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E D I T O R I A L

Is a fat thumb another sign of psoriatic arthritis?

Which arthritis is it?

It's psoriatic arthritis!

Whether it is teaching on arthritis or in your day-to-day practice 
and you are pondering as to which arthritis it is, it reminds me of 
the Christmas pantomime, except the response will be “It's psoriatic 
arthritis!” For psoriatic arthritis (PsA) is one of the truly great rheu-
matology mimics, with presentations resembling gout, ankylosing 
spondylitis, osteoarthritis, and rheumatoid arthritis.1,2 If a patient 
has an inflammatory arthritis in an exam, I teach my students they 
have at least 1 answer, as it could be PsA. The presence of psoriasis 
or psoriatic nail change, or a family history of psoriasis is a major clue, 
particularly in the presence of one of the Moll and Wright classical 
patterns.1 The CASPAR classification criteria for PsA3 when applied 
to patients with musculoskeletal inflammation performs well for di-
agnosis. But mimics work both ways and psoriasis is common, and 
therefore commonly co-exists with its dupe arthritis.

In this issue of the Journal Mathew and colleagues from Vellore, 
India use low-field magnetic resonance imaging (MRI) of the thumb 
interphalangeal joint (IPJ) to interrogate clinical swelling as a pro-
posed “distinct” and diagnostic entity in PsA.4 Danda et al originally 
proposed this in 2000 after noting disproportionate swelling of 
the thumb IPJ of patients with psoriasis. They subsequently exam-
ined over 4000 patients with various arthropathies noting thumb 
IPJ swelling in 29% of psoriatic arthropathy patients compared to 
0.28% of non-PsA spondyloarthropathy, 0.18% of degenerative ar-
thropathy and 0.24% of rheumatoid arthritis patients.5 The thumb 
IPJ swelling was distinct from dactylitis and periostitis, and while 
not sensitive was very specific (99.7%) for PsA. Involvement of the 
thumb IPJ is well recognized by clinicians and is commonly docu-
mented in illustrations or images on the subject of PsA, see Figure 1 
from the Lancet series. However, the Vellore group have taken their 
observation and investigated its diagnostic utility in a reproduction 
cohort inclusive of imaging.

Their MRI study was a retrospective analysis of subjects under-
going MRI hand for any reason, with attendant bias. In this smaller 
cohort 36% of the PsA subjects had clinically detectable thumb IPJ 
swelling and a much larger 11% of the rheumatoid arthritis subjects 
which will impact on the high specificity originally reported. Among 
the 62 psoriasis patients not fulfilling CASPAR criteria but still war-
ranting an MRI of the hand, clinical IPJ swelling was present in 6%, 

and extra data as to the place of careful thumb IPJ examination as a 
diagnostic clue in this group would have been informative.

I don't understand why a particular joint is affected by a systemic 
inflammatory process and not its nearby neighbor. Mathew et al re-
flects on the proximity of the nail enthesis organ to the thumb IPJ 
and considers the IPJ analogous to the distal interphalangeal (DIP) 
joint of other digits and 1 of the classical patterns of PsA. While mi-
crotrauma secondary to mechanical stress may occur at the thumb 
IPJ, and the Nordic study of psoriatic arthritis mutilans noted thumb 
IPJ involvement as the most common upper limb site, but it was also 
most commonly in the left thumb and therefore presumably more 
often the non-dominant hand and less prone to stress than the dom-
inant (although this was not reported).6 The original paper by Danda 
et al had few DIP joint arthritis patients, but noted none of them had 
thumb IPJ swelling which might be expected if it was a combination 
of proximity to the nail enthesis organ and microtrauma.

The Outcome Measures in Rheumatology (OMERACT) PsA MRI 
scoring system definitions of synovitis, tenosynovitis, and bone mar-
row edema were adapted for the thumb IPJ, and Mathew et al give 
due consideration to the limitations of low-field imaging without 
contrast enhancement and imaging planes that accommodate fingers 
rather than thumbs. Their preliminary results suggest that tenosyno-
vitis rather than synovitis underpins the distinct clinical finding of IPJ 
swelling in PsA. The presence of any of the 3 MRI detectable changes 

© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd

F I G U R E  1   Psoriatic arthritis thumb interphalangeal joint 
swelling ?Danda's sign. Reproduced with permission from Psoriatic 
arthritis series. Lancet vol 391 (10136), 2 June 2018, www.thela​
ncet.com/serie​s/psori​atic-arthr​itis. Copyright Elsevier 2018 
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largely mirrored the clinical assessment undertaken, suggesting that 
clinically detectable findings rather than subclinical disease was being 
detected by their imaging. High-field MRI with contrast is designed to 
be sensitive and detect subclinical change. A study using these tech-
niques in early RA reported thumb IPJ tenosynovitis in 38% of pa-
tients,7 which is much higher than the 4% found by Mathew et al. The 
degree to which this was clinical or subclinical cannot be determined, 
but highlights the impact of technical differences across studies of 
different populations.

The authors have found prominent thumb IPJ swelling to be more 
prevalent in PsA than other inflammatory arthropathies that may be 
part of the differential diagnosis. Their 3.2 risk ratio of MRI global in-
flammation at the thumb IPJ in PsA comparative to undifferentiated 
inflammatory arthritis is a starting point, as this may be a more se-
rious confounder than rheumatoid arthritis. As to whether “Danda's 
sign” is unique or distinct enough to be highly indicative of PsA re-
quires analysis of other clinical cohorts, preferably with concomitant 
high-quality imaging to provide a clinicopathologic correlate.

Kevin Pile
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Sydney University, Sydney, New South Wales, Australia

Correspondence
Kevin Pile, Department of Medicine, Campbelltown Hospital, 

Western Sydney University, Sydney, New South Wales 2560, 
Australia.

Email: kevin.pile@health.nsw.gov.au

ORCID
Kevin Pile   https://orcid.org/0000-0003-3815-7698 

R E FE R E N C E S
1.	 Moll JMH, Wright V. Psoriatic arthritis. Semin Arthritis Rheum. 

1973;3:55-78.
2. Veale D, Rogers S, Fitzgerald O. Classification of clinical subsets in 

psoriatic arthritis. Br J Rheumatol. 1994;33:133-138.
3. Taylor W, Gladman D, Helliwell P, et al. Classification criteria for 

psoriatic arthritis: development of new criteria from a large interna-
tional study. Arthritis Rheum. 2006;54:2665-2673.

4. Mathew AJ, Ganapati A, Panwar J, Koshy V, Desai A, Danda D. 
Magnetic resonance imaging evidence of inflammation at interpha-
langeal joint of thumb. Int J Rheum Dis. 2021;24:1467-1472.

5. Danda D, Cherian AM, Jayaseelan L. Disproportionate swelling of 
interphalangeal joint of thumb: is it unique to psoriatic arthropathