered as the 
best predictor of radiographic AS disease progression.77 The progres-
sion rate in patients with pre-existing radiographic syndesmophytes 
is significantly higher than those without.75,78-81 The high baseline 
mSASSS and SASSS were correlated to AS progression in 2 years.78,81 
Monitoring frequency for patients with detected baseline radiographic 
syndesmophyte formation should be conducted every 2 years and 
depending on an individual basis. In the later stage, ‘bamboo spine’ is 
formed when ankylosis is formed and joined by consecutive vertebrae.

Several studies have compared the correlations of radiographic 
changes and accepted function measurement scores, including Bath 
Ankylosing Spondylitis Functional Index (BASFI), Bath Ankylosing 
Spondylitis Metrology Index (BASMI) and a number of metrologi-
cal measures.74,82,83 The majority of studies have found significant 
impact in losing freedom of mobility as the structural damage pro-
gresses, especially occurred in the spine.84-86

Approximately 10% of the radiographic sacroiliitis in nr-axSpA 
patients can occur within 2 years, and 60% within 10 years.87,88 
While axSpA usually starts at SIJ and spreads to the spine in some 
patients, sacroiliitis continues and radiographic progression of SIJ 
may be more sensitive to reflect the structural damages along the 
time. Despite the slow progression rate, structural changes in SIJ 
should be monitored regularly by CR. Patients more likely to have 
radiographic damage progression are HLA-B27 positive as well as 
those with an elevated CRP level, or baseline inflammation (sacroilii-
tis grade 2 unilaterally).76,88

4.3.2 | CT and MRI application

MRI or CT may have additional benefit for the assessment of 
thoracic spine lesions, such as syndesmophytes, and early detection 
of SIJ damages
MRI and CT (low-dose CT if available) should be performed to moni-
tor AS progression only when necessary.89,90 Recommended MRI 
sequence is T1W sequence for structural changes. Previous studies 
compared MRI with radiography and/or CT in monitoring structural 
changes and all indicated MRI can be used as a reliable tool for as-
sessing AS progression with chronic damages of SIJ and spine,91-94 es-
pecially for thoracic spine that is less accessible with CR.91 Structural 
lesions observed on MRI in the SIJ with early appearance of fat meta-
plasia may predict radiographic progression of new bone formation 
in the spine.95,96 Moreover, it was observed that syndesmophyte 
formations are more frequently developed from vertebral corners 
where BME and fat deposition are present.97-99 Some studies sug-
gested that MRI scans may predict new radiographic syndesmophyte 
formations at sites of resolving corner inflammatory lesions (CIL), es-
pecially those followed by corner fatty lesions (CFL).73,100 However, 
the sensitivity of vertebral inflammation and fat dysplasia on MRI in 
predicting new syndesmophyte formation remains questionable and 
still requires further supporting research data.98,99,101 In addition, a 
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recent study has introduced low-dose CT as an emerging option for 
monitoring AS progression, as it allows visualization of the whole 
vertebral column, including the thoracic spine, with higher sensitiv-
ity and imaging resolution in detecting new and growing syndesmo-
phytes compared to CR.90 Low-dose CT may be considered for a 
lower cost, relatively lower radiation hazard, fast imaging time, and 
with advanced sensitivity in monitoring structural changes.

4.4 | Recommendation 4. Predicting treatment 
effect in axSpA

MRI inflammatory activity (i.e. BME) may be considered as a 
reference to predict the response of biologic agent treatment for 
axSpA, in addition to clinical examinations
Anti-tumor necrosis factor (TNF) therapy provides a greater thera-
peutic improvement in alleviating clinical symptoms, active inflam-
mation and CRP levels for both AS and nr-axSpA patients,102-105 
especially in those failing to respond to conventional non-steroidal 
anti-inflammatory drugs.104 At present, anti-TNF therapy has been 
indicated for patients with AS presenting clinical manifestations 
(e.g. pain, stiffness, fatigue), and in patients with nr-axSpA show-
ing an elevated CRP and/or inflammation on MRI.106,107 Detection 
of inflammatory lesions in the spine and SIJ on MRI can be used for 
the assessment of disease activity, and thereby selecting appropri-
ate patients to administer biologic agents as well as predicting the 
treatment response.104,108-111 In addition to monitoring CRP levels, 
MRI-detected inflammation is considered as the best predictor of 
anti-TNF treatment effect regardless of the presence of radiographic 
sacroiliitis.107

4.5 | Recommendation 5. Osteoporosis

4.5.1 | In axSpA patients with syndesmophytes

In axSpA patients with syndesmophytes in the lumbar spine on 
CR, recommended osteoporosis assessments are dual-energy 
X-ray absorptiometry (DXA) of bilateral hip joints and quantitative 
computed tomography (QCT) of the spine. Anteroposterior (AP) 
DXA of the spine is not recommended

4.5.2 | In axSpA patients without syndesmophytes

In axSpA patients without syndesmophytes in the lumbar spine on 
CR, recommended osteoporosis assessments are DXA of bilateral 
hips and AP spine
Low bone mineral density (BMD) is commonly associated with AS 
and may increase the risk of osteoporotic vertebral fractures.112,113 
Although the onset and pathogenesis of osteoporosis in AS re-
main unclear, inflammation-induced bone loss may even occur at 
the lumbar spine and hip in patients with early axSpA.114,115 Bone 

mineral density can be measured by several techniques, such as 
DXA, quantitative ultrasound (QUS), and QCT.116 Among them, DXA 
is considered as the preferred noninvasive method to assess BMD 
for the early stage of axSpA at the spine and hip with accuracy and 
reproducibility. In comparison to DXA, the diagnostic utility of QUS 
showed moderate sensitivity and specificity for detecting osteopo-
rosis in axSpA. However, the presence of bridging syndesmophytes 
and interapophyseal joint fusion of the lumbar spine in advanced AS 
patients may lead to overestimation of spinal BMD using DXA.117,118 
Instead of areal BMD measured by DXA, QCT enables differentia-
tion of spongiosa from cortical bone with a high imaging quality, and 
thereby improves volumetric BMD assessment in the presence of 
syndesmophytes at different degrees of osteoporosis.119 Various 
studies have found QCT may provide a more accurate BMD estima-
tion in advanced AS patients than that of DXA for the spine117,120,121 
or the hip.122

4.6 | Recommendation 6. Spinal fracture

4.6.1 | CR applications

CR is the initial imaging method recommended for suspected 
vertebral fractures (VFs) in axSpA
Patients with advanced AS have an increased risk of VFs due to pro-
gressive bone damages with bone erosions, syndesmophyte growth 
and osteoporosis.123 For the management of AS patients, imaging 
of the spine is important for early detection of VFs, which are often 
underdiagnosed and perhaps mistaken into unspecific back pain.124 
Radiography of the spine is the recommended primary diagnosis 
tool,125 and Vertebral Fracture Assessment (VFA) performed by 
DXA may also reveal VF deformities of the thoracic and lumbar spine 
via BMD measurement.126,127

4.6.2 | MRI and CT applications

If CR is negative, and VFs are still suspected, additional MRI or CT 
of the spine should be performed
Due to abnormal osseous changes in AS, it remains difficult to 
detect fractures using radiography alone. Supplementary CT or 
MRI, with a higher sensitivity view of the 3-dimensional bone ar-
chitecture,128 should be performed to include potential osteoporo-
tic VFs in the cervical, midthoracic and thoracolumbar regions. 
Cervical spinal fractures may occur more commonly than others 
with the highest mortality rate.129,130 CT enables characterization 
of bony details of spinal fractures, whereas MRI allows better visu-
alization of spinal cord and soft-tissue injuries, such as spinal cord 
compression, epidural hematoma, and ligamentous injuries.123 To 
minimize fracture complications in AS patients, such as neurologic 
injuries, CT and MRI should be employed to evaluate acute spinal 
fractures.131
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5  | DISCUSSION

The consensus statements in this paper were supported by evi-
dence-based literature, expert opinions, and references from previ-
ous recommendations and consensuses, including the 2014 EULAR 
recommendations for the diagnosis of axSpA,16 the 2014 ESSR 
consensus9 and the Australian and New Zealand consensus state-
ments.17 A diagnostic algorithm for axSpA is proposed in Figure 1 ac-
cording to expert opinions with consideration for the accessibility of 
local clinical imaging modalities. Conventional radiography is still re-
garded as the gold standard for the assessment of structural changes 
in axSpA.75 Because the reliability of CR to detect definite sacroiliitis 
in early axSpA is limited,21 patients with suspected axSpA that can-
not be confirmed by CR should be evaluated by CT or MRI regard-
less of HLA-B27 positivity. In addition, the assessment of HLA-B27 
should be prioritized before calculating SpA features.14 MRI enables 
the detection of active inflammatory lesions of sacroiliitis and struc-
tural changes in early axSpA, with advantages of no radiation hazard, 
high diagnostic sensitivity and specificity. Nevertheless, the agree-
ment of imaging reading through CR and MRI was moderate (k 0.54) 
and substantial (k 0.73), respectively, on the recognition of sacro-
iliitis among rheumatologist and radiologist readers.21,132 Notably, a 
positive MRI detection of BME for sacroiliitis may also be observed 
in several clinical circumstances and even healthy individuals.133 
Given that CT is commonly used in Taiwan and other countries in 
the Asia-Pacific region, especially developing countries with limited 
available MRI or cost concerns using MRI,10,11 the position of CT 
was therefore highlighted in the diagnostic flowchart to facilitate 
the diagnosis for axSpA, which was not emphasized in the previous 
diagnostic algorithms.12,13 CT is superior to CR in the detection of 
sacroiliitis with better sensitivity and specificity in 3-dimensional 
structural abnormalities, including erosions, sclerosis, ankylosis and 

joint space narrowing.51-53 While the mNY radiographic criteria (e.g. 
≥grade 2 sacroiliitis bilaterally, or grade 3-4 sacroiliitis unilaterally) 
have been used for the diagnosis of sacroiliitis on CT and the related 
comparison with CR, further studies may be required to validate 
the diagnostic/classification criteria for nr-axSpA or AS diagnosis.55 
However, to improve the accuracy of diagnosis, all images should be 
interpreted by well-trained radiologists or rheumatologists through 
regular training courses and workshops on image reading. Necessary 
communication between rheumatologists and radiologists are im-
portant for better quality of image reading before the final diagnos-
tic judgment incorporated with individual patient's clinical features.

Over the last decade, applications of MRI to the management of 
axSpA have been widely investigated in addition to the diagnostic utility 
(Table 2). MRI enables the detection of active inflammation and disease 
monitoring in axSpA patients (nr-axSpA and AS), and thereby predict the 
treatment effect of biologic agents. For confirmed AS cases, MRI may 
provide benefits for assessment of chronic structural changes, such as 
syndesmophytes at thoracic spine and early damages at SIJ. Moreover, 
MRI can be used to evaluate suspected VFs, if CR is negative, with satis-
factory visualization of spinal cord and soft-tissue injuries.

Because BME is not a unique feature of axSpA, its presence in other 
inflammatory conditions or diseases should be taken into consideration 
for differential diagnosis.2 To improve the early diagnosis of sacroiliitis 
in patients with suspected axSpA, MRI interpretation from well-ex-
perienced radiologists would be required for pattern recognition of 
sacroiliitis and its differential diagnosis of other nosological entities.134 
Active changes in the SIJ include inflammatory sacroiliitis, infectious 
sacroiliitis, osteitis condensans ilii, insufficient fracture, osteoarthritis 
and diffuse idiopathic skeletal hyperostosis (DISH).9 Alternative diag-
noses should depend on clinical history or other characteristic features 
(eg erosions, sclerosis, fatty replacement, bony bridges) detected by 
MRI for patients. In terms of spinal disc degeneration, herniation of 

F I G U R E  1   Algorithm for the diagnostic 
evaluation of axSpA. †X-ray criteria: 
≥grade 2 sacroiliitis bilaterally, or grade 
3-4 sacroiliitis unilaterally; ‡CT criteria: 
definite bony erosions; §MRI criteria: 
active inflammatory lesions ± structural 
lesions at SIJ using the definition of 
ASAS MRI working group. AS, ankylosing 
spondylitis; CT, computed tomography; 
Dx, diagnosis; HLA-B27, human leukocyte 
antigen B27; MRI, magnetic resonance 
imaging; nr-axSpA, non-radiographic 
axial SpA; SIJ, sacroiliac joint; SpA, 
spondyloarthritis
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the intervertebral disc (HIVD) and osteochondrosis Modic type I may 
also express clinical symptoms mimicking that of axSpA and require a 
careful differential diagnosis from additional information.

As the recommendations were proposed by experts in Taiwan on 
the basis of systematic literature review with updated evidence, it is 
believed that the inclusion of the Asia-Pacific view in clinical practice 
will provide rheumatologists, radiologists and healthcare professionals 
in other countries a practical approach to the diagnosis of early axSpA. 
To this end, it is hoped that the recommendations will drive broad ap-
plications and ameliorate medical care for patients with axSpA within 
the community of rheumatologists and related healthcare profession-
als, and each healthcare clinician should choose the most appropriate 
management strategy for each individual patient. In the future, ad-
vances in imaging technologies, such as positron emission tomography 
(PET)-MRI and whole-body MRI, may provide a more comprehensive 
assessment of inflammatory activities or detailed structural abnormal-
ities for patients with suspected axSpA. Moreover, the development 
of spectral CT, with a decreased radiation dose due to faster scanning, 
may further promote the accurate diagnosis of early axSpA through 
the visualization and quantitative measurement of BME within the SIJ, 
beside of the detection of bony erosion and sclerosis.135 Accumulating 
clinical studies and experiences from routine practice will facilitate the 
technical integration of imaging modalities for better understanding of 
the disease progression that will eventually improve differential diag-
nosis as well as disease management.
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TA B L E  2   MRI applications of axSpA diagnosis and follow-up

Recommended 
protocol AxSpA diagnosis

Monitoring disease 
activity in axSpA

Monitoring structural 
changes in AS

Predicting 
treatment effect 
in axSpA Spinal fracture detection in AS

Scenario/
conditions

CR is negative 
and nr-axSpA is 
suspected

Monitoring active in-
flammation in axSpA

Supportive monitor-
ing for AS structural 
damage

Treatment prog-
nosis for anti-
TNF therapy

CR is negative and VFs are 
suspected

Locations 1. SIJ
2. Spinea

1. SIJ/spine 1. Spine (esp. thoracic 
section)

2. Early damage in SIJ

1. SIJ
2. Spine

1. Spine

Detected 
lesions

1. Inflammatory 
lesions/BME

2. Structural lesions

1. Inflammatory 
lesions/BME

1. Structural changes
2. CIL and CFLb

1. Inflammatory 
lesions/BME

1. Acute fractures
2. Associated spinal cord inju-

ries and ligamentous lesions

Sequence 1. T1W FS post-Gd
2. STIR
3. T2W FS
4. T1W

1. STIR 1. T1W 1. STIR
2. T1W FS

1. T1W
2. T2W/STIR

Abbreviations: AS, ankylosing spondylitis; BME, bone marrow edema; CFL, corner fatty lesions; CIL, corner inflammatory lesion; T1W FS, T1-
weighted fat-suppressed sequence; Post-Gd, post-gadolinium; STIR, short tau inversion recovery sequence; T2W FS, T2-weighted fat-suppressed 
sequence; VF, vertebral fracture.
aSpine MRI is not recommended but may be performed as a supplementary diagnosis. 
bSites with partially resolved CIL, especially those with concurrent CFL may predict new syndesmophyte formation. 
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1  | INTRODUCTION

Osteoarthritis (OA), primarily characterized with a progressive de‐
generation of articular cartilage accompanied by chronic joint pain 
and impaired mobility, is the most common joint disease. OA can 
arise in diverse synovial joints, but typically inflicts weight‐bearing 
sites like knee, hip, and spine joints.1 Literature has reported that 

radiographic indication of OA occurs in the majority of people aged 
over 65 years.2 With an age‐associated growth in both prevalence 
and incidence, OA has become a major public health concern and 
has imposed a heavy economic burden on society. While, up to now, 
there is still no effective remedies for OA, and current therapeutic 
strategies have mainly aimed at relieving pain and improving mobility 
function of joints.
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Abstract
Aim: This meta‐analysis was conducted with the aim of collecting and synthesiz‐
ing the existing evidence on the association of interleukin‐17A (IL‐17A)‐197G/A and 
IL‐17F‐7488T/C gene polymorphisms and osteoarthritis (OA) susceptibility.
Methods:  Six electronic databases including PubMed, EMBASE, Web of Science, 
Cochrane Library, CNKI, and Wanfang were systematically searched for potentially 
relevant studies previous to June 2019. The strengths of association were estimated 
by summary odds ratios (ORs) and 95% confidence intervals (95%CIs) in a model‐free 
approach. Heterogeneity test and sensitivity analysis were also conducted to guar‐
antee the reliability of this study.
Results:  Six eligible case‐control studies comprising 1989 OA patients and 2116 
healthy controls were obtained for the meta‐analysis. Dominant model was con‐
firmed to be the optimal genetic model (MM + Mm vs mm). The pooled estimate 
supported that IL‐17A‐197G/A and IL‐17F‐7488T/C polymorphisms were significantly 
associated with OA susceptibility in the overall population (IL‐17A‐197G/A: GG + GA vs 
AA, OR = 0.69, 95%CI 0.57‐0.80; P < .001; IL‐17F‐7488T/C, TT + TC vs CC, OR = 0.46, 
95%CI 0.29‐0.71, P < .001). However, subgroup analyses suggested the association 
only existed in Asians and knee OA.
Conclusion:  The findings of the present study indicate that IL‐17A‐197G/A and 
IL‐17F‐7488T/C polymorphisms are positively associated to reduced risk of knee OA, 
especially in Asian populations.

K E Y WO RD S

interleukin‐17, meta‐analysis, osteoarthritis, polymorphism

www.wileyonlinelibrary.com/journal/apl
mailto:￼
https://orcid.org/0000-0002-6644-3221
mailto:wbsheng@vip.sina.com


38  |     GAO et Al.

OA remains to be a great challenge to prevent and treat due to 
its risk factors and pathogenesis still being largely indeterminate. 
Potential risk factors such as physical activity, obesity, aging, and 
genetic factors are considered to be contributors of OA.3 With 
the rapid development of genetic epidemiology and genetic assay 
technologies, gene polymorphisms are found to play a crucial role 
in the initiation and progression of OA and have received more 
and more attentions over recent years.4 So far, genome‐wide 
association studies have demonstrated that single nucleotide 
polymorphisms (SNPs) in a range of genes, such as growth differ‐
entiation factor 5 gene,5,6 Frizzled‐related protein gene,7 cartilage 
oligomeric matrix protein gene and chondroadherin‐like gene,8 and 
fat mass and obesity‐associated gene,9 are associated with suscep‐
tibility to OA. Apart from that, increasing literature elucidated a 
vital role of inflammation during the pathogenesis of OA, and var‐
ious inflammatory cytokine genes which conferred susceptibility 
to OA are still being investigated.10‐12 Among those inflammation‐
related genes, evidence has been published for the association of 
interleukin‐17 (IL‐17) SNPs and OA predisposition.

IL‐17 gene family consists of 6 members (from IL‐17A to IL‐17F). 
IL‐17A and IL‐17F, the products of which have been shown to be 
pro‐inflammatory, are the best characterized members both in 
vitro and in vivo.13 A variant in IL‐17F‐7488T/C could result in a 
His‐to‐Arg substitution at amino acid 161, the consequence of 
which is related to functional change and diseases.14,15 Southam 
et al16 initially attempted to reveal the correlation of IL‐17A and 
IL‐17F gene polymorphisms and OA susceptibility in a British co‐
hort. Afterwards, replicate studies were performed among dif‐
ferent populations.17‐22 It is quite regrettable that no convincing 
evidence is yet available, which might be owing to reasons such as 
inadequate statistical power detection caused by limited sample 
size, ethnicity specificity, and heterogeneity of participants. Meta‐
analysis is an effective approach to settle controversies arising 
from conflicting studies. Therefore, we use a meta‐analysis to syn‐
thesize the existing evidence on the association of IL‐17A‐197G/A 
(rs2275913) and IL‐17F‐7488T/C (rs763780) polymorphisms and 
risk of OA.

2  | METHODS

2.1 | Search strategy

An exhaustive search of potentially relevant literature was car‐
ried out in PubMed, Web of Science, EMBASE, Cochrane Library, 
CNKI, and Wanfang. The following search string was employed: 
(Osteoarthritides OR Osteoarthrosis OR Osteoarthroses OR Arthritis, 
Degenerative OR Arthritides, Degenerative OR Degenerative 
Arthritides OR Degenerative Arthritis OR Osteoarthrosis Deformans 
OR “Osteoarthritis” [Mesh] OR Osteoarthritis) AND (Polymorphism, 
Genetic OR “Polymorphism, Single Nucleotide” [Mesh] OR Single 
Nucleotide Polymorphism OR Variant OR SNP OR Polymorphism 
OR Mutant OR Mutation OR Variation OR Variant) AND (IL17F OR 

IL‐17F OR Interleukin 17F OR Interleukin‐17F OR IL‐17A OR IL17A OR 
Interleukin‐17A OR Interleukin 17A OR “Interleukin‐17” [Mesh] OR 
Interleukin 17). In addition, the reference lists of the retrieved arti‐
cles were manually checked for potentially relevant publications. No 
restriction on language was imposed during the literature search‐
ing process. Only studies published previous to June 2019 were 
included.

2.2 | Eligibility criteria

Two investigators (SG and CM) independently evaluated the stud‐
ies using predetermined criteria. Identified researches had to meet 
the following criteria: (a) OA diagnosed by American College of 
Rheumatology (ACR) guidelines, imaging or total joint replacement 
due to primary OA; (b) case‐control or cohort studies looking into 
the association of IL‐17A‐197G/A and/or IL‐17F‐7488T/C polymor‐
phisms and OA; (c) studies with available genotype distribution to 
calculate odds ratios (ORs) and 95% confidence intervals (95%CIs); 
(d) if 2 or more studies covered the same population, the one con‐
taining the most comprehensive information was included. Studies 
that met the following criteria were excluded: (a) case reports, 
conference abstracts, letters, comments and reviews; (b) studies 
on animals. Any disagreement was resolved by discussion with the 
third reviewer.

2.3 | Methodological quality assessment

The methodological quality of eligible studies was evaluated sepa‐
rately by two investigators (SG and CM) according to the Newcastle‐
Ottawa Scale (NOS),23 which consists of three parameters of quality 
including selection of the case and control groups (4 items), the com‐
parability of the case and control groups (2 items), and the ascertain‐
ment of either the exposure or outcome of interest for case‐control 
studies (3 items). The total scores that an individual study could 
receive ranged from 0 to 9. Studies with scores of 5 or more were 
considered to be in high quality.24 On condition that a consensus was 
not reached, the 3rd reviewer was consulted and a final decision was 
made by a majority vote.

2.4 | Data extraction

In compliance with a standardized data collection table, the follow‐
ing information was meticulously extracted by two reviewers (SG 
and CM) independently from all qualified studies: (a) surname of 
the 1st author; (b) year of publication; (c) country or region where 
the study was carried out; (d) ethnicity of participants; (e) gender of 
included subjects; (f) site of OA; (g) sample size of case and control 
subjects; (h) genotype distribution; (i) P value of Hardy‐Weinberg 
equilibrium (HWE) test of control subjects.25 Once encountering 
discrepancies during this process, two authors re‐inspected the ar‐
ticle together and consulted the 3rd author until a consensus was 
achieved.
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2.5 | Statistical analysis

The strength of association was presented as ORs alongside corre‐
sponding 95%CIs. In order to avoid an inflated type I error caused 
by multiple comparisons of the multiple genetic models,26 we 
did not conduct any assumptions about the genetic model in ad‐
vance. The most appropriate genetic model for IL‐17 SNPs in the 
risk of OA was determined by a model‐free approach reported by 
Thakkinstian et al26 In brief, if the alleles of interest in IL‐17 gene 
are M and m, and M is the one causing an effect of OA, the 3 geno‐
types are MM, Mm, and mm. OR1, OR2 and OR3 were calculated 
by genotype comparisons of MM vs mm, Mm vs mm, and MM vs 
Mm for each polymorphism locus to capture the magnitude of the 
genetic effect and to determine the most suitable genetic model 
(Table 1).26

To evaluate the heterogeneity across included studies, Q‐statis‐
tical test and I2 test were utilized. P < .1 and I2 ＞ 50% suggested the 
between‐study heterogeneity was considerable, and the random‐
effect model could be applied, otherwise the fixed‐effect model 
should be employed.27 Subgroup analysis by ethnicity and OA site 
were performed to test whether there was an ethnicity‐specific or 
site‐specific effect. Forest plots were originated from RevMan 5.3 
software (Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014).

2.6 | Sensitivity analysis and publication bias

To explore the stability of the pooled results, sensitivity analysis was 
performed by omitting each investigated study in turn and recalcu‐
lating the ORs as with corresponding 95%CIs. Publication bias was 
examined by visual funnel plot inspection if the number of included 
studies was more than 10.28

2.7 | Functional predictions

Bioinformatics database of HaploReg 4.1 (https ://pubs.broad insti tute.
org/mamma ls/haplo reg/Haplo reg.php) was applied to predict the 
function of IL‐17A‐197G/A and IL‐17F‐7488T/C polymorphisms. The 
known and predicted interactions of IL‐17A/F and other cytokines 
were extracted from STRING database (https ://string‐db.org/).

3  | RESULTS

3.1 | Literature search

An initial search of the six databases yielded 128 items, of which 10 
were from PubMed, 54 were from Web of Science, 51 were from 
EMBASE, 0 was from Cochrane Library, three were from CNKI, and 
10 were from Wanfang. No additional record was identified through 
other sources. After prescreening, 25 duplicated records were re‐
jected. Of the remaining 103 items, a further 95 apparently unrelated 
articles were erased after title and abstract screening. Among the re‐
maining 8 articles, two studies (without reporting the IL‐17A‐197G/A 
or IL‐17F‐7488T/C polymorphism) were excluded after full‐text assess‐
ment in the light of eligibility criteria. Ultimately, six studies17‐22 went 
into the qualitative synthesis and meta‐analysis. The detailed process 
of the literature search and screening is depicted in Figure 1.

3.2 | Main characteristics

A total of 6 eligible studies with 1989 OA patients and 2116 healthy 
subjects were included in the meta‐analysis. Five studies17‐19,21,22 were 
conducted among Asian populations and one20 was across a Caucasian 
population. All studies incorporated both female and male subjects. 
Vrgoc et al’s study20 consisted of a knee OA cohort and a hip OA co‐
hort in a Caucasian population. Five17‐20,22 of the included studies were 
published in English and one21 was in Chinese. It should be noted that 
for IL‐17A‐197G/A, Han et al’s study22 was not in HWE. Detailed char‐
acteristics of included studies are summarized in Table 2. On the basis 
of the NOS, each study received no less than 6 scores (Table 3).

3.3 | Meta‐analysis and subgroup analysis

3.3.1 | IL‐17A‐197G/A polymorphism and AO 
susceptibility

For IL‐17A‐197G/A polymorphism and AO susceptibility, the esti‐
mated OR1 (GG vs AA: OR = 0.89, 95%CI 0.81‐0.99, P = .030) and 
OR2 (GC vs AA: OR = 0.75, 95%CI 0.62‐0.90, P = .002) turned out 
to be statistically significant, while the OR3 (GG vs GA: OR = 0.87, 
95%CI 0.69‐1.11, P = .26) was not significant, suggesting the 

Mode of inheritance MM vs mm (OR1) Mm vs mm (OR2) MM vs Mm (OR3)

Recessive model (MM vs 
Mm + mm)

＋ — ＋

Dominant model 
(MM + Mm vs mm)

＋ ＋ —

Over‐dominant model 
(MM + mm vs Mm)

— ＋ ＋

Codominant model (MM 
vs mm and Mm vs mm)

＋＋ ＋ ＋

Note: M and m are alleles, and M is the one causing an effect; ＋, significant results; ＋＋, the effect 
size is twice that of ＋; —, non‐significant results.

TA B L E  1   Comparisons of genotype 
effects and selection of appropriate mode 
of inheritance

https://pubs.broadinstitute.org/mammals/haploreg/Haploreg.php
https://pubs.broadinstitute.org/mammals/haploreg/Haploreg.php
https://string-db.org/
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dominant model was the most appropriate genetic model for final 
meta‐analysis. During data synthesis, considerable between‐study 
heterogeneity was observed (P < .0001, I2 = 79). After careful re‐
investigation, we found the heterogeneity was mainly caused by 
Zhang et al’s study,21 which was published in Chinese. The hetero‐
geneity greatly reduced after this study was removed (P = .560, 
I2 = 0). To avoid the influence of huge heterogeneity on our meta‐
analysis, we excluded Zhang et al’s study during data combination. 
The pooled data indicated that IL‐17A‐197G/A polymorphism was 
significantly associated with OA susceptibility in the overall popula‐
tion. Individuals with GG/GA genotypes had a 31% lower risk of OA 

than subjects with AA genotype (GG + GA vs AA: OR = 0.69, 95% CI 
0.57‐0.80; P < .001, Figure 2).

In the subgroup analysis stratified by ethnicity, significantly 
decreased AO predisposition was observed among Asian popula‐
tions (GG + GA vs AA: OR = 0.64, 95% CI 0.53‐0.78, P < .001) but 
not the Caucasian population (GG + GA vs AA: OR = 0.80, 95%CI 
0.55‐1.17, P = .57). When stratified by OA site, the meta‐analy‐
sis indicated that IL‐17A‐197G/A was significantly associated with 
knee OA but not hip OA. The summarized results of the correla‐
tion between IL‐17A‐197G/A polymorphism and AO are shown in 
Table 4.

F I G U R E  1   Flow chart of literature search and screen
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3.3.2 | IL‐17F‐7488T/C polymorphism and AO 
susceptibility

When it came to the IL‐17F‐7488T/C polymorphism and AO suscep‐
tibility, the estimated OR1 (TT vs CC: OR = 0.43, 95%CI 0.28‐0.68, 
P < .001) and OR2 (TC vs CC: OR = 0.54, 95%CI 0.34‐0.85, P = .009) 
were also statistically significant, but the OR3 (TT vs TC: OR = 0.77, 
95%CI 0.57‐1.05, P = .090) was not significant, indicating the domi‐
nant model was the most suitable genetic model. The fixed‐effect 
model was employed for data combination because no inter‐study 
heterogeneity was detected. The pooled data suggested that 
IL‐17F‐7488T/C polymorphism was significantly correlated to OA 
predisposition. Carriers of TT/TC genotypes had a 54% lower risk 
of OA than individuals with CC genotype (TT + TC vs CC: OR = 0.46, 
95%CI 0.29‐0.71, P < .001, Figure 3).

In the subgroup analysis stratified by ethnicity, significantly 
reduced AO vulnerability was found among Asian populations 
(TT + TC vs CC: OR = 0.45, 95%CI 0.28‐0.70, P < .001). However, the 
association was not observed in the Caucasian population (TT + TC 
vs CC: OR = 0.70, 95%CI 0.09‐5.27, P = .730). For subgroup analysis 
stratified by OA site, the meta‐analysis indicated that IL‐17F‐7488T/C 
was significantly associated with knee OA but not hip OA. The sum‐
marized results of the correlation between IL‐17A‐197G/A polymor‐
phism and AO are presented in Table 4.

3.4 | Sensitivity analysis and publication bias

For IL‐17A‐197G/A polymorphism, after excluding Han et al’s study22 
which was not in HWE, the recalculated ORs, and 95%CI did not re‐
verse. Considering the number of included studies was small and the 
degree of freedom would become more limited if Han et al’s study22 
was excluded, we retained it for the final analysis. Sensitivity analysis 
was performed by sequentially excluding each of the eligible studies. 

The recalculated ORs and 95%CIs appeared to be not significantly 
affected, suggesting the robustness and stability of the outcomes. 
Publication bias was not assessed for the number of included studies 
was less than 10.

3.5 | Functional predictions

HaploReg is a Bioinformatics tool for exploring annotations of the 
non‐coding genome at variants on haplotype blocks. The results in‐
dicated that IL‐17A‐197G/A was in linkage disequilibrium with several 
variants located in the IL‐17F gene (Figure 4). The interactive net‐
work of IL‐17A/F and their closest functional partners is displayed on 
Figure 5. It suggested that IL‐17A/F could potentially interplay with 
IL‐6, IL‐10 and IL‐13.

4  | DISCUSSION

Albeit understanding the accurate risk factors of OA could enable 
the design of a preventive strategy and the development of more 
effective therapeutic interventions, the precise etiopathogenesis is 
not yet completely understood. It has been widely accepted that OA 
is a multifactorial disease.29 Other than external environmental fac‐
tors, genetic factor is a strong internal determinant of OA. Twins and 
family studies demonstrated that over 50% of OA patients can be at‐
tributed to heredity.30 Over the past two decades, researchers have 
discovered considerable genes which contribute to the occurrence 
and development of OA, although with relatively small to modest 
effect.31 Among the candidate genes, IL‐17A and IL‐17F have been 
studied by several investigators from different countries with incon‐
sistent outcomes. These contradictory observations greatly inspired 
us to conduct this meta‐analysis. The pooled estimate supports the 
notion that IL‐17A‐197G/A and IL‐17F‐7488T/C polymorphisms were 

TA B L E  3   Quality assessment of included studies according to the Newcastle‐Ottawa Scale

Item
Bafrani 
et al Bai et al Han et al Vrgoc et al I Vrgoc et al II Jiang et al

Zhang 
et al

Selection

Adequate definition of cases 1 1 1 1 1 1 1

Representativeness of cases 0 0 0 0 0 1 0

Selection of control subjects 0 0 0 0 0 1 0

Definition of control subjects 1 1 1 1 1 1 1

Comparability

Control for important factor or additional 
factor

2 2 2 1 1 2 2

Exposure

Exposure assessment 1 1 1 1 1 1 1

Same method of ascertainment for all 
subjects

1 1 1 1 1 1 1

Non‐response rate 1 1 1 1 1 1 1

Total score 7 7 7 6 6 9 7

I, the study of knee osteoarthritis cohort; II, the study of hip osteoarthritis cohort.
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significantly associated with AO susceptibility in the overall popu‐
lation. However, subgroup analysis by ethnicity suggested the as‐
sociation only existed among Asian populations. When the included 
subjects were divided into knee OA and hip OA, the findings indi‐
cated that IL‐17A‐197G/A and IL‐17F‐7488T/C polymorphisms were 
significantly correlated to knee OA but not hip OA.

Apart from the significantly positive correlation of IL‐17A‐197G/A 
and IL‐17F‐7488T/C polymorphisms and OA in Asians, Bai et al18 and 
Jiang et al17 reported that the average plasma level of IL‐17 was 
significant higher in OA patients compared with controls, while in 
terms of association of different genotypes and IL‐17 level, they ob‐
tained inconsistent outcomes. Jiang et al17 found the AA genotype 

F I G U R E  2   Forest plot of IL‐17A‐197G/A polymorphism and osteoarthritis

TA B L E  4   Association of IL‐17A‐197G/A and IL‐17F‐7488T/C polymorphisms and osteoarthritis

Subgroup Number of studies

Test of association Test for heterogeneity

Statistical modelOR 95%CI P value I2 (%) P value

IL‐17A‐197G/A

Overall 6 0.69 0.57‐0.80 <.001 0 .56 F

Asian 4 0.64 0.53‐0.78 <.001 0 .42 F

Caucasian 2 0.80 0.55‐1.17 .570 0 .99 F

Knee OA 5 0.66 0.55‐0.79 <.001 0 .49 F

Hip OA 1 0.81 0.47‐1.38 .430 NA NA NA

IL‐17F‐7488T/C

Overall 7 0.46 0.29‐0.71 <.001 0 .99 F

Asian 5 0.45 0.28‐0.70 <.001 0 .98 F

Caucasian 2 0.70 0.09‐5.27 .730 0 .58 F

Knee OA 6 0.45 0.28‐0.70 <.001 0 .99 F

Hip OA 1 0.86 0.05‐32.58 .860 NA NA NA

Abbreviations: CI, confidence interval; F, fixed‐effect model; NA, not available; OA, osteoarthritis; OR, odds ratio.

F I G U R E  3   Forest plot of IL‐17F‐7488T/C polymorphism and osteoarthritis
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of IL‐17A‐197G/A polymorphism could significantly increase IL‐17 
levels in OA patients, but Bai et al18 observed there was no sig‐
nificant difference between the two SNPs and the corresponding 
genotypes. Because of limited number of included studies, meta‐
analysis on the correlation of genotypes and IL‐17 serum levels was 
not performed in this study, and further studies on the correlation 
are encouraged.

IL‐17A and IL‐17F genes are both mapped to human chromosome 
6p12.2 and encode synonymous IL‐17A and IL‐17F cytokines, both 
of which belong to the IL‐17 cytokine family.32 IL‐17 cytokines are 
highly homologous in amino acid sequences and share similar bio‐
logical functions, and they are mainly secreted by T helper 17 cells 
that are differentiated from CD4 + effector cells in response to stim‐
ulus via the T cell receptor. IL‐17 cytokines have been found to play 
a crucial role in a wide range of pathological conditions.32 In joint 
diseases, IL‐17 own pro‐inflammatory properties which can induce 
secretion of inflammatory cytokines like IL‐1β, IL‐6, IL‐8, and tumor 
necrosis factor. Subsequently, such cytokines promote the produc‐
tion of matrix metalloproteinase and inducible nitric oxide synthase 
in joints, ultimately leading to cartilage degradation, osteoclastogen‐
esis and bone erosion.33

A clinical study by Singh et al found significantly increased IL‐17 
concentrations in the serum and synovial fluid of individuals with 
reactive arthritis.34 Literature also reported that IL‐17 level in serum 
was positively correlated with the severity of knee OA.35,36 Wang et 
al observed that serum IL‐17 was associated with decreased infrapa‐
tellar fat pad volume, which was an indicator of abnormal structural 
change of the knee joint.37 Through culturing synovial fibroblasts 
from OA patients, researchers found the IL‐17 cytokines promoted 
release of vascular endothelial growth factor, which was positively 
correlated to knee OA severity.38 Additionally, direct evidence has 
indicated that IL‐17 can induce OA in animal models.39 All of these 
pieces of evidence suggested the involvement of IL‐17 in the patho‐
genesis of OA.

To obtain insights into the underlying mechanism, HaploReg 
4.1 database was adopted to develop mechanistic hypotheses 
of the impact of IL‐17A‐197G/A (Figure 4A) and IL‐17F‐7488T/C 
(Figure 4B). According to HaploReg, despite enhancer histone mark‐
ers, IL‐17A‐197G/A and IL‐17F‐7488T/C were not found in human tis‐
sue or blood, and IL‐17A‐197G/A was in linkage disequilibrium with 
several variants located in IL‐17F gene using a threshold of r2	≥	 .8.	
For the analysis of interactions of IL‐17A/F and other cytokines, it 
was suggested that IL‐17A/F could work through interplaying with 
their functional protein partners like IL‐10, IL‐6, IL‐13, and STAT6 
(Figure 5), all of which have been reported to correlated with OA.40,41

F I G U R E  4   HaploReg view of IL‐17A‐197G/A (rs2275913) and IL‐17F‐7488T/C (rs763780): A, IL‐17A‐197G/A; B, IL‐17F‐7488T/C

F I G U R E  5   Network of IL‐17A/F and its potentially closest 
functional partners
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It should be noted that considerable between‐study heteroge‐
neity was observed in the analysis of IL‐17A‐197G/A polymorphism. 
Sensitivity analysis suggested the source of heterogeneity was from 
Zhang et al’s study,21 which also resulted in instability of the out‐
comes. After Zhang et al’s study21 was excluded, the heterogeneity 
was totally addressed and the outcomes became statistically reli‐
able. Thus, the study by Zhang et al was excluded during the data 
combination of IL‐17A‐197G/A polymorphism.

Despite the study being rationally designed and strictly imple‐
mented, several inevitable limitations still cannot be neglected. First, 
as the included participants were mainly restricted to Asians, the 
outcomes might not be applicable to other ethnic groups. Second, 
we only investigated the role of two separate loci in IL‐17A and IL‐17F 
genes, the locus‐locus (Figure 4), gene‐gene, and gene‐environment 
interactions were not addressed due to lack of relevant data. Third, 
only four English databases and two Chinese databases were re‐
trieved during the literature search, thus studies that published in 
other languages might have been skipped. Finally, because of lim‐
ited data, we were not allowed to conduct further adjustment for 
confounding factors that could influence the results, like age, body 
mass index, smoking, drinking, and so on. Taking into account and 
overcoming the above drawbacks in future studies would allow us to 
obtain a more convincing result.

5  | CONCLUSION

The present meta‐analysis suggest that IL‐17A‐197G/A and 
IL‐17F‐7488T/C polymorphisms are significantly associated with re‐
duced risk of OA susceptibility in Asian populations. Concerning 
limitations of this meta‐analysis, well‐designed studies among more 
ethnicities are encouraged to validate the current findings.
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1  | INTRODUC TION

Rheumatoid arthritis (RA) is a common chronic inflammatory disease 
in synovial joints, which has affected up to 1% of the adult popula‐
tion worldwide. However, the etiology of RA remains unclear. Many 
studies have found the role of some interleukins (ILs) in the patho‐
genesis of RA. For example, IL‐1beta plays a key role in human RA 
synovial fibroblasts through inducing intercellular adhesion mole‐
cule (ICAM)‐1 expression and enhancing leukocyte adhesion.1 IL‐10 
is associated with disease activity through the production of lym‐
phocyte‐activation gene 3 + regulatory T cells.2 In this study, we pay 
close attention to IL‐6. IL‐6 is a multifunctional cytokine involved 
in the inflammatory response. The overexpression of IL‐6 in tissues 
of RA patients may be associated with the pathogenesis of RA.3,4 
Moreover, Schinnerling et al reported that IL‐6 was associated with 

the differentiation of Th17 cells and the balance between patho‐
genic Th17 and protective Treg in RA.5 Thus, IL‐6 may play key roles 
in the pathogenesis of RA.

Currently, many studies on twins and families have been per‐
formed and found RA has some genetic factors.6‐8 The genetic sus‐
ceptibility to RA has been found to be associated with many genes, 
such as chemokine ligand 3‐like 1 (CCL3L1) gene, programmed death 
1 gene, tumor necrosis factor α (TNFα) gene and IL genes.9‐13 Some 
studies have confirmed the potential association between IL‐6 gene 
polymorphisms	(including	−174	G/C	and	−572	G/C)	and	RA	suscepti‐
bility.14‐17 Some meta‐analyses have been conducted and confirmed 
IL‐6	−174	G/C	polymorphism	confers	susceptibility	to	RA.18,19 Young 
Ho	Lee	et	al	also	investigated	the	IL‐6	−572	G/C	polymorphism	with	
only two studies, which did not provide enough evidence on the 
association	between	 IL‐6	−572	G/C	polymorphism	and	 risk	of	RA.	
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Abstract
Aims: This	meta‐analysis	was	aimed	to	investigate	the	association	between	−572G/C	
interleukin (IL)‐6 gene polymorphism and occurrence risk of rheumatoid arthritis 
(RA).
Methods: Literature	search	was	conducted	in	PubMed,	Embase,	Springer	and	Google	
Scholar up to November 2018. The pooled odds ratios (ORs) and 95% confidence 
interval (CI) were calculated by Revman 5.3.
Results: A total of six case‐control studies were included in this meta‐analysis. In the 
allele	model	(G	vs	C),	homozygous	gene	model	(GG	vs	CC),	recessive	gene	model	(GG	
vs	GC	+	CC),	and	dominant	gene	model	(GG	+	GC	vs	CC),	the	pooled	estimate	indi‐
cated	there	was	significant	association	between	−572G/C	IL‐6	gene	polymorphism	
and risk of RA. However, no significant statistical results were found in meta‐analy‐
ses of heterozygote gene models.
Conclusions: The	−572G/C	IL‐6	gene	polymorphism	is	associated	with	the	risk	of	RA.	
The	GG	genotype	may	be	the	main	contributor	in	increasing	susceptibility	to	RA.
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Recently,	IL‐6	−572	G/C	polymorphism	has	been	investigated	in	RA	
patients.17,19‐23 Thus, we performed this meta‐analysis to further 
confirm	the	relationship	between	−572	G/C	IL‐6	gene	polymorphism	
and risk of RA.

2  | MATERIAL S AND METHODS

2.1 | Search strategy

We conducted a literature search on databases including PubMed, 
Embase,	Springer	and	Google	Scholar	with	the	end‐date	of	February	
2019. The key words included: (“Rheumatoid” OR “Rheumatoid 
arthritis”)	 AND	 (“572G/C”	OR	 “rs1800796”	OR	 “Interleukin	 6”	OR	
“IL‐6”) AND “polymorphism”. We also manually scanned the refer‐
ence lists of some relevant reviews to obtain additional studies.

2.2 | Inclusion and exclusion criteria

The inclusion criteria in this meta‐analysis were: (a) studies were 
case‐control studies; (b) participants were patients with RA and 
controls	 (healthy	 controls);	 (c)	 −572	 G/C	 IL‐6	 gene	 polymorphism	
(rs1800796)	was	detected;	 (d)	the	frequencies	of	alleles	 (G,	C)	and	
genotypes	 (GG,	 GC,	 CC)	 were	 reported	 or	 could	 be	 obtained	 by	
calculation.

Exclusion criteria were: (a) non‐original articles (such as letters, 
comments or reviews); (b) no available data; (c) duplicated publi‐
cations (only studies with complete data could be included in this 
meta‐analysis).

2.3 | Quality assessment and data extraction

The quality of included studies was assessed independently by two 
investigators. Different evaluation results were resolved by discus‐
sion to ensure consistency of evaluation. The extracted data were 
recorded using a predesigned form including: first author name, 
publication year, study location, age, gender, sample size, method of 
detecting polymorphisms, and outcomes.

The quality of these included case‐control studies was evaluated 
by the Newcastle‐Ottawa Scale (NOS),24 which is comprised of three 
key domains and eight questions (selection: total four questions, one 
score assigned to each question; comparison: total one question, 
two scores assigned to this question; explore: total three questions, 
one score assigned to each question). Thus, a total of nine scores 
can be obtained. Studies with less than five scores was regarded as 
low‐quality by NOS in this meta‐analysis.

2.4 | Statistical analysis

All analyses were performed using Revman 5.3. Hardy–Weinberg 
equilibrium was tested in controls by a χ2 test.25 The allele model 
(G	 vs	C),	 homozygous	 gene	model	 (GG	vs	CC),	 heterozygote	 gene	
models	(GG	vs	GC,	GC	vs	CC),	recessive	gene	model	(GG	vs	GC	+	CC)	
and	dominant	gene	model	(GG	+	GC	vs	CC)	were	used	to	evaluate	

the	association	between	−572	G/C	IL‐6	gene	polymorphism	and	RA.	
The χ2 and I2 tests were used to evaluate the heterogeneity across 
included studies. The presence of significant statistical heterogene‐
ity of outcomes across included studies was assessed when P < .05 
and I2 > 50%. If there was no significant heterogeneity (P value for 
heterogeneity	≥.05	or	I2	≤	50%),	a	fixed‐effects	model	was	chosen	
to pool the effect size; otherwise, a random‐effects model was use. 
The pooled odds ratios (ORs) as well as their 95% confidence inter‐
val (CI) was used. In addition, sensitivity analysis was performed by 
omitting one study at a time. Subgroup analyses were performed by 
country. Publication bias was assessed by Egger's test.

3  | RESULTS

3.1 | Characteristics of included studies

Literature search and study selection processes are shown in 
Figure 1. The initial literature search on databases identified 363 
articles. After excluding duplicates, 79 potentially relevant articles 
remained. Afterward, 50 irrelevant articles were excluded by scan‐
ning titles or reading the full text. Among them, 13 studies which did 
not	report	−572	G/C	IL‐6	gene	polymorphism	were	excluded,	 four	
studies were eliminated because of no available data, and six reviews 
were excluded. No additional studies were found by manual search. 
Finally, six articles17,19‐23 were included in this meta‐analysis.

The characteristics of the 6 included studies are listed in Table 1. 
The publication year ranged from 2007 to 2016. In the six included 
case‐control studies, a total of 1241 RA patients and 1320 con‐
trols were reanalyzed in this meta‐analysis. Three studies were 
conducted in China and the other three studies were conducted in 
Turkey, Egypt and Mexico, respectively. All these studies detected 
the	 −572	G/C	 IL‐6	 gene	 polymorphism	by	PCR	 (polymerase	 chain	
reaction) only or PCR amplification and high resolution melt anal‐
ysis.	The	−572	G/C	IL‐6	gene	polymorphism	of	the	controls	in	each	
included study met the Hardy–Weinberg equilibrium (Table 1). In ad‐
dition, based on NOS, no low‐quality studies were included in this 
meta‐analysis (Table 2).

F I G U R E  1   Flow diagram of the study selection process
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3.2 | Meta‐analysis for relationship between −572 
G/C IL‐6 gene polymorphism and RA

In	 the	 allele	 model	 (G	 vs	 C),	 significant	 heterogeneity	 (I2 = 59%, 
P = .03) among studies was observed, so the random‐effect model 
was used for meta‐analysis of the allele model. The results showed 
that	 high	 risk	 of	 RA	was	 significantly	 associated	with	 the	G	 allele	
of	 −572	G/C	 IL‐6	 gene	 polymorphism	 compared	with	 the	C	 allele	
(OR = 0.78, 95% CI = 0.63‐0.97, P = .03, Figure 2A).

In	the	homozygous	gene	model	(GG	vs	CC),	there	was	no	signif‐
icant heterogeneity among studies (I2 = 0%, P = .59), so the pooled 
data was calculated by the fixed‐effect model. The pooled data 
showed	significant	association	between	the	GG	genotype	of	−572	
G/C	IL‐6	gene	polymorphism	and	high	risk	of	RA	compared	with	the	
CC genotype (OR = 0.62, 95% CI = 0.45‐0.86, P = .004, Figure 2B).

In heterozygote gene models, no significant heterogeneity 
among studies (I2 = 0%, P = .59) was found when comparing the 
GG	genotype	with	 the	GC	genotype,	 so	 a	 fixed‐effect	model	was	
used. However, a random‐effect model was applied in meta‐analy‐
sis	of	GC	versus	CC	because	of	significant	heterogeneity	(I2 = 63%, 
P	=	.02).	The	results	of	meta‐analysis	indicated	that	the	GC	genotype	
was	not	significantly	associated	with	risk	of	RA	compared	with	GG	
(OR = 0.84, 95% CI = 0.67‐1.07, P = .15, Figure 2C) or CC (OR = 0.68, 
95% CI = 0.44‐1.06, P = .09, Figure 2D).

In	the	recessive	gene	model	(GG	vs	GC	+	CC),	no	significant	het‐
erogeneity among studies was found (I2 = 0%, P = .54). Thus, a fixed‐
effect model was applied to conduct a meta‐analysis of the recessive 
gene model. The pooled estimate indicated there was significant as‐
sociation	between	−572	G/C	IL‐6	gene	polymorphism	and	risk	of	RA	
(OR = 0.78, 95% CI = 0.62‐0.97, P = .03, Figure 2E).

In	the	dominant	gene	model	(GG	+	GC	vs	CC),	significant	hetero‐
geneity among studies was found (I2 = 64%, P = .02). Thus, a fixed‐ef‐
fect model was applied to conduct a meta‐analysis of the dominant 
gene model. The pooled estimate indicated there was significant as‐
sociation	between	−572	G/C	IL‐6	gene	polymorphism	and	risk	of	RA	
(OR = 0.78, 95% CI = 0.62‐0.97, P = .03, Figure 2F).

3.3 | Subgroup analyses

As shown in Table 3, only the studies conducted in China were ana‐
lyzed.	 In	 these	analyses,	only	 the	homozygous	gene	model	 (GG	vs	
CC)	and	recessive	gene	model	(GG	vs	GC	+	CC)	indicated	significant	
association	between	−572	G/C	IL‐6	gene	polymorphism	and	risk	of	
RA. Significant heterogeneity among studies still existed in the allele 
model	(G	vs	C),	heterozygote	gene	model	(GC	vs	CC),	and	dominant	
gene	model	(GG	+	GC	vs	CC).

3.4 | Sensitivity analyses and publication bias

In this study, sensitivity analyses showed the results of this meta‐
analysis were unstable. Inconsistent results with overall analyses are 
shown in Table 4. Egger's test showed there was no significant pub‐
lication bias (P > .05).TA
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F I G U R E  2   Overall meta‐analyses 
for	assessing	relationship	of	−572	
G/C	interleukin	6	promoter	gene	
polymorphisms (rs1800796) with 
rheumatoid arthritis risk
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4  | DISCUSSION

In	 this	 study,	we	 found	 significant	 association	between	−572	G/C	
IL‐6 gene polymorphism and risk of RA. Moreover, based on gene 
models,	we	found	the	G	allele	or	GG	genotype	were	significantly	as‐
sociated with high risk of RA, compared with the C allele or CC geno‐
type.	Although	the	meta‐analyses	of	the	recessive	gene	model	(GG	
vs	GC	+	CC)	and	dominant	gene	model	 (GG	+	GC	vs	CC)	 indicated	
significant statistical results, no significant association between 
−572	G/C	IL‐6	gene	polymorphism	and	risk	of	RA	was	found	in	the	
meta‐analyses of heterozygote gene models. Thus, we speculated 
that	the	GG	genotype	may	be	the	contributor	of	−572	G/C	IL‐6	gene	
to increasing RA susceptibility. The results of subgroup analyses also 
provided evidences for this speculation.

Some studies have explored the role of IL‐6 in pathogenesis of 
RA. In the study of Hwang et al, it showed that the overexpression 
of IL‐6 in RA was regulated by IL‐17 via nuclear factor (NF)‐kappaB‐ 
and PI3‐kinase/Akt‐dependent pathways.4 Lin et al found that Cyr61 
can induce the expression of IL‐6 in RA.26 It was reported Cyr61 
may play a key role in IL‐17‐dependent proliferation of fibroblast‐like 
synoviocytes in RA.27 As known, cell proliferation of fibroblast‐like 
synoviocytes is one of the main mechanisms associated with the oc‐
currence and development of RA. Moreover, it was reported that 
spontaneous activation of NF‐kappaB and CBF1 may be the contrib‐
utors inducing the constitutive transcription of the IL‐6 gene in rheu‐
matoid synoviocytes of RA.28 Thus, IL‐6 overexpression may play 
key roles in the occurrence and development of RA via the above 
potential	mechanisms.	The	GG	genotype	of	−572	G/C	polymorphism	

Subgroup Gene model

Test of relationship

Model

Test of 
heterogeneity

OR (95% CI) P P I2 (%)

China (includ‐
ing 3 studies)

G	vs	C 0.71 (0.48, 1.06) .09 R .003 82

GG	vs	CC 0.67 (0.47, 0.95) .02 F .41 0

GG	vs	GC 0.79 (0.55, 1.12) .19 F .78 0

GC	vs	CC 0.71 (0.42, 1.21) .21 R .004 82

GG	vs	GC	+	CC 0.70 (0.50, 0.99) .04 F .59 0

GG	+	GC	vs	CC 0.68 (0.40, 1.14) .14 R .003 83

Abbreviations: CI, confidence interval; F, fixed‐effect model; OR, odds ratio; R, random‐effect 
model.

TA B L E  3   Results of subgroup 
meta‐analysis

Gene model Omitted study

Test of relationship

Model

Test of het‐
erogeneity

OR (95% CI) P P I2 (%)

G	vs	C Chong‐ge You 
(2012)22

0.75 (0.55, 1.01) .06 R .02 67

Khalda Amr (2016)20 0.78 (0.60, 1.02) .06 R .02 67

GG	vs	GC Arman (2012)21 0.75 (0.58, 0.98) .04 F .94 0

GG	vs	GC	+	CC Chong‐ge You 
(2012)22

0.78 (0.60, 1.00) .05 F .40 1

Feng Li (2014)19 0.80 (0.62, 1.02) .07 F .43 0

Huang (2007)23 0.80 (0.64, 1.01) .06 F .59 0

Khalda Amr (2016)20 0.81 (0.63, 1.03) .08 F .49 0

Zavaleta‐Muñiz 
(2013)17

0.78 (0.61, 1.00) .05 F .40 1

GG	+	GC	vs	CC Arman (2012)21 0.68 (0.44, 1.03) .07 R .02 67

Chong‐ge You 
(2012)22

0.54 (0.27, 1.08) .08 R .01 69

Huang (2007)23 0.86 (0.70, 1.06) .16 F .51 0

Khalda Amr (2016)20 0.65 (0.41, 1.05) .08 R .01 70

Abbreviations: CI, confidence interval; F, fixed‐effect model; OR, odds ratio; R, random‐effct 
model.

TA B L E  4   Sensitivity analyses showing 
inconsistent results with overall analyses
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in IL‐6 gene promoter may contribute to RA susceptibility by regulat‐
ing expression of the IL‐6 gene.

Some limitations of this meta‐analysis should be noted. First, the 
number of included studies and the sample size were small. Second, 
significant heterogeneity among studies was found in this meta‐
analysis. Although the subgroup analyses were performed, only the 
region was considered in this study due to not enough data on other 
confounding factors. Third, the sensitivity analyses showed the re‐
sults	 of	meta‐analyses	 on	 the	 allele	model	 (G	 vs	 C),	 heterozygote	
gene	model	(GG	vs	GC),	recessive	gene	model	(GG	vs	GC	+	CC)	and	
dominant	gene	model	(GG	+	GC	vs	CC)	were	unstable.	More	studies	
should be performed to provide more evidence on association be‐
tween	−572	G/C	IL‐6	gene	polymorphism	and	risk	of	RA.

5  | CONCLUSION

In	conclusion,	−572	G/C	IL‐6	gene	polymorphism	is	associated	with	
the	 risk	of	RA.	GG	genotype	may	be	 the	contributor	of	−572	G/C	
IL‐6 gene to increasing RA susceptibility. More studies are needed to 
further confirm the results of this meta‐analysis.
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Abstract
Objective: This	study	aims	to	describe	the	association	between	sociodemographic	
factors	and	trajectories	of	disease,	disability	and	health-related	quality	of	life	(HRQoL)	
in	early	rheumatoid	arthritis	(ERA).
Methods: Data	 were	 collected	 prospectively	 over	 3	 years	 in	 the	 Singapore	 Early	
Arthritis	 Cohort	 study.	 Trajectories	 were	 modeled	 using	 multi-trajectory	 group-
based	trajectory	modeling	(GBTM)	and	determinants	of	trajectory	membership	were	
identified	using	multinomial	logistic	regression.
Results: Two	hundred	and	 thirteen	patients	were	 included:	58.2%	Chinese,	16.4%	
Malay,	21.6%	 Indian,	mean	 (SD)	 age	51.3	 (12.6)	 years	 and	 symptom	duration	21.8	
(15.3)	weeks.	In	the	multi-trajectory	analysis,	three	groups	of	disease	trajectories	and	
corresponding	 disability	 and	HRQoL	 trajectories	were	 identified:	 group	1	 (moder-
ate	disease	rapid	response,	49.9%),	group	2	(high	disease	rapid	response,	31.1%)	and	
group	3	(high	disease	slow	response,	19.1%).	Malay	patients	had	higher	relative	risk	
ratio	(RRR)	of	being	in	trajectory	groups	2	and	3	compared	to	group	1	(RRR	=	2.30,	
95%	CI	1.05-3.98	and	RRR	=	4.02,	95%	CI	1.45-6.43,	 respectively)	while	patients	
with	tertiary	education	had	 lower	relative	risk	 (RRR	=	0.56,	95%	CI	0.45-0.89	and	
RRR	=	0.33,	(95%	CI	0.14-0.83,	respectively).	In	the	analysis	of	individual	outcomes,	
ethnicity,	education	level	and	body	mass	index	were	determinants	of	the	heterogene-
ous	disease	activity	trajectories.	Gender	and	education	level	were	determinants	of	
the	disability	trajectories.	Only	gender	was	a	determinant	of	the	HRQoL	trajectories.	
Further,	 96.2%	 of	 the	 patients	were	 treated	with	 conventional	 synthetic	 disease-
modifying	antirheumatic	drugs.
Conclusion: Disparities	in	sociodemographic	factors	should	be	taken	into	considera-
tion	in	formulating	treatment	strategies	in	ERA.
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1  | INTRODUC TION

Current	 goals	 of	 treatment	 in	 early	 rheumatoid	 arthritis	 (ERA)	
include	 achieving	 disease	 remission,	 reducing	 functional	 disabil-
ity	 as	well	 as	minimizing	 pain	 and	 loss	 of	 employment.1-3	 These	
outcomes	 can	 be	 related	 to	 the	 World	 Health	 Organization	
International	Classification	of	 Functioning,	Disability	 and	Health	
(WHO	 ICF)	 framework.4,5	 Few	 studies	 to	 date	 have	 studied	 the	
overall	impact	of	ERA	on	functioning,	activity	and	participation.	In	
addition,	there	has	been	no	study	that	has	characterized	combined	
trajectories	of	disease,	disability	and	health-related	quality	of	life	
(HRQoL)	in	ERA.6

According	to	the	WHO	ICF	framework,	functioning	is	the	result	
of	interactions	between	disease	factors,	environmental	factors	and	
personal	factors.	Environmental	factors	refer	to	the	physical,	social	
as	well	as	attitudinal	environment	in	which	people	live	and	conduct	
their	lives	while	personal	factors	refer	to	influences	specific	to	the	
individual.4	 Sociodemographic	 characteristics	 are	 a	 component	 of	
these	 factors.	 Analyzing	 how	 sociodemographic	 factors	 relate	 to	
disease,	disability	and	HRQoL	trajectories	enables	us	to	understand	
the	interactions	between	environmental	factors,	disease	and	func-
tioning	in	ERA.

Group-based	trajectory	modeling	(GBTM)	is	a	method	of	analysis	
that	allows	for	the	identification	of	risk	factors	associated	with	poor	
longitudinal	 outcome	progression.7-9	Using	GBTM,	 this	 study	 aims	
to:	(a)	characterize	trajectories	of	disease,	disability	and	HRQoL;	and	
(b)	analyze	the	role	of	sociodemographic	factors	as	determinants	of	
the	heterogeneity	of	these	trajectories.

2  | PATIENTS AND METHODS

2.1 | Patients and study design

The	Singapore	Early	Arthritis	Cohort	(SEAC),	as	previously	described,	
is	a	prospective	inception	cohort	of	patients	with	early	inflammatory	
arthritis	(EIA)	seen	by	a	rheumatologist	since	September	2013	at	the	
National	University	Hospital,	 the	only	 tertiary	hospital	 in	Western	
Singapore.10	All	EIA	patients	with	symptom	onset	after	1	September	
2012	 were	 approached.	 They	 were	 included	 if	 informed	 consent	
was	obtained	(99%	of	all	eligible	patients).	Patients	were	recruited	at	
their	first	clinic	visit	or	at	the	soonest	possible	visit	thereafter.	They	
were	followed	up	at	3,	6	and	12	months	and	annually	thereafter	up	
to	3	years.	Demographic	data,	 lifestyle	factors,	clinical	parameters	
and	 laboratory	 data	 were	 determined	 by	 face-to-face	 interview,	
clinical	examination	or	review	of	electronic	medical	records.	EIA	was	
defined	as	inflammation	of	two	or	more	joints,	not	caused	by	trauma,	
which	persisted	for	more	than	4	weeks	and	was	confirmed	by	rheu-
matologist	 assessment.11	 For	 this	 study,	 only	 patients	with	 physi-
cian-diagnosed	RA	were	included.12,13	The	study	was	conducted	in	
accordance	with	the	Declaration	of	Helsinki.	Informed	consent	was	
obtained	 from	all	 patients	 and	ethics	 approval	was	obtained	 from	
the	Singapore	National	Healthcare	Group	Domain	Specific	Review	
Board.

2.2 | Sociodemographic factors

Sociodemographic	factors	analyzed	included	age,	gender,	ethnicity,	
education	level	as	well	as	marital,	employment	and	housing	status.	
Education	 level	 was	 grouped	 into	 “none	 or	 primary”,	 “secondary	
or	vocational”	and	“tertiary”.	Marital	 status	was	dichotomized	 into	
“married”	 and	 “single,	 divorced	 or	 widowed”.	 Employment	 status	
was	dichotomized	into	“employed”	which	included	self-employment	
as	well	as	“unemployed,	retired	or	homemaker”.	Housing	status	was	
grouped	into	“private	housing”	and	“government	housing”.

2.3 | Outcome measures

Disease	activity	was	assessed	using	the	Disease	Activity	Score	in	28	
joints	combined	with	erythrocyte	sedimentation	rate	(DAS28-ESR),	
a	 composite	 index	 comprising	 the	28	Tender	 Joint	Count	 (TJC28),	
28	Swollen	 Joint	Count	 (SJC28),	Patient	Global	Assessment	 (PGA)	
measured	on	a	100	mm	visual	analog	scale	 (VAS)	as	well	as	ESR.14 
Functional	disability	was	assessed	using	the	8-item	modified	Health	
Assessment	Questionnaire	(mHAQ).15	The	total	mHAQ	score	is	the	
mean	 score	 of	 all	 the	 questions.	 HRQoL	was	measured	 using	 the	
EuroQol-5D	 three	Levels	 (EQ5D-3L)	questionnaire.16-18	The	EQ5D	
index	was	calculated	based	on	Singapore	time	trade-off	values	and	
ranges	 from	 −0.769	 to	 1,	with	 one	 representing	 full	 health	 and	 0	
equating	to	death.19,20	Data	for	the	mHAQ	and	EQ5D	were	only	col-
lected	at	baseline	and	annually	thereafter	while	data	for	the	DAS28-
ESR	were	collected	at	every	visit.

2.4 | Statistical analysis

Disease	activity,	disability	and	HRQoL	trajectories	were	determined	
using	GBTM,	a	 specialized	application	of	 finite	mixture	modeling.7 
Trajectories	are	latent	strata	rather	than	categories	selected	a	priori.8 
GBTM	analysis	was	performed	with	a	STATA	plugin	for	GBTM	esti-
mation	using	a	censored	normal	model.21	Individuals	were	assigned	
to	 a	 group	 based	 on	 the	maximum	posterior	 probability	 principle.	
Models	were	first	fitted	assuming	a	cubic	relationship	and	dropped	
to	 either	 quadratic	 or	 linear	 for	 non-significant	 polynomial	 terms.	
Models	were	fitted	iteratively	beginning	with	1	trajectory	up	to	the	
maximum	number	of	trajectories	possible	based	on	the	following	se-
lection	criteria:	(a)	Bayesian	Information	Criteria;	(b)	minimum	of	5%	
of	patients	within	each	trajectory;	(c)	average	posterior	probability	
above	 0.7	 for	 each	 group;	 (d)	 odds	 of	 correct	 classification	 above	
5;	and	(e)	adequate	correspondence	between	the	group's	estimated	
probability	and	the	proportion	of	members	assigned.8	Consideration	
was	also	given	to	model	parsimony	and	clinical	plausibility.	Multi-tra-
jectory	modeling	was	used	 to	 characterize	 combined	DAS28-ESR,	
mHAQ	and	EQ5D	index	trajectory	groups	with	a	similar	model	selec-
tion	process.

Descriptive	results	were	presented	as	either	n	 (%)	or	mean	 (SD).	
Differences	in	baseline	characteristics	were	compared	using	the	Chi-
square	 test,	one-way	analysis	of	variance	or	 the	Kruskal-Wallis	 test.	
Baseline	predictors	of	disease	activity	trajectory	were	identified	using	
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multivariable	multinomial	logistic	regression	using	a	hierarchical	selec-
tion	method.	Interaction	terms	were	included	and	analyzed	in	further	
models.	To	avoid	multicollinearity,	a	tolerance	threshold	of	<0.2	was	
considered	unacceptable.	Results	are	presented	as	 relative	 risk	 ratio	
(RRR)	and	95%	confidence	interval	(95%	CI).

Group-Based	Trajectory	Modelling	handles	missing	data	under	the	
assumption	 of	missing	 at	 random	 and	 no	 cases	were	 dropped	 from	
the	 trajectory	 modeling.8	 To	 further	 analyze	 the	 impact	 of	 missing	
data	on	the	results,	data	with	missing	values	above	5%,	including	ESR	
(9.4%)	and	EQ5D	index	(10.8%),	were	imputed	using	multiple	imputa-
tion	by	chained	equations.	Twenty	sets	of	multiply	imputed	data	were	
obtained.	The	GBTM	analysis	was	repeated	on	the	imputed	data	and	
model	 coefficients	were	 compared.	 Characteristics	 of	 patients	with	
complete	 and	 incomplete	 data	 by	 the	 3-year	 visit	 were	 compared.	
Furthermore,	a	subgroup	analysis	was	performed	on	disease-modify-
ing	antirheumatic	drug	(DMARD)-naïve	patients	at	baseline.	All	analy-
ses	were	performed	using	STATA	version	15.1	(StataCorp	LLC).

3  | RESULTS

3.1 | Baseline characteristics of cohort

Of	the	271	patients	with	EIA	in	the	cohort,	58	patients	with	psoriatic	
arthritis	 or	 undifferentiated	 arthritis	 were	 excluded;	 213	 patients	
with	physician-diagnosed	RA	were	included	in	the	analysis.

The	 mean	 (SD)	 age	 of	 the	 cohort	 was	 51.3	 (12.6)	 years	 and	
156	 (73.2%)	were	 female;	124	 (58.2%)	patients	were	Chinese	and	
134	(62.9%)	were	seropositive	for	either	rheumatoid	factor	(RF)	or	
anti-citrullinated	protein	antibody	(ACPA).	The	mean	(SD)	symptom	
duration	was	21.8	(15.3)	weeks	and	duration	from	diagnosis	to	re-
cruitment	to	the	study	was	7.1	(6.8)	weeks.	Most	patients	had	mod-
erate	disease	activity	with	a	mean	(SD)	DAS28-ESR	of	4.6	(1.7)	and	
37	(17.4%)	patients	had	radiographic	erosions.	The	mean	(SD)	mHAQ	
was	0.6	(0.6)	and	EQ5D	index	was	0.5	(0.3).

3.2 | Disease activity trajectories

As	shown	in	Figure	1,	three	disease	activity	trajectories	were	identi-
fied.	Patients	in	trajectory	1	(moderate	disease	rapid	response)	had	
moderate	 disease	 activity	 (MDA)	 to	 low	 disease	 activity	 (LDA)	 at	
baseline	and	achieved	sustained	remission	from	6	months	onward.	
Patients	in	both	trajectory	2	(high	disease	rapid	response)	and	tra-
jectory	3	 (high	disease	slow	response)	had	high	disease	activity	at	
baseline	but	while	patients	in	trajectory	2	eventually	progressed	to	
LDA	or	remission,	patients	in	trajectory	3	continued	to	have	MDA	to	
LDA	and	did	not	achieve	remission.	Model	selection	parameters	can	
be	found	in	Tables	S1	and	S2.

3.3 | Disease, disability and HRQoL 
trajectory groups

Combined	 trajectories	 of	 DAS28-ESR,	 mHAQ	 and	 EQ5D	 index	
were	 characterized	 via	 multi-trajectory	 modeling,	 as	 shown	 in	

Figure	2	 (individual	mHAQ	trajectories	and	EQ5D	 index	 trajectories	
can	 be	 found	 in	 Figures	 S1	 and	 S2	 respectively).	 Three	 trajectory	
groups	(each	comprising	distinct	DAS28-ESR,	mHAQ	and	EQ5D	index	
trajectories)	 were	 identified.	 Patients	 in	 trajectory	 group	 1	 (moder-
ate	disease	rapid	response)	had	minimum	disability	and	impairment	in	
quality	of	life	at	baseline	with	subsequent	improvement	by	12	months.	
Patients	in	both	trajectory	group	2	(high	disease	rapid	response)	and	
trajectory	 group	 3	 (high	 disease	 slow	 response)	 had	 some	 disability	
and	impairment	in	quality	of	life	at	baseline.	However,	while	patients	in	
group	2	improved	rapidly	with	minimum	disability	and	near	full	health	
by	12	months,	patients	in	group	3	had	a	slower	course	of	improvement.	
Model	selection	parameters	can	be	found	in	Table	S1	and	S2.

3.4 | Baseline characteristics stratified by 
trajectory groups

The	 baseline	 characteristics	 of	 patients	 stratified	 by	 trajectory	
groups	 can	be	 found	 in	Table	1.	 There	was	 a	 higher	 proportion	

F I G U R E  1  Disease	activity	trajectories	based	on	the	
DAS28ESR.	Three	DAS28ESR	trajectories	were	identified:	(A)	
trajectory	1:	moderate	disease	rapid	response	(B)	trajectory	2:	
high	disease	rapid	response	(C)	trajectory	3:	high	disease	slow	
response.	Dotted	lines	represent	the	95%	confidence	intervals.	
Estimated	probabilities	of	each	trajectory	are	labelled	in	the	legend,	
which	may	differ	from	the	percentage	of	patients	assigned	to	each	
trajectory	based	on	the	maximum	posterior	probability	assignment	
rule.	DAS28ESR,	Disease	Activity	Score	in	28	Joints	with	ESR;	
HDA,	High	Disease	Activity;	LDA,	Low	Disease	Activity;	MDA,	
Moderate	Disease	Activity;	REM,	remission
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of	 female	 patients	 in	 trajectory	 group	 3	 compared	 to	 group	 1	
(n	=	30,	88.2%	vs	n	=	64,	65.3%)	and	a	higher	proportion	of	Malay	
patients	in	trajectory	groups	2	and	3	compared	to	group	1	(n	=	16,	
19.8%	and	n	=	10,	29.4%	respectively	vs	n	=	9,	9.2%).	In	addition,	
there	 was	 a	 lower	 proportion	 of	 patients	 with	 tertiary	 educa-
tion	 in	 trajectory	 groups	2	 and	3	 compared	 to	 group	1	 (n	=	16,	
19.8%	and	n	=	7,	20.6%	respectively	vs	n	=	38,	38.8%).	Patients	
in	trajectory	group	3	also	had	higher	mean	(SD)	body	mass	index	
(BMI)	than	groups	1	and	2	(27.6	[5.8]	vs	23.8	[4.5]	and	24.4	[4.4]	
respectively).

Patients	 in	 trajectory	 groups	2	 and	3	 had	more	 active	 disease	
with	more	joint	involvement	and	higher	inflammatory	marker	titers	
as	 well	 as	 poorer	 patient-reported	 outcomes	 compared	 to	 group	
1.	There	were	no	differences	 in	age,	employment,	housing	or	mar-
ital	 status,	 symptom	duration,	 comorbidities,	 seropositivity,	 radio-
graphic	erosions	and	DMARD	treatment	at	baseline.	Characteristics	
of	patients	with	and	without	complete	data	by	the	3-year	visit	were	
compared	with	no	significant	differences	found.

3.5 | Baseline determinants of disease, 
disability and HRQoL trajectory groups

The	details	of	 the	multivariable	analysis	of	baseline	determinants	of	
single	 outcome	 trajectories	 (DAS28-ESR,	 mHAQ	 and	 EQ5D	 index	
trajectories)	 can	be	 found	 in	Table	S3.	 In	 summary,	Malay	ethnicity,	
absence	of	tertiary	education	and	higher	BMI	were	significant	determi-
nants	of	higher	disease	activity	level	trajectories	based	on	DAS28-ESR.	
Female	gender	and	absence	of	tertiary	education	were	significant	de-
terminants	of	higher	disability	trajectories	based	on	the	mHAQ.	Only	

female	gender	was	a	significant	determinant	of	poorer	HRQoL	trajec-
tories	based	on	the	EQ5D	index.

The	multi-trajectory	analysis	of	determinants	of	combined	DAS28-
ESR,	mHAQ	and	EQ5D	index	trajectory	groups	can	be	found	in	Table	2.	
Confounders	adjusted	 for	 include	smoking,	 symptom	duration,	BMI,	
seropositivity,	radiographic	erosions	and	DMARD	treatment.	Variables	
were	entered	in	three	blocks:	block	1	comprises	demographic	factors,	
block	 2	 comprises	 socioeconomic	 factors	 and	 clinical	 factors	 while	
block	3	comprises	serological,	radiological	and	treatment	factors.	No	
multicollinearity	was	 found	with	 the	 tolerance	of	 all	 variables	 being	
above	0.6.	In	model	3,	Malay	ethnicity,	as	compared	to	Chinese	eth-
nicity,	was	associated	with	a	higher	relative	risk	of	being	in	trajectory	
groups	2	and	3	compared	to	group	1	(RRR	=	2.30,	95%	CI	1.05–3.98	
and	RRR	=	4.02,	95%	CI	1.45–6.43	respectively).	Patients	with	tertiary	
education	had	a	lower	relative	risk	of	being	in	trajectory	groups	2	and	
3	compared	to	group	1	(RRR	=	0.56,	95%	CI	0.45–0.89	and	RRR	=	0.33,	
95%	CI	0.14–0.83	respectively).	In	addition,	higher	BMI	was	associated	
with	a	higher	relative	risk	of	being	in	trajectory	group	3	compared	to	
group	1	(RRR	=	1.12,	95%	CI	1.04–1.23).	In	model	1,	female	gender	was	
also	associated	with	a	higher	relative	risk	of	being	in	trajectory	group	
3	as	compared	to	group	1	 (RRR	=	2.44,	95%	CI	1.14–3.45)	although	
this	was	not	significant	in	the	fully	adjusted	model.	Interaction	terms	
between	education	level,	gender,	ethnicity,	seropositivity	and	smoking	
were	analyzed	in	further	models	with	no	significant	interactions	found.

3.6 | DMARD treatment groups

The	 proportion	 of	 patients	 in	 each	 DMARD	 treatment	 group	 is	
shown	in	Figure	S3.	While	most	patients	were	recruited	at	the	first	

F I G U R E  2  Combined	DAS28ESR,	
mHAQ	and	EQ5D	index	trajectories	
determined	via	multi-trajectory	modelling:	
(A)	DAS28ESR	trajectories	(B)	mHAQ	
trajectories	(C)	EQ5D	index	trajectories.	
Three	groups	of	trajectories	were	
identified,	each	comprising	distinct	
DAS28ESR,	mHAQ	and	EQ5D	index	
trajectories.	Dotted	lines	represent	the	
95%	confidence	intervals.	Estimated	
probabilities	of	each	trajectory	group	are	
labelled	in	the	legend,	which	may	differ	
from	the	number	of	patients	assigned	
to	each	group	based	on	the	maximum	
posterior	probability	assignment	rule.	
DAS28ESR,	Disease	Activity	Score	in	
28	Joints	with	ESR;	EQ5D,	Euro-Qol	5	
Dimensions;	mHAQ,	Modified	Health	
Assessment	Questionnaire;	
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TA B L E  2  Baseline	determinants	of	trajectory	groups	(multivariable	multinomial	logistic	regression)

 

Model 1b Model 2c Model 3d

RRR 95% CI RRR 95% CI RRR 95% CI

Age	(per	unit	increase)

Trajectory	group	2 1.00 0.98-1.03 0.99 0.97-1.03 1.00 0.95-1.06

Trajectory	group	3 1.01 0.88-1.14 1.01 0.87-1.15 0.97 0.83-1.19

Female	(vs	male)

Trajectory	group	2 1.63 0.87-2.39 1.44 0.77-2.10 1.19 0.53-1.86

Trajectory	group	3 2.44 1.14‐3.45 2.01 0.74-3.30 1.78 0.54-3.23

Malay	(vs	Chinese)

Trajectory	group	2 2.71 1.20‐4.73 2.54 1.14‐4.21 2.30 1.05‐3.98

Trajectory	group	3 4.65 1.90‐7.23 4.32 1.78‐6.82 4.02 1.45‐6.43

Indian	(vs	Chinese)

Trajectory	group	2 2.34 0.63-3.18 2.38 0.67-3.21 2.46 0.77-3.01

Trajectory	group	3 2.45 0.87-4.53 2.56 0.89-4.71 2.59 0.85-5.07

BMI	(per	unit	increase)

Trajectory	group	2   1.05 0.93-1.15 1.03 0.90-1.10

Trajectory	group	3   1.19 1.08‐1.39 1.12 1.04‐1.23

Symptom	duration	(wk)

Trajectory	group	2   1.00 0.99-1.02 0.99 0.98-1.02

Trajectory	group	3   0.99 0.97-1.03 0.99 0.97-1.03

Ever	smoker	(vs	never	smoker)

Trajectory	group	2   1.61 0.80-2.98 1.83 0.83-3.21

Trajectory	group	3   1.24 0.49-3.05 1.64 0.53-3.52

Tertiary	education	(vs	none,	primary	or	secondary)

Trajectory	group	2   0.78 0.55‐0.95 0.56 0.45‐0.89

Trajectory	group	3   0.58 0.28‐0.88 0.33 0.14‐0.83

Currently	employed	(vs	unemployed,	retired	or	homemaker)

Trajectory	group	2   0.99 0.58-2.01 0.98 0.55-1.98

Trajectory	group	3   1.14 0.69-2.89 1.06 0.56-2.98

Seropositivitye

Trajectory	group	2     0.99 0.45-2.02

Trajectory	group	3     1.03 0.56-2.34

Radiographic	erosions

Trajectory	group	2     1.43 0.84-3.04

Trajectory	group	3     1.31 0.58-2.86

Non-MTX	csDMARD	(vs.	MTX	monotherapy)f

Trajectory	group	2     1.91 0.69-3.35

Trajectory	group	3     1.51 0.66-3.45

Combination	csDMARD	(vs.	MTX	monotherapy)f

Trajectory	group	2     1.23 0.45-3.02

Trajectory	group	3     2.01 0.76-4.58

Pseudo	R2 0.49  0.57  0.61  

Note: aBold	represent	statistically	significant	values.	
Trajectory	group	1	was	used	as	the	reference	category	in	all	analyses.	Significant	results	have	been	indicated	in	bold.
Abbreviations:	BMI,	body	mass	index;	DAS28-ESR,	Disease	Activity	Score	in	28	Joints	with	erythrocyte	sedimentation	rate;	csDMARD,	conventional	
synthetic	disease-modifying	antirheumatic	drug;	MTX,	methotrexate.
bModel	1	comprises	baseline	demographic	factors.	
cModel	2	comprises	socioeconomic	factors	and	clinical	factors	in	addition	to	demographic	factors.	
dModel	3	comprises	serological,	radiological	and	treatment	factors	in	addition	to	socioeconomic,	clinical	and	demographic	factors.	
eEither	rheumatoid	factor	or	anti-citrullinated	protein	antibody	positivity	
fDMARD	treatment	at	the	3-month	visit	was	used	in	the	regression	as	most	patients	were	started	on	treatment	by	this	visit	and	it	is	representative	of	
the	initial	treatment	choice.	
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clinic	 visit	 and	were	DMARD-naïve	 at	 recruitment	 to	 the	 study,	
some	patients	were	recruited	at	the	soonest	possible	visit	there-
after	and	had	been	on	treatment	 for	a	 few	weeks	at	 the	 time	of	
recruitment.	There	were	60.1%	of	patients	treatment-naïve	at	the	
baseline	visit	and	98.6%	were	on	treatment	by	the	3-month	visit.	
Most	patients	were	started	on	methotrexate	(MTX)	monotherapy	
or	 combination	 conventional	 synthetic	 DMARDs	 (csDMARDs)	
with	MTX	and	hydroxychloroquine	(HCQ)	and	treatment	was	es-
calated	based	on	disease	activity	.	While	there	were	no	differences	
in	 treatment	at	baseline,	differences	were	observed	 from	 the	3-
month	visit	onward.	The	proportion	of	patients	in	each	treatment	
group	 was	 similar	 for	 trajectory	 groups	 1	 and	 2	 while	 patients	
in	 group	 3	 were	 mostly	 treated	 with	 combination	 csDMARDs.	
Overall,	96.2%	of	the	patients	were	treated	with	csDMARDs	with	
low	use	of	biological	DMARDs	 (bDMARDs).	A	subgroup	analysis	
was	performed	on	baseline	DMARD-naïve	patients,	 as	 shown	 in	
Figure	S4,	yielding	similar	trajectories	as	the	main	analysis.

4  | DISCUSSION

This	study	has	characterized	combined	trajectories	of	disease,	dis-
ability	and	HRQoL	in	a	multi-ethnic	Asian	ERA	cohort.	The	role	of	
sociodemographic	factors	as	determinants	of	the	heterogeneity	of	
these	trajectories	was	examined.	Three	groups	of	disease,	disability	
and	HRQoL	trajectories	were	characterized.	Sociodemographic	fac-
tors	including	Malay	ethnicity,	female	gender	and	absence	of	tertiary	
education	were	determinants	of	poorer	outcomes.	Higher	BMI	was	
also	associated	with	poorer	outcomes.

Although	there	has	not	been	a	similar	study	to	date	describing	
combined	trajectories	of	disease,	disability	and	HRQoL,	a	few	stud-
ies	have	described	disease	activity	trajectories	using	finite	mixture	
modeling.	 In	 both	 the	Dutch	 Rheumatoid	 Arthritis	Monitoring	 re-
mission	 induction	 cohort	 and	 an	 Australian	 observational	 cohort,	
patients	followed	three	distinct	disease	trajectories	over	time.22,23 
Most	 patients	 followed	 the	 best	 outcome	 trajectory	 with	 a	 small	
number	 of	 patients	 in	 trajectory	with	 poorest	 outcome,	 similar	 to	
our	 findings.	 Key	 determinants	 of	 trajectory	 membership	 in	 our	
study	were	 sociodemographic	 factors	while	 seropositivity	 and	 ra-
diographic	 erosions	 were	 not	 significant	 determinants.	 Similarly,	
in	the	Canadian	Early	Arthritis	Cohort	 (CATCH)	study,	sociodemo-
graphic	 factors	were	 the	main	determinants	of	differences	 in	out-
come	trajectories	while	gender	was	the	only	determinant	of	variable	
outcomes	in	the	Dutch	study.23,24

Ethnicity	was	a	determinant	of	variable	DAS28-ESR	and	mHAQ	
trajectories	in	our	study.	Ethnic	differences	in	ERA	outcomes	have	
not	been	well	studied	in	the	Asian	context	and	there	has	been	no	
similar	study	on	the	impact	of	ethnicity	on	outcome	trajectories.	
However,	 one	 cross-sectional	 study	 from	 a	 Malaysian	 tertiary	
center	has	 similarly	demonstrated	 that	non-Chinese	ethnicity,	 in	
particular	 Malay	 ethnicity,	 was	 associated	 with	 failure	 to	 meet	
treatment	 targets.25	 Education	 status	was	 a	 significant	 determi-
nant	of	both	DAS28-ESR	and	mHAQ	trajectories.	Education	status	

could	 affect	 disease	 progression	 through	 differences	 in	 health	
literacy,	 self-care	and	medication	compliance.26,27	 It	may	also	be	
related	 to	 differences	 in	 socioeconomic	 status	which	 can	 affect	
access	 to	 healthcare	 services	 and	medications.28	 Female	 gender	
was	associated	with	poorer	mHAQ	and	EQ5D	index	trajectories.	
Differences	in	outcomes	based	on	gender	may	be	explainable	by	
differences	in	both	the	biological	progression	of	disease	as	well	as	
self-perception	and	reporting	of	symptoms.29-31	In	addition,	higher	
BMI	was	 also	 associated	with	poorer	DAS28-ESR	outcomes	 and	
this	can	be	due	to	 its	association	with	higher	 levels	of	 inflamma-
tion	and	comorbidities.32-36

In	terms	of	treatment,	most	of	our	patients	were	initially	started	
on	MTX	monotherapy	or	combination	csDMARD	therapy	with	MTX	
and	HCQ.	Treatment	was	stepped	up	based	on	disease	severity	and	
response	to	treatment.	During	the	4-year	recruitment	period	of	this	
study,	there	were	no	changes	to	local	DMARD	treatment	guidelines.	
Few	of	our	patients	were	started	on	bDMARDs	during	the	study	pe-
riod	due	to	the	excellent	response	to	csDMARDs	 in	most	patients	
and	 the	 funding	 mechanism	 for	 biologic	 treatment	 in	 Singapore,	
which	 includes	 a	means-tested	 out-of-pocket	 payment	with	 strin-
gent	criteria	for	government	subsidy.37

There	 are	 several	 strengths	 in	our	 study.	 First,	 this	 is	 the	 first	
prospective	 inception	 cohort	 study	of	ERA	patients	 in	Asia	 and	 is	
uniquely	placed	 to	 study	 the	progression	of	ERA	outcomes	 in	 the	
Asian	 context.	 Furthermore,	 to	 the	 best	 of	 our	 knowledge,	 this	 is	
the	 only	 study	 to	 date	 that	 has	 used	multi-trajectory	modeling	 to	
simultaneously	model	disease,	disability	and	HRQoL	trajectories,	ac-
counting	for	the	interactions	between	these	trajectories.38	In	order	
to	ensure	robustness	of	the	results,	the	impact	of	missing	data	was	
assessed	via	multiple	imputation	followed	by	repetition	of	the	GBTM	
analysis.	A	subgroup	analysis	was	performed	on	patients	who	were	
DMARD-naïve	at	baseline.	In	both	of	the	preceding	analyses,	three	
similar	trajectory	groups	with	proportionately	similar	numbers	of	pa-
tients	were	identified.

One	limitation	of	our	study	is	the	use	of	surrogate	measures	of	
socioeconomic	status	such	as	housing,	employment	and	education,	
due	to	the	lack	of	availability	of	direct	income	data.	Furthermore,	our	
cohort	size	is	small,	and	this	may	limit	finding	significant	differences	
between	the	trajectories.	Additionally,	only	baseline	covariates	were	
analyzed.	We	did	not	evaluate	time-varying	covariates	and	focused	
on	baseline	covariates	 to	 identify	 factors	 that	may	help	with	early	
risk	stratification.

In	conclusion,	 the	study	has	characterized	combined	trajecto-
ries	of	disease,	disability	and	HRQoL	in	ERA	and	demonstrated	that	
sociodemographic	 characteristics	were	 the	main	determinants	 of	
variable	 clinical	 outcome	 trajectories.	 The	 demonstrated	 differ-
ences	 in	disease	and	 functional	outcome	 trajectories	 in	 the	early	
course	 of	 RA	may	 have	 an	 impact	 on	 subsequent	 long-term	out-
comes.	 Disparities	 in	 sociodemographic	 factors	 should	 be	 taken	
into	consideration	in	formulating	treatment	strategies	in	the	early	
course	of	the	disease,	when	 intervention	 is	most	 likely	to	benefit	
the	patient.	This	is	essential	in	improving	disease	control	and	func-
tional	outcomes.
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Abstract
Aim: We	evaluated	the	safety	of	baricitinib	in	an	East	Asian	(EA)	patient	population	
with	moderate-to-severely	 active	 rheumatoid	 arthritis	 (RA),	 through	 an	 integrated	
sub-analysis	of	data	from	the	overall	baricitinib	RA	clinical	program.
Methods: Data	from	EA	patients	who	received	any	dose	of	baricitinib	from	five	com-
pleted	studies	(1	Phase	2,	4	Phase	3)	and	an	ongoing	long-term	extension	study	were	
pooled	up	to	1	September,	2016.	Exposure-adjusted	incidence	rates	(EAIR)	and	inci-
dence	rates	(IRs),	both	per	100	patient-years	(PY),	were	calculated.
Results: This	analysis	included	740	EA	patients	with	1294	PY	of	total	baricitinib	ex-
posure	 (maximum	3.5	 years).	Overall,	 109	patients	 discontinued	baricitinib	due	 to	
adverse	events	(AEs);	EAIR:	8.4.	No	deaths	were	reported	in	this	cohort.	Serious	AEs	
were	reported	by	125	patients	(EAIR:	9.7).	Serious	infections	were	the	most	common	
serious	AEs	(n	=	53,	IR:	4.15).	IR	of	herpes	zoster	infection	was	6.2;	the	majority	of	
events	were	of	mild-to-moderate	severity.	Three	cases	(IR:	0.23)	of	tuberculosis	were	
reported.	 The	 IRs	 of	 malignancy	 (excluding	 non-melanoma	 skin	 cancer)	 was	 0.99	
and	EAIR	specifically	of	lymphoma	was	0.1.	The	IR	of	major	adverse	cardiovascular	
events	was	0.26,	and	deep	vein	thrombosis	was	reported	in	four	patients	(EAIR:	0.3).	
Two	cases	of	gastrointestinal	perforations	(EAIR:	0.2)	were	reported.
Conclusion: Integrated	data	show	that	baricitinib	is	well-tolerated	in	EA	patients	with	
moderate-to-severely	active	RA	 in	 the	context	of	demonstrated	efficacy,	which	 is	
generally	consistent	with	safety	results	of	the	overall	study	population.

K E Y W O R D S

baricitinib,	clinical	studies,	East	Asia,	Janus	kinase	(JAK),	rheumatoid	arthritis,	safety

1  | INTRODUC TION

Rheumatoid	arthritis	 (RA)	 is	a	chronic	autoimmune	disease	charac-
terized	by	systemic	inflammation	leading	to	arthritis	and	joint	pain,	
cartilage	and	bone	damage	and	disability.1	RA	affects	approximately	
1%	of	the	adult	population	worldwide.2	Although	the	prevalence	of	

RA	in	East	Asia	is	similar	to	other	regions	of	the	world,	the	burden	
expressed	 in	disability-adjusted	 life	years	 (DALY)	 is	 reported	to	be	
higher	in	East	Asian	(EA)	populations.3

Numerous	 therapeutic	 options	with	 differing	modes	 of	 action	
are	 available	 to	 manage	 RA;	 these	 include	 methotrexate	 (MTX),	
other	 conventional	 synthetic	 disease-modifying	 anti-rheumatic	
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drugs	 (csDMARDs),	 and	 biologic	 DMARDs	 (bDMARDs).	 Recently	
approved,	 targeted	 synthetic	DMARDs	 (tsDMARDs),	 including	 the	
novel	Janus	kinase	(JAKs)	inhibitors,	have	advanced	the	therapeutic	
armamentarium	for	RA	patients.4	These	novel	synthetic	drugs	selec-
tively	and	reversibly	inhibit	JAKs	and	down-modulate	the	signaling	
of	various	cytokines	involved	in	the	pathogenesis	of	RA,	such	as	in-
terleukin	(IL)-6,	IL-21,	and	interferons.5

Baricitinib	 is	 an	 oral,	 once	 daily,	 reversible,	 selective	 JAK1/
JAK2	 inhibitor,	 approved	 for	 the	 treatment	 of	 moderate-to-se-
verely	 active	 RA	 in	 adults.	 Baricitinib	 has	 demonstrated	 clinical	
efficacy	 in	 several	 Phase	 2	 and	 Phase	 3	 studies,6-11	with	 an	 ac-
ceptable	safety	profile	that	 is	similar	to	other	approved	RA	ther-
apies.12,13	 In	 addition,	 baricitinib	 has	 shown	 superior	 efficacy	 to	
2	 standard-of-care	 RA	 treatments	 (MTX	 and	 adalimumab)	 for	
certain	 pre-specified	 endpoints.11	 Most	 of	 the	 clinical	 evidence	
for	RA	treatments	is	obtained	from	a	mixed	population,	predom-
inantly	Caucasian,	which	may	not	be	 relevant	 to	 the	EA	popula-
tion.	The	disease	prevalence,	response	to	treatment,	and	outcome	
of	RA	patients	 in	many	Asian	 countries	 differ	 from	 those	 in	 the	
West.14	 Further,	 increased	prevalence	of	 certain	 infections	 such	
as	herpes	zoster	and	tuberculosis	(TB)	in	these	countries	should	be	
taken	 into	consideration	during	 the	management	of	RA.14,15	The	
efficacy	and	safety	profile	of	baricitinib	in	Japanese	patients	with	
RA	has	been	consistent	with	 the	overall	baricitinib	clinical	 study	
population.16	The	safety	of	baricitinib	in	a	broader	EA	population,	
which	includes	patients	from	Japan,	Taiwan,	Korea,	and	China,	has	
not	been	previously	described.

In	this	post	hoc	analysis,	we	evaluated	the	safety	of	baricitinib	in	
EA	patients	(Japanese,	Taiwanese,	Korean,	and	Chinese)	with	active	
RA	treated	with	baricitinib	for	up	to	3.5	years,	using	integrated	data	
from	Phase	2	and	Phase	3	clinical	studies,	and	an	ongoing	long-term	
extension	(LTE)	study.

2  | METHODS

2.1 | Patients and study treatments

This	 EA	 subset	 analysis	 included	 data	 from	 6	 randomized	 clinical	
studies	(1	Phase	2,	4	Phase	3	and	1	Phase	3	LTE	study)	which	had	
at	 least	1	EA	patient	enrolled	 (Table	1).	Data	were	 included	up	 to	
a	 cutoff	 date	 of	 1	 September,	 2016.	 The	maximum	 exposure	was	
181	weeks	(3.5	years).	Evaluated	baricitinib	doses	ranged	from	1	to	
8	mg	daily,	with	2	and	4	mg	in	the	Phase	3	studies	and	the	LTE	study.

Eligible	patients	were	aged	≥	18	years	(20-75	years	inclusive	in	
Study	 I4V-JE-JADN	 [JADN])	with	moderate-to-severely	 active	RA.	
Active	RA	was	defined	as	≥6	tender	 joints	 (68-joint	count)	and	≥6	
swollen	joints	(66-joint	count)	and	an	elevated	serum	high-sensitiv-
ity	C-reactive	protein	 (˃ 0.5	mg/dL	in	Study	JADN;	≥6	mg/L	 in	RA-
BEAM).	Key	 exclusions	 included	 current	 or	 recent	 (<30	days	prior	
to	 study	 entry)	 clinically	 serious	 infections	 requiring	 antimicrobial	
treatment	 (including	 active	 or	 untreated	 latent	 tuberculosis	 [TB])	
and/or	selected	laboratory	abnormalities.

The	following	studies	were	included	in	this	post	hoc	analysis:

2.2 | Phase 2 study

In	this	study	(JADN;	NCT01469013),	patients	had	a	previous	inad-
equate	response	to	MTX.	Patients	were	randomized	to	placebo,	1,	2,	
4	or	8	mg	baricitinib	once	daily	(2:1:1:1:1).

2.3 | Phase 3 studies

RA-BEGIN	 (NCT01711359)	 enrolled	 patients	 who	 were	 DMARD-
naive.	 Patients	were	 randomized	 to	 receive	 baricitinib	 4	mg	 once	
daily	+	MTX,	baricitinib	4	mg	once	daily	monotherapy,	or	MTX	mon-
otherapy	(4:3:4).

RA-BEAM	(NCT01710358),	included	patients	who	had	previous	
inadequate	response	to	MTX.	Patients	were	randomized	to	receive	
baricitinib	4	mg	once	daily,	placebo	once	daily,	or	adalimumab	40	mg	
biweekly,	all	with	background	MTX	(3:3:2).

RA-BUILD	 (NCT01721057),	 included	 patients	 who	 were	 csD-
MARDs	 inadequate	 responders	 and	RA-BEACON	 (NCT01721044)	
included	biologic	tumor	necrosis	factor	(TNF)	inhibitors	inadequate	
responders.	 In	 these	studies,	patients	were	 randomized	 to	 receive	
baricitinib	4	mg	once	daily,	baricitinib	2	mg	once	daily,	or	placebo	
once	daily,	while	maintaining	their	background	csDMARD(s)	(1:1:1).

2.4 | LTE study

Patients	completing	 the	above-mentioned	4	Phase	3	 studies	were	
eligible	for	inclusion	in	the	LTE	study	(RA-BEYOND;	NCT01885078).	
Patients	initially	randomized	to	baricitinib	2	mg	and	not	rescued	in	
the	originating	 study	 continued	on	baricitinib	 2	mg	 in	 the	 LTE;	 all	
other	 patients	 received	 baricitinib	 4	mg.	 Patients	 receiving	 barici-
tinib	4	mg	for	at	least	15	months	without	rescue	and	achieving	sus-
tained	 low	 disease	 activity	 (Clinical	Disease	Activity	 Index	 [CDAI]	
score	 ≤	 10)	 or	 remission	 (CDAI	 score	 ≤	 2.8)	were	 blindly	 re-rand-
omized	to	continue	baricitinib	4	mg	or	tapered	down	to	baricitinib	
2	mg.	The	LTE	is	ongoing	at	the	time	of	this	analysis,	therefore	some	
values	may	change	for	the	final,	locked	study	database.

Eli	Lilly	and	Company	and	Incyte	Corporation	sponsored	the	stud-
ies.	Eli	Lilly	and	Company	designed	them	in	consultation	with	Incyte	
Corporation	and	academic	advisory	boards	of	experts	not	employed	
by	either	study	sponsor.	All	studies	were	conducted	in	accordance	with	
the	Declaration	of	Helsinki	and	Good	Clinical	Practice	Guidelines,	and	
were	approved	by	each	participating	center's	institutional	review	board	
or	ethics	committee.	All	patients	provided	written	informed	consent.

2.5 | Safety analysis

EA	patients	who	received	at	least	1	dose	of	baricitinib	(any	dose)	for	the	
treatment	of	RA	(All	Bari	RA	EA)	in	any	of	the	above-mentioned	stud-
ies	were	 included	 in	 the	safety	analysis.	Comparative	data	between	
placebo	and	the	baricitinib	dose	groups	during	the	placebo-controlled	
period	were	not	included	in	this	investigation	due	to	small	sample	size.

Safety	assessments	included	treatment-emergent	adverse	events	
(TEAEs),	 adverse	 events	 (AEs)	 leading	 to	 temporary	 interruption	or	
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permanent	discontinuation,	serious	adverse	events	(SAEs),	AEs	of	spe-
cial	interest,	and	deaths.	An	SAE	was	any	event	meeting	International	
Conference	on	Harmonization	E2A	seriousness	criteria.17

Potential	cardiovascular	(CV)	AEs	(such	as	myocardial	infarction	
[MI],	stroke,	and	CV	death)	from	the	Phase	3	studies	and	LTE	study	
were	 identified	 by	 investigators	 or	 according	 to	 a	 predefined	 list	
of	event	terms.	These	AEs	were	adjudicated	to	assess	if	they	were	
major	 adverse	 cardiovascular	 events	 (MACE)	 by	 an	 independent,	
external	 Clinical	 Endpoint	 Committee,	 which	 remained	 blinded	 to	
treatment	 assignments.	 Deep	 vein	 thrombosis	 (DVT)/pulmonary	
embolism	(PE)	or	other	potential	AEs	of	special	 interest	were	ana-
lyzed	without	adjudication.

2.6 | Statistical analysis

Exposure-adjusted	 incidence	 rates	 (EAIRs)	 were	 calculated	 as	 the	
number	of	patients	with	an	event	per	100	patient-years	(PY)	of	overall	
exposure	time.	For	AEs	of	special	interest,	incidence	rates	(IRs)	were	
calculated	as	the	number	of	patients	with	an	event	per	100	PY	of	ob-
servation	time,	including	any	post-drug	follow-up	time,	with	observa-
tion	time	censored	at	event	start	date.	 In	addition,	95%	confidence	
intervals	were	calculated	for	IR,	based	on	the	Poisson	distribution.

3  | RESULTS

3.1 | Patients

Overall,	 740	 patients	 from	 EA	 countries	 (Japan	 [n	 =	 514],	 Taiwan	
[n	=	92],	Korea	[n	=	84],	China	[n	=	50])	who	received	baricitinib	for	
a	total	of	1294	PY	of	exposure	were	included	in	the	All	Bari	RA	EA	
analysis	set	(Tables	3	and	4).	Patient	demographics,	including	base-
line	age,	body	weight,	steroid	use,	and	disease	severity,	were	gener-
ally	similar	across	the	studies	included	in	this	analysis	(Table	2).	Most	
patients	were	female	(77%),	with	mean	age	of	52.8	years,	6.3	years	
since	RA	diagnosis,	and	moderate	or	high	baseline	disease	activity	
(CDAI	>	10.0	to	22.0,	or	>22.0,	respectively).

3.2 | Safety

3.2.1 | AEs including SAE

Overall,	680	patients	reported	TEAEs	(EAIR:	52.5/100	PY).	The	EAIR	
for	SAEs	was	9.7	in	the	All	Bari	RA	EA	group	(n	=	125),	with	serious	in-
fections	being	the	most	frequently	reported	(n	=	53,	EAIR:	4.1,	IR:	4.15;	
Table	3).	No	deaths	were	reported	in	baricitinib-treated	EA	patients.

TA B L E  1  Summary	of	baricitinib	studies	included	in	this	analysis

Study (CT.gov) 
Date Phase Treatment

Main inclusion 
criteria

Treatment
duration

Background
treatment

Primary
endpoint

Countries 
and
no. of 
patients

JADN	
(NCT01469013)

Phase	2b Placebo
Bari	1	mg
Bari	2	mg
Bari	4	mg
Bari	8	mg

Active	RA,	
MTX-IRs

64	week MTX ACR20	response	
at	Wk	12

Japan	(143)

RA-BEAM	
(NCT01710358)

Phase	3 Placebo
Bari	4	mg
Adalimumab

Active	RA,	
MTX-IRs

52	wk MTX	±	1	other
csDMARD

ACR20	response	
at	Wk	12

Korea	(52)
Taiwan	(15)
Japan	(235)
China	(50)

RA-BEACON	
(NCT01721044)

Phase	3 Placebo
Bari	4	mg
Bari	2	mg

Active	RA,	
TNFi-IRs

24	wk 1 or 2 
csDMARDs

ACR20	response	
at	Wk	12

Korea	(10)
Japan	(19)

RA-BUILD	
(NCT01721057)

Phase	3 Placebo
Bari	4	mg
Bari	2	mg

Active	RA,
csDMARD-IRs

24	wk 0	to	2	
csDMARDs

ACR20	response	
at	Wk	12

Korea	(16)
Taiwan	(77)
Japan	(20)

RA-BEGIN	
(NCT01711359)

Phase	3 MTX	mono
Bari	4	mg	mono
Bari	4	mg	+	MTX

Active	RA,	
DMARD-naive

52	wk None ACR20	response	
at	Wk	24

Korea	(6)
Japan	(97)

RA-BEYOND	
(NCT01885078)

Phase	3,	
LTE

Bari	4	mg
Bari	2	mg

Patients	who	
completed	
RA-BEAM,	
RA-BEACON,	
RA-BUILD,	and	
RA-BEGIN

Up	to	5	years	
from	enrolment	
into
RA-BEYOND

csDMARD Long-term	safety	
and	tolerability	
of	baricitinib

-

Abbreviations:	ACR20,	American	College	of	Rheumatology	20%	response;	Bari,	baricitinib;	csDMARD,	conventional	synthetic	disease-modifying	
anti-rheumatic	drug;	DMARD,	disease-modifying	anti-rheumatic	drug;	IRs,	inadequate	response;	LTE,	long-term	extension;	MTX,	methotrexate;	RA,	
rheumatoid	arthritis;	TNFi,	tumor	necrosis	factor	inhibitor.
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In	233	patients,	 baricitinib	was	 temporarily	 interrupted	due	 to	
AEs	(EAIR:	18.0).	One	hundred	and	nine	patients	permanently	dis-
continued	baricitinib	due	 to	AEs	 (EAIR:	8.4),	with	 infections	being	
the	most	commonly	reported	(n	=	53,	EAIR:	4.1).	The	most	common	
infection	 leading	 to	 permanent	 discontinuation	 of	 baricitinib	 was	
herpes	zoster	(n	=	35,	EAIR:	2.7),	for	which	all	Phase	3,	but	not	LTE,	
study	protocols	required	discontinuation.

3.2.2 | AEs of special interest

Infections	were	the	most	common	TEAEs	 in	baricitinib-treated	EA	
patients	 (n	 =	 465,	 EAIR:	 35.9),	 with	 non-serious	 infections	 of	 the	
upper	respiratory	tract	being	the	most	frequently	reported.	 In	de-
creasing	 frequency,	 these	 were	 nasopharyngitis	 (n	 =	 212,	 EAIR:	
16.4),	upper	respiratory	tract	infections	(n	=	67,	EAIR:	5.2),	influenza	
(n	=	39;	EAIR	=	3.0),	pharyngitis	 (n	=	39,	EAIR:	3.0),	and	bronchitis	
(n	=	36,	EAIR:	2.8).	The	most	frequent	serious	infections	were	herpes	
zoster	(n	=	14,	EAIR:	1.1),	pneumonia	(n	=	12,	EAIR:	0.9),	and	acute	
pyelonephritis	(n	=	4,	EAIR:	0.3).

Overall,	 79	 patients	 reported	 herpes	 zoster	 infection	 (IR:	 6.2)	
(Table	4),	with	15	(19%)	being	reported	as	SAE	and	only	2	patients	
with	previous	vaccination.	These	SAEs	included	14	patients	with	a	
Medical	 Dictionary	 for	 Regulatory	 Activities	 (MedDRA)-preferred	
term	 (PT)	 of	 herpes	 zoster	 and	 1	 patient	 with	 a	 MedDRA-PT	 of	
ophthalmic	herpes	zoster.	The	majority	(92%)	of	cases	were	mild-to-
moderate	in	severity.	Fourteen	patients	(IR:	1.07)	had	multidermato-
mal	distribution	and	none	had	visceral	involvement.

A	 total	 of	 three	 treatment-emergent	 TB	 cases	 were	 reported	
in	 All	 Bari	 RA	 EA	 patients	 (IR:	 0.23).	 Two	 of	 these	 patients	 were	
from	Taiwan.	The	baseline	 interferon-gamma	 release	assay	 (IGRA)	
test	results	were	indeterminate	and	negative	respectively,	in	these	
cases.	The	 IGRA-indeterminate	patient	received	 isoniazid	as	 latent	
TB	infection	(LTBI)	treatment.	The	IGRA-negative	patient	was	con-
comitantly	 treated	with	MTX	and	 steroids.	Both	of	 these	patients	
recovered	 after	 treatment	 for	 TB	 while	 receiving	 baricitinib.	 The	
third	patient	 from	Korea	had	an	 indeterminate	 IGRA	 test	 at	base-
line	and	was	concomitantly	treated	with	MTX	and	steroids.	This	pa-
tient	did	not	receive	LTBI	treatment	and	developed	miliary	TB	with	
pulmonary	 involvement	 and	 permanently	 discontinued	 baricitinib.	
The	patient	improved	from	TB	once	the	prophylactic	TB	treatment	
started.	Besides	TB,	the	following	opportunistic	infections	were	re-
ported:	multidermatomal	herpes	zoster	(n	=	14),	esophageal	candidi-
asis	(n	=	3),	and	Pneumocystis jirovecii	pneumonia	(n	=	3).	Other	case	
numbers	are	too	small	to	show	any	trend.

The	 IR	 of	 malignancies	 excluding	 non-melanoma	 skin	 cancer	
(NMSC)	was	0.99	(n	=	13).	The	most	commonly	reported	malignan-
cies	 (excluding	 NMSC)	 were	 breast	 cancer	 (n	 =	 2)	 and	 lymphoma	
(n	=	2).	Only	1	patient	reported	NMSC	(IR:	0.08).	One	case	each	of	
B-cell	 lymphoma	 and	 lymphoproliferative	 disorder	 (MedDRA-pre-
ferred	terms)	was	reported	(EAIR:	0.1).

Gastrointestinal	(GI)	perforation	is	a	known	risk	in	patients	with	
RA,	especially	 in	patients	receiving	nonsteroidal	anti-inflammatory	
drugs	 (NSAIDs)	 and/or	 steroids.18	 The	 IR	 of	 GI	 perforation	 in	 the	

overall	population	in	baricitinib	clinical	studies	from	published	data	
is	0.05/100	PY.13	Two	cases	of	GI	perforation	were	reported	in	All	
Bari	RA	EA	(EAIR:	0.1	each):	a	perforated	diverticulum	and	a	perfo-
rated	 appendix.	 These	 two	 patients	were	 concomitantly	 receiving	
both	prednisolone	and	NSAIDs.

The	IR	of	positively	adjudicated	MACE	(MI	and	stroke)	was	0.26	
(n	=	3).	No	association	was	identified	between	low-density	lipopro-
tein-cholesterol	increases	and	MACE.

There	were	no	cases	of	PE	in	the	EA	population.	Four	cases	of	
DVT	were	reported	 in	this	population	 (EAIR:	0.3);	all	 four	patients	
were	 from	Japan.	Of	 these,	 three	non-SAE	cases	of	DVT	received	
concomitant	MTX	 and	 steroids.	Of	 these	 three	 patients,	 one	 had	
a	body	mass	index	(BMI)	of	36	with	a	history	of	peripheral	edema.	
Another	patient	with	normal	BMI	was	diagnosed	with	DVT	after	dis-
continuation	of	baricitinib.	This	patient	had	a	history	of	multiple	joint	
arthroplasties,	 including	 right	 hip	 and	 bilateral	 knee	 replacement.	
The	 last	patient	was	overweight	 and	DVT	was	 reported	443	days	
after	the	first	dose	of	baricitinib	by	physical	examination.

TA B L E  2  Baseline	demographics	and	disease	characteristics

 
All Bari RA 
EA (N = 740)

Age,	y,	mean	(SD) 52.8	(12.0)

Female,	n	(%) 570	(77.0)

Body	weight,	kg,	mean	(SD) 58.4	(12.7)

Duration	of	RA,a	y,	mean	(SD) 6.3	(7.5)

Prior	MTX,	n	(%) 620	(83.8)

MTX	dose,	mg/wk,	mean	(SD) 10.7	(3.2)

Prior	bDMARDsb	n	(%) 29	(3.9)

Concomitant	corticosteroid,	n	(%) 378	(51.1)

Corticosteroid	dose,	mg/d,	mean	(SD) 4.9	(2.6)

Concomitant	csDMARDs,	n	(%)

1 448	(60.5)

2 185	(25.0)

≥3 5	(0.7)

Type	of	concomitant	csDMARDs,	n	(%)

MTX	only 437	(59.1)

MTX	+	1	other	csDMARD 178	(24.1)

1	non-MTX	csDMARD	only 11	(1.5)

2	non-MTX	csDMARDs	only 7	(0.9)

3	or	more	csDMARDs 5	(0.7)

HAQ-DI,	mean	(SD) 1.01	(0.67)

DAS28-hsCRP,	mean	(SD) 4.72	(1.45)

DAS28-ESR,	mean	(SD) 5.43	(1.52)

Abbreviations:	Bari,	baricitinib;	csDMARDs,	conventional	synthetic	
disease-modifying	anti-rheumatic	drugs;	DAS28,	Disease	Activity	
Score	28	joints;	EA,	East	Asian;	ESR,	erythrocyte	sedimentation	rate;	
hsCRP,	high-sensitivity	C-reactive	protein;	HAQ-DI,	Health	Assessment	
Questionnaire	Disability	Index;	MTX,	methotrexate;	RA,	rheumatoid	
arthritis;	SD,	standard	deviation.
aTime	from	RA	diagnosis.	
bThis	includes	patients	from	the	RA-BEACON	study	only.	
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The	fourth	case	of	DVT	was	a	SAE	from	Japan.	The	diagnosis	
was	performed	via	ultrasound.	The	patient	had	a	BMI	of	30	and	a	
history	of	hypercholesterolemia	and	varicose	veins.	The	DVT	was	
reported	 225	 days	 after	 the	 first	 dose	 of	 baricitinib.	 The	 plate-
let	 level	 was	within	 normal	 range	 before	 the	 event.	 The	 patient	
was	treated	with	anticoagulant	therapy.	The	patient	permanently	
discontinued	baricitinib	and	recovered	from	DVT.	No	association	
between	baricitinib	 treatment	and	 increase	 in	platelet	count	was	
found.	After	the	September	2016	data	cutoff,	a	follow-up	medical	
review	 identified	 an	 additional	 event	 of	 DVT	 (termed	 thrombo-
phlebitis)	 in	 the	 baricitinib	 4	 mg	 group	 during	 the	 placebo-con-
trolled	period.

3.2.3 | Laboratory and chemistry changes

Hemoglobin	 level	 decreased	 after	 initiating	 baricitinib	 treatment	
through	week	4,	and	increased	with	long-term	treatment	(Figure	1A).	
Mean	 lymphocyte	 and	 neutrophil	 count	 changes	 associated	 with	
long-term	baricitinib	treatment	in	EA	patients	are	shown	in	Figure	1B	
and	1.	Lymphocyte	counts	 initially	 increased	then	declined	toward	
baseline.	 Neutrophil	 counts	 initially	 decreased	 within	 normal	 lev-
els,	 then	 remained	 stable.	 Baricitinib	 4	mg	was	 associated	with	 a	
modest	 increase	 in	mean	 platelet	 counts	 that	 peaked	 at	 2	weeks,	
returned	 toward	 baseline,	 and	 then	 remained	 stable	 (Figure	 1E).	

TA B L E  3  Summary	of	adverse	events

Variables All Bari RA EA

Exposure

No.	of	patients	treated,	n 740

Total	patient-y	of	exposure 1294.2

No.	of	patients	with	≥	52	wk	treat-
ment,	n	(%)

613	(82.8)

No.	of	patients	with	≥	104	wk	treat-
ment,	n	(%)

347	(46.9)

AE,	n	(%)	[EAIR]

Any	TEAE 680	(91.9)	[52.5]

SAEs,	ICH	defined 125	(16.9)	[9.7]

AEs	leading	to	temporary	interrup-
tion	of	study	drug

233	(31.5)	[18.0]

AEs	leading	to	permanent	discon-
tinuation	of	study	drug

109	(14.7)	[8.4]

Infections 53	(7.2)	[4.1]

Neoplasms	benign,	malignant,	and	
unspecified

12	(1.6)	[0.9]

Blood	and	lymphatic	system	
disorders

11	(1.5)	[0.8]

Hepatobiliary	disorders 8	(1.1)	[0.6]

Investigations 7	(0.9)	[0.5]

Respiratory,	thoracic	and	medias-
tinal	disorders

7	(0.9)	[0.5]

Deaths,	n	(%)	[IR]	[95%	CI] 0	(0)	[0]	[NA-0.28]

Infections,	TEAEs,	n	(%)	[EAIR] 465	(62.8)	[35.9]

Serious	infections,	TEAEs 53	(7.2)	[4.1]

Herpes	zostera 14	(1.9)	[1.1]

Pneumoniaa 12	(1.6)	[0.9]

Acute	pyelonephritisa 4	(0.5)	[0.3]

Upper	respiratory	tract	infectiona 67	(9.1)	[5.2]

Nasopharyngitisa 212	(28.6)	[16.4]

Infections,	AEs	of	special	interest,	n	(%)	[IR]	[95%	CI]

Serious	infections 53	(7.2)	[4.15]	[3.1-5.4]

Herpes	zoster 79	(10.7)	[6.2]	[4.9-7.7]

Tuberculosis 3	(0.4)	[0.2]	[0.05-0.7]

Opportunistic	infections	excluding	
TB

22	(3.0)	[1.7]	[1.1-2.6]

Herpes	zosterb 14	(1.9)	[1.07]	[0.58-1.79]

Esophageal	candidiasis 3	(0.4)	[0.23]	[0.05-0.67]

Pneumocystis jirovecii pneumonia 3	(0.4)	[0.23]	[0.05-0.66]

Lymphoproliferative	disorders,a	n	(%)	
[EAIR]

1	(0.1)	[0.1]

Malignancy,	n	(%)	[IR]	[95%	CI]

Malignancies	excluding	NMSC 13	(1.8)	[0.99]	[0.5-1.7]

NMSC 1	(0.1)	[0.08]	[0.00-0.42]

B-cell	lymphoma,a	n	(%)	[EAIR] 1	(0.1)	[0.1]

Adverse	CV	events	of	special	interest

(Continues)

Variables All Bari RA EA

MACE,c	n	(%)	[IR]	[95%	CI] 3	(0.5)	[0.26]	[0.05-0.75]

MI,	n	(%)	[EAIR] 1	(0.2)	[0.1]

CV	death,	n	(%)	[EAIR] 0	(0)	[0]

Stroke,	n	(%)	[EAIR] 2	(0.3)	[0.2]

DVT,a	n	(%)	[EAIR] 4	(0.5)	[0.3]

PE,a	n	(%)	[EAIR] 0	(0)	[0]

GI	disorder,	n	(%)	[EAIR]

GI	perforationsa 2	(0.2)	[0.2]

Note: Exposure-adjusted	incidence	rates	(EAIR)	were	calculated	as	the	
number	of	unique	patients	with	an	event	per	100	patient-years	(PY)	of	
overall	exposure	time.	Incidence	rates	(IR)	were	calculated	as	the	num-
ber	of	unique	patients	with	an	event	per	100	PY	of	observation	time	
including	any	post-drug	follow-up	time,	with	observation	time	censored	
at	event	start	date.
Abbreviation:	AE,	adverse	event;	Bari,	baricitinib;	CI,	confidence	
interval;	CV,	cardiovascular;	DVT,	deep	vein	thrombosis;	EA,	East	Asian;	
EAIR,	exposure-adjusted	incidence	rates;	GI,	gastrointestinal;	ICH,The	
International	Council	for	Harmonization;	IR,	incidence	rates;	MACE,	
major	adverse	cardiovascular	event;	MedDRA,	Medical	Dictionary	for	
Regulatory	Activities;	MI,	myocardial	infarction;	n,	number	of	patients	
in	the	specified	category;	NA,	not	applicable;	NMSC,	non-melanoma	
skin	cancer;	PE,	pulmonary	embolism;	RA,	rheumatoid	arthritis;	SAE,	
serious	adverse	event;	TB,	tuberculosis;	TEAE,	treatment-emergent	
adverse	event.
aMedDRA-preferred	term.	
bAll	reported	cases	were	all	multidermatomal	herpes	zoster.	
cIncidence	per	597	EA	patients	treated	in	all	Phase	3	studies.	

TA B L E  3   (Continued)
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Mean	creatinine	 level	was	stable	throughout	the	treatment	period	
(Figure	1F).	Elevations	in	alanine	aminotransferase	(ALT)	level	were	
observed	with	baricitinib	treatment	in	EA	patients	(Figure	1F).

Significant	 increases	 from	baseline	 in	 low-density	 lipoprotein	
(LDL)	 to	 ≥	 127	 mg/dL	 (Figure	 1G)	 and	 high-density	 lipoprotein	
(HDL)	 to	 ˃63	 mg/dL	 (Figure	 1H)	 were	 observed	 with	 baricitinib	
4	mg;	however,	the,	LDL/HDL	ratio	did	not	change	(Figure	1I).	 In	

general,	LDL	and	HDL	 increased	 in	 the	 first	12	weeks	and	stabi-
lized	thereafter.

4  | DISCUSSION

The	safety	profile	of	baricitinib	from	the	global	clinical	development	
program	in	RA	(data	up	to	5.5	years)	has	been	recently	reported.13 
Here,	we	 report	 the	 first	 integrated	 safety	profile	 of	 baricitinib	 in	
EA	patients,	with	moderate-to-severely	 active	RA	 for	 1294	PY	of	
exposure	(median	1.9	years,	maximum	3.5	years).	The	results	from	
the	current	analysis	are	consistent	with	previously	published	 inte-
grated	safety	reported	in	a	Japanese	population	and	also	with	RA-
BALANCE	(NCT02265705)	study	conducted	primarily	in	a	Chinese	
population	 with	 moderate-to-severely	 active	 RA.20	 Recently,	 the	
RA-BALANCE	 study	 demonstrated	 rapid	 and	 durable	 efficacy	
results	 with	 baricitinib	 4	 mg	 once	 daily	 compared	 to	 placebo	 in	
patients	with	inadequate	response	to	MTX.	The	occurrence	of	clini-
cally	 important	 safety	outcomes,	 including	 serious	 infections,	was	
similar	 between	 both	 groups.	 No	 unexpected	 safety	 signals	 were	
observed.20	This	analysis	is	further	confirmed	by	the	data	from	LTE	
study	with	a	broader	EA	population.

There	are	some	numerical	differences	between	the	EA	patients	
and	the	overall	study	patient	characteristics	at	baseline.	The	base-
line	mean	body	weights	in	EA	and	overall	populations	were	58.4	and	
73.0	kg,	respectively	and	background	MTX	doses	in	EA	and	overall	
populations	were	10.7	and	15.2	mg/week,	respectively.21	The	inci-
dence	of	SAEs	in	EA	patients	was	consistent	with	the	overall	study	
population	(EAIR:	9.7	vs	9.0);	no	deaths	were	reported	in	All	Bari	RA	
EA	patients.22	Findings	from	the	current	analysis	in	the	EA	popula-
tion	were	 also	 generally	 consistent	with	 the	 results	 of	 the	 overall	
study	population.	However,	 the	 IR	of	herpes	zoster	 in	EA	patients	
appeared	to	be	numerically	higher	than	that	observed	in	the	overall	
study	population.	The	number	of	TB	cases	was	too	small	in	the	EA	
population	to	draw	any	conclusions.

Patients	with	RA	are	at	higher	 risk	of	 infections	with	 immuno-
modulatory	 drugs.	 Treatment	 with	 glucocorticoids	 and	 TNF-alpha	
inhibitors	have	shown	to	 increase	the	risk	of	serious	 infections	up	
to	4-fold	and	2-fold,	respectively.23	In	this	post	hoc	analysis,	the	IR	
of	serious	infections	with	the	use	of	baricitinib	was	4.15	per	100	PY,	
which	 is	 similar	 to	 that	 reported	 in	 clinical	 studies	 evaluating	 bD-
MARDs	 (3.0-5.5	per	100	PY),	TNF	 inhibitors	 (3.2-4.6	per	100	PY),	
and	tofacitinib	(2.5-3.0	per	100	PY).24	In	the	integrated	safety	anal-
ysis	 of	Phase	1-3	 studies	 and	LTE	 study	of	 baricitinib	 in	 the	over-
all	population,	 a	 similar	 IR	of	 serious	 infections	 (2.9)	was	 reported	
among	3492	treated	patients.13

TA B L E  4   Incidence	rates	for	herpes	zoster

 N All Bari RA EA

Herpes	zoster,	n	(%)	[IR]	[95%	CI]

Overall 740 79	(10.7)	[6.20]	
[4.9-7.7]

Japan 514 55	(10.7)	[6.49]	
[4.9-8.4]

Taiwan 92 12	(13.0)	[6.43]	
[3.3-11.2]

Korea 84 11	(13.1)	[6.75]	
[3.4-12.1]

China 50 1	(2.0)	[1.31]	
[0.03-7.3]

Herpes	zoster	SAEs,	n	(%)	[EAIR] 740  

Herpes	zostera  14	(1.9)	[1.1]

Ophthalmic	herpes	zostera  1	(0.1)	[0.1]

Multidermatomal	herpes	zoster,	n	
(%)	[IR]	[95%	CI]

740 14	(1.9)	[1.07]	
[0.58-1.79]

Herpes	zoster	TEAEs,	n	(%)

Maximum	severity,	n	(%) 79  

Mild  45	(57.0)

Moderate  28	(35.4)

Severe  6	(7.6)

Prior	vaccination,	n	(%) 79 2	(2.9)

Concomitant	corticosteroid	use,	
n	(%)

79  

Any	dose  42	(53.2)

<5	mg/d  20	(25.3)

≥5	mg	and	<	10	mg/d  19	(24.1)

≥10	mg/d  3	(3.8)

Note: The	lower	part	of	the	table	represents	data	for	79	patients	with	
herpes	zoster.
Abbreviations:	Bari,	baricitinib;	CI,	confidence	interval;	EA,	East	Asian;	
EAIR,	exposure-adjusted	incidence	rate;	IR,	incidence	rate;	MedDRA,	
Medical	Dictionary	for	Regulatory	Activities;	N,	number	of	patients;	n,	
number	of	patients	in	the	specified	category;	RA,	rheumatoid	arthritis;	
SAEs,	serious	adverse	events;	TEAEs,	treatment-emergent	adverse	
events.
aMedDRA-preferred	term.	

F I G U R E  1  Selected	laboratory	values	over	time.	Selected	laboratory	and	chemistry	profiles	(absolute	values	over	time)	from	baricitinib	
4-mg	long-term	cohort	(extracted	from	All	Bari	RA	analysis	set	for	East	Asian	patients	in	RA-BEAM,	RA-BEACON,	RA-BUILD,	and	the	LTE).	
A,	Hemoglobin	absolute	values	over	time;	B,	Lymphocytes	absolute	values	over	time;	C,	Neutrophils	absolute	values	over	time;	D,	Platelet	
absolute	values	over	time;	E,	Creatinine	absolute	values	over	time;	F,	Alanine	aminotransferase	(ALT)	absolute	values	over	time;	G,	LDL	
absolute	values	over	time;	H,	HDL	absolute	values	over	time;	I,	LDL/HDL	Ratio	absolute	values	over	time
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Herpes	zoster	is	an	identified	risk	in	RA	patients	with	1.5-	to	2-
fold	higher	risk	compared	with	the	general	population.	Several	stud-
ies	have	demonstrated	that	JAK	inhibitors	increase	the	risk	of	herpes	
zoster,	and	the	rates	differ	by	geographic	region,	with	several-fold	
higher	rates	 in	Japan	(IR:	8.0)	and	Korea	(IR:	8.4).15,25	 It	 is	possible	
that	 inhibition	 of	 type-1	 and	 type-2	 interferon	 signaling	 that	 uses	
JAK-1	may	result	in	disruption	of	normal	varicella	zoster	virus	(VZV)	
response	and	potentially	increases	the	risk	of	VZV	activation	leading	
to	 an	 increased	 risk	of	 herpes	 zoster.26	 In	 this	 analysis,	 the	 IRs	of	
herpes	zoster	infection	reported	in	EA	patients	is	similar	to	the	rates	
reported	in	Japanese	and	Korean	patients	treated	with	tofacitinib.26 
The	majority	of	the	cases	were	non-serious	and	patients	continued	
to	 receive	 the	 baricitinib.	 Vaccination	 prior	 to	 starting	 treatment	
with	a	biologic	drug	or	a	JAK	inhibitor,	respecting	the	recommended	
gap	between	vaccination	and	treatment	commencement,	could	re-
duce	the	risk	of	herpes	zoster	infection.27

Patients	with	RA	from	EA	countries	have	a	higher	risk	of	devel-
oping	TB,28,29	and	the	risk	is	further	increased	when	using	immu-
nomodulatory	drugs.30	The	risk	of	developing	TB	infection	is	2-fold	
higher	in	Taiwanese	patients	and	9-fold	higher	in	Korean	patients	
with	RA,	 compared	with	 the	general	population.28,29	There	were	
3	 cases	 of	 TB	 reported	 in	 baricitinib-treated	 EA	 patients	 in	 this	
analysis.	With	such	a	small	number	of	occurrences,	the	association	
between	baricitinib	and	TB	 is	not	clear	and	more	 long-term	data	
are	needed.	It	is	recommended	that	physicians	screen	patients	for	
TB	prior	 to	 initiation	of	 therapy,	and	monitor	at	 regular	 intervals	
for	any	TB	 infection.	The	Asia	Pacific	League	of	Associations	 for	
Rheumatology	 (APLAR)	 recommends	 that	 all	 patients	 with	 RA	
should	be	screened	 for	TB,	and	 that	 latent	TB	should	be	 treated	
with	 prophylaxis	 according	 to	 local	 guidelines	 before	 initiating	
biologics.14

The	 risks	of	developing	DVT	and	PE	 in	patients	with	RA	com-
pared	with	 those	 of	 the	 general	 population	 are	 3-fold	 and	 2-fold,	
respectively.31	 The	 incidence	 of	 venous	 thromboembolism	 has	 in-
creased	in	Asia	in	recent	times	but	generally	remains	lower	than	in	
Western	countries.32	In	this	analysis,	there	were	no	cases	of	PE	re-
ported;	4	cases	of	DVT	were	reported	in	EA	patients	with	predispos-
ing	risk	factors,	such	as	obesity,	history	of	surgery,	DVT,	trauma,	or	
decreased	mobility.	Some	observational	studies	have	demonstrated	
that	concomitant	steroid	treatment	is	also	associated	with	increased	
thrombosis	risk.33

Very	 few	 patients	 experienced	 Common	 Terminology	 Criteria	
for	AE	(CTCAE)	grade	≥	3	changes	in	specific	 laboratory	variables.	
Baricitinib's	 JAK	selectivity	profile	 and	metabolism	differ	 from	 to-
facitinib	and	are	therefore	different	compounds	with	specific	bene-
fit-risk	data;	however,	some	mechanistic	overlap	likely	explains	the	
similarity	 in	 some	 laboratory	 changes,	 including	 increases	 in	 LDL,	
HDL,	and	creatinine.34	Additionally,	with	both	compounds,	the	neu-
trophil	 count	decreases	after	drug	 initiation,	although	 this	has	not	
been	correlated	with	an	increased	infection	risk.35

There	are	limitations	in	the	present	study.	This	is	a	post	hoc	anal-
ysis	 of	 clinical	 studies	 for	 assessing	 the	 safety	of	 baricitinib	 in	EA	
patients.	The	data	should	be	interpreted	with	caution	because	the	

sample	 size	 is	 relatively	 small	 and	 the	 analysis	 does	 not	 include	 a	
placebo-controlled	period.	Other	 limitations	are	 those	 that	are	 in-
herent	to	LTE	studies,	such	as	lack	of	a	control	arm,	modification	of	
background	 therapy	according	 to	clinicians’	discretion,	 and	chang-
ing	of	dosing	such	as	rescue	or	taper.	However,	these	factors	more	
closely	reflect	usual	clinical	care,	implying	that	the	results	could	be	
applicable	to	real-world	use.

In	summary,	the	safety	and	tolerability	profile	of	baricitinib	in	EA	
patients	was	similar	to	that	previously	described	for	the	overall	pop-
ulation	studied	 in	the	baricitinib	RA	clinical	development	program.	
Infection	risk,	particularly	for	herpes	zoster,	is	elevated	as	with	other	
JAK	inhibitors,	and	clinicians	should	take	steps	to	prevent	and	mon-
itor	for	such	infections.	Risks	of	malignancy	need	further	long-term	
follow-up,	but	currently	 there	 is	no	signal	 suggesting	an	 increased	
risk.	 Overall,	 this	 integrated	 analysis	 shows	 that	 baricitinib	 once	
daily	was	well-tolerated	with	an	acceptable	long-term	safety	profile	
in	EA	patients	with	moderate-to-severe	active	RA	in	context	of	its	
efficacy.
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Abstract
Aim: α-mangostin, a polyphenolic xanthone derivative of mangosteen, has been re-
ported to possess multiple therapeutic properties, such as anti-cancer, anti-allergy 
and anti-inflammatory activity. However, its anti-inflammatory effects in autoim-
mune diseases such as lupus nephritis (LN) remain unclear. In this study, we want to 
investigate the therapeutic effect of α-mangostin in LN.
Methods: First, we elucidated the retinoic acid receptor related orphan receptor 
gamma t (RORγt) inhibitory activity of α-mangostin in cell-based assay and T helper 
17 (Th17) differentiation in vitro assay. Then, we established a pristane-induced 
LN mouse model and randomly divided these into a normal control group, model 
control group, α-mangostin group and prednisone acetate group. Finally, anti-dou-
ble-stranded DNA (anti-dsDNA) level in serum was detected by enzyme-linked im-
munosorbent assay, interleukin (IL)-17A and interferon (IFN)-γ expression in spleen 
cells by flow cytometry; histomorphology examination of kidneys was performed by 
periodic acid-Schiff staining and immunofluorescence analysis with an anti-immuno-
globulin G (anti-IgG) and anti-IgM antibodies.
Results: We found that α-mangostin inhibited RORγt transcription activity in a cell-
based assay and also polarized Th17 cells in an in vitro induction experiment. Our 
results also showed that α-mangostin could significantly decrease serum anti-dsDNA 
antibody levels, IL-17A and IFN-γ expression and alleviate renal pathological damage 
in the α-mangostin-treated group mice than in the model group mice.
Conclusion: Thus, α-mangostin demonstrated its potential as a candidate therapeutic 
drug for LN and other Th17-mediated autoimmune diseases by inhibiting the function 
of Th17.

K E Y W O R D S
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1  | INTRODUC TION

Systemic lupus erythematosus (SLE) is a chronic systemic autoim-
mune disease characterized by production of multiple autoanti-
bodies, immune complex deposition and inflammation.1,2 Unless 
SLE patients receive effective therapy, chronic activation of the 
immune system may cause damage to glomeruli, joints and organs. 
A major contributor to morbidity and mortality among SLE pa-
tients is lupus nephritis (LN).3

Several studies have shown that T helper 17 (Th17) cells play a 
unique role in various autoimmune diseases, such as SLE,4 multiple 
sclerosis (MS)5,6 and rheumatoid arthritis (RA).7,8 Interleukin-17A 
and -17F (IL-17A, IL-17F) are the signature cytokines of Th17 cells; 
their expression increases in the above-mentioned autoimmune 
diseases and they are also involved in the pathogenesis of LN.5,9-11 
Loss of IL-17A and IL-17F function can significantly reduce mortality 
rates and decrease renal injury in LN mice.12,13 Retinoic acid recep-
tor related orphan receptor gamma t (RORγt) has been shown to be 
a critical regulator of IL-17 expression and Th17 differentiation; it 
also plays important roles in the development of autoimmune dis-
eases, including SLE, experimental autoimmune encephalomyelitis 
(EAE) and collagen-induced arthritis.14-16 These studies suggest that 
RORγt may be a viable therapeutic target for autoimmune disorders.

Mangosteen (Garcinia mangostana L.) is a kind of tropical fruit. 
In Southeast Asia, it has long been used as traditional medicine for 
wounds, diarrhea and skin infections.17,18 Mangosteen contains high 
amounts of xanthones, in which α-mangostin is the major bioactive 
compound.19 Previous studies showed that α-mangostin exhibits a 
variety of biological activities, including anti-cancer,20 antioxidant21 
and anti-allergy properties.22 However, its anti-inflammatory effects 
in autoimmune diseases remain uncertain.

In this study, we assessed α-mangostin's potential anti-RORγt 
activity using a cell-based assay and determined its inhibitory ef-
fects on Th17 cell differentiation in vitro. In addition, we tested its 
therapeutic effects in a pristane-induced LN mouse model. In these 
experiments, we tried to elucidate the potential application of α-
mangostin in the treatment of Th17-mediated autoimmune diseases.

2  | MATERIAL S AND METHODS

2.1 | Ethics statement

All of the animal experiments were approved by the Ethics 
Committee of Zhongshan School of Medicine on Laboratory Animal 
Care (No.2017-273), and were performed according to the guide-
lines of the Institute for Laboratory Animal Research of Sun Yat-sen 
University Laboratory Animal Center (Guangzhou, China).

2.2 | Experimental animals

We purchased C57BL/6J female mice (age 6-8 weeks) and BALB/c 
female mice (age 2 months) from the National Resource Center for 

Mutant Mice (Nanjing Biomedical Research Institute of Nanjing 
University, Nanjing, China). Mice were housed in pathogen-free con-
ditions on a 12-hour light/dark cycle.

2.3 | Pristane‐induced LN model in BALB/c mice

We divided the BALB/c mice into four groups as follows. (a) Those in-
jected with 500 μL saline served as normal controls (n = 6). (b) Model 
control group mice received a single intraperitoneal (i.p.) injection of 
500 μL pristane (Sigma-Aldrich, St. Louis, MO, USA) and vehicle con-
taining 25% ethanol/75% hydroxypropyl betadex (n = 15). (c) Mice 
received a single i.p. injection of 500 μL pristane and α-mangostin 
at a dose of 50 mg/kg (n = 14). (d) The prednisone acetate-treated 
group served as a positive control: mice received a single i.p. injec-
tion of 500 μL pristane and prednisone acetate (tablets purchased 
from Guangdong Huanan Pharmaceutical Group Co., Ltd., Guangzhou, 
China) at a dose of 15 mg/kg (n = 16). Treatments were administered by 
oral gavage twice weekly for 2 months.

2.4 | Preparation of α‐mangostin

2.4.1 | Plant materials

The mangosteens were purchased from a market in Guangzhou in 
June 2016. Dr Guangtian Peng, Guangzhou University of Chinese 
Medicine (GUCM), identified and authenticated them as the fruit of 
G mangostana. A voucher specimen GM-201606 was deposited at 
the Department of Natural Pharmaceutical Chemistry, GUCM.

2.4.2 | Extraction and isolation

The air-dried powder of mangosteen shells (1 kg) were ex-
tracted with 95% ethanol (5000 mL) three times by reflux ex-
traction, and then the solvents were removed to yield 170.0 g 
total crude extract. And then, the crude extract was suspended 
in H2O (500 mL) and successively partitioned with petroleum 
ether, ethyl acetate and n-butanol. After removing the sol-
vent, the petroleum ether (36.0 g), ethyl acetate (42.5 g) and 
n-butanol extracts (30.6 g) remained. The ethyl acetate extract 
(42.5 g) was subjected to a silica gel column eluted with ethyl 
acetate/petroleum ether (5:95-100:0) in a gradient to yield 
5 fractions (Frs. A-E). Fr B (4.83g) was further separated by 
Sephadex LH-20 to yield 8 fractions (Frs B1-8), and we col-
lected 3 major fractions (Frs. B3, B4 and B5) based on their 
thin-layer chromatography profiles. Fr B4 (3.3 g) was isolated 
by repeated-column chromatography on silica gel to yield α-
mangostin (858 mg).

2.5 | Cell culture

We established RORγt-Jurkat reporter cell lines according to previ-
ously published instructions.23
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2.5.1 | Half‐maximal effective‐concentration  
(EC50)‐luciferase reporter assays

We seeded RORγt-Jurkat cells (4 × 105/mL) into 96-well round-bot-
tomed plates and cultured them with increasing dosages of α-man-
gostin (0.08, 0.4, 2 and 10 μmol/L). Cells were lysed 6 hours later, 
and the values of EC50 were determined.

2.5.2 | The half‐maximal cytotoxic concentration 
(CC50) cell viability assays

We seeded RORγt-Jurkat cells (2 × 105/mL) into 96-well round-bot-
tomed plates and cultured them with increasing dosages of α-mango-
stin (0.08, 0.4, 2 and 10 μmol/L). After 48 hours, we added dimethyl 
thiazolyl-2-5-diphenyl tetrazolium bromide (MTT) and incubated the 
cells at 37°C for 4 hours, after which we discarded the supernatant. 
Optical density (OD) was measured at 495 nm.

2.5.3 | CD4+T cell differentiation in vitro

We purified native CD4+CD25− T cells using a magnetic cell iso-
lation (MACS) column with a CD4+ T cell-negative enrichment 
kit (eBioScience [Thermo Fisher Scientific]) per manufacturer's 
protocol. Native CD4 T cells (1 × 106/mL) were activated with 
anti-CD3e antibody (5 μg/mL, eBioScience) and anti-CD28 anti-
body (2 μg/mL, eBioScience) in 12-well plates with compounds 
or dimethyl sulfoxide (DMSO) for 5 days. The Th17 cell-polariz-
ing cytokines and antibodies were as follows: mouse IL-6 (30 ng/
mL, R&D Systems), human transforming growth factor (TGF)-β 
(5 ng/mL, R&D Systems), mouse IL-1β (20 ng/mL, R&D Systems), 

anti-mouse-IL-4 antibody (5 μg/mL, eBioScience) and anti-mouse-
interferon (IFN)-γ antibody (5 μg/mL, eBioScience). The Th1 cell-
polarizing cytokines and antibodies were as follows: mouse IL-2 
(20 ng/mL, PeproTech), mouse IL-12 (20 ng/mL, PeproTech), anti-
mouse-IL-4 antibody (1 μg/mL, eBioScience).

2.6 | Flow cytometry (FCM)

We stimulated lymphocytes for 6 hours with 50 ng/mL phorbol 
12-myristate 13-acetate (PMA), 1 μg/mL ionomycin (both from 
Sigma-Aldrich) and 1 μg/mL brefeldin A (BFA) (Invitrogen). Cells 
were stained with the following fluorochrome-labeled antibodies: 
Pacific Blue anti-mouse CD4 (eBioScience), PE anti-mouse T cell 
receptor (TCR) β chain (BD Biosciences), fluorescein isothiocyanate 
anti-mouse IFN-γ and anti-allophycocyanin anti-mouse IL-17A (both 
eBioScience). We obtained FCM measurements using a FACSCalibur 
Flow Cytometer (BD Biosciences) per manufacturer's instructions. 
Data were analyzed by FlowJo software version 10.0.7 (FlowJo LLC).

2.7 | Quantitative real‐time polymerase chain 
reaction (qPCR)

We extracted total RNA from splenocytes using Trizol Reagent 
(Invitrogen) and generated complementary DNA (cDNA) using a 
Prime Script RT Reagent Kit (Takara Bio). We performed qPCR using 
a Bio-Rad CFX Manager (Bio-Rad Laboratories) and SYBR Green 
Master Mix (Takara). Relative expression was calculated by normal-
izing the expression of each target to glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) using the 2−∆∆Ct method. Sequences for 
qPCR primers are listed in Table S1.

F I G U R E  1   α-mangostin suppresses retinoic acid receptor related orphan receptor gamma t (RORγt) transcription activity. RORγt-Jurkat 
cells were treated with increased concentrations of α-mangostin (0.08, 0.4, 2, 10 μmol/L) or dimethyl sulfoxide (DMSO) in 96-well round-
bottom plates. A, RORγt-Jurkat cells were lysed 6 h later and the inhibition of RORγt activity was determined by luciferase reporter activity 
assays - half-maximal effective-concentration (EC50). The EC50 values of α-mangostin is 0.531 μmol/L. Data are representative of three 
independent experiments. B, Cell viability was determined by dimethyl thiazolyl-2-5-diphenyl tetrazolium bromide (MTT) assay. After 48 h, 
MTT was added and incubated at 37°C for 4 h, and then the supernatant was discarded. The optical density (OD) was then measured at 
495 nm. The half-maximal cytotoxic concentration (CC50) for α-mangostin is 2.407 μmol/L. Data are representative of three independent 
experiments
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2.8 | Enzyme‐linked immunosorbent assay (ELISA) 
for serum anti‐double‐stranded (anti‐dsDNA) 
antibody measurement

We collected serum samples from each group of mice to measure 
anti-dsDNA antibody levels at ages 2 months (before pristane in-
jection), 6 months (4 months after pristane treatment), 7 months 
(1 month after α-mangostin treatment) and 8 months (2 months after 
α-mangostin treatment; experimental endpoint). We detected and 
measured anti-dsDNA antibody levels using an in-house ELISA kit 
and protocol as previously described.24

2.9 | Renal histology analysis and 
immunofluorescence detection

Each group of mice was sacrificed at 8 months, and nephritic tissues 
were removed for immunological detection. We fixed kidney tissues 
in 4% paraformaldehyde, embedded them in paraffin and then sec-
tioned at a thickness of 4-6 μm.

2.9.1 | Renal histopathologic analysis

Sections were stained with periodic acid-Schiff (PAS). We evaluated 
the severity of renal impairment using a semi-quantitative scoring 
system (0, no involvement; 1, mild involvement of 0%-30%; 2, mod-
erate involvement of 31%-60%; 3, severe involvement of >60%) was 
used to assess 6 different parameters (glomerular volume, mesangial 
hypercellularity, endocapillary cellular infiltrate, endocapillary cellu-
lar crescents, interstitial crescents, interstitial inflammatory infiltra-
tion). For glomerular indices, 10-15 glomeruli were examined and an 
average score was obtained. All images were obtained using a BX51 
microscope equipped with a color camera (Olympus).

2.9.2 | Immunofluorescence detection

Tissue slides were stained with Alexa Fluor 488 goat anti-mouse 
immunoglobulin G (IgG) (heavy + light chains; Invitrogen) and 
Alexa Fluor 488 goat anti-mouse IgM (μ chain); antibodies were 
diluted at 1:200. The IgG and IgM depositions in glomeruli were 

F I G U R E  2   α-mangostin suppresses Th17 differentiation in vitro. Native CD4+CD25- T cells （1 × 106/mL） were isolated from the 
spleens of C57B6/J female mice and incubated with anti-CD3 antibody (5 μg/mL) and anti-CD28 antibody (2 μg/mL). For Th17-polarizing 
conditions: mouse interleukin IL)-6 (30 ng/mL), human transforming growth factor (TGF)-β (5 ng/mL), mouse IL-1β (20 ng/mL), anti-mouse-
IL-4 antibody (5 μg/mL) and anti-mouse-interferon (IFN)-γ antibody (5 μg/mL). Cells were cultured in the presence of α-mangostin (0.25, 1, 
4 μmol/L) or dimethyl sulfoxide (DMSO). After 5 days, the cells were stained with antibodies against IL-17A and the frequency of IL-17+ cells 
was measured by flow cytometry (FCM). A, The frequency of IL-17 expressing cells was determined by FCM. B, The rate of inhibition was 
calculated. C and D, The expression of IL-17A and IL-17F was determined by quantitative real-time polymerase chain reaction. The levels of 
messenger RNA (mRNA) expression were normalized relative to those of glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Data are 
representative of three independent experiments. Values indicate mean ± SEM.*P < .05, ***P < .001 vs DMSO group
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evaluated by measurement of fluorescence intensity in total 10-15 
randomly selected glomeruli per section and scored blindly on a 
scale of 0-3 (0, none; 1, weak; 2, moderate; 3, strong). All images 
were obtained using Leica DM6B microscope equipped with a 
color camera.

2.10 | Statistical analysis

All results are shown as the mean ± standard error of the mean 
(SEM). We performed 1-way analysis of variance (ANOVA), a cor-
rected Bonferroni's test and an unpaired t test with GraphPad Prism 

F I G U R E  3   α-mangostin can significantly reduce serum double-stranded DNA (dsDNA) levels and reduced the production of 
inflammatory cytokines in lupus nephritis mice. The serum levels of total dsDNA was evaluated using enzyme-linked immunosorbent assay 
(ELISA). The sera in each group were collected at 2 months old (pristane injection), 6 months old (4 months after pristane injection), 7 months 
(1 month after α-mangostin treatment), and 8 months (2 months after α-mangostin treatment and the endpoint of this experiment). A, Levels 
of anti-dsDNA antibody were detected by ELISA in 2, 6, 7, 8 months old mice. B, Levels of anti-dsDNA antibody were detected by ELISA 
in 8 months old of mice. C and D, Flow cytometry (FCM) analyzing the total number of interleukin (IL)-17A+, and interferon (IFN)-γ+ cells. 
Normal controls (n = 6), model controls (n = 14, 1 dead), positive drug group-prednisone acetate (n = 15, 1 dead), α-mangostin-treated group 
(n = 14). The data were repeated three times with consistent results. Data are presented as mean ± SEM. *P < .05, ***P < .001 vs control 
group; #P < .05, ##P < .01 vs model group
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software version 5.0 (GraphPad Software, San Diego, CA, USA). 
P < .05 was considered statistically significant.

3  | RESULTS

3.1 | α‐mangostin suppressed RORγt transcription 
activity

We developed RORγt-Jurkat stable reporter cells to evaluate RORγt 
activity in small molecules.25 The chemical structure of α-mangostin 
is shown in Figure S1. To address α-mangostin's inhibitory effects 
on RORγt, we treated RORγt-Jurkat cells with increasing concen-
trations of α-mangostin. The resulting EC50 value of 0.531 μmol/L 
showed that α-mangostin could significantly inhibit RORγt activity 
(Figure 1A). Next, we tested α-mangostin's cytotoxicity to RORγt-
Jurkat cells via MTT assays. The CC50 value was 2.407 μmol/L, show-
ing that the toxicity of α-mangostin was relatively low (Figure 1B).

3.2 | α‐mangostin suppressed Th17 differentiation 
in vitro

RORγt is a specific transcription factor of Th17 that can induce 
production and differentiation of Th17 cells. We suspected that α-
mangostin could sufficiently inhibit Th17 cell differentiation. To test 
this supposition, we differentiated CD4+CD25− T cells from female 
C56BL/6J mice in vitro using Th17 cell-polarizing conditions: human 

TGF-beta (hTGF-β), mouse IL-6 and IL-1β (mIL-6, mIL-1β), anti-mIL-4 
and anti-mouse IFN-γ (anti-mIFN-γ). We performed in vitro Th17 cell 
differentiation in the presence of different concentrations of α-man-
gostin for 5 days. FCM showed that the proportion of Th17 cells pro-
ducing IL-17A decreased and the rate of Th17 inhibition increased 
as the concentration of α-mangostin increased (Figure 2A,B). Next, 
we used qPCR to determine expression levels of inflammatory 
cytokines. The messenger RNA (mRNA) levels of the inflamma-
tory-cytokine genes IL‐17A and IL‐17F significantly decreased as α-
mangostin concentration increased. Previous studies have shown 
that Th1 cells and their characteristic cytokine, IFN-γ, are also in-
volved in the development of autoimmune diseases. Therefore, we 
also examined the effect of α-mangostin on the differentiation of 
Th1 cells. Unexpectedly, we found that α-mangostin could inhibit the 
differentiation of Th1 and the expression of IFN-γ, but it does not 
change the transcriptional expression of Tbx-21 (T-bet) (Figure S2). 
These results suggested that α-mangostin could suppress Th17 and 
Th1 differentiation in vitro.

3.3 | α‐mangostin could significantly reduce serum 
dsDNA levels and production of inflammatory 
cytokines in mice with LN

We induced LN in mice with pristane. To investigate whether α-man-
gostin treatment could suppress development of LN in the mice, 
we administered α-mangostin and prednisone acetate or vehicle by 

F I G U R E  4   α-mangostin can alleviate renal damage in lupus nephritis mice. Representative photomicrographs of kidneys from control 
group and lupus nephritis mice at 8 months are shown. A, Tissue sections from the kidneys from mice in each group were stained with 
periodic acid-Schiff (PAS) staining. B, Histopathologic scores for four different groups are shown according to PAS staining results. Data are 
presented as mean ± SEM. *P < .05, ***P < .001, calculated vs control group; ##P < .01, ###P < .001, calculated vs model group
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oral gavage twice weekly for 2 months after pristane treatment for 
4 months. The production of dsDNA is a key feature of SLE and is 
associated with renal damage. We detected serum dsDNA at ages 
2 months (before pristane injection), 6 months (4 months after pris-
tane treatment), 7 months (1 month after α-mangostin treatment) 
and 8 months (experimental endpoint). There were marked increases 
in serum anti-dsDNA antibody levels in the model group at months 
7 and 8, whereas the α-mangostin-treated group had markedly re-
duced anti-dsDNA antibody levels compared with the model group 
at 8 months (Figure 3A,B). As expected, α-mangostin could reduce 
the production of inflammatory cytokines in mice with LN. FCM 

analysis showed that total number of IL-17A+ and IFN-γ+ cells de-
creased in the α-mangostin-treated group compared with the model 
group (Figure 3C,D).

3.4 | α‐mangostin could alleviate renal damage in 
mice with LN

We performed histomorphology exams of mouse kidneys using PAS 
staining. In model control mice, glomerular volume increased signifi-
cantly, glomerular mesangial cells and endothelial cells proliferated, 
and lymphocyte infiltration increased, compared with control mice. 

F I G U R E  5   α-mangostin can relieve immunoglobulin G (IgG) antibody deposition in glomeruli. A, Immunofluorescence analysis with an 
anti-IgG antibody for detecting immunoglobulin deposition (nucleus stained with 4 ,́6-diamidino-2-phenylindole, blue; IgG antibody, green). 
Scale bar, 50 μm. B, Fluorescence intensity of IgG deposition is shown; 10-15 glomeruli were examined and an average score was obtained. 
Data are presented as mean ± SEM. *P < .05, **P < .01, ***P < .001
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After prednisone acetate and α-mangostin treatment, glomerular 
volume significantly decreased, and proliferation of mesangial cells 
decreased (Figure 4A). Histopathology scores are shown accord-
ing to PAS staining results; they were significantly higher in model 
control group mice than control mice, but obviously declined in the 
α-mangostin-treated group mice (Figure 4B). We performed an im-
munofluorescence (IF) analysis with anti-IgG and anti-IgM antibodies 
to detect immune complex deposition and renal damage. Compared 
with control mice, the model control group showed a great deal of 
strong IF in their glomeruli, indicating the presence of more IgG and 
IgM deposits. The IF of kidneys in the α-mangostin and prednisone 

groups was significantly weaker, indicating fewer glomerular IgG and 
IgM deposits (Figures 5A, 6A). And then, fluorescence intensity was 
performed to quantify the IgG and IgM deposition (Figures 5B, 6B). 
These results demonstrated that α-mangostin-treated group mice 
suffered from slighter kidney damage than model control group mice.

4  | DISCUSSION

In this study, we explored whether α-mangostin could play a role in 
the development of LN. We first demonstrated that it could inhibit 

F I G U R E  6   α-mangostin can relieve immunoglobulin M (IgM) antibody deposition in glomeruli. A, Immunofluorescence analysis with an 
anti-IgM antibody for detecting immunoglobulin deposition (nucleus stained with 4 ,́6-diamidino-2-phenylindole, blue; IgM antibody, green). 
Scale bar, 50 μm. B, Fluorescence intensity of IgM deposition is shown; 10-15 glomeruli were examined and an average score was obtained. 
Data are presented as mean ± SEM. *P < .05, ***P < .001, calculated vs control group; #P < .05, calculated vs model group
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RORγt transcription activity and control Th17 polarization in vitro. 
Importantly, α-mangostin can reduce the expression of IL-17 in 
splenocytes in mice with LN. Furthermore, we demonstrated that 
α-mangostin reduced serum anti-dsDNA antibody levels and less-
ened renal pathology in a pristane-induced LN mouse model. These 
results suggesting it might have a therapeutic effect on LN by inhib-
iting the function of Th17 cells.

Recent studies have shown that Th17 is closely related to SLE. 
The frequency of Th17 cells in the peripheral blood was increased, 
and the levels of IL-17 in the serum and plasma of SLE patients 
were elevated. Meanwhile, plasma IL-17 levels showed a positive 
correlation with SLE disease.26,27 Targeting Th17 cells or RORγt 
may have therapeutic potential in the treatment of autoimmune 
diseases. Digoxin has been shown to inhibit Th17 cell differentia-
tion and RORγt transcriptional activation, as well as decrease clini-
cal score and mortality rates in EAE.28 The RORγt-specific inhibitor 
SR1001 can inhibit both RORα and RORγt activities;29 SR2211 is 
derived by structural optimization of SR1001.30 In this study, we 
showed that α-mangostin could inhibit IL-17A secretion in SLE, as 
well as that it directly inhibited RORγt transcription activity and 
Th17 differentiation in vitro. SLE is also mediated by Th1 cells. This 
level of Th1 cytokines/ IFN-γ is increased in SLE and lack of IFN-γ 
receptor can protect MRL/lpr mice from glomerulonephritis and 
early death.31 In this study, α-mangostin can also inhibit the dif-
ferentiation of Th1 cells and the expression of IFN-γ but it did not 
affect the transcriptional expression of T-bet. At the same time, 
we also found that the expression of IFN-γ in α-mangostin-treated 
LN mice was significantly decreased. Thus, it is conceivable that 
treatment with α-mangostin reduces the population of Th1 cells 
as well as Th17 cells, which indicates α-mangostin inhibition on 
both of them to prevent the development of LN. Another T cell 
subset, regulatory T cell (Treg), also demonstrated the effect on 
LN pathogenesis.32 Due to technical problems, we could not reveal 
the effect of α-mangostin on Treg differentiation, which may be 
conducted in future studies.

LN is a chronic, disabling autoimmune disease without effec-
tive treatment. Multiple antibodies have been found in LN patients 
and LN animal models. Anti-dsDNA antibodies are highly specific 
in LN.33 Anti-dsDNA antibodies and immunoglobulins such as IgG 
or IgM may recognize specific antigens form immune complexes 
deposited in the kidney, causing kidney damage.34,35 Therefore, a 
decrease in antibody and immunoglobulin titer may indicate allevi-
ation of LN in patients or mice. In this study, serum anti-dsDNA an-
tibody levels were markedly increased in the model group, whereas 
in the α-mangostin-treated group they were significantly lower. IF 
pathological examination then showed that the fluorescence in-
tensity of IgG and IgM decreased significantly after α-mangostin 
was administered, compared with the model group. These results 
showed that α-mangostin could alleviate renal damage in LN mice.

It is important in drug development that the therapeutic agent 
be nontoxic or minimally toxic. A previous study showed that α-man-
gostin was not toxic to rats when given by oral gavage (200 mg/kg) 
for 8 days.36 In our study, mice were treated with α-mangostin by 

oral gavage (50 mg/kg) for 2 months, and no mouse deaths occurred. 
The results of our MTT assays also confirmed that the cytotoxicity 
of α-mangostin was very low, but high concentration still has some 
toxicity. In the α-mangostin-treated LN mice, the total number of 
spleen cells in mice had no significant difference from that of the 
control model (Figure S3), which indicated that α-mangostin had no 
significant effect on T cell survival.

In summary, our findings provide novel insight into the mecha-
nisms by which α-mangostin alleviated LN in our pristane-induced 
LN mouse model: inhibition of RORγt transcriptional activity and 
Th17 cell differentiation. Our results in experimental animals indi-
cated that α-mangostin inhibited LN development by suppressing 
pathogenic Th17 function, suggesting that α-mangostin could be a 
new potential therapy for LN and SLE.
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1  | INTRODUC TION

Systemic lupus erythematosus (SLE) is a complex autoimmune dis-
ease that involves diverse organ systems. With advances in patient 
management, the survival of patients with SLE has improved, and 
most patients now survive for decades following diagnosis.1

With improvement in SLE survival, interest in permanent organ 
damage associated with SLE has increased. Organ damage in SLE 

refers to any irreversible change, regardless of cause, but most such 
damage is caused by either cumulative inflammation due to disease 
activity or adverse events associated with medication.2,3 Several stud-
ies have emphasized the clinical significance of organ damage in pa-
tients with SLE, because it affects quality of life, medical costs, and 
mortality.4-6

However, predicting disease course and outcomes is difficult be-
cause SLE is heterogeneous; therefore considerable effort has been 
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Abstract
Aim: Systemic lupus erythematosus (SLE) causes irreversible damage to organ sys-
tems. Recently, evidence has been obtained for subphenotypes of SLE. This study 
aimed to identify damage clusters and compare the associated clinical manifesta-
tions, SLE disease activity, mortality, and genetic risk scores (GRS).
Methods: The study was conducted on the Hanyang BAE lupus cohort. Patients 
with disease duration <5 years were excluded to minimize confounding effects of 
disease duration. They were grouped into 3 clusters based on the Systemic Lupus 
International Collaborating Clinics Damage Index using k-means cluster analysis.
Results: Among the 1130 analyzed patients, musculoskeletal damage was most prev-
alent (20.2%), followed by ocular (11.4%), renal (10.5%), and neuropsychiatric dam-
age (10.2%). Three significantly different damage clusters were identified. Patients in 
cluster 1 (n = 824) showed the least damage. Cluster 2 (n = 195) was characterized 
by frequent renal (55.4%) and ocular (58.0%) damage, and cluster 3 (n = 111) was 
dominated by neuropsychiatric (100%) and musculoskeletal damage (35.1%). Cluster 2 
had the highest adjusted mean AMS (adjusted mean SLE Disease Activity Index score; 
mean ± SD: 5.4 ± 2.9), while cluster 3 had the highest mortality (14.4%). Weighted GRS 
did not differ significantly between the clusters.
Conclusion: Patients in prevalent renal and ocular damage cluster had the highest AMS 
scores, while the cluster with frequent neuropsychiatric damage had the highest mortality.
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devoted to identifying disease subtypes.7,8 To date, many studies have 
attempted to distinguish such subtypes on the basis of cytokine levels, 
human leukocyte antigen (HLA)-DRB1 alleles, and autoantibody clus-
ters,7,9,10 but few have investigated phenotypic subclusters.11,12

Previous investigations into organ damage associated with SLE 
have typically compared patients according to the presence or ab-
sence of certain damage domains5,13; alternatively they have inves-
tigated factors associated with damage accrual14,15 or the impact of 
damage on survival.16 Few studies have identified subphenotyes by 
identifying patterns of organ damage11,12 and relating them to organ 
damage, disease activity, mortality, and genetic background. The ob-
jective of the present study was to identify phenotypic clusters within 
a cohort of patients with SLE, and to compare their clinical manifesta-
tions, mortality, and genetic risk scores (GRS).

2  | METHODS

2.1 | Study population

We analyzed patients in the Hanyang BAE (Bae Registry of 
Autoimmune Diseases for Epidemiology) lupus cohort. This is a sin-
gle-center, prospective, prevalent cohort comprising only Korean 
patients.17,18 Between February 1998 and September 2017, 1420 

patients with SLE were registered and followed up. Patients with 
disease for <5 years (n = 290) were excluded, to minimize deviations 
and avoid confounding effects of disease duration,14,19 leaving a 
total of 1130 patients. Patients lost to follow-up were included, but 
their data were censored at the last clinic visit. Informed consent was 
obtained from all participants, and the study protocol was approved 
by the Institutional Ethics Review Board of Hanyang University 
Hospital (IRB No: HYUH-2001-06-001).

2.2 | Assessment of clinical 
manifestations and mortality

Demographic data and blood samples were collected at baseline. 
The following clinical information was collected at baseline and 
then followed up at 1-year intervals: 1997 American College of 
Rheumatology (ACR) classification criteria for SLE,20 autoantibod-
ies, SLE Disease Activity Index 2K (SLEDAI-2K)21 and Systemic 
Lupus International Collaborating Clinics/ACR damage index 
(SDI).22 Mean disease activity over time was calculated as the ad-
justed mean SLE Disease Activity Index (AMS).23 Mortality data 
from the Korean National Statistics Office were linked to evaluate 
mortality.

2.3 | Assessment of genetic risk scores

Each patient's weighted GRS was assessed on the basis of 45 con-
firmed Asian non-HLA single nucleotide polymorphisms and HLA-
DRB1 amino acid haplotypes to compare cumulative effects among 
the damage clusters.24-26 Each individual's weighted GRS was cal-
culated using the linear combination of number of SLE-risk alleles 
weighted by their previously reported effect sizes.27

2.4 | Statistical analysis

The patients were grouped into three clusters based on SDI at the last 
follow-up using k-means cluster analysis,28 a widely used algorithm 
that classifies a series of observations into a predefined number of 
clusters. This method starts with k different, randomly chosen initial 
“centroids” in the data and assigns every observation to the nearest 
centroid to minimize within-cluster variance. Euclidean distances are 
used. Pseudo-F and the cubic clustering criterion help determine the 
statistically significant number of clusters.

The general characteristics of the study population are presented 
as means ± standard deviation (SD) for continuous variables, and fre-
quencies with percentages (%) for categorical variables. Demographic 
and clinical characteristics were compared using Chi-square tests (bi-
nary variables) and analysis of variance (ANOVA) (linear variables). The 
following confounding factors were adjusted using analysis of covari-
ance (ANCOVA) and logistic regression analysis: patient age, sex, age 
at SLE diagnosis, and disease duration. Bonferroni's correction was ap-
plied to multiple comparisons. Post-hoc between-cluster comparisons 
were made using the Chi-square test (binary variables) or Tukey's test 
(continuous variables).

TA B L E  1   Demographics, clinical characteristics and organ 
damage of the analyzed patients (N = 1130)

Variable Value

Age at SLE diagnosis, y 27.6 ± 10.7

Female sex 1045 (92.5)

Disease duration at enrollment, y 3.3 ± 4.2

Observational period, y 9.5 ± 5.4

AMS 4.3 ± 2.5

SDI total score at last follow-up 1.2 ± 1.7

Organ damage at last follow-up

Ocular 129 (11.4)

Neuropsychiatric 115 (10.2)

Renal 119 (10.5)

Pulmonary 99 (8.7)

Cardiovascular 42 (3.7)

Peripheral vascular 40 (3.5)

Gastrointestinal 14 (1.2)

Musculoskeletal 228 (20.2)

Skin 48 (4.3)

Premature gonadal failure 57 (5.0)

Diabetes mellitus 9 (0.8)

Malignancy 44 (3.9)

Abbreviations: AMS, adjusted mean systemic; SDI, Systemic Lupus 
International Collaborating Clinic/American Colleague of Rheumatology 
Damage Index; SLE, systemic lupus erythematosus; Lupus 
Erythematosus Disease Activity Score Index.
Data are presented as mean ± SD or number (%).
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Statistical analyses were conducted using SAS version 9.4 (SAS 
Institute Inc). P values less than .05 were considered statistically sig-
nificant. To prevent α errors due to multiple testing, P values were 
adjusted by Bonferroni's correction.

3  | RESULTS

3.1 | Demographic and clinical characteristics

A total of 1130 patients with SLE were included, all of whom had a dis-
ease duration >5 years. The patients’ mean age at SLE diagnosis was 
27.6 ± 10.7 years, and most patients (n = 1045; 92.5%) were women. 
The mean disease duration at enrollment was 3.3 ± 4.2 years, and 
the mean observation period was 9.5 ± 5.4 years. The mean AMS 
value was 4.3 ± 2.5. At the last follow-up, musculoskeletal damage 
was the most frequent damage domain (20.2%), followed by ocular 
(11.4%), renal (10.5%), and neuropsychiatric damage (10.2%). The 
mean SDI score at last follow-up was 1.2 ± 1.7 (Table 1).

3.2 | Damage clusters

Three separate damage clusters were identified using k-means 
cluster analysis. The calculated pseudo F was 185.91 and the cubic 

clustering criterion was 1.898, indicating that the pre-decided num-
ber of clusters was adequate. Table 2 summarizes the damage distri-
bution of each cluster and presents a between-cluster comparison. 
Cluster 1 included 824 (72.9%) patients, cluster 2 contained 195 
(17.3%), and cluster 3 comprised 111 (9.8%). The damage clusters had 
significantly different damage manifestations.

Cluster 1 (n = 824) was the largest cluster with the lowest dam-
age profile. Of these 824 patients, 542 had no SDI damage, while all 
the patients in clusters 2 and 3 had at least 1 SDI damage. None of 
cluster 1 patients had any neuropsychiatric, renal, or ocular damage. 
The patients in cluster 1 had significantly less pulmonary damage 
than those in cluster 3, significantly less diabetes mellitus than those 
in cluster 2, and significantly less musculoskeletal damage than 
those in either cluster 2 or cluster 3.

Cluster 2 (n = 195) was characterized by high proportions of renal 
(55.4%) and ocular (58.0%) damage. Neuropsychiatric damage was 
present in only 4 (2.1%) patients. Significantly more patients in clus-
ter 2 had diabetes mellitus than in cluster 1, and significantly more 
had ocular and renal damage than in the other 2 clusters.

All patients in cluster 3 (n = 111) had neuropsychiatric damage 
(100%) and all had involvement of at least 1 SDI domain. They also had 
significantly more pulmonary damage than those in cluster 1, as well as 
significantly more musculoskeletal (35.1%) damage than those in both 

Variable

Damage clustering

Crudea

P value
Adjustedb

P value
Cluster 1  
(n = 824)

Cluster 2  
(n = 195)

Cluster 3  
(n = 111)

Ocular 0c,d 113 (58.0)d,e 16 (14.4)c,e <.001  

Neuropsychiatric 0c,d 4 (2.1)d,e 111 (100.0)c,e <.001  

Renal 0e 108 (55.4)d,e 11 (9.9)c,e <.001  

Pulmonary 60 (7.3)g 20 (10.3) 19 (17.1)h .002 .004

Cardiovascular 26 (3.2) 13 (6.7) 3 (2.7) .055 .478

Peripheral vascular 27 (3.3) 8 (4.1) 5 (4.5) .722 .766

Gastrointestinal 8 (1.0) 3 (1.5) 3 (2.7) .024 .222

Musculoskeletal 132 (16.0)f,g 57 (29.2)g,h 39 (35.1)f,h <.001 <.001

Skin 31 (3.8) 10 (5.1) 7 (6.3) .367 .338

Premature gonadal failure 0c,d 5 (2.6)e 4 (3.6)e < .001  

Diabetes mellitus 22 (2.7)f 16 (8.2)h 6 (5.4) .001 .013

Malignancy 47 (5.7) 7 (3.6) 3 (2.7) .237 .092

Data are presented as number (%).
Post-hoc (between-cluster) comparisons were conducted by Fisher’s exact test: c-e.
Post-hoc (between-cluster) comparisons were conducted by multivariable logistic regression 
analysis: f-j.
aCrude P values were calculated using the Chi-square test and Fisher’s exact test. 
bAdjusted P values were calculated using multivariable logistic regression analysis. Age, sex, age at 
systemic lupus erythematosus (SLE) diagnosis, and SLE disease duration were adjusted. Damage 
domains in which the prevalence of damage was 0 (ocular, neuropsychiatric, renal damage, and 
premature gonadal failure) were excluded from the calculation of adjusted P values. 
cSignificantly different from cluster 2. 
dSignificantly different from cluster 3. 
eSignificantly different from cluster 1. 
fSignificantly different from cluster 2 
gSignificantly different from cluster 3 
hSignificantly different from cluster 1 

TA B L E  2   Damage clusters identified by 
cluster analysis, and distribution of organ 
damage (N = 1130)
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the other clusters. Renal and ocular damage were found in 11 patients 
(9.9%) and 16 patients (14.4%), respectively. Although there were no 
significant differences in prevalence of antiphospholipid antibodies 
between the three clusters, patients with neuropsychiatric damage, 
irrespective of cluster, had a higher prevalence of antiphospholipid an-
tibodies (51.3%) than those without neuropsychiatric damage (39.2%) 
at last follow-up (P = .017).

There was a significant difference between the three clusters 
in ocular, neuropsychiatric, renal, pulmonary, gastrointestinal, and 

musculoskeletal damage, as well as in premature gonadal failure and 
diabetes mellitus. The prevalence rates of cardiovascular, peripheral 
vascular, and skin damage were similar between the clusters, as was 
the prevalence of malignancy.

We confirmed a clear difference in damage distribution between 
the three clusters in terms of renal, neuropsychiatric, ocular, pulmo-
nary, and musculoskeletal damage, as well as in diabetes mellitus, after 
adjusting for possible confounding factors, including sex, age at SLE 
diagnosis, and SLE disease duration (from diagnosis to last follow-up).

TA B L E  3   Demographic and clinical characteristics, ACR classification criteria for SLE and autoantibodies of the damage clusters

Variable

Damage cluster

P valueaCluster 1 (n = 824) Cluster 2 (n = 195) Cluster 3 (n = 111)

Age at SLE diagnosis 27.9 ± 10.6 27.2 ± 11.3 25.6 ± 10.4 .399

Female sex 774 (93.9)b 169 (86.7)d 102 (91.9) <.001

Disease duration at last follow-up, y 12.1 ± 5.4b,c 15.0 ± 6.1d 14.1 ± 5.8d <.001

AMS 4.0 ± 2.2b 5.4 ± 2.9b,d 4.2 ± 2.9b <.001

SDI score at last follow-up 0.5 ± 0.9b,c 2.8 ± 2.1d 2.8 ± 1.8d <.001

Number of SDI domains, at last follow-up 0.4 ± 0.7b,c 1.9 ± 1.0d 2.1 ± 1.1d <.001

Mortality 20 (2.4)b,c 11 (5.6)c,d 16 (14.4)c,d <.001

Weighted GRS 1.6 ± 1.1 1.8 ± 1.0 1.4 ± 1.1 .036

ACR Classification criteria for SLE at last follow-up

Malar rash 362 (43.9) 102 (52.3) 52 (46.9) .104

Discoid rash 68 (8.3) 17 (8.7) 10 (9.0) .950

Photosensitivity 275 (33.4) 75 (38.5) 36 (111) .372

Oral ulcers 326 (39.6) 77 (39.5) 45 (40.5) .979

Non-erosive arthritis 543 (65.9) 113 (58.0) 63 (56.8) .033

Serositis 255 (31.0)b,c 98 (50.3)d 48 (43.3)d <.001

Renal disorder 383 (46.5)b 159 (81.5)b,d 59 (53.2)b <.001

Neurologic disorder 21 (2.6)d 10 (5.1)d 51 (46.0)b,c <.001

Hematologic disorder 761 (92.4) 182 (93.3) 101 (91.0) .757

Immunologic disorder 757 (91.9) 183 (93.9) 104 (93.7) .556

ANA positivity 824 (100.0) 195 (100.0) 111 (100.0) -

Autoantibody positivity at last follow-up

Anti-dsDNA antibody 706 (85.7) 175 (89.7) 90 (81.1) .103

Antiphospholipid antibody 314 (38.9) 79 (41.4) 55 (50.5) .066

Anti-Smith antibody 127 (15.4) 37 (19.0) 17 (15.3) .465

Anti-RNP antibody 281 (34.4) 54 (28.3) 33 (30.8) .233

Anti-SS-A/Ro antibody 356 (43.6) 82 (42.9) 41 (38.3) .580

Anti-SS-B/La antibody 73 (9.0) 19 (10.0) 12 (11.2) .713

Data are presented as mean ± SD or number (%).
Abbreviations: ACR, American Colleague of Rheumatology; AMS, Adjusted Mean Systemic Lupus Erythematosus Disease Activity Score Index; 
ANA, anti-nuclear antibody; dsDNA, anti-double-stranded DNA; GRS, genetic risk score; RNP, ribonucleoprotein; SDI, Systemic Lupus International 
Collaborating Clinic/American Colleague of Rheumatology Damage Index; SLE, systemic lupus erythematosus; SS, Sjögren’s syndrome.
Post-hoc (between-cluster) comparison were conducted by Chi-square test (binary variables) or Tukey’s test (continuous variables): b-d.
aP values were calculated by the Chi-square test (binary variables) or analysis of variance (continuous variables). The threshold for significance was 
set at P <.002 for correcting multiple comparisons using Bonferroni’s correction. 
bSignificantly different from cluster 2. 
cSignificantly different from cluster 3. 
dSignificantly different from cluster 1. 
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3.3 | Demographics and clinical 
characteristics of the damage clusters

Table 3 summarizes the demographic and clinical characteristics of 
each damage cluster. Using Bonferroni's correction for multiple com-
parisons, the threshold for significance was set at P < .002. Age at 
SLE diagnosis was similar in the three clusters. The proportion of 
male patients in cluster 2, in which renal damage and ocular damage 
were prevalent, was higher than in cluster 1. Patients in cluster 1 had 
lowest SLE disease duration, SDI scores, and number of SDI domains 
at last follow-up. Mortality risk was lowest in cluster 1 and highest 
in cluster 3. Weighted GRS was not significantly different between 
clusters, but cluster 2 showed a tendency toward higher GRS.

When we applied the ACR classification criteria for SLE at last 
follow-up, renal disorders were most frequent in cluster 2, neuro-
logical disorders most frequent in cluster 3, and serositis was least 
frequent in cluster 1. In these regards, the distribution was similar 
to that of organ damage. Autoantibody positivity was similar in the 
clusters.

3.4 | Comparison of disease activity, damage, and 
mortality among the clusters

Table 2 shows that important confounding factors for organ damage 
(sex and SLE disease duration) differed between the three clusters. 
Thus we re-compared disease activity, SDI scores, number of SDI 
domains, and mortality rates in the damage clusters in an adjusted 
model (Table 4). When adjusting age, sex, age at SLE diagnosis, and 
SLE disease duration, the patients in clusters 2 and 3 still had higher 
SDI scores and more SDI domains at last follow-up than the patients 
in cluster 1. Mortality risk was lowest in cluster 1 which had the 

lowest damage profile, and highest in cluster 3, which was charac-
terized by neuropsychiatric damage.

4  | DISCUSSION

Cluster analysis is a practical statistical technique for generating 
subgroups on the basis of data characteristics. It creates the most 
statistically valid clusters, minimizing distances within clusters and 
maximizing distances between clusters, such that the subgroups 
are based only on the data themselves, without intervention of the 
researcher.29 Recently, the feasibility of cluster analyses for untan-
gling disease heterogeneity and identifying subgroups has gained 
interest.30-32

With the increasing interest in organ damage in patients with SLE, 
several studies have examined risk factors for damage accrual33-35 
and the impact of organ damage on outcome.5,36,37 However, only a 
few studies have organized all the damage domains into clusters and 
investigated their demographic and clinical characteristics, including 
mortality.

In this present study we analyzed the cross-sectional damage 
distribution of a large cohort and identified three distinct patterns 
of SLE damage using cluster analysis. By identifying damage clus-
ters, we introduced a new approach to evaluating patients with SLE. 
We also confirmed that renal and neuropsychiatric damage domains 
were present in different clusters. Furthermore, the clusters were 
associated with different disease activities and mortality, but not 
with GRS. We identified an association between damage clusters 
and mortality, and revealed a distinction between the damage clus-
ter with the highest risk of mortality (cluster 3) and the cluster with 
the highest disease activity (cluster 2).

In the largest cluster, representing 73% of those analyzed 
(cluster 1), patients had little organ damage, thus corroborat-
ing previous SLE cohort studies.11,12 For instance, Pego-Reigosa 
et al11 classified 3656 Spanish adults with SLE in the Spanish 
Rheumatology Society Lupus Registry (RELESSER) cohort into 
three damage clusters in 2015, and 2949 (80.6%) of them were as-
signed to the cluster showing the least damage. Toreente-Segarra 
et al12 performed cluster analysis on 345 juvenile patients with 
SLE in the same cohort, finding that 72.7% of the patients were 
assigned to the cluster with least damage.

However, there were differences in patient selection between 
these three studies. Pego-Reigosa et al recruited patients >16 years 
old, while Toreente-Segarra et al recruited juvenile patients.2,11 We 
excluded patients with SLE whose disease duration was <5 years. 
Despite these differences, the largest cluster in all three studies 
comprised patients with the least damage. It follows that 70%-80% 
of patients with SLE belong in a cluster with little damage.

In the present study, 17% of the patients were grouped into a 
cluster with prevalent renal (55.4%) and ocular damage (58.0%), 
which resembled cluster 2 of the juvenile SLE study (14.5% of total 
patients, 60% with renal damage, 54.0% with ocular damage12), while 
Pego-Reigosa et al11 identified no damage cluster with frequent 

TA B L E  4   Comparison of disease activity, organ damage, and 
mortality among the damage clusters in the adjusted model

 

Between‐cluster comparisona,b

Cluster 1 vs 
cluster 2

Cluster 1 vs 
cluster 3

Cluster 2 vs 
cluster 3

AMS <0.001 0.336 <0.001

SDI score at last 
follow-up

<0.001 <0.001 0.953

Number of SDI 
domains, at last 
follow-up

<0.001 <0.001 0.051

Mortality <0.001 <0.001 0.028

Abbreviations: AMS, Adjusted Mean Systemic Lupus Erythematosus 
Disease Activity Score Index; SDI, Systemic Lupus International 
Collaborating Clinic/American Colleague of Rheumatology Damage 
Index.
aBetween-cluster comparisons were conducted by analysis of covari-
ance (ANCOVA) for continuous variables (AMS, SDI score, and number 
of SDI domains) and by logistic regression for the binary variable 
(mortality). 
bAge, sex, age of SLE diagnosis, and SLE disease duration were adjusted. 
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renal damage among the adult patients with SLE. The presence of 
a renal damage cluster may be associated with the age or ethnic 
background of the included patients, as renal damage is significantly 
more frequent in Asian patients than Western patients38 and in ju-
venile-onset SLE than in adult-onset SLE.39

All the patients in cluster 3 had neuropsychiatric damage in the 
present study, and they had the highest risk of death. Neither of the 
Spanish SLE studies identified such a damage cluster.11,12 However, 
in the adult SLE study, mortality increased as the prevalence of neu-
ropsychiatric damage increased, with cluster 1 reporting the lowest 
mortality and cluster 3 the highest.11 Considering that neuropsychi-
atric damage is one of the most serious complications of SLE, and is 
generally associated with an elevated risk of mortality,37,40 the iden-
tification of a neuropsychiatric damage cluster in the present study 
is likely reliable.

Both Spanish SLE studies found a damage cluster in which 100% 
of patients had musculoskeletal damage.11,12 In the present study, 
musculoskeletal damage was not a distinct damage domain, but 
we did observe that mortality tended to increase with increased 
musculoskeletal damage, in the cluster order of 1, 2, and 3. This 
corroborates Pego-Reigosa et al’s11 study, which found that “muscu-
loskeletal damage manifestations have significant association with 
an increased risk of mortality”.

In agreement with previous damage cluster studies,11,12 renal 
damage and neuropsychiatric damage were associated with higher 
mortality in the present study. The similarity of the damage clusters 
in the 2 studies is noteworthy, considering the differences in ethnicity 
of the patients and the higher damage accrual in non-Caucasians.41

Clusters 2 and 3 contained higher numbers of corticosteroid-as-
sociated damage domains, including ocular damage and musculoskel-
etal damage domains, than cluster 1. It is likely that lupus nephritis 
and neuropsychiatric damage require high-dose steroid treatment,33 
but this was not confirmed in the present study since our analysis did 
not include the use of glucocorticoid and the cumulative doses used.

The present study is the first to compare GRS between damage 
clusters. Although a high GRS for SLE susceptibility was associ-
ated with several clinical subphenotypes,26,42,43 we failed to iden-
tify significant differences in GRS between the damage clusters. 
Considering that the significance level for GRS association was mar-
ginal (P = .036) our failure may have been due to low statistical power 
associated with the relatively small sample sizes. Furthermore, clus-
ter 2 with the highest AMS had the highest mean GRS value, which 
would be expected from a previous report.42

In this study, neither cardiovascular damage nor gastrointestinal 
damage differed between the three clusters after adjustment for con-
founders. SDI score may be related to comorbidities, not to SLE activ-
ity or medication, and this probably contributes to the fact that there 
were no differences between the clusters regarding cardiovascular or 
gastrointestinal damage after adjusting for confounding factors. We 
confirmed that pulmonary damage, musculoskeletal damage, and dia-
betes mellitus differed even after adjustment for confounding factors.

There were some limitations to the present study. First, the 
potential effect of patients’ medications was not included in the 

analysis. Corticosteroid is the most likely medication to be associ-
ated with differences in damage44,45 and a significant effect of anti-
malarials in preventing damage accrual is also well known.44 Hence 
further studies should include data regarding medication. Second, 
our analysis had a cross-sectional design, although the Hanyang BAE 
lupus cohort was a prospective cohort. Third, patients with short 
disease duration were not included. Although organ damage does 
not develop very rapidly,14 this exclusion leads to the limitation 
of failing to include patients with high risk of early organ damage. 
Despite these limitations, the present study is the first to identify 
damage clusters within an Asian SLE cohort, as well as to compare 
their GRS and clinical characteristics in an adjusted model.

In conclusion, we classified patients in terms of patterns of damage 
involvement (damage clusters) in a prospective SLE cohort. The patients 
were classified into three clinically meaningful clusters, 1 of which 
was associated with renal damage, another neuropsychiatric damage. 
Patients in cluster 2 (prevalent renal and glucocorticoid-associated 
damage) had the highest AMS values. Patients in cluster 3, dominated 
by neuropsychiatric damage, had the highest mortality. Thus preventing 
renal and neuropsychiatric damage may improve SLE survival.
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Abstract
Aims: To investigate demographic, clinical, laboratory, and immunological character-
istics of patients with systemic lupus erythematosus (SLE) in southeastern areas of 
South Korea, and to perform survival analysis.
Methods: We retrospectively evaluated 413 patients with SLE diagnosed in 3 tertiary 
rheumatology centers in South Korea from 1992 to 2016 by reviewing their medi-
cal charts. All patients fulfilled the 1997 revised American College of Rheumatology 
classification criteria for SLE.
Results: Most patients were women (92%), and the mean (±standard deviation) age at 
diagnosis was 30.9 (±12.9) years. The most common clinical manifestation was leuko-
penia (74.3%), followed by lymphopenia (73.6%), arthritis (59.1%), malar rash (48.4%), 
thrombocytopenia (46.5%), oral ulcer (35.1%), and biopsy-proven lupus nephritis 
(31.2%). Anti-nuclear, anti-double-stranded DNA, anti-Smith, and anti-Ro antibod-
ies were positive in 97.8%, 70.1%, 38.4%, and 63% of patients, respectively. Twenty 
(4.8%) patients died during a median follow-up of 83 months, and the cumulative 
5-year and 10-year survival rates were 96.9% and 95.5%, respectively. The major 
causes of death were infection (50%) and lupus flare-up (50%). Male (hazards ratio 
[HR] = 7.19, P = .001), pleuritis and/or pericarditis (HR = 3.28, P = .012), childhood-
onset (HR = 3.57, P = .012), and late-onset (HR = 4.65, P = .011) were independent risk 
factors for death. Compared with SLE cohorts in other ethnicities or countries, our 
patients tended to have a higher frequency of anti-Ro antibodies and hematologic 
disorders.
Conclusion: This study describes clinical features of SLE in South Korea and suggests 
a remarkable phenotypic heterogeneity of SLE.
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1  | INTRODUC TION

Systemic lupus erythematosus (SLE) is a chronic inflammatory auto-
immune disease involving multiple organ systems and characterized 
by diverse clinical manifestations, the production of a broad array of 
autoantibodies, a relapsing-remitting disease course, and highly vari-
able prognosis. SLE is also associated with progressive organ damage 
caused by persistent inflammation and other comorbidities, such as 
cardiovascular diseases and malignancy, as a consequences of both 
the disease itself and its treatment.1 Although there has been a signif-
icant survival improvement in patients with SLE in the past 50 years,2 
the therapeutic options for SLE remain limited, and its global burden 
is underappreciated.1 Genetic, environmental, and socioeconomic 
factors are thought to be involved in the development and progres-
sion of SLE,2 but its etiology has not been fully understood. A marked 
ethnic or geographic variation between populations in prevalence and 
incidence as well as a clinical phenotype and disease course between 
populations have been reported in previous studies,3 indicating the 
heterogeneous nature of SLE. Thus, it is necessary to identify the clin-
ical characteristics of patients with SLE for each ethnicity and country, 
because this information could enable a better understanding of fac-
tors that determine these differences, and subsequently, lead to more 
efficient medical care and reduction of the overall disease burden.

It has been suggested that differences in the epidemiology of SLE 
between the Asia-Pacific region and other parts of the world exist.3 
An Asian population showed a higher incidence and prevalence of SLE 
than a White population.4 Additionally, earlier disease onset, more 
renal involvement, greater disease severity in disease, and lower long-
term survival have been reported in Asian patients with SLE than in 
Caucasian patients with SLE,3 suggesting the need to closely moni-
tor and properly treat patients in the Asian-Pacific region. However, 
considerable disparities of clinical characteristics across the countries 
in the Asian-Pacific region have been also observed.3 South Korea is 
located in the southern part of the Korean peninsula in the East Asia 
region (Figure 1) and is regarded as a country with a single ethnicity. 
The prevalence and incidence of SLE in South Korea were estimated 
to range from 18.8 to 26.5 and from 2.5 to 2.8 per 100 000 persons, 
respectively,5,6 indicating considerable burden in this region, but com-
prehensive data regarding overall characteristics of patients with SLE 
in South Korea including factors related with prognosis are still insuf-
ficient. Therefore, in the present study, we aimed to investigate de-
mographic, clinical, laboratory, and immunological characteristics of 
patients with SLE in southeastern areas of South Korea, and to analyze 
the survival rate and its associated predictive factors.

2  | METHODS

2.1 | Study design and population

In this retrospective cohort study, we reviewed the medical re-
cords of 413 patients with SLE who were diagnosed and followed 
up from January 1992 to January 2016 in three university-affiliated 

rheumatology centers in South Korea, namely, Pusan National 
University Hospital (PNUH), Kosin University Gospel Hospital (KUGH), 
and Gyeongsang National University Changwon Hospital (GNUCH) in 
South Korea. PNUH and KUGH are located in Busan, while GNUCH is 
located in Changwon (Figure 1); these centers in our study are repre-
sentative hospitals in the southeast region of South Korea. Busan and 
Changwon are the major harbor cites on the southeast coast of South 
Korea, and Busan is the second biggest city in South Korea. Most study 
patients originated from Busan, Changwon, and nearby areas. All pa-
tients fulfilled 4 or more items of the 1997 revised American College 
of Rheumatology (ACR) classification criteria for SLE7,8 and were of 
Korean descent. Subjects who satisfied 3 or less items of the ACR clas-
sification criteria for SLE were excluded. Subjects who had other auto-
immune disease such as systemic sclerosis and idiopathic inflammatory 
myopathies except for Sjögren's syndrome and antiphospholipid syn-
drome (APS) were also excluded. The study protocol was approved by 
the Institutional Ethics Review Board of each hospital, which waived 
informed consent of patients due to retrospective study design 
(Institutional Review Board no. E-2015075 in PNUH, E-2015075 in 
PNUH, 2017-08-024 in KUGH2017-08-010-001 in GNUCH).

F I G U R E  1   Map of Busan and Changwon in South Korea
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2.2 | Data collection

The data of patients with SLE from 3 centers were collected using 
the same pre-designed protocol and included the following vari-
ables: (a) demographic features; (b) cumulative clinical manifesta-
tions; (c) laboratory test results; (d) medications used for more than 
3 months; and (e) death and causes of death.

Demographic data included sex, age at diagnosis, age at onset, 
and observation period. Age at diagnosis was defined as the time 
when patients fulfilled the ACR classification criteria for SLE, and 
patients with SLE were subcategorized into three groups accord-
ing to age at diagnosis based on previous studies: (a) childhood-on-
set (≤18 years); (b) adult-onset (>18 to 50 years); and (c) late-onset 
(>50 years).9,10 Onset age of first symptoms was defined as the time 
when the first symptoms related to SLE occurred based on recall 
by patients recorded in medical charts, and the observation period 
was calculated from the time of diagnosis until death or the last 
follow-up.

Cumulative clinical manifestations occurring at any time through-
out the follow-up period were recorded. Mucocutaneous manifesta-
tions, such as malar rash, discoid rash, photosensitivity, oral ulcer, 
arthritis, pericarditis, pleuritis, and neuropsychiatric disorders (eg 
psychosis and seizure), were defined according to the ACR classi-
fication criteria8 and determined by patient history or documented 
physicians’ observations. Hematologic disorders included hemolytic 
anemia, leukopenia (white blood cell count <4000/mm3), lymphope-
nia (absolute lymphocyte count <1500/mm3), and thrombocytope-
nia (platelet count <100 000/mm3), which were defined according to 
the ACR classification criteria.8 Secondary Sjögren's syndrome was 
defined according to the revised American-European Consensus 
Group classification criteria for Sjögren's syndrome,11 and second-
ary APS was defined according to the modified Sapporo criteria.12 
Lupus nephritis (LN) was confirmed by renal biopsy and classified by 
the International Society of Nephrology – Renal Pathology Society 
system.13 Interstitial lung disease was defined by the presence of 
diffuse ground-glass opacity or bibasilar pulmonary fibrosis on chest 
radiography or high-resolution computed tomography scan without 
evidence of other pulmonary diseases. Pulmonary arterial hyper-
tension was defined as a systolic pulmonary arterial pressure (PAP) 
>30 mm Hg on echocardiography at rest, or mean PAP ≥25 mm Hg 
and pulmonary capillary wedge pressure ≤15 mm Hg determined by 
right-sided heart catheterization.

Laboratory and immunological profiles included anti-nuclear 
antibodies (ANA), anti-double-stranded (ds)DNA antibodies, an-
ti-Smith (Sm), anti-cardiolipin antibodies (immunoglobulin G [IgG] 
and IgM), lupus anticoagulant, anti-ribonucleoprotein antibod-
ies, anti-Ro antibodies, and anti-La antibodies. Data regarding 
medications for SLE treatment including glucocorticoids (GCs), 
hydroxychloroquine (HCQ), cyclophosphamide (CYC), mycophe-
nolate mofetil (MMF), azathioprine (AZA), methotrexate (MTX), 
and tacrolimus (TAC) were collected. In addition, dates and causes 
of death in patients with SLE were recorded to assess mortality in 
Korean patients with SLE.

2.3 | Statistical analysis

Descriptive statistics were performed to show clinical and immu-
nologic characteristics of patients with SLE, and they are presented 
as a mean ± standard deviations (SD), median (interquartile range), 
or number of cases (percentages), as appropriate. For group com-
parisons, the two-tailed Student t test or Mann-Whitney U test was 
used to analyze continuous variables, and the Chi-squared test or 
Fisher's exact test was used to analyze categorical variables, as ap-
propriate. The survival rate of patients with SLE was calculated using 
the Kaplan-Meier method. Independent risk factors for death were 
determined by multivariable Cox proportional hazard models with 
backward selection, which included variables with a P value <.1 in 
univariable analyses. A P value <.05 was considered statistically 
significant, and all statistical analyses were performed using SPSS 
18.0 for Windows (SPSS Inc) and STATA version 15.0 for Windows 
(StataCorp LP).

3  | RESULTS

Table 1 presents baseline demographic, clinical, and laboratory 
characteristics of 413 patients with SLE. Most patients were 
women (92%), and the female-to-male ratio was 11.5:1. The mean 
(±SD) age at diagnosis was 30.9 (±12.8) years, and the majority 
of patients (77.2%) were diagnosed as adults (age >18-50 years). 
Most patients in our cohort with SLE showed mucocutaneous le-
sions (81.6%) and hematologic disorders (81.1%). The most com-
mon clinical manifestation was leukopenia (74.3%), followed 
by lymphopenia (73.6%), arthritis (59.1%), malar rash (48.4%), 
thrombocytopenia (46.5%), oral ulcer (35.1%), biopsy-proven LN 
(31.2%), and photosensitivity (24%). Diffuse proliferative LN (class 
IV) was the most common type of LN in our cohort, followed by 
class III, class V, and class II. Of the 300 patients, 189 (63%) pa-
tients had anti-Ro antibodies, and the rate of secondary Sjögren's 
syndrome was 6.1%. Twenty-three (5.6%) patients had secondary 
APS. Most patients (97.8%) had positive results for ANA, and anti-
dsDNA antibodies and anti-Sm antibodies were positive in 70.1% 
and 38.4% of patients, respectively. The most frequently pre-
scribed medication for SLE treatment was GCs (98.3%), followed 
by HCQ (96.6%), CYC (32.4%), MMF (31.7%), AZA (20.6%), MTX 
(20.1%), and TAC (8%).

Comparisons of clinical and laboratory features according to 
age at diagnosis, the presence of LN, and sex were conducted. 
There were significant differences in the rates of female sex, malar 
rash, LN, and lymphopenia according to the subgroups of age at di-
agnosis (Table S1). Patients with childhood-onset SLE had a higher 
proportion of LN and malar rash, and lower proportion of lymph-
openia than those with adult-onset or late-onset SLE (LN, child-
hood-onset 49.1%, adult-onset 30.1%, late-onset 13.5%, P = .001; 
malar rash, childhood-onset 63.3%, adult-onset 47%, late-onset 
37.8%, P = .032; lymphopenia, childhood-onset 59.6%, adult-on-
set 76.5%, late-onset 70.3%, P = .026). Patients with late-onset 
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SLE comprised fewer women than those with childhood-onset 
or adult-onset SLE (late-onset 81.7%, childhood-onset 98.2%, 
adult-onset 92.2%, P = .011). Compared with female counterparts, 
male patients with SLE showed a significantly higher rate of an-
ti-Sm antibody positivity (56.7% vs 36.6%, P = .031) and lower rate 
of arthritis (36.4% vs 61.1%, P = .009; Table S2). Compared with 
SLE patients without LN, those with LN were significantly younger 
at diagnosis and onset age, and had significantly higher rates of 
pericarditis, pleuritis, psychosis, leukopenia, and anti-dsDNA an-
tibodies (Table S3).

The median, interquartile range and full-range of the observa-
tion period in our study were 83, 35-139, 1-288 months, respec-
tively (Table 1). During the observation period, 20 (4.8%) patients 
with SLE died. In the Kaplan-Meier analysis, the cumulative 5-year 
and 10-year survival rates were 96.9% (95% CI = 94.4%-98.3%) and 
95.5% (95% CI = 92.5%-97.4%), respectively (Figure 2). Detailed 
clinical information and causes of death in patients with SLE are 
summarized in Table S4. The female-to-male ratio of deceased pa-
tients was 3:1. The 2 major causes of death were infection (50%) 
and lupus flare-up (50%) (4 patients had both). Respiratory infec-
tions accounted for 80% of infection-related deaths: four patients 
had bacterial pneumonia, two patients had miliary tuberculosis, 
and one had Pneumocystis jiroveci pneumonia. The other cases 
were cellulitis with osteomyelitis and bloodstream infection. The 
major causative microorganisms were Gram-negative bacilli (40%), 
including Acinetobacter (n = 1), Pseudomonas (n = 1), Klebsiella 

TA B L E  1   Baseline demographic, clinical and laboratory 
characteristics of 413 patients with systemic lupus erythematosus

Characteristics
Patients with 
SLE (N = 413)

Female, n (%) 380 (92)

Age at diagnosis, y, mean ± SD 30.9 ± 12.8

Age at diagnosis

Childhood-onset, ≤18 y, n (%) 57 (13.8)

Adult-onset, >18 to 50 y, n (%) 319 (77.2)

Late-onset, >50 y, n (%) 37 (9)

Onset age of first symptoms, y, mean ± SD 29.9 ± 12.6

Observation period, mo, median (IQR) 83 (36-139)

Cumulative clinical manifestations

Mucocutaneous lesions, n (%) 337 (81.6)

Malar rash, n (%) 200 (48.4)

Discoid rash, n (%) 66 (16.0)

Photosensitivity, n (%) 96 (24.0)

Oral ulcer, n (%) 145 (35.1)

Arthritis, n (%) 244 (59.1)

Pericarditis, n (%) 68 (16.5)

Pleuritis, n (%) 89 (21.5)

LN, n (%) 129 (31.2)

Class II,a n (%) 12 (2.9)

Class III,b n (%) 28 (6.8)

Class IV,c n (%) 70 (16.9)

Class V,d n (%) 19 (4.6)

Neuropsychiatric disorders, n (%) 51 (12.4)

Psychosis, n (%) 25 (6.1)

Seizure, n (%) 5 (9.8)

Hematologic disorders, n (%) 335 (81.1)

Hemolytic anemia, n (%) 36 (8.7)

Leukopenia, n (%) 307 (74.3)

Lymphopenia, n (%) 304 (73.6)

Thrombocytopenia, n (%) 192 (46.5)

Chronic interstitial lung disease, n (%) 7 (1.7)

Pulmonary hypertension, n (%) 12 (2.9)

Secondary APS, n (%) 23 (5.6)

Secondary Sjögren's syndrome, n (%) 25 (6.1)

Prevalence of antibodiese

ANA ≥ 1:40, n (%) 404 (97.8)

Anti-dsDNA, n (%) 246/351 (70.1)

Anti-Sm, n (%) 129/336 (38.4)

Anti-cardiolipin IgG, n (%) 95/347 (27.4)

Anti-cardiolipin IgM, n (%) 40/339 (11.8)

Lupus anticoagulant, n (%) 69/297 (23.2)

Anti-RNP, n (%) 88/175 (50.3)

Anti-Ro, n (%) 189/300 (63.0)

(Continues)

Characteristics
Patients with 
SLE (N = 413)

Anti-La, n (%) 88/291 (30.2)

Therapies after 1st visit

GCs, n (%) 406 (98.3)

HCQ, n (%) 399 (96.6)

CYC, n (%) 134 (32.4)

MMF, n (%) 131 (31.7)

AZA, n (%) 85 (20.6)

MTX, n (%) 83 (20.1)

TAC, n (%) 33 (8)

Abbreviations: ANA, anti-nuclear antibody; anti-dsDNA, anti-double 
stranded deoxyribonucleic acid; anti-RNP, anti-ribonucleoprotein; 
anti-Sm, anti-Smith; APS, antiphospholipid antibody syndrome; AZA, 
azathioprine; CYC, cyclophosphamide; GCs, glucocorticoids; HCQ; 
hydroxychloroquine; IQR, interquartile range; LN, lupus nephritis; MMF, 
mycophenolate mofetil; MTX, methotrexate; SD, standard deviation; 
SLE, systemic lupus erythematosus; TAC, tacrolimus.
aIncludes 4 cases with II + V type. 
bIncludes 11 cases with III + V type. 
cIncludes 6 cases with IV + V type. 
dIncludes 5 cases with V + II type. 
e62 missing in anti-dsDNA, 77 missing in anti-Sm, 66 missing in anti-
cardiolipin IgG, 74 missing in anti-cardiolipin IgM, 116 missing in lupus 
anticoagulant, 238 missing in anti-RNP, 113 missing in anti-Ro and 122 
missing in anti-La. 

TA B L E  1   (Continued)
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(n = 1), and Escherichia coli (n = 1). The SLE-related deaths were 
associated with LN in 6 patients (two cases of neuropsychiatric 
systemic SLE occurred concomitantly with an LN flare-up), lupus 
hepatitis in two patients, diffuse alveolar hemorrhage in one pa-
tient, and macrophage activation syndrome in one patient. One 
case of sudden death, which was reported in a patient who had 
pulmonary hypertension, was recorded. Chronic conditions such 
as cancer (n = 2) and amyloidosis (n = 1) accounted for 15% of all 
causes of death.

As shown in Table 2, Cox proportional hazards analyses were 
conducted to evaluate risk factors for death in patients with SLE. 
After adjusting for confounding factors, male sex (hazards ratio 
[HR] =7.19, 95% CI = 2.33-22.18, P = .001) and pleuritis and/or peri-
carditis (HR = 3.28, 95% CI = 1.3-8.26, P = .012) were independent 

risk factors for mortality in patients with SLE. Compared with 
adult-onset SLE, childhood-onset SLE (HR = 3.57, 95% CI = 1.14-
11.18, P = .012) and late-onset SLE (HR = 4.65, 95% CI = 1.43-
15.15, P = .011) were associated with an increased risk of death, 
whereas thrombocytopenia showed a trend with worse survival 
(HR = 2.71, 95% CI = 0.87-8.43, P = .085). Additionally, HCQ use 
was associated with better survival in patients with SLE (HR = 0.13, 
95% CI = 0.03-0.51, P = .004). LN, arthritis and CYC use were not 
significantly associated with death of SLE patients in univariable 
Cox analyses.

Clinical and laboratory characteristics of patients with SLE in 
different populations worldwide are summarized in Table 3.14-21 
High female predominance was commonly found in cohorts with 
SLE worldwide. The mean age at diagnosis and mean onset age in 
other cohorts with SLE ranged from 27.5 to 38.9 and from 28 to 
31.8 years, respectively, which are similar to our data. The fre-
quency of clinical and serological manifestations substantially var-
ies between the different cohorts with SLE. In comparison with 
other cohorts with SLE, our cohort had the highest frequency of 
leukopenia (74.3%) and thrombocytopenia (46.5%), and the sec-
ond highest frequency of lymphopenia (73.6%). Of note, high 
frequency of leukopenia (73%), lymphopenia (87%), and thrombo-
cytopenia (32%) were also observed in another South Korean co-
hort (the “BAE lupus cohort”) recruited in Seoul,14 the capital city 
of South Korea located in the northwestern area (Figure 1), sug-
gesting that a highly prevalent hematologic manifestation may be 
a characteristic of South Korean patients with SLE. Additionally, 
there were fewer cases of photosensitivity (24%) and arthritis 
(59.1%) in our cohort with SLE compared with other cohorts in-
cluding the BAE lupus cohort. Regarding serological features, our 

F I G U R E  2   Kaplan-Meier survival curve of overall survival in 
patients with systemic lupus erythematosus

Variables

Univariable Multivariable

HR (95% CI) P value HR (95% CI)a P value

Male 5.06 (1.81-14.13) .002 7.19 (2.33-22.18) .001

Age at diagnosis

Adult-onset, >18-
50 y, ref.

1 – 1 –

Childhood-onset, 
≤18 y

2.77 (0.94-8.14) .063 3.57 (1.14-11.18) .029

Late-onset, >50 y 6.93 (2.32-20.69) .001 4.65 (1.43-15.15) .011

Pleuritis and/or 
pericarditis

4.24 (1.73-10.39) .002 3.28 (1.3-8.26) .012

Thrombocytopenia 4.22 (1.41-12.66) .01 2.71 (0.87-8.43) .085

HCQ use 0.12 (0.04-0.42) .001 0.13 (0.03-0.51) .004

LN 2.12 (0.88-5.11) .094 – –

Arthritis 0.45 (0.19-1.09) .078 – –

CYC use 2.29 (0.95-5.55) .065 – –

Abbreviations: CYC, cyclophosphamide; HCQ, hydroxychloroquine; HR, hazard ratio; LN, lupus 
nephritis.
aEstimated using multivariable Cox proportional hazard models with backward selection including 
male, age at diagnosis, pleuritis and/or pericarditis, thrombocytopenia, HCQ use, LN, arthritis, and 
cyclophosphamide use. 

TA B L E  2   Cox proportional hazards 
model for survival analysis in patients with 
systemic lupus erythematosus
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patients with SLE showed the highest prevalence of anti-Ro anti-
body positivity (63.0%), followed by cohorts in the southern prov-
ince of China (58.7%) and Arab countries (50.5%).15,18 Although 
the BAE lupus cohort was a South Korean cohort such as ours, the 
frequency of the anti-Ro antibody (35.6%) was not as high as that 
in our cohort.14

4  | DISCUSSION

In this multicenter, retrospective cohort study, we described clinical 
and laboratory characteristics of patients with SLE in southeastern 
areas of South Korea and conducted survival analyses. Comparisons 
of clinical manifestations between SLE cohorts in different popula-
tions worldwide including our patients revealed considerable clini-
cal and laboratory diversities according to ethnicities or geographic 
regions. These diversities may be found even in cohorts with SLE in 
other regions within the same country (our cohort and the BAE lupus 

cohort in Korea), indicating a remarkable phenotypic heterogeneity 
of SLE.

The anti-Ro antibody is one of the most common autoanti-
bodies among various autoimmune diseases, such as Sjögren's 
syndrome and SLE, although its pathological role has not been 
fully understood.22 In our literature review, the frequency of an-
ti-Ro antibody in SLE patients varied from 25% to 63% according 
to different ethnicities or geographic areas (Table 3). In SLE, the 
anti-Ro antibody has been reported to be associated with sub-
acute cutaneous lupus erythematosus, photosensitivity, neonatal 
lupus, hematologic abnormalities (eg leukopenia, lymphopenia, 
and thrombocytopenia), interstitial lung disease, and arthritis.22-24 
However, the link between anti-Ro antibodies and certain clini-
cal manifestations of SLE may be inconsistent across ethnicities 
or geographic areas, as shown in Table 3. As aforementioned, in 
our cohort with SLE, the frequencies of anti-Ro antibodies tended 
to be higher than that in other cohorts, but there were fewer 
cases of photosensitivity, which is related with anti-Ro antibodies. 

TA B L E  3   Comparisons of clinical and laboratory characteristics of patients with systemic lupus erythematosus in different populations 
worldwide

 
Present 
study

Korea 
(Seoul)14 China15 Philippines16 South Africa17

Arab 
countries18 Europe19 USA20

Latin 
America21

Number of patients 413 996 552 1070 408 3273 1000 256 1214

F:M ratio 11.5:1 12:1 8.7:1 23:1 10:1 8.4:1 10:1 9.6:1 9:1

Mean age at diagnosis, y 30.9 27.5 35.3 28.5 32.8 28.9 31 38.9 30

Mean onset age, y 29.9 – 31.8 – – – 29 – 28

Malar rash, % 48.4 53 52.7 49 49 30.7 58 38 61.3

Discoid rash, % 16 9 14.7 26 27.7 12.7 10 15 11.8

Photosensitivity, % 24 42 22.8 33 67.2 45.3 45 39 56.1

Oral ulcer, % 35.1 46 17 33 50 29.3 24 17 41.7

Arthritis, % 59.1 72 61.6 68 80.6 81.1 84 75 93.2

Pericarditis, % 16.5 27 15.6 – – 14.4  14 17.2

Pleuritis, % 21.5 29 18.3 – – 14.9  37 22.1

Renal, % 31.2a 58 46.7 47 39.2 50.4 39 25 51.7

Neuropsychiatric, % 12.1 10 4.9 13 15.2 27.4 27 7 26.4

Hemolytic anemia, % 8.7 16 4.2 – 19.4 45.6 8 11 13

Leukopenia, % 74.3 73 29 4 37.1 41.4 – 18 42.6

Lymphopenia, % 73.6 87 – – 54.9 – – 21 59.3

Thrombocytopenia, % 46.5 32 14.9 4 25.7 19.7 22 11 19.2

ANA, % 97.8 100 99.8 – 96.8 97.2 96 94 97.9

Anti-dsDNA, % 70.1 78.9 81.3 – 45.3 74.1 78 27 70.5

Anti-Sm, % 38.4 14.5 35.7 – 33.8 40.7 10 28 48.4

Anti-cardiolipin IgG, % 27.4 – 19.4 – – 39.1 24  50.6

Anti-cardiolipin IgM, % 11.4 – 15.8 – – 31.1 13  39.2

Lupus anticoagulant, % 23.2 – – – – 42 15  30.4

Anti-Ro, % 63.0 35.6 58.7 – – 50.5 25 37 48.8

Anti-La, % 30.2 6.1 15 – – 29.2 19 9 29.2

Abbreviations: ANA, anti-nuclear antibody; anti-dsDNA, anti-double stranded deoxyribonucleic acid; anti-Sm, anti-Smith.
aOnly includes biopsy-proven lupus nephritis. 
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Additionally, the frequencies of photosensitivity were comparable 
between cohorts with SLE in Arab countries (45.3%) and Europe 
(45%), but the frequencies of anti-Ro antibodies in Arab countries 
was approximately twice as high than that in Europe (50.5% vs 
25%, Table 3). Thus, ethnic and geographic backgrounds may have 
an influence on the relationship between the presence of autoan-
tibodies and clinical manifestations in SLE, which warrants further 
investigations.

Survival of patents with SLE has considerably increased over the 
past few decades, with 5-year and 10-year survival rates increasing 
from 74.8% to 94.8% and from 63.2% to 91.4%, respectively, be-
tween the 1950s and the 2000s.2 A recent meta-analysis demon-
strated that 5-year survival of patients with SLE in high-income 
countries exceeded 95% in 2008-2016, and the overall survival has 
reached a plateau since the mid-1990s.25 The 5-year and 10-year 
survival rates were 96.9% and 95.5%, respectively, in our cohort 
with SLE, which are slightly higher than those reported in previous 
meta-analyses2,25 but similar to those previously reported in Hong 
Kong (97% at 5 years and 93.7% at 10 years)26 and Shanghai (98% 
at 5 years).27 However, because mortality in SLE varies according to 
not only the study populations’ characteristics, such as ethnicity and 
socioeconomic status, but also according to the study design and 
setting,25,28 it needs to be validated whether South Korean patients 
with SLE have a favorable outcome compared with those from other 
countries. Infection and active SLE are the leading causes for death 
in patients with SLE worldwide,28,29 and this notion is in line with our 
study's results.

Systemic lupus erythematosus primarily affects women of child-
bearing age, but it can occur in children or elderly individuals. It has 
been suggested that age at SLE onset may have a great impact on 
the clinical presentations, morbidities, mortality, and treatment 
response.30,31 Female predominance has been reported to be less 
prominent in older patients with SLE, and this is consistent with our 
data (Table S1). Although not always consistent across studies,17,32 
patients with childhood-onset SLE tend to have a more severe and ag-
gressive disease, whereas patients with late-onset SLE show a more 
indolent and less severe clinical course than those with adult-onset 
SLE.30,31 In our cohort, renal involvement was more frequent in pa-
tients with childhood-onset SLE, whereas typical cutaneous pre-
sentations, such as malar rash, were less common in patients with 
late-onset SLE, which is similar to findings of previous reports.33,34 
Both childhood-onset and late-onset SLE were associated with 
higher mortality than adult-onset SLE in the present study (Table 2), 
and this finding is in line with those of previous studies.30,35 More 
severe disease and a higher frequency of major organ involvement in 
childhood-onset SLE, and more non-SLE-associated comorbidities, 
such as infection or malignancy, in late-onset SLE could explain these 
results.31,35 However, there are some controversies over the effect 
of onset age on the survival of patients with SLE,17,32,36 thus more 
investigations are needed to more conclusively confirm our findings.

Gender exerts an effect on the prevalence as well as the 
clinical phenotype and outcome in SLE.37,38 Male patients 
with SLE tended to have higher mortality than their female 

counterparts in previous studies,37-39 which was also found in our 
cohort (Table 3). Nevertheless, contradictory results have been re-
ported.38,40 Because of the overall low number of deaths in previous 
studies and our study, larger prospective studies are warranted to 
conclusively determine whether male gender is associated with in-
creased mortality in SLE. In addition, previous studies reported that 
men with SLE showed serositis, renal diseases, and cardiovascular 
complications more frequently, but less frequently with arthritis 
and photosensitivity compared with their female counterparts.37,38 
However, except for arthritis, these findings were not observed in 
our data, and this may be due to the small number of male patients 
in our cohort (Table S2).

Several limitations should be noted in the interpretation of our 
results. First, there were incomplete or missing data in our cohort 
with SLE because of the retrospective design. Therefore, disease 
activity, flare index, organ damage and information regarding the in-
dication for and cumulative dose of treatment, especially GCs, which 
could have an effect on the outcome of patients with SLE were not 
accessible. In the absence of disease activity and organ damage mea-
sures, the survival analyses of our data may be incomplete. Second, 
records of patients with SLE who died in other hospitals or locations 
could not be fully obtained despite considerable effort to track de-
ceased patients. Thus, the survival rate of our cohort might have 
been overestimated. Third, LN was based on renal biopsy and we 
did not collect data regarding clinically proven LN. Lastly, our cohort 
consisted of patients with SLE in tertiary centers, which could have 
introduced selection bias.

In conclusion, patients with SLE in southeastern areas of South 
Korea showed higher proportions of anti-Ro antibody and hemato-
logic disorders but a lower proportion of photosensitivity and ar-
thritis than other populations with SLE, suggesting that ethnic or 
geographic factors may play a role in the antibody production and 
clinical presentation of SLE. The 5-year and 10-year survival rates in 
our cohort with SLE were slightly better than those in other cohorts, 
and infection and increased lupus activity were the major causes 
for death. The present study highlights the heterogeneity in the 
clinical phenotype and outcome of SLE according to ethnicities or 
geographic regions and allows for a better understanding of disease 
epidemiology.
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1  | INTRODUC TION

Ankylosing spondylitis (AS) is a potentially disabling inflammatory 
arthritis of the spine, usually presenting with chronic back pain that 
primarily affects sacroiliac joints and spine, and nonarticular fea‐
tures such as uveitis, psoriasis and inflammatory bowel disease.1,2 
Patients have restricted joints, with shortening and muscular 

atrophy, resulting in loss of range of motion, decreased flexibility, 
pain and deficient balance responses and strategies.3 The preva‐
lence of AS is highly variable. Estimates of the prevalence of AS in 
various countries range from 0.7 to 49 per 10 000, while a rate of 
0.49% has been reported in Turkey.4,5 The etiology of AS still re‐
mains unclear. However, many people with AS express the human 
leukocyte antigen (HLA)‐B27 genotype.6
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Abstract
Background: To evaluate obstetrical and perinatal outcomes of pregnancies with an‐
kylosing spondylitis (AS).
Methods: This was a retrospective study evaluating obstetric outcomes of 52 pa‐
tients with AS who were followed up at our institution between 2006 and 2019. 
Patients were classified as having disease greater than or less than 5 years, and ac‐
cording to disease‐related medical treatment during pregnancy, as drug free, single 
medication or multiple medication.
Results: Overall	rates	of	preterm	delivery,	intrauterine	growth	retardation	and	preec‐
lampsia were 17.3%, 13.4% and 7.7%, respectively. Thirty‐three of the patients were 
followed up without any medication, while 19 patients used drugs during pregnancy. 
Seven patients used a single drug and 12 patients had multiple drugs. There was 
no significant difference in terms of obstetrical and neonatal outcomes. However, 
a	higher	rate	of	neonatal	intensive	care	unit	(NICU)	admission	was	observed	in	the	
group using medication for AS, despite a lack of statistical significance (31.5% vs 15%, 
P	=	.162).	On	the	other	hand,	patients	having	disease	more	than	5	years	had	higher	
rates	of	Apgar	scores	less	than	<7	and	admission	to	the	NICU	despite	a	lack	of	sta‐
tistical significance (4% vs 7.4% and 16% vs 26%; P = .267 and P = .297, respectively).
Conclusion: In	conclusion,	pregnancies	of	patients	with	AS	must	be	considered	as	
high risk due to increased rates of adverse outcomes such as preterm delivery, intrau‐
terine growth retardation or preeclampsia.
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Some autoimmune diseases may be exacerbated during preg‐
nancy. Most patients with AS conceive while their disease is active, 
unlike patients with rheumatoid arthritis, and generally pregnancy 
does not have a positive effect on the course of AS.7 Furthermore, 
AS was reported to be exacerbated in the postpartum period for 
most cases.8

The effect of AS on neonatal and maternal outcomes is contro‐
versial according to recent literature. Some studies have shown that 
AS may be associated with adverse pregnancy and neonatal out‐
comes	including	preterm	labor	and	small-for-gestational	age	(SGA)	
fetuses.9,10 Furthermore, autoimmunity or autoimmune diseases 
were also reported to be associated with adverse outcomes.11‐13

In	 this	 study,	we	evaluated	 the	obstetric	outcomes	of	patients	
with AS. We also aimed to compare patients in terms of medication 
usage and duration of disease.

2  | MATERIAL S AND METHODS

This was a retrospective study evaluating obstetric outcomes of 52 
patients with AS who were followed up at our institution between 
2006 and 2019. Necessary information on patients was acquired 
from the electronic database of our institution and the Perinatology 
Division registries. Patients were followed up by the Perinatology 
and Rheumatology Divisions upon diagnosis of pregnancy. AS 
is diagnosed based on the recognition of characteristic clinical, 
laboratory and imaging findings. The diagnosis of AS is a possible 
diagnosis in a patient presenting with a history of >3 months of 
back pain before 45 years of age, positive test for HLA‐B27 and 
marked erosion and/ or sacroiliac fusion. The Berlin algorithm, 
which	was	modified	 in	 2013	 by	 the	 International	 Society	 for	 the	
Assessment of SpondyloArthritis (ASAS), is used for the diagnosis 
of AS.14 Demographic characteristics and obstetric outcomes were 
recorded for all patients. Pregnancies reaching the 24th gestational 
week were included in the data in order to compare patients in 
terms of neonatal and obstetric outcomes. Patients were classified 
as having disease greater than or less than 5 years. Patients were 
also classified according to medical treatment during pregnancy as 
drug	free,	single	medication	or	multiple	medication.	In	both	groups,	
hospitalization during pregnancy, gestational week at birth, preterm 
delivery, birthweight, birthweight percentile, Apgar scores and ad‐
mission	to	neonatal	 intensive	care	unit	 (NICU)	results	were	evalu‐
ated. Patients with additional systemic diseases were also recorded.

The data were evaluated using descriptive statistics and Mann–
Whitney U test according to data structure and number of cases 
in each group. A P value <.05 was considered significant. Results 
are given as median (range) and rate for continuous and categoric 
variables, respectively. We have performed visual and quantitative 
analysis for the determination of distribution of normality. All statis‐
tical calculations were performed using Statistical Package for Social 
Sciences (SPSS) for Windows (SPSS version 23) software package.

This retrospective study was approved by the Hacettepe 
University	Ethics	Committee	(Number:	GO	19/287).

3  | RESULTS

Demographic characteristics and obstetric outcomes of all patients 
are summarized in Table 1. The median age of the patients was 33 
(23-39)	and	the	median	disease	duration	was	5	(1-20)	years.	Overall	
rates of preterm delivery, intrauterine growth retardation and preec‐
lampsia were 17.3%, 13.4% and 7.7%, respectively. Thirteen patients 

TA B L E  1   Demographic characteristics and obstetric outcomes 
of patients with ankylosing spondylitis

Agea 33 (23‐39)

Gravidaa 2 (1‐5)

Paritya 1 (0‐3)

Living childa 1 (0‐3)

Number of miscarriages 0 (0‐2)

Duration of disease, ya 5 (1‐20)

Coexisting diseaseb 13 (25%)

Medication during pregnancyb

None 33 (63.4%)

Single 7 (13.4%)

Corticosteroids 2 (3.9%)

Sulfasalazine 1 (1.9%)

Colchicine 3 (5.7%)

Biologic Agent (TNF‐alpha inhibitor) 1 (1.9%)

Multiple 12 (23.1%)

Sulfasalazine + colchicine 4 (7.6%)

Corticosteroids + sulfasalazine 7 (13.3%)

Sulfasalazine + biologic agent (TNF‐alpha 
inhibitor)

1 (1.9%)

Hospitalization during pregnancyb 12 (23%)

Gestational	week	at	deliverya 38	(28-41)

Preterm deliveryb 9/ 52 (17.3%)

Birth weighta 2950 (600‐4400)

Obstetric	complicationsb

Intrauterine	growth	retardation 7/ 52 (13.4%)

Placenta previa 1/ 52 (1.9%)

Preeclampsia 4/ 52 (7.7%)

Duration of postpartum hospitalization, d 3 (2‐7)

Apgar scoresb

<7 3/ 52 (5.7%)

≥7 49/ 52 (93.9%)

Admissions	to	NICUb 11/52 (21.1%)

Prematurity 7

Hypoglycemia 1

Respiratory distress 2

Neonatal jaundice 1

Abbreviations:	NCIU,	neonatal	intensive	care	unit;	TNF,	tumor	necrosis	
factor.
aMedian (range) values. 
bRates of events. 
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had a coexisting systemic disease, which were familial Mediterranean 
fever, asthma, Sjögren's syndrome and Hashimoto thyroiditis in 7, 4, 
1 and 1 cases, respectively.

Thirty‐three of the patients were followed up without any med‐
ication, while 19 patients used drugs during pregnancy. Comparison 
of patients according to medical treatment in terms of obstetric out‐
comes are shown in Table 2. Seven patients used a single drug and 
12 patients had multiple drugs. The drugs used were corticosteroids, 
sulfasalazine, biologic agents (tumor necrosis factor [TNF]‐alpha inhib‐
itor)	and	colchicine.	In	our	patient	group,	a	biologic	agent	(TNF-alpha	
inhibitor) was used in treatment of only two patients. Congenital 
anomalies were not observed in the newborns of these two pregnan‐
cies.	One	of	the	neonates	was	followed	up	for	8	days	in	the	NICU	due	
to respiratory distress syndrome. There was no significant difference 
in terms of hospitalization during pregnancy, gestational week at birth, 
preterm delivery, birthweight, birthweight percentile, Apgar scores 
and	admission	to	the	NICU	between	the	two	groups	according	to	med‐
ication	during	pregnancy.	However,	a	higher	rate	of	NICU	admission	
was observed in the group using medication for AS despite a lack of 
statistical significance (31.5% vs 15%, P = .162).

Comparison of patients having disease greater than or less than 
5 years are summarized in Table 3. Patients having disease more than 
5 years had higher rates of Apgar scores less than 7 and admission 
to	the	NICU,	despite	a	lack	of	statistical	significance	(4%	vs	7.4%	and	
16% vs 26%; P = .267 and P	=	.297,	respectively).	Other	comparisons	
related to obstetric and neonatal outcomes showed no statistically 
significant differences between groups.

4  | DISCUSSION

Autoimmune disorders and diseases resulting in chronic systemic 
inflammation have been linked with poor obstetric outcomes in 
various studies.11‐13,15 Requirement for medical treatment including 

biological agents was also found to contribute to poor obstetric 
outcomes.16 Excessive activation of the immune system may lead 
to impaired implantation and impaired fetal perfusion, which is also 
related to poor obstetric outcomes.12,17 Autoimmune antibodies, cell 
degradation products and inflammatory cytokines were reported to 
be responsible for injury to vascular structures of the placenta and 
cellular components of the maternal fetal interface, resulting in “pla‐
cental inflammation”.13,17 Thus, pregnancies of women with AS may 
also require greater attention in terms of both obstetric and neonatal 
outcomes.

Additionally, studies evaluating AS in pregnant women revealed 
worsened quality of life for these patients. There is no consensus on 
the relationship between AS and pregnancy, birth and fetal compli‐
cation rates.18 According to the results of many studies, there was 
no statistically significant difference between AS and pregnancy and 
neonatal outcomes.16,19‐21

In	 our	 cohort,	 preterm	 delivery,	 intrauterine	 growth	 retar‐
dation and preeclampsia rates in pregnant women with AS were 
found to be slightly higher than the normal population. Despite 
our findings, previous meta‐analysis concluded no relationship 
between AS and adverse pregnancy outcomes.18	 On	 the	 other	
hand, Jakobsson et al9 reported higher rates of preterm deliv‐
ery	 and	SGA	 in	pregnancies	with	AS	 compared	 to	 their	 control	
group.	In	our	study,	the	rate	of	preterm	birth	(17.3%)	was	found	
to be even higher than previously reported studies.22 Wolfberg 
et al showed that pregnancies with rheumatologic diseases were 
more likely to have preeclampsia than pregnancies without any 
rheumatologic	 disease	 (8.8%	 vs	 2.3%,	 P < .001).10 The rate of 
preeclampsia in our study was 7.7%, consistent with the current 
literature, and this rate was higher than the overall preeclampsia 
rate in the population, which is approximately 4.6%.23 Previously 
reported data from Turkey also reported similar obstetric out‐
comes for AS patients compared to a control group.7 Several 
other studies also reported no significant difference between 

 

Medication without 
during pregnancy
(n = 33)

Medication with 
during pregnancy
(n = 19) P

Hospitalization during pregnancyb 5 (15.1%) 7	(36.8%) .700

Gestational	week	at	Deliverya 38	(28-41) 38	(34-40) .366

Preterm deliveryb 4 (20%) 5 (35.7%) .428

Birth weighta 3030 (600‐4400) 2900 (2250‐3920) .220

Birthweight percentile 33 (1‐99) 34 (4‐74) .575

Apgar scoresb

<7 2 (6%) 1 (5%) .701

≥7 31 (94%) 18	(95%)

Admissions	to	NICUb 5 (15%) 6 (31.5%) .162

Abbreviation:	NCIU,	neonatal	intensive	care	unit.
aMedian (range) values. 
bRates of events. Rates related to delivery outcomes are calculated according to number of deliver‐
ies in the group. 

TA B L E  2   Comparison of patients 
according to medical treatment in terms of 
obstetric outcomes
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pregnancies with AS and control groups.16,21,24,25 However, in 
our study, preterm birth and preeclampsia rates were higher than 
the rates reported in the literature and compared to the normal 
population.22,23

Analysis regarding duration of the disease showed no significant 
difference between groups. But patients having disease more than 
5 years had higher rates of Apgar scores less than 7 and admission 
to	the	NICU,	despite	a	lack	of	statistical	significance	(4%	vs	7.4%	and	
16% vs 26%; P = .267 and P = .297, respectively). These results must 
be evaluated carefully since the lack of statistical significance may 
be due to the relatively low number of cases. Longer duration of the 
disease may be related to an increased inflammatory reaction that 
may impair placental implantation and result in increased placental 
inflammation.

Statistical comparisons regarding drug use in AS showed no sta‐
tistically significant difference between groups. However, the rate of 
lower	Apgar	scores	and	higher	rates	of	NICU	admission	were	also	ob‐
served in patients using any medication for AS, but without statistical 
significance. This may be explained by the effect of drugs themselves 
and increased inflammatory reactions in patients requiring medication. 
Information	related	to	safety	and	teratogenicity	of	many	drugs	have	
been widely studied in previous literature. Most used drugs such as 
hydroxychloroquine, sulfasalazine, low‐dose aspirin, azathioprine and 
colchicine are categorized as drugs with minimal fetal or maternal risk 
during	 pregnancy.	On	 the	 other	 hand,	 drugs	 such	 as	 cyclophospha‐
mide or methotrexate are evaluated as high risk and must be avoided 
in a planned pregnancy. TNF‐alpha blockers may be used in women 
who require these medications for the maintenance or establishment 
of control of active inflammatory disease during pregnancy. Various 
studies regarding the pregnancy outcomes of patients exposed to TNF 
inhibitors demonstrated no significant difference in terms of obstetric 
outcomes compared to the general population. However, recent liter‐
ature is limited by the small number of studies despite existence of 
numerous animal studies.26-28

We had two cases using biologic agents for treatment, while only 
one	of	these	fetuses	required	NICU	admission	and	was	discharged	
on	postpartum	day	8.	In	addition,	none	of	the	newborns	had	a	major	
congenital anomaly in our cohort. This finding is also consistent 
with the previous literature defining biologic agents being reliable 
in pregnancy.29

The limitations of this study were the retrospective design and lim‐
ited	number	of	cases.	On	the	other	hand,	comparison	of	multiple	factors	
and comparison with recent literature were the strengths of this study.

In	conclusion,	pregnancies	of	patients	with	AS	must	be	considered	
as high risk due to increased rates of adverse outcomes such as preterm 
delivery, intrauterine growth retardation or preeclampsia. Despite the 
lack of any statistically significant difference between risk factors such 
as having disease more than 5 years or medication usage, further pro‐
spective studies should be carried out to confirm these results.
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Abstract
Background: Inflammatory arthritis including rheumatoid arthritis (RA), ankylosing 
spondylitis (AS) and psoriatic arthritis (PsA) are disorders at increased risk of mor-
bidity and mortality for which a validated prognostic tool for facilitating clinical 
management is needed. CHA2DS2-VASc (congestive heart failure/hypertension/age 
diabetes/stroke/vascular disease/age/sex category) score was initially conceived and 
used to estimate thromboembolic risk in non-valvular atrial fibrillation, and then suc-
cessfully applied in community populations with sinus rhythm. We tested CHA2DS2-
VASc-score as a prognosticator of adverse outcomes in patients in sinus rhythm with 
RA/AS/PsA.
Methods: Between March 2014 and March 2015, 414 patients (214 RA, 75 AS, 125 
PsA) in sinus rhythm without cardiac disease were consecutively analyzed and pro-
spectively followed-up. Primary and co-primary end-points were a composite of all-
cause death/all-cause hospitalization and CV death/CV hospitalization, respectively.
Results: Patients were divided into LOWscore and HIGHscore groups if CHA2DS2-
VASc was = 0/1 point or greater than 1 point, respectively. The HIGHscore group 
comprised 190 patients who were older with higher prevalence of CV risk factors 
and arthritis disease activity than 224 LOWscore patients. During a follow up of 
36 months, the event rate for primary and co-primary end-point was 37% and 12% in 
the HIGHscore vs 22% and 4% in LOWscore group (P = .001 and .002 respectively). 
At multivariate Cox regression analysis CHA2DS2-VASc-score was related to primary 
end-point (hazards ratio [HR] 1.30 [1.07-1.59], P = .009) and co-primary end-point 
(HR 1.35 [1.01-1.79], P = .04) independently of traditional CV risk factors analyzed 
individually and indexes of inflammation or disease duration.
Conclusion: CHA2DS2-VASc-score accurately identifies in the mid-term patients in 
sinus rhythm with RA/AS/PsA at different risks for CV and non-CV mortality and 
hospitalization.
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1  | INTRODUC TION

Patients with chronic inflammatory arthritis such as rheumatoid ar-
thritis (RA), ankylosing spondylitis (AS) and psoriatic arthritis (PsA) 
are complex, clinically difficult to manage, with activated inflamma-
tory systems very often associated with co-morbidities, all together 
leading to increased morbidity and mortality.1-5 Particular relevance 
has been attributed to the increased risk of adverse cardiovascu-
lar (CV) events which frequently occur in these patients and largely 
contribute to worse prognosis.2-5 Such events are mainly driven by 
accelerated atherosclerosis and relate to the increased prevalence 
and clustering of traditional CV risk factors. The recent improve-
ments in disease management has highlighted the worrisome role of 
these factors and the need for a tool to be developed and validated 
in RA, AS and PsA to facilitate clinical management. Currently, we 
are unable to quantify the contribution added to inflammation that 
traditional risk factors make to a patient with RA/AS/PsA.

The CHA2DS2-VASc (congestive heart failure/hypertension/age 
diabetes/stroke/vascular disease/age/sex category) score was ini-
tially conceived, tested and presently used in clinical practice to esti-
mate the risk of stroke, transient ischemic attack (TIA) or peripheral 
thromboembolism (TE) in patients with non-valvular atrial fibrilla-
tion (NVAF). Furthermore, this score is widely used as a reference to 
guide anticoagulant treatment in these patients.6,7 The score takes 
into account the most powerful stroke risk factors including several 
traditional risk factors for adverse CV events. Recently, CHA2DS2-
VASc score has been successfully applied in community populations 
with sinus rhythm and high risk for CV events,8-11 showing high ac-
curacy as a prognosticator of CV events and death regardless of car-
diac rhythm. This predictive accuracy has not been tested in patients 
suffering from RA/AS/PsA.

Accordingly, the aim of our study was to test and validate the 
CHA2DS2-VASc score as prognosticator of adverse CV and non-CV 
mortality and hospitalization in patients with RA/AS/PsA.

2  | METHODS

2.1 | Study population

The design of this study was prospective. The study population com-
prised non-institutionalized subjects >18 years of age with RA diag-
nosed according to the 2010 American College of Rheumatology/
European League Against Rheumatism classification criteria,12 
PsA and AS diagnosed by the Classification Criteria for Psoriatic 
Arthritis and the Assessment in Spondyloarthritis International 
Working Group criteria as recently summarized by Rudwaleit and 
Taylor.13 Participants were consecutively recruited from March 
2014 to March 2015 at the Division of Rheumatology, Department 
of Medicine, University of Verona and Azienda Ospedaliera 
Universitaria Integrata of Verona (Italy) in which patients underwent 
clinical and laboratory evaluations. Furthermore, left ventricular 
ejection fraction was routinely measured in all of them by standard 

echocardiography (biplane method of disks from 2D apical 4 and 2 
chamber views) and taken as index of left ventricular systolic func-
tion (reduced if <50%). To assess renal function we considered the 
glomerular filtration rate (GFR) estimated with the Chronic Kidney 
Disease Epidemiology Collaboration equation.

All subjects were free of symptoms/signs of cardiac disease. 
Exclusion criteria were a history of myocardial infarction, myocar-
ditis or heart failure, coronary heart disease diagnosed by clinical, 
electrocardiographic evaluation at rest and by the results of ex-
ercise/scintigraphy/echo-stress test, alcoholic cardiomyopathy, 
primary hypertrophic cardiomyopathy, asymptomatic known left 
ventricular systolic dysfunction, prior myocardial revascularization, 
significant valve heart disease, atrial fibrillation. All patients gave 
written informed consent signing a specific institutional consent 
form; the study was approved by Ethics Committees of the Verona 
University and conforms to the ethical guidelines of the Declaration 
of Helsinki as revised in 2000.

2.2 | Definitions

We defined patients as biologic disease-modifying anti-rheumatic 
drugs (bDMARDs)-refractory on the date they had started their third 
class of bDMARDs before enrolment into the study.14 The degree of 
activity of RA disease was evaluated by the clinical disease activity 
index (CDAI) score.15 Patients with a CDAI score >10 were defined 
as subjects with activated pattern of the disease having moderate-
high disease activity, those with CDAI score >22 having high disease 
activity.16 CHA2DS2-VASc score: the anamnestic and clinical vari-
ables taken into account for the score are listed in the Table 1, which 
also indicates the points assigned for each variable: a maximum of 
9 points was obtainable. Congestive heart failure was defined as 
the presence of signs and symptoms of either right (elevated jugular 

TA B L E  1   Conditions taking into account for the CHA2DS2-VASc 
score. Points for each condition are showed. The score ranged 0-9 
points

 

CHA2DS2-VASc

Conditions Points

C Congestive heart failure (or left ventricular 
systolic dysfunction)

1

H Hypertension: blood pressure consistently 
above 140/90 mm Hg

(or treated hypertension on medication)

1

A2 Age ≥ 75 y 2

D Diabetes mellitus 1

S2 Prior stroke or transient ischemic attack or 
thromboembolism

2

V Vascular disease (eg peripheral artery disease, 
myocardial infarction, aortic plaque)

1

A Age 65-74 years 1

Sc Sex category (ie female sex) 1
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venous pressure, hepato-jugular reflux, fluid retention) or left ven-
tricular failure (exertional dyspnea, paroxysmal nocturnal dyspnea, 
cardiac enlargement, gallop rhythm, pulmonary venous congestion) 
or both, confirmed by non-invasive or invasive measurements dem-
onstrating objective evidence of cardiac dysfunction. Hypertension 
was defined as a resting blood pressure greater than 140 mm Hg sys-
tolic and/or greater than 90 mm Hg diastolic on at least 2 occasions 
or current antihypertensive pharmacological treatment. Obesity 
was recognized when body mass index was ≥30 kg/m2. Dyslipidemia 
was defined as levels of total serum cholesterol >190 mg/dL and/ 
or triglycerides >150 mg/dL or pharmacologically treated high lipid 
serum levels. Fasting plasma glucose level of 7.0 mmol/L or greater 
(126 mg/dL) or treatment with oral hypoglycemic agents and/or in-
sulin identified patients with diabetes mellitus. Vascular disease was 
defined as the presence of coronary artery disease (prior myocardial 
infarction, angina pectoris, percutaneous coronary intervention or 
coronary artery bypass surgery) and/or peripheral vascular disease 
as the presence of any the following: intermittent claudication, pre-
vious surgery or percutaneous intervention on the abdominal aorta 
or the lower extremity vessels, abdominal or thoracic surgery, arte-
rial and venous thrombosis. Ischemic stroke was defined as a focal 
neurological deficit of sudden onset as diagnosed by a neurologist, 
lasting more than 24 hours and caused by ischemia; TIA was defined 
as a focal neurological deficit of sudden onset and diagnosed by a 
neurologist, lasting less than 24 hours; peripheral TE was defined 
as the occlusion of blood flow by an embolus, outside the brain 
and heart, by the responsible physician. To identify individuals at 
high risk for CV disease, we used the “Italian Progetto Cuore Risk 
score” which was built specifically for the Italian population mim-
ing the Framingham experience using data from different cohorts 
enrolled in the north, center and south of Italy between the '80s and 
the '90s, whose risk factors had been collected using standardized 
procedures.17

2.3 | Outcomes and follow up

The pre-specified primary end-point of the study was a composite of 
all-cause death and all-cause hospitalization. A co-primary end-point 
was a composite of CV death and CV hospitalization due to both 
cardiac events (unstable angina, myocardial infarction, severe chest 
pain due to acute pericarditis, heart failure, percutaneous coronary 
intervention and coronary artery bypass grafting), and non-cardiac 
vascular events (stroke, TIA, TE, peripheral vascular intervention and 
stent thrombosis). For each patient, the follow up was stopped at the 
time of the first event or death. All clinical events were examined 
by an independent end-point classification committee. Each clinical 
event was diagnosed and classified by 2 expert clinicians who ana-
lyzed in detail the clinical reports, validated the end-points and for-
mally generated the information which migrated into the database. 
Hospitalizations and vital status were recorded every 3 months dur-
ing the scheduled visits for clinical check or during hospital access 
for therapy with bDMARDs or by telephone calls. Follow up ended 

at 30 September 2018. All anamnestic data and those gathered dur-
ing follow up were recorded in the patient's e-chart and then sub-
sequently migrated to the data warehouse. The variables useful for 
calculating the CHA2DS2-VASc risk score were part of the medical 
history and part of the medical reports and documents of previous 
hospital admissions and emergency room admissions of the patients.

2.4 | Statistical analysis

Data are reported as mean values ± 1 standard deviation (medians 
and interquartile ranges for variables deviating from normality) or 
percentages. Unpaired Student's test and χ2 statistics were used for 
descriptive statistics. Between-group comparisons of categorical 
and continuous variables were performed by χ2 test and analysis of 
variance (ANOVA) with comparison between each group by Scheffè 
test for unequal samples as appropriate or the Mann-Whitney non-
parametrical test. Log cumulative hazard functions were computed 
by univariate and multivariate Cox regressions to identify the fac-
tors independently associated with the study clinical end-points. 
Variables that were significantly related to the study end-points in 
univariate tests (P ≤ .05) were included in the multivariable models, 
which also comprised those variables which were forced into the 
models for their specific clinical relevance.

A formal sample size calculation was done preceding the study 
to assess the minimum number of necessary samples to meet our 
desired statistical constraints. A sample size of 385 patients was es-
timated (using the PS Power and Sample Size Calculations software 
version 3.0) to provide a 95% power at the 0.01 level of statistical 
significance to detect an imaginable CV event rate and any (CV or 
non-CV) rate event of 10% and 30% at 36-months follow up, re-
spectively. This assumption was based on the analyses of the CARRE 
study18 and of 1 of our previous longitudinal studies.19

Sensitivity, specificity and predictive accuracy of the 
CHA2DS2-VASc risk score for the study end-points were tested 
by specific receiver operating characteristic (ROC) curve analyses. 
Time-dependent ROC curves for censored survival data were gen-
erated for the computation of areas under the curve (AUCs). This 
method supposes we have censored survival data (right-censored 
or both left-truncated and right-censored data) along with a marker 
value (clinical event). By this analysis we see how well the marker 
predicts the survival time for the subjects in the dataset using inci-
dent/dynamic definition of the ROC curve. For this analysis we used 
R package (version 3.6.1), Heagerty's method.20 CHA2DS2-VASc risk 
score was tested both as continuous and as a dichotomic variable 
(0-1 point vs >1 point) according to the results of the ROC curves 
analysis (see the Results section for details).

Probabilities of event-free survival and Kaplan-Meier survival 
curves of patients with CHA2DS2-VASc risk score 0-1 vs those with 
score >1 were obtained (differences between the curves were tested 
for significance by the log-rank test). All analyses (but ROC ones) 
were performed using statistical package SPSS 19.0 (SPSS Inc) and 
statistical significance was identified by two-tailed P < .05.
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3  | RESULTS

3.1 | Study population

The initial study population comprised 448 subjects. Among these 448 
patients, 34 (7%) were lost to follow up leaving 414 patients (214 RA, 
75 AS, 125 PsA) who had complete clinical and follow up data and 
formed the final population which was analyzed in the present study. 
They had a mean age of 58 ± 12 years, 64% were women; their baseline 
characteristics are shown in Table 2. Prevalence of obesity and dys-
lipidemia was 16% and 57%, respectively, near half of patients had a 
diagnosis of arterial hypertension, the mean duration of inflammatory 
arthritis disease was 13 ± 10 years; disease activity was high in 12% 
of them. Nearly one-third of patients were receiving nonsteroidal anti-
inflammatory drugs (NSAIDs) and corticosteroids at enrolment, 43% 
methotrexate and near two-thirds bDMARDs (28% of patients who had 
started bDMARDs before enrolment was refractory to this treatment).

3.2 | CHA2DS2-VASc score and study groups

Preliminary data obtained from the ROC curve analysis indicated that 
the CHA2DS2-VASc score has a well-defined prognostic cut-off for the 
study end-points (for primary end-point AUC 0.61 [CI 51-71], P = .01, 
sensitivity 58%, specificity 61%; for co-primary end-point AUC 0.64 
[CI 55-74], P = .008, sensitivity 72%, specificity 58%). Accordingly, the 
study population was split into 2 groups: group LOWscore including 
patients with score = 0 or 1 point, and the group HIGHscore including 
patients with a score greater than 1 point. The baseline clinical features 
of the 2 study groups are shown and compared in Table 2. HIGHscore 
group comprised 190 patients (46% of the total study population) who 
were older, with a higher prevalence of CV risk factors and higher 
markers and scores of disease activity than 224 patients belonging to 
the group LOWscore. Overall the former had a longer disease dura-
tion, received more frequently drugs for the control of CV risk factors, 
more frequently methotrexate and corticosteroids, while bDMARDs 
were given less frequently than the latter. Prevalence of bDMARDs 
refractory was similar between the 2 groups. Thus, comparisons for 
the variables were adjusted for age and gender. This analysis showed 
that renal function, serum cholesterol and triglycerides, Progetto 
Cuore Risk score, C-reactive protein, erythrocyte sedimentation rate, 
rheumatoid factor positivity, duration of disease, corticosteroids and 
bDMARDs therapy where the variables which were not statistically 
different anymore between the 2 study groups (Table 2). All other vari-
ables showed similar P values to unadjusted analysis.

3.3 | Outcome

Data on vital status and hospitalizations were available for all 414 
patients. During a median follow up of 36 months (IQR 24-45), 8 
patients (1.9%) died during follow up. All of them died during hos-
pitalization. Causes of death were cancer in 4 patients (breast and 

laryngeal in 1 case, pancreatic in 2 cases), congestive heart failure 
and complications of pneumonia, femoral neck fracture and periph-
eral vascular surgery in the remaining 4 patients.

A primary end-point (all-cause death or all-cause hospitalization) 
occurred in 120 patients (29%). A co-primary end-point (CV death 
or CV hospitalization) occurred in 32 patients (8%). Reasons of the 
120 all-cause hospitalizations are reported in Table 3. Causes of CV 
hospitalization did not differ between patients with HIGHscore and 
LOWscore. Among the causes of non-CV hospitalization, cancer (7 
patients = 3.6% vs 3 patients = 1.8%, P = .04), bone fracture (11 pa-
tients = 5.8% vs 4 patients = 1.8%, P = .03), and hip/knee arthroplasty 
(11 patients = 5.8% vs 4 patients = 1.8%, P = .03) occurred more fre-
quently in patients with HIGHscore than LOWscore, respectively. 
No significant difference was recognized between the 2 groups for 
the other causes of non-CV hospitalization. When comparisons for 
the reasons for hospitalization were adjusted for age and gender, 
differences in bone fracture (P = .003) and hip/knee arthroplasty 
(P = .003) were confirmed while cancer (P = .07) was not statistically 
different anymore between the 2 study groups.

Considering the primary end-point, the event rate valued in the 
2 study groups divided according to the CHA2DS2-VASc score was 
37% (70 of 190 patients) in the HIGHscore group vs 22% (50 of 224 
patients, P = .001) in the LOWscore group. Similarly, the co-primary 
end-point CV death and CV hospitalization occurred more fre-
quently in the former group (23 patients = 12%) than in the latter 
group (9 patients = 4%, P = .002). Differences in the events rate for 
primary end-point (P = .007) and co-primary end-point (P = .03) were 
statistically significant also when the analyses were adjusted for age 
and gender. Figure 1 shows the distribution of the adverse clinical 
events accredited as primary (right panel) and co-primary end-points 
(left panel) in patients divided according to the CHA2DS2-VASc score 
managed as a continuous variable (patients with scores 0, 1, 2, 3 and 
>3). In both analyses the event rate was statistically different be-
tween patients belonging to the subgroups with score 1 and score 2.

3.4 | CHA2DS2-VASc score as predictor of outcome

At univariate Cox regression, the variables associated with the pri-
mary study end-point were hypertension, dyslipidemia, duration of 
RA/SpA/PsA disease, bDMARDs refractory and CHA2DS2-VASc 
score (tested both as continuous and dichotomized variables). All 
these variables together with age, female gender, high disease ac-
tivity and “Progetto Cuore Risk score” which were forced into the 
analysis, were tested in the multivariate Cox regression. This analysis 
revealed that CHA2DS2-VASc score (used as dichotomized variable 
higher than 1 vs 0-1 point) was statistically associated with the pri-
mary end-point together with longer duration of inflammatory ar-
thritis disease and bDMARDs refractory (Table 4, upper part).

Considering the co-primary end-point, the variables associated 
with the 32 adverse events at univariate Cox regression analysis were 
age, GFR, duration of inflammatory arthritis disease and CHA2DS2-
VASc score (tested both as continuous and dichotomized variables), 
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TA B L E  2   Baseline characteristics of the study population divided into 2 subgroups according to the CHA2DS2-VASc score

Variables

LOWscore
CHA2DS2-VASc 0-1
224 patients

HIGHscore
CHA2DS2-VASc > 1
190 patients P

P (adjusted for 
age and gender)

Total study 
population
427 patients

Age, y 51 ± 10 66 ± 10 <.001  58 ± 12

Female gender, % 45 86 <.001  64

Body mass index, kg/height2 25.0 ± 3.9 27.0 ± 4.9 <.001 <.001 25.9 ± 4.5

Obese, % 9 24 <.001 <.001 16

Systolic blood pressure, mm Hg 127 ± 16 137 ± 18 <.001 .02 131 ± 18

Diastolic blood pressure, mm Hg 82 ± 8 83 ± 9 .04 .01 82 ± 9

Hypertension, % 20 82 <.001 <.001 48

Smoke, % 46 25 <.001 .007 36

Dyslipidemia, % 50 66 <.001 .004 57

Diabetes mellitus, % 0 19 <.001 <.001 9

eGFR, mL/min/m2*1.73 100 ± 21 87 ± 24 <.001 .19 94 ± 20

Hemoglobin, g/dL 14.3 ± 1.3 13.5 ± 1.4 <.001 <.001 13.9 ± 1.4

Cholesterol LDL, mg/dL 110 (90-132) 133 (99-155) <.001 .60 120 (92-140)

Triglycerides, mg/dL 105(72-135) 112 (79-145) .09 .87 108 (76-138)

Progetto Cuore Risk score, % 2.3 (1.1-5.1) 6.1 (2.9-10.4) <.001 .20 3.6 (1.6 - 8.3)

CHA2DS2-VASc score 1 (0-1) 3 (2-4) <.001 <.001 1 (1 - 2)

C-reactive protein, mg/dL 1.5 (0.5-4.1) 2.0 (0.8-5.5) .03 .85 1.8 (0.6 - 4.8)

ESR, mm/h 11 (4-20) 22 (10-33) <.001 .46 15 (6 - 27)

Rheumatoid factor positive, % 31 47 .02 .71 39

ACPA positive, % 31 43 .06 .94 37

Duration of disease, y 11.5 ± 8.5 14.6 ± 11.3 <.001 .88 13.0 ± 9.9

CDAI 6 (2-11) 11 (6-18) <.001 .001 8 (4 - 16)

Moderate/high disease activity, % 21 47 <.001 <.001 34

High disease activity, % 4 19 <.001 <.001 12

LVEF, % 66 ± 6 66 ± 7 .83 .47 66 ± 6

Low LVEF, <50% 1 2 .50 .30 1

Medications

ACEi/ ARBs, % 7 29 <.001 <.001 17

Betablockers, % 12 51 <.001 <.001 29

Diuretics, % 4 29 <.001 <.001 15

Calcium antagonists, % 2 19 <.001 <.001 10

Statins, % 10 36 <.001 .01 22

Anti-platelets agents, % 6 23 <.001 .01 14

NSAIDs, % 39 34 .36 .78 36

Methotrexate, % 38 49 .04 .08 43

Hydroxychloroquine, % 9 8 .63 .17 8

Corticosteroids, % 28 48 <.001 .07 37

Biologic DMARDs at enrolment, % 76 60 <.001 .70 69

Biologic DMARDs class
• Anti-TNFα, %a

• Anti-interleukin 6, %a

• CTLA, 4 Ig, %a

• Anti-CD 20, %a

71
14
12
5

66
11
15
5

.18 .36 69
13
13
5

Biologic DMARDs refractory, % 27 30 .61 .37 28

Note: High disease activity = CDAI >22; moderate/high disease activity = CDAI >10.
Abbreviations: ACEi, angiotensin-converting enzyme inhibitors; ACPA, anti-cyclic citrullinated peptide antibodies; ARB, angiotensin T1 receptor 
blockers; CD, cluster of differentiation; CDAI, clinical disease activity index; CTLA, cytotoxic T-lymphocyte antigen; DMARDs, disease-modifying 
anti-rheumatic drugs; ESR, erythrocyte sedimentation rate; LVEF, left ventricular ejection fraction; NSAIDs, nonsteroidal anti-inflammatory drugs; 
TNF, tissue necrosis factor.
a% among patients who were receiving biologic DMARDs. 
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with bDMARDs refractory and the “Progetto Cuore Risk score” show-
ing a borderline statistical significance. Multivariate Cox regression 
(including age, GFR, duration of inflammatory arthritis disease and 
CHA2DS2-VASc score tested as dichotomized variables) showed that 
CHA2DS2-VASc score was significantly related to CV death/CV hos-
pitalization together with lower GFR and longer duration of RA/AS/
PsA (Table 4, lower part). Left ventricular systolic function measured 
as ejection fraction was not related either to CV or non-CV events. 
Kaplan-Meier survival curves for primary and co-primary end-point of 
patients with CHA2DS2-VASc risk score 0-1 vs those with score >1 are 
shown in Figure 2 (left and right panel, respectively).

4  | DISCUSSION

The current clinical and therapeutic complexity existing in patients 
with RA/AS/PsA together with the interaction between disease 
activity and other associated conditions such as the traditional risk 
factors for adverse CV events or cancer make these patients more 
of an exposure risk for morbidity and mortality. In a large interna-
tional cohort of patients with RA, Crowson et al21 recently found 
that a total of 70% of CV events were attributable to all CV risk fac-
tors and RA characteristics combined (separately 49% CV risk fac-
tors and 30% RA characteristics). Thus, developing a definite, simple 
and feasible inflammatory arthritis-independent tool able to assess 
morbidity and/or mortality risk, cost and hospitalization would be a 
step forward on the way to achieve a more precise prognostic as-
sessment of the treated population and a more coherent use of the 
financial and human resources.22 In this study the CHA2DS2-VASc 
score has been tested as a prognosticator of CV and non-CV events 
in patients with RA/AS/PsA analyzed in primary prevention. We 
demonstrated 4 original and clinically relevant findings: (a) in RA/AS/
PsA patients, the CHA2DS2-VASc score is a powerful predictor of ad-
verse outcomes at mid-term, showing a good accuracy in predicting 

TA B L E  3   Causes of hospitalization during follow up

Cardiovascular hospitalization 32 patients

Myocardial infarction 3

Unstable angina 1

Percutaneous coronary intervention 2

Coronary artery bypass grafting 1

Acute congestive heart failure (4 cases of paroxysmal 
atrial fibrillation requiring hospitalization for hemo-
dynamic instability)

6

Chest pain due to acute pericarditis 3

Stroke 5

Transient ischemic attack 1

Peripheral thromboembolism 5

Percutaneous peripheral artery intervention 3

Acute peripheral ischemia requiring amputation 2

Non-cardiovascular hospitalization 88 patients

Bone fracture 15

Hip or knee arthroplasty 15

Shoulder surgery 5

Joint arthrodesis 4

Joint synoviectomy 5

Surgery for tendon rupture 2

Pneumonia 8

Non-pulmonary infection 9

Acute ulcerative rectocolitis 5

Autoimmune acute uveitis 6

Cancer 10

Thyroidectomy (no thyroid malignancy) 2

Acute pancreatitis 1

DRESS syndrome 1

Abbreviation: DRESS, drug rash with eosinophilia and systemic 
symptoms.

F I G U R E  1   Distribution of the adverse 
clinical events accredited as primary (left 
panel) and co-primary end-points (right 
panel) in patients divided according to 
the CHA2DS2-VASc (congestive heart 
failure/hypertension/age diabetes/
stroke/vascular disease/age/sex category) 
score managed as a continuous variable 
(patients with scores 0, 1, 2, 3 and >3). 
In both analyses the event rate was 
statistically different between patients 
belonging to the subgroups with scores 
0-1 and scores ≥2 points

Death or hospitalization for all causes (%) Death or cardiovascular hospitalization (%)
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both all-cause and CV death/hospitalization; (b) in this population 
CHA2DS2-VASc score predicts adverse outcome more accurately 
than the traditional CV risk factors tested individually, together with 
duration of RA/AS/PsA disease and bDMADs refractory; (c) the 
ability of the score to predict clinical outcomes has been tested in 
patients in sinus rhythm, suggesting its use in all patients regard-
less of cardiac rhythm; (d) a clear prognostic cut-off exists allowing 
the splitting of the population into 2 subgroups: patients at lower 
risk (CHA2DS2-VASc score = 0 or 1 point) and higher risk (CHA2DS2-
VASc score >1 point).

International guidelines worldwide6,7,23 recommend to use 
CHA2DS2-VASc score for estimating the risk of stroke and managing 
antithrombotic therapy in patients with NVAF. Recently, some clini-
cal investigations have fruitfully tested and validated the score as a 

predictor of adverse outcomes in populations with sinus rhythm and 
high risk for CV events.8-11 Our findings are in line with these expe-
riences showing the usefulness of CHA2DS2-VASc score even in RA/
AS/PsA disease analyzed in primary prevention. Manifestly, the vari-
ety and number of the contributing variables of the score make it very 
flexible and suitable not only for NVAF patients but also for differ-
ent phenotypes and clinical settings. How can this close correlation 
be explained in patients with RA/AS/PsA? The variables considered 
in the CHA2DS2-VASc score are all well-defined risk factors for CV 
events and their coexistence drastically increases the likelihood of 
thromboembolism and/or coronary artery disease.24 It could be 
theorized that in patients with high CHA2DS2-VASc scores, a crucial 
pathophysiological mechanism leading to clinical adverse outcomes 
could be thrombosis, the genesis of which would be independent of 

TA B L E  4   Variables associated with the study end-points: univariate and multivariable Cox regression analyses

 
End-point
No

End-point
Yes

Univariate Multivariate

HR CI P HR CI P

All-cause death/ hospitalization 294 pts 120 pts       

Age, y 57 ± 13 60 ± 12 1.00 0.99-1.02 .21 1.00 0.98-1.02 .32

Female gender, % 63 66 1.02 0.70-1.48 .94 1.03 0.68-1.75 .95

Hypertension, % 45 57 1.47 1.03-2.12 .03 1.70 0.32-3.12 .71

Diabetes mellitus, % 9 11 1.19 0.67-2.13 .54    

Smoking, % 34 41 1.10 0.90-1.28 .20    

GFR, mL/min/1.73 m2 95 92 0.99 0.98-1.01 .30    

Progetto Cuore Risk score, % 3.3 (1.4-7.8) 4.9 (2.1-10.4) 1.01 0.98-1.04 .67 1.01 0.98-1.04 .10

LVEF, % 66 ± 7 66 ± 6 1.00 0.98-1.04 .74    

High disease activity, % 12 13 1.04 0.90-1.86 .90 1.22 0.57-2.62 .62

Dyslipidemia, % 53 67 1.59 1.08-2.33 .02 1.15 0.67-1.87 .53

Biologic DMARDs refractory, % 22 32 1.77 1.17-2.67 .007 1.74 1.12-2.68 .01

Disease duration, y 12 ± 9 15 ± 11 1.02 1.00-1.04 .02 1.02 1.00-1.04 .04

CHA2DS2-VASc score, 0-1 vs >1 41 57 1.60 1.11-2.31 .01 1.30 1.07-1.59 .009

CHA2DS2-VASc 1 (0-2) 2 (1-3) 1.17 1.01-1.35 .03    

CV death/ hospitalization 382 pts 32 pts       

Age, y 57 ± 13 65 ± 14 1.04 1.01-1.08 .004 1.02 0.98-1.04 .93

Female gender, % 63 72 1.38 0.64-2.99 .41    

Hypertension, % 47 56 1.37 0.69 −3.13 .32    

Diabetes mellitus, % 9 13 1.50 0.52-4.29 .45    

GFR, mL/min/1.73 m2 95 80 0.97 0.96-0.99 .002 0.97 0.95-0.99 .009

Progetto Cuore Risk score, % 3.4 (1.5-7.8) 8.6 (3.8-14.0) 1.04 0.99-1.09 .05    

LVEF, % 66 ± 7 65 ± 6 0.98 0.93-1.04 .49    

High disease activity, % 13 8 1.24 0.33-5.25 .71    

Dyslipidemia, % 56 69 1.47 0.69-3.13 .32    

Biologic DMARDs refractory, % 27 43 2.15 0.93-4.98 .06    

Disease duration, y 13 ± 10 17 ± 11 1.05 1.01-1.08 .003 1.33 1.00-1.07 .03

CHA2DS2-VASc score, 0-1 vs >1 44 66 2.94 1.36-6.36 .001 1.35 1.01-1.79 .04

CHA2DS2-VASc, mean ± SD 1 (1-2) 3 (2-4) 1.57 1.21-2.04 .001    

Abbreviations: DMARDs, disease-modifying anti-rheumatic drugs; GFR, glomerular filtration rate; HR, hazards ratio; LVEF, left ventricular ejection 
fraction.
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cardiac rhythm.25,26 This speculation may substantiate the relation 
to CV events. On the other hand, a high CHA2DS2-VASc score could 
be also the clinical expression of alterations in some metabolic path-
ways linked to higher inflammatory status leading to frailty, infection 
or cancer, explaining the relation to non-CV events.

Up to now, clinicians have not had an appropriate tool avail-
able for assessing outcome at mid-term in patients with RA/AS/
PsA. Disappointingly, this is also true for the long-term prediction 
for adverse clinical events because established risk models such 
as Systematic Coronary Risk Evaluation score, Framingham Risk 
Score, Reynolds risk score, generally and largely underestimate CV 
risk.27 Recently, Colaco et al28 performed a systematic review of 
the literature to describe current knowledge of CV risk prediction 
algorithms in rheumatic diseases. They confirmed that general risk 
algorithms mostly underestimate and at times overestimate cardio-
vascular risk in rheumatic patients. Furthermore, they did not find 
studies that evaluated models for psoriatic arthritis or ankylosing 
spondylitis, which further demonstrates a need for research in these 
populations. Regrettably, and not unexpectedly, in our experience 
we used the “Progetto Cuore Risk score” specifically built for Italian 
people,17 which did not give any prognostic information regarding 
CV or non-CV events at mid-term in our patients with inflammatory 
arthritis, demonstrating the superiority of CHA2DS2-VASc score in 
this clinical context.

The practicability of CHA2DS2-VASc score is favored in these pa-
tients by the presence of a easy to spot prognostic value (≥2 points) 
which allows selection of patients at higher risk for adverse clinical 
events. This subgroup of subject with HIGHscore includes nearly 
half of patients with RA/AS/PsA analyzed in primary prevention. 
During 3 years of follow up, an event leading to hospitalization for 
all causes or for CV cause occurred in more than one-third and in al-
most one-eighth of these patients, respectively, proving once again 
the high morbidity and mortality existing in this patients but also 
showing the potential effectiveness of the CHA2DS2-VASc score as 

a selection tool of patients at higher risk. This capability is indepen-
dent of the duration of RA/AS/PsA disease, a variable which signifi-
cantly influences the CV and non-CV outcome in our patients. It is 
well-known that longer disease duration is related to accelerated 
atherosclerosis,29,30 myocardial ischemia, fibrosis, and left ventric-
ular systolic dysfunction.31 Furthermore, longer disease duration 
makes patients less responsive to immunosuppressive medica-
tions.32,33 Interestingly, in the present study, being bDMARDs re-
fractory also emerged as an independent prognosticator of all-cause 
events, despite no apparent correlation between this condition and 
CHA2DS2-VASc score existing. Evidently, the resistance to multiple 
biologic drugs with different structures and mechanisms of action, 
represented by the “refractory concept”, is a proxy of persistent high 
disease activity/ lack of disease remission, which might negatively 
influence the prognosis together with smoking, obesity and greater 
social deprivation, all conditions identified by the British Society for 
Rheumatology as predisposing factors for being bDMARDs refrac-
tory.14 However, our data cannot be considered conclusive in regard 
to this issue because the analysis of being bDMARDs refractory was 
not a pre-specified aim of the present study: true extent, impact and 
underlying basis of this phenomenon remains actually unclear due to 
the absence of well-phenotyped studies and a systematic approach 
to evaluating their clinical implications.14,34

4.1 | Study limitations and strengths

The present study has several limitations that deserve to be under-
lined. First, our data, although gathered within a prospective study 
design, were collected by a single center which could lead to selec-
tion bias and/or to enrolling a too homogenous population. Second, 
the variables constituting the CHA2DS2-VASc score are well-known 
predictors of NVAF, so that it would be conceivable to specu-
late that some CV events could be favored by the development of 

F I G U R E  2   Kaplan-Meier survival 
curves from primary end-point (left panel) 
and co-primary end-points (right panel) of 
patients with CHA2DS2-VASc (congestive 
heart failure/hypertension/age diabetes/
stroke/vascular disease/age/sex category) 
risk scores 0-1 point vs those with scores 
≥2 points
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asymptomatic protracted episodes of paroxysmal NVAF.35,36 Third, 
a low CHA2DS2-VASc score could be an unwarranted reassurance 
since patients in the "low-score" subgroup may be still at risk for hav-
ing some well-known risk factors such as smoking, obesity and high 
cholesterol/ high-density lipoprotein ratio which are not included 
in the score. However, the score considers heart failure/ left ven-
tricular systolic dysfunction, hypertension, diabetes and vascular 
disease, all conditions/events closely and thoroughly dependent of 
those CV risk factors mentioned above. This is the main reason why 
the CHA2DS2-VASc score predicts adverse events better than single 
CV risk factors in our high-risk cohort of patients with RA/AS/PsA. 
However, in our view, it should be used in addition to the current risk 
estimation tools (Framingham Risk Score (FRS), American College 
Cardiology / American Heart Association (ACC/AHA), Reynolds risk 
score (RRS), QRISK2) instead of a replacement, since the current 
tools are validated on 10-year estimation instead of the mid-term 
as we investigated. Otherwise, study strengths consist of the com-
plete nature of the data set, the large sample size, the prospective 
collection of a number of variables traditionally related to CV and 
non-CV events, the use of a clinical/anamnestic, simple, feasible and 
free of charge prognostic tool and the accessibility to all prognostic 
information.

5  | CONCLUSIONS

Inflammatory arthritis including RA, AS and PsA are disorders at in-
creased risk of morbidity and mortality for which a validated prognos-
tic tool for facilitating clinical management is needed. CHA2DS2-VASc 
score is an accurate predictor of adverse outcome at mid-term in these 
patients analyzed in primary prevention regardless of cardiac rhythm. 
Near half of these patients have CHA2DS2-VASc score greater than 
1 point, representing a status at higher risk. Beyond an insight into 
the risk of CV events, this score might give health practitioners advice 
about how to avoid this risk, stimulating optimized preventive clinical 
strategies in patients with low CHA2DS2-VASc scores. Since this is a 
single and first report on this item, further investigations would be 
advisable to confirm the utility of the score in clinical practice.
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1  | C A SE HISTORY

A 30‐year‐old woman presented to our clinic with progressive dys‐
pnea on exertion and fatigue over the course of the past year. She 
mentioned a history of clinically suspected Wegener's granuloma‐
tosis due to frequent nosebleeds and had undergone nasal biopsy 
a few years ago but the pathology findings were inconclusive. She 
had received low doses of corticosteroids and her symptoms had 
resolved. In physical examination a harsh 3/6 systolic murmur was 
detected at the left upper sternal border with radiation to the back. 
She underwent transthoracic echocardiography (TTE) and later 
transesophageal echocardiography (TEE) which showed normal left 
ventricular size and function, mild right ventricular (RV) enlargement 
and mild to moderate decrease in systolic function. Additionally, 
there was mild hypertrophy of the RV and significant narrowing 
and stenosis at the origins of both left and right pulmonary artery 
branches that produced a turbulent systolic flow at the site of pul‐
monary bifurcation. The mean and peak pressure gradients were 
55 mm Hg and 75 mm Hg in the left pulmonary artery (LPA), and 
40 mm Hg and 55 mm Hg in the origin of the right pulmonary artery 

(RPA) respectively. There was no evidence for intracardiac shunt or 
valvular pulmonary stenosis. In color and Doppler study of the aorta 
and carotid vessels, no significant stenosis with normal velocity 
flows was seen. (Figures 1 and 2) Routine laboratory tests includ‐
ing hepatic, renal and thyroid function tests were normal except for 
an elevated erythrocyte sedimentation rate (ESR) of 68 mm/h and 
high‐sensitivity C‐reactive protein concentration of 10 mg/L. Anti‐
nuclear antibodies, antiphospholipids, anti‐neutrophil cytoplasmic 
antibodies, anti‐double‐stranded DNA and rheumatoid factor were 
all negative.

In right heart catheterization RV systolic pressure was measured 
at about 110 mm Hg and distal pulmonary artery branch systolic 
pressures of about 20 mm Hg confirming severe bilateral peripheral 
pulmonary stenosis with about 90 mm Hg gradient across LPA and 
RPA (Figure 3).

Although interventional bilateral stenting of pulmonary artery 
branches seemed feasible, due to the possibility of an underlying 
active inflammatory process considering the high ESR, we decided 
to do further imaging evaluation before proceeding with any form 
of intervention.
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Abstract
Takayasu arteritis is a chronic granulomatous vasculitis generally affecting large ves‐
sels including the thoracic aorta and its branches. Intimal proliferation subsequently 
causes segmental stenosis and occlusion, and frequently aneurysmal dilatation in the 
affected vessels. Although involvement of pulmonary arteries is not uncommon, iso‐
lated branch pulmonary stenosis is rarely encountered. Here, we report a patient 
presenting with isolated peripheral pulmonary stenosis as the primary manifestation 
of Takayasu arteritis.
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Cardiac magnetic resonance imaging (CMRI) showed mild thick‐
ening of the aortic wall in the ascending aorta, aortic arch and the 
descending thoracic aorta (thickness: 7 mm) with no evidence of 
stenosis. There was also thickening of the main pulmonary artery 
(5.5 mm) and severe ostial narrowing of both LPA (6 mm) and RPA 
(5 mm). There also was evidence of active inflammation in the form 
of wall thickening of the main pulmonary artery and proximal por‐
tion of the ascending aorta displayed in short T1 inversion recovery 
(STIR) sequence of CMRI (Figures 4 and 5). Diagnosis of Takayasu 
arteritis (TA) was then established and treatment with 1 mg/kg of 
prednisolone and azathioprine was started. Corticosteroid was ta‐
pered over the following weeks.The patient was scheduled for close 

clinical and echocardiography follow‐up to monitor symptoms and 
progression/regression of pulmonary artery stenosis. After 6 months 
of anti‐inflammatory therapy, the patient became asymptomatic and 
the branch pulmonary stenosis gradients were significantly reduced 
to residual gradients of about 30 mm Hg in LPA and 20 mm Hg in 
RPA on echocardiography. She is now on maintenance therapy with 
low‐dose prednisolone and azathioprine and is doing well with mild 
increased gradients in pulmonary artery branches and no significant 
stenosis after 3 years of clinical follow‐up.

2  | DISCUSSION

Takayasu arteritis is a rare, inflammatory, granulomatous vasculitis 
that results in obstructive/aneurysmal lesions in the large arteries 
and is found more commonly in young females and Asians. Etiology 
of TA remains controversial and is believed to relate to cell‐mediated 
immunity with CD4+ and CD8+ T cells playing an important role. 
Th1 CD4+ lymphocytes and interferon‐γ help in granuloma forma‐
tion and activation of macrophages.1

Although TA typically involves the aorta and its major branches, 
the disease is of systemic nature. Diagnosis is generally based on 
clinical and imaging findings of large vessel inflammation and could 
be challenging as lab tests have a low specificity. Angiography has 
a high sensitivity for diagnosis of vascular occlusion or aneurysm. 
Computed tomography angiogram (CTA) and magnetic resonance 
angiogram (MRA) have become equally valuable tools. MRA can 
help in making a timely diagnosis by identifying vascular inflam‐
mation and/or wall thickening even when conventional angiog‐
raphy is grossly normal. MRA has excellent precision in detecting 
both pathophysiologic and anatomic changes without the need for 
radiation. However, the process is time‐consuming and has rather 
limited availability. Like MRA, CTA can be used to detect areas of 
vessel thickening and to obtain a generalized survey of the major ar‐
teries and stenosis/dilation without the risks of arterial puncture of 
conventional angiography. Positron emission tomography scanning 
may provide valuable information about cellular activity within an 
inflamed arterial wall before morphologic changes appear on other 
imaging studies.1‐4

Treatment of TA during the active phase consists of high‐dose 
corticosteroids with tapering over the course of a few weeks. 
Immunosuppressive agents including methotrexate, azathioprine, 
mycophenolate mofetil and cyclophosphamide can be combined 
with corticosteroids during tapering to reduce the chances of re‐
lapse. Biologic agents and anti‐tumor necrosis factor drugs have in‐
creasingly become part of the treatment strategy. Obstructive and 
aneurysmal arterial lesions often lead to end organ damage and isch‐
emia in TA and therefor various surgical and interventional methods 
of revascularization have been studied and described. Evidence sug‐
gests that these procedures should be avoided in the active phase of 
the disease due to high restenosis rates and reserved for situations 
with critical organ ischemia such as myocardial or cerebral infarction 
or risk of aneurysm rupture.1,2,4

F I G U R E  1   Transesophageal echocardiography in the high 
esophageal 57° angle view shows an increased thickness of origin 
the left pulmonary artery (LPA). AO, aorta

F I G U R E  2   Doppler interrogation in the short axis view of origin 
of left pulmonary artery (LPA) on transthoracic echocardiogram 
shows a significantly increased mean gradient 55 mm Hg and peak 
gradient of 76 mm Hg, suggestive of severe stenosis at the origin of 
the LPA
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Although involvement of pulmonary arteries is not uncommon 
in TA, it often accompanies aortic involvement. Isolated stenosis of 
pulmonary artery branches as an initial manifestation is rarely en‐
countered with only few published reports.5‐12 It is commonly di‐
agnosed after remarkable progression due to low clinical suspicion. 
Presenting symptoms could be non‐specific and include dyspnea, 
fatigue, pulmonary hypertension and right‐sided heart failure in 
more advanced cases.9 Treatment strategy in these cases is much 
the same. Full medical therapy should be instituted and balloon an‐
gioplasty and stenting or surgery performed if there is no favorable 
clinical and imaging response. Medical therapy alone may cause im‐
provement not only in disease activity but in the morphology and 
severity of arterial stenosis. Improvement of luminal stenosis with‐
out interventional procedures has been recently observed in about 
30% of arterial lesions.13 Follow‐up by imaging studies is also rec‐
ommended in these patients as symptom resolution does not equal 
suppression of arterial wall inflammation.13

Fukuda et al reported on a 73 year‐old man who presented 
with right‐sided heart failure and was found to have severe 

stenosis in the main pulmonary artery and LPA on chest com‐
puted tomography scan. Corticosteroid treatment led to im‐
provement in symptoms and pulmonary pressure.10 Tyagi et 
al12 report successful management of a patient with severe RPA 
stenosis by percutaneous transluminal balloon angioplasty and 
stenting. Qin et al reported their experience in the management 
of four patients with pulmonary artery stenosis due to TA using 
percutaneous transluminal balloon angioplasty and stenting. The 
authors reported immediate success in all four cases and sus‐
tained relief in three patients in 4‐year follow‐up.9 Another re‐
port highlights successful management of a 45‐year‐old female 
patient with total occlusion of the RPA and significant stenosis 
of the LPA by surgical bypass grafting of the affected segment.11 
The grafts were reported open and the patient asymptomatic 
at 5 years follow‐up. Fujita et al reported a 48‐year‐old woman 
with isolated pulmonary TA who underwent reparative surgery. 

F I G U R E  3   Cardiac catheterization 
views of bilateral pulmonary branch 
stenosis

F I G U R E  4   Cardiac magnetic resonance imaging at the level of 
pulmonary artery (PA) bifurcation shows significant thickening and 
narrowing of both left PA and right PA F I G U R E  5   Cardiac magnetic resonance imaging in frontal view 

shows increased thickness of PA (arrowhead 1) associated with 
increased thickness of ascending AO (arrow 2). AO, aorta; LV, left 
ventricle; PA, pulmonary artery; RV, right ventricle
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Prosthetic graft stenosis with pulmonary hypertension devel‐
oped 18 months post‐surgery. However, the stenosis remained 
stable after initiation of anti‐inflammatory treatment.5 Sammel 
et al2 also advocate early medical management of pulmonary ste‐
nosis versus stenting based on their experience of high rates of 
stent restenosis in TA patients. 

In our patient the diagnosis was challenging due to non‐spe‐
cific symptoms and isolated bilateral pulmonary branch stenosis 
with lack of characteristic involvement pattern in the aorta and 
its branches. Thorough imaging studies helped delineate the un‐
derlying pathology. The patient could have easily been misdiag‐
nosed as having a congenital form of pulmonary branch stenosis. 
Although stenting of the pulmonary branch stenosis seemed an 
attractive option to achieve immediate cure, we decided to avoid 
stenting in the phase of active inflammation and pursue optimal 
anti‐inflammatory and immunosuppressive treatment instead. 
The pulmonary gradients and degree of stenosis were monitored 
by serial comprehensive echocardiography during follow‐up and 
we observed that the pulmonary stenosis almost resolved with 
medical therapy alone.

3  | CONCLUSION

Our case highlights the importance of postponing invasive interven‐
tional procedures including stenting in the phase of acute inflam‐
mation and in the absence of critical ischemia in patients with TA 
to avoid the catastrophic consequences of stent restenosis. Medical 
therapy may not only block arterial progression but also cause ste‐
nosis improvement, and thus interventional procedures should be 
withheld as much as possible in TA.

Surgical repair or interventional catheter‐based therapies should 
be performed in cases in which satisfactory results are not obtained 
by appropriate immunosuppressive and anti‐inflammatory therapy. 
This report also emphasizes the role of comprehensive imaging in 
young patients presenting with arterial obstructive lesions includ‐
ing isolated pulmonary artery stenosis to exclude undetected active 
vasculitis.
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1  | LUNG FUNC TION IN CHILDREN WITH 
JUVENILE IDIOPATHIC ARTHRITIS:  A 
CROSS-SEC TIONAL ANALYSIS

Marina Attanasi, Marta Lucantoni, Daniele Rapino, Marianna I. 
Petrosino, Manuela Marsili, Giorgia Gasparroni et al.

Pediatr Pulmonol 2019 Aug; 54(8): 1242-1249. https ://doi.
org/10.1002/ppul.24360 . Epub 2019 May 17.

Unlike in adults, there is paucity of literature on lung involve-
ment in children with juvenile idiopathic arthritis (JIA). Attanasi et 
al. conducted this cross-sectional observational study on 49 chil-
dren with JIA (oligoarthritis 30/49; polyarthritis 17/49; systemic 
JIA 2/49 with disease duration ranging from 6 months to 10 years) 
and 70 controls. Respiratory parameters included spirometry and 
body plethysmography. Single-breath technique was used to mea-
sure diffusion capacity of lungs for carbon monoxide (DLCO). Of 49 
children in the study group, 21 had received methotrexate (MTX) 
for a duration of 134 ± 116 months. It was noted that 38.8% of chil-
dren with JIA had reduced DLCO values as compared to controls 
even when there were no overt symptoms of pulmonary involve-
ment. Subgroup analysis showed that MTX had an independent ef-
fect on lung function and this adverse effect on DLCO correlated 
with dose and duration of MTX therapy. It is still unclear whether 
these pulmonary function abnormalities are due to JIA per se, or 
due to adverse effects of MTX. The results of this study need to 
be interpreted with caution as the sample size is very small. Larger 

multicentric studies on bigger cohorts would help in understanding 
this issue.

2  | DISE A SE AC TIVIT Y AND DAMAGE 
IN JUVENILE IDIOPATHIC ARTHRITIS: 
METHOTRE X ATE ER A VERSUS BIOLOGIC 
ER A

Gabriella Giancane, Valentina Muratore, Valentina Marzetti, Neus 
Quilis, Belen Serrano Benavente, Francesca Bagnasco et al.

Arthritis Res Ther 2019 Jul 8; 21(1): 168. https ://doi.org/10.1186/
s13075-019-1950-7.

The most common childhood rheumatological disease is Juvenile 
Idiopathic Arthritis (JIA). The first major therapeutic breakthrough 
in management of JIA occurred in early 1990s, with introduction of 
Methotrexate (MTX). The second important breakthrough was intro-
duction of biologicals in the early 2000s. In this single-center prospec-
tive cross-sectional study, Giancane et al. compared the long-term 
disease activity status and damage (both articular and extra-articular), 
in children with minimum 5 years of disease duration who had JIA 
in the MTX era (239 children) or biologics era (269 children). Results 
show that with use of biologicals, there was better control of disease 
activity and improvement in damage scores when compared to MTX 
alone. Use of biologicals in JIA is now the standard of care and this 
study provides objective evidence for this recommendation.

mailto:
mailto:￼
https://orcid.org/0000-0002-6716-1883
mailto:surjitsinghpgi@rediffmail.com
mailto:surjitsinghapc@gmail.com
https://doi.org/10.1002/ppul.24360
https://doi.org/10.1002/ppul.24360
https://doi.org/10.1186/s13075-019-1950-7
https://doi.org/10.1186/s13075-019-1950-7


     |  121CHAUDHARY et Al.

3  | DE VELOPMENT AND INITIAL 
VALIDATION OF THE MS SCORE FOR 
DIAGNOSIS OF MACROPHAGE AC TIVATION 
SYNDROME IN SYSTEMIC JUVENILE 
IDIOPATHIC ARTHRITIS

Francesca Minoia, Francesca Bovis, Sergio Davi, AnnaCarin Horne, 
Michel Fischbach, Michael Frosch et al.

Ann Rheum Dis 2019 Oct; 78(10): 1357-1362. https ://doi.
org/10.1136/annrh eumdis-2019-215211. Epub 2019 Jul 11.

Macrophage activation syndrome (MAS) is characterized by a hy-
perinflammatory reaction and results from a cytokine storm. It has 
been most frequently observed with systemic Juvenile IdA (sJIA). 
The available criteria for MAS, including the 2016 classification cri-
teria, have been found to have many inconsistencies. Minoia et al. 
have proposed a validated diagnostic score, MAS/sJIA (MS) score, 
to identify MAS in patients with sJIA. Authors compared 362 chil-
dren who had sJIA with MAS with 404 children with active sJIA. For 
differentiating MAS from sJIA with activity, this score had a sensitiv-
ity of 0.85 and specificity of 0.95 when the cut-off value was ≥−2.1 
using seven variables (namely central nervous system dysfunction, 
hemorrhagic manifestations, thrombocytopenia, presence of active 
arthritis, serum ferritin, serum fibrinogen and lactate dehydroge-
nase). However, serum biomarkers of MAS and bone marrow he-
mophagocytosis were not evaluated for making the diagnosis. Like 
the previous criteria for MAS, this study also did not evaluate the 
usefulness of the score in children who are already on biologicals, as 
they may not have the typical clinical and laboratory abnormalities 
of MAS. This is an important study and would impact therapeutic 
decision making.

4  | REDUC TION IN THE UTILIZ ATION 
OF PREDNISONE OR METHOTRE X ATE IN 
C ANADIAN CL AIMS DATA FOLLOWING THE 
INITIATION OF ETANERCEPT IN PEDIATRIC 
PATIENTS WITH JUVENILE IDIOPATHIC 
ARTHRITIS

Majed Khraishi, Brad Millson, John Woolcott, Heather Jones, Lisa 
Marshall, Nicolino Ruperto

Pediatr Rheumatol 2019 Sept 10. https ://doi.org/10.1186/
s12969-019-0358-x

Tumor necrosis factor-alpha (TNFα) inhibitors are the standard 
of care in treatment of inflammatory arthritis. Their usage has sig-
nificantly reduced the requirement of steroids and other forms of 
anti-inflammatory therapy in adult inflammatory arthritis. However, 
limited data are available about co-utilization of steroids and other 
inflammatory therapies in children with polyarticular JIA who are 
initiated on etanercept (ETN) therapy. This study by Khraishi et al. is 
the first large longitudinal study from the Canadian drug claim data 
proposed to address the steroid- and MTX-sparing effect of ETN in 
children with JIA. The authors report on 330 biologic-naïve patients 

with JIA and assessed usage of prednisolone and MTX in 6 months 
before, and 12 months after, starting ETN. A significant decline in 
use of MTX (67%) and steroids (68%) was seen in children with JIA 
who were initiated on ETN therapy. There was also a significant de-
cline (P < .01) in doses of MTX and steroids in children who were ini-
tiated on ETN therapy. Steroids could be tapered and stopped within 
the study period in 50% of patients and MTX could be discontinued 
in 17% of patients within the study period. The authors suggest that 
this reduction will result in fewer therapy-related side effects and 
may be associated with improved treatment tolerability and an over-
all reduction in healthcare costs. These data provide objective evi-
dence for use of TNFα inhibitors as primary therapy in JIA.

5  | INTR AVENOUS DOSING OF 
TOCILIZUMAB IN PATIENTS YOUNGER 
THAN T WO YE ARS OF AGE WITH SYSTEMIC 
JUVENILE IDIOPATHIC ARTHRITIS: 
RESULTS FROM AN OPEN-L ABEL PHA SE 1 
CLINIC AL TRIAL

Navita L. Mallalieu, Sunethra Wimalasundera, Joy C. Hsu, Wendy 
Douglass, Chris Wells, Inmaculada Calvo Penades et al.

Pediatr Rheumatol 2019 Aug 22. https ://doi.org/10.1186/
s12969-019-0364-z

Interleukin-6 (IL-6) has been extensively studied in pathogen-
esis of sJIA. Tocilizumab (TCZ) is an IL-6 receptor-alpha (IL-6Rα) 
humanized monoclonal antibody which blocks IL-6 signaling and is 
recommended as a therapy for sJIA. TCZ has the approval of the US 
Food and Drug Administration for treatment of patients with sJIA 
with age 2 years or older (based on a randomized controlled phase 3 
trial). Mallalieu et al. conducted an open-label phase 1 trial to study 
safety and pharmacokinetics of TCZ in children less than 2 years 
and compared it with the previous trial in older children (ie children 
with sJIA with age >2 years). Eleven children were enrolled. At the 
end of 12 weeks, concentration of TCZ and maximum concentration 
post-dose was similar between patients <2 years and the control 
group. Safety of the drug was also comparable between the groups. 
However, serious hypersensitivity reactions were noted to be more 
common with usage of TCZ in children <2 years. As very young chil-
dren with sJIA tend to have more severe inflammatory features, TCZ 
may be a more effective and reasonably safe therapeutic option 
even in children younger than 2 years. However, safety needs to be 
confirmed in larger and multicentric studies.

6  | PREGNANCY OUTCOMES IN DMARD -
E XPOSED PATIENTS WITH JUVENILE 
IDIOPATHIC ARTHRITIS—RESULTS FROM A 
J IA BIOLOGIC REGISTRY

Paula Drechsel, Katrin Stüdemann, Martina Niewerth, Gerd Hornef, 
Rebecca Fischer-Betz, Eva Seipelt et al.
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Rheumatology (Oxford) 2019 Aug 14. https ://doi.org/10.1093/
rheum atolo gy/kez309

Women who had JIA have an increased risk of adverse 
pregnancy-related complications. The reasons for this remain 
unclear. Long-term follow-up data were retrieved from two mul-
ticenteric, prospective cohort studies on JIA, namely JIA registry 
Biologics in Paediatric Rheumatology (BiKeR) and Juvenile ar-
thritis Methotrexate/Biologics long-term Observation (JuMBO). 
Drechsel et al. investigated the course and outcomes in 152 
pregnancies in patients with JIA (98 women with JIA and 39 
pregnancies in partners of 21 men with JIA) who received dis-
ease-modifying antirheumatic drugs (DMARDs) as therapy. The 
results showed that most of the pregnancy outcomes were compa-
rable with the general population. There was no increase in rates 
of spontaneous abortions or major congenital anomalies in off-
spring of patients with JIA. Higher incidences of premature birth 
and cesarean section were noted in comparison with the German 
birthing population. It was also noted that one-fifth of DMARD-
exposed pregnancies were electively terminated, emphasizing the 
need for counseling related to family planning in these patients. 
These results show there is no apparent increase in adverse preg-
nancy outcomes in patients with JIA even after prolonged DMARD 
exposure. This is reassuring.

7  | ANAKINR A DRUG RETENTION R ATE 
AND PREDIC TIVE FAC TORS OF LONG -
TERM RESPONSE IN SYSTEMIC JUVENILE 
IDIOPATHIC ARTHRITIS AND ADULT ONSET 
STILL DISE A SE

Jurgen Sota, Donato Rigante, Piero Ruscitti, Antonella Insalaco, 
Paolo Sfriso, Salvatore de Vita et al.

Front Pharmacol 2019 Aug 23; 10: 918. https ://doi.org/10.3389/
fphar.2019.00918 . eCollection 2019.

The pathogenetic role of IL-1 cytokine has been increasingly 
recognized and its blockade remains a useful target for therapy 
in children with sJIA as well as in adult-onset Still disease (AOSD). 
Sota et al. conducted this retrospective multicentric study assess-
ing the efficacy of anakinra (ANA) by means of its drug retention 
rate (DRR), among a cohort of 76 patients with AOSD and 61 chil-
dren with sJIA in 25 tertiary referral centers in Italy. The authors 
showed effective DRR even after 5 years of treatment initiation 
and no drawbacks in drug survival with administration of other 
DMARDs. Biological-naïve individuals who were receiving ANA 
showed better drug survival than individuals who were already 
receiving biologicals. Use of ANA was also shown to have a signif-
icant drug-sparing effect on concomitant corticosteroid use and 
other DMARDs. This study is among the several studies that have 
evaluated the long-term efficacy of ANA in sJIA. However, due 
caution needs to be observed while using ANA in children as ad-
verse effects are not uncommon.

8  | RISK FAC TORS A SSOCIATED WITH IGA 
VA SCULITIS WITH NEPHRITIS (HENOCH–
SCHÖNLEIN PURPUR A NEPHRITIS) 
PROGRESSING TO UNFAVOR ABLE 
OUTCOMES: A META-ANALYSIS

Dongmei Shi, Han Chan, Xia Yang, Gaofu Zhang, Haiping Yang, Mo 
Wang, Qiu Li

PLoS One 2019 Oct 1. https ://doi.org/10.1371/journ 
al.pone.0223218

Immunoglobulin A vasculitis (IgAV) is a common childhood 
small vessel vasculitis. The incidence of nephritis in IgAV ranges 
30%-50%. Renal involvement is self-limiting in most patients. 
However, a small proportion (1%-7%) of patients can have signifi-
cant nephritis progressing onto end-stage renal disease. This me-
ta-analysis by Shi et al. reports on risk factors that could predict 
progression to adverse outcomes in children with IgAV nephritis 
(IgAVN). The authors included only cohort and case-control stud-
ies in which the age of diagnosis of IgAV was <18 years, a detailed 
follow-up of at least 1 year was available and grading of clinical 
outcomes was done as per Meadow's criteria. Two separate re-
viewers analyzed 892 publications on IgAV – 9 case-control/co-
hort studies could satisfy the inclusion criteria. Older age, lower 
glomerular filtration rate, initial presentation with nephrotic/ne-
phritic-nephrotic syndrome, and renal biopsy suggestive of cres-
centic nephritis were related to a poor renal outcome. Patients 
with initial clinical presentations of hematuria or mild proteinuria 
± hematuria had good outcomes. Renal outcomes were unrelated 
to gender, presence of hypertension and initiation of the illness 
as acute nephritic syndrome. This is the first metanalysis which 
reports risk factors that are associated with progression of renal 
disease in patients with IgAVN. The authors suggest that a scoring 
system based on above-mentioned parameters may aid in estima-
tion of renal outcomes in children with IgAV.

9  | A SSOCIATION BET WEEN MATERNAL 
AGE AND OUTCOMES IN K AWA SAKI 
DISE A SE PATIENTS

Wei-Dong Huang, Yu-Ting Lin, Zi-Yu Tsai, Ling-Sai Chang, Shih-Feng 
Liu, Yi-Ju Lin, Ho-Chang Kuo

Pediatr Rheumatol 2019 July 19. https ://doi.org/10.1186/
s12969-019-0348-z

Kawasaki disease (KD) is one of the most common childhood 
vasculitides. Coronary artery abnormalities (CAAs) can occur in 
one-quarter of patients with untreated KD. Several perinatal fac-
tors have been studied in the context of KD. Huang et al. report on 
a questionnaire-based, retrospective, cohort study conducted to 
study perinatal risk factors in association with KD, response to intra-
venous immunoglobulin (IVIg) and development of CAAs. The study 
enrolled 185 patients with KD and their caregiver dyads. Results 
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showed that children with KD who had CAAs had higher mean ma-
ternal age than the ones without CAAs. Further, children with KD 
with age of mothers ≥35 years showed higher rates of IVIg resis-
tance when compared to younger maternal age (<35 years). Other 
perinatal risk factors were also assessed and no significant associa-
tion was found between development of CAAs or IVIg resistance in 
relation to age at onset of KD, birthweight, gestational age, method 
of delivery, or duration of breastfeeding. No significant difference 
in occurrence of CAA or IVIg resistance was noted in patients with 
KD with regard to type of caregiver (parents/non-parents), parity of 
patients' mothers, caregivers' education level or family income. The 
results are intriguing in as much as these suggest that several epi-
genetic factors might have a role in etio-pathogenesis of this enig-
matic condition.

10  | EMERGENCE AND 
CHAR AC TERIZ ATION OF ACUTE 
CORONARY SYNDROME IN ADULTS 
AF TER CONFIRMED OR MISSED HISTORY 
OF K AWA SAKI DISE A SE IN JAPAN: A 
JAPANESE NATIONWIDE SURVE Y

Yoshihide Mitani, Etsuko Tsuda, Hitoshi Kato, Takashi Higaki, Masako 
Fujiwara, Shunichi Ogawa et al.

Front Pediatr 9 July 2019. https ://doi.org/10.3389/
fped.2019.00275 

KD is associated with long-term functional and structural cor-
onary artery alterations. CAAs have been described in a quarter of 
patients with untreated KD and around 5% in children after treat-
ment with IVIg. Young adults have been known to develop acute 
coronary events long after diagnosis of KD. Mitani et al. conducted 
a questionnaire survey across 644 centers in Japan to character-
ize acute coronary events in adult patients who developed acute 
coronary syndrome (ACS) and had a confirmed or missed diagno-
sis of KD during childhood. The study recruited 67 adult patients 
with ACS – KD was diagnosed in 32 patients during the acute state, 
while 35 were identified as missed KD (diagnosis made on the basis 
of findings in coronary imaging). In the study group, 75% had low 
conventional coronary risks, 66% developed ST segment elevation, 
myocardial infarction or cardiac arrest. The majority (94%) had no 
prior history of ACS and 22% were receiving some antithrombotic 
agents before the ACS. A mortality of 19% was noted in the cohort. 
The results showed that the confirmed KD patient group had a sig-
nificantly younger age at onset of acute coronary events, lower con-
ventional coronary risks and higher percentage of warfarin usage 
than the ones wherein KD had been missed. One-month mortality 
was comparable between the subgroups of confirmed and missed 
KD and the subgroup of follow-up and lost to follow-up patients. 
The occurrence of ACS in the confirmed KD group was associated 
with an aneurysm ≥6 mm detected during the acute state, resolution 
of coronary sizes and absence of giant aneurysm or significant arte-
rial stenosis in follow-up, and intravascular ultrasound done during 

ACS showing calcifications. This study shows that children with KD 
and CAA continue to be at risk of serious ACS even after they have 
regained normal anatomy of their coronaries and also highlights 
the importance of long-term follow-up and need for long-term an-
tithrombotic therapy in patients with KD, even if the CAAs regress 
and normalize. This is one of the largest studies on long-term cardiac 
complications in children with KD.

11  | A COMPARISON OF SERUM IL6 AND 
CRP LE VEL S WITH RESPEC T TO CORONARY 
CHANGES AND TRE ATMENT RESPONSE 
IN K AWA SAKI DISE A SE PATIENTS:  A 
PROSPEC TIVE STUDY

Alolika Nandi, Priyankar Pal, Surupa Basu
Rheumatol Int. https ://doi.org/10.1007/s00296-019-04375-9
KD, a common vasculitic disorder of children, has predilection 

for involvement of coronary arteries. IVIg remains the mainstay 
of therapy in KD but approximately 10%-15% of patients are IVIg 
resistant. Many studies have been carried out to identify risk fac-
tors for occurrence of coronary artery lesions (CALs) and to predict 
IVIg resistance. However, while several such scoring systems have 
been found to be useful in Japanese studies the results have not 
been found to be reproducible in other countries. This single-center 
prospective observational study from Kolkata, India, carried out by 
Nandi et al. looked at serum levels of IL-6 and C-reactive protein 
(CRP) in a cohort comprising 72 children with KD. It was found that 
sensitivity and specificity of IL-6 for predicting the occurrence of 
CALs was 81.0% and 82.0% while that for IVIg resistance was 72% 
and 68%, respectively. Similarly, sensitivity and specificity of CRP for 
predicting the occurrence of CALs was 72% and 74% while that for 
IVIg resistance was 90% and 36%, respectively. Although the results 
are promising, multicentric studies with much larger sample sizes are 
essential to confirm these findings in other cohorts.

12  | USING PERIPHER AL BLOOD IMMUNE 
SIGNATURES TO STR ATIF Y PATIENTS WITH 
ADULT AND JUVENILE INFL AMMATORY 
MYOPATHIES

Meredyth Wilkinson, Anna Radziszewska, Chris Wincup, Yiannis 
Ioannou, David A. Isenberg, Jessica J. Manson et al.

Rheumatology (Oxford) 2019 Jul 10. https ://doi.org/10.1093/
rheum atolo gy/kez252.

Idiopathic inflammatory myopathies (IIMs) are uncommon au-
toimmune conditions associated with muscle weakness and several 
systemic manifestations. These disorders are believed to be asso-
ciated with alterations of adaptive immunity but there is paucity of 
literature on this subject. Wilkinson et al. report on 44 adult myositis 
patients (including dermatomyositis [DM] and polymyositis [PM]) 
and 15 juvenile dermatomyositis (JDM) patients from 2 centers in 

https://doi.org/10.3389/fped.2019.00275
https://doi.org/10.3389/fped.2019.00275
https://doi.org/10.1007/s00296-019-04375-9
https://doi.org/10.1093/rheumatology/kez252
https://doi.org/10.1093/rheumatology/kez252


124  |     CHAUDHARY et Al.

the UK. They quantified 33 immune cell subsets using flow cytom-
etry on peripheral blood. A unique pattern of immune signature has 
been described among different subsets of IIM patients. The T-cell 
signature of patients with DM showed increased CD4+ and Th17 
cell numbers along with an increased IL-6 expression. Patients with 
PM had reduction of memory B cells while those with JDM showed 
decreased numbers of naïve B cells and higher numbers of CD4+ 
T cells. This unique immunological signature adds to the existing 
battery of investigations in patients with IIMs. It can also help dif-
ferentiate DM from PM and adult-onset from juvenile-onset DM. 
The study suggests a potential role of targeted cytokine blockade as 
specific treatment for individual IIMs. However, these results need 
validation in larger studies.

13  | PERFORMANCE OF THE NE W 
‘EUROFE VER /PRINTO CL A SSIFIC ATION 
CRITERIA’  IN FMF PATIENTS

Erdal Sag, Dilara Demirel, Selcan Demir, Erdal Atalay, Ummusen 
Akca, Yelda Bilginer et al.

Sem Arthritis Rheum 2019. https ://doi.org/10.1016/j.semar 
thrit.2019.08.004

Familial Mediterranean fever (FMF) is reported most commonly 
from individuals of eastern Mediterranean descent (ie Jews, Turks, 
Armenians). Unlike the previous validated classification criteria, the 
recently proposed validated Eurofever/ Pediatric Rheumatology 
International Trials Organization (PRINTO) criteria have included the 
ethnicity and genotype data with sensitivity of 85%-89% and speci-
ficity 94%-100%. In this single-center retrospective study, Sag et al. 
assessed the efficacy of Eurofever/ PRINTO criteria in comparison 
to the available criteria in a cohort of 151 Turkish children diagnosed 
as having FMF. This study revealed a sensitivity of 96% for Eurofever 
criteria while it was 93.4% and 88.4% for Yalcinkaya-Ozen criteria 
and Tel Hashomer criteria, respectively. The sensitivity was 100% 
if biallelic mutation was positive. However, the specificity was low 
due to the inclusion of ethnicity and heterozygous mutations in the 
inclusion criteria which led to misclassifications. Although inclu-
sion of ethnicity data reduces the specificity, ‘clinical only’ criteria 
of Eurofever/ PRINTO, may still be useful for clinicians to identify 
children who require genetic testing. This is an important study and 
would impact clinical management decisions.
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C O R R E S P O N D E N C E

IL-17A-197G/A and IL-17F-7488T/C polymorphisms and 
osteoarthritis susceptibility

Dear Editor,
We read the publication “Association of IL-17A-197G/A and 

IL-17F-7488T/C polymorphisms and osteoarthritis (OA) suscepti-
bility: A meta-analysis”1 with great interest. Gao et al1 concluded 
that “IL-17A-197G/A and IL-17F-7488T/C polymorphisms are pos-
itively associated to reduced risk of knee OA, especially in Asian 
populations”. We would like to share ideas on the present report. 
First, the clinical association of IL-17 polymorphisms is widely 
mentioned. The effect on clinical phenotypic manifestation is 
due to the molecular change resulting from the single polymor-
phism.2 In the present study, Gao et al1 could demonstrate the ef-
fects of both IL-17A-197G/A and IL-17F-7488T/C polymorphisms. 
This result can confirm that there are many possible underlying 
genetic factors that can affect the final phenotypic expression, 
OA susceptibility. In addition to the two studied genetic polymor-
phisms, there are also other genetic polymorphisms that might 
relate to OA susceptibility. The examples of those genetic poly-
morphisms are CCL2 and CD52 polymorphisms.3-5 For a conclu-
sion, additional studies that cover those genetic polymorphisms 
are required.
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C O R R E S P O N D E N C E

Serum IgG4 level and IgG4 subclass of ANCA as disease 
biomarker for ANCA-associated vasculitis

Dear Editor,
I read with great interest the paper by Ma et al which was re-

cently published in your journal.1 The emerging evidence indicated 
the close relationship between antineutrophil cytoplasmic antibody 
(ANCA)-associated vasculitis and immunoglobulin G4 (IgG4)-related 
disease,2 and Ma et al examined the characteristics of the patients 
who met both ANCA-associated vasculitis and IgG4-related disease 
criteria compared to those who met only ANCA-associated vascu-
litis criteria. They found 2 important observations. One is that the 
patients with ANCA-associated vasculitis showed elevated serum 
IgG4 levels even if they did not meet IgG4-related disease criteria. 
The other is that IgG4 subclass of ANCA, but not IgG1, IgG2 or IgG3 
subclasses, was specifically elevated in patients who presented with 
concomitant ANCA-associated vasculitis and IgG4-related disease.

IgG4-related disease could affect almost every single organ of 
the body.3-5 Of note, ANCA-associated vasculitis is also known to 
affect meninges, lacrimal and salivary glands, pancreas, bile duct, 
medium and large-sized blood vessels, and retroperitoneal tissues, 
which are all typical organ involvements in IgG4-related disease.3-5 
Serum IgG4 elevation and IgG4-positive plasma cell infiltration in 
the inflamed organs are not specific for IgG4-related disease and 
are frequently observed in ANCA-associated vasculitis.1,2 Those 
facts suggest the common pathogenic mechanisms between ANCA-
associated vasculitis and IgG4-related disease.

The elevation of serum IgG4 level usually occurs at a late re-
sponse to chronic antigen exposure.6 Thus, serum IgG4 elevation 
indicates the underlying chronic antigen stimulation of immune 
systems in patients with ANCA-associated vasculitis. Particularly, 
not only IgG1 but also IgG4 subclass of ANCA was predominant in 
ANCA-associated vasculitis,7 suggesting that the exposure to neu-
trophilic autoantigens derived from netting neutrophils is chronically 
happening in this disease. Moreover, IgG4 subclass of ANCA was 
reported to be pathogenic based on the capabilities to activate neu-
trophils,8 although the possibility is not excluded that IgG4 subclass 
of ANCA plays a counter-regulatory role following vasculitis activity 
for dampening the inflammation. Collectively, “IgG4” is involved in 
the pathogenesis of ANCA-associated vasculitis.

The lack of an appropriate biomarker to evaluate disease ac-
tivity and predict future relapse during the treatment course is an 
important limitation in ANCA-associated vasculitis. A recent study 
reported that high IgG4:IgG RNA ratio in peripheral blood is asso-
ciated with active disease but not with remission and outperformed 
other disease activity markers in patients with granulomatosis with 

polyangiitis.9 Importantly, serum IgG4 levels before immunosuppres-
sive treatment are associated with disease activity in patients with 
IgG4-related disease.10 In addition, higher levels of serum IgG4 at 
baseline can predict future relapse during glucocorticoid treatment 
in IgG4-related disease and serum IgG4 re-elevates at relapse.11 
Thus, serum IgG4 level and IgG4 subclass of ANCA titer as the new 
disease biomarker to predict disease relapse of ANCA-associated 
vasculitis should be promising. This proposal needs further longitu-
dinal studies in the future.
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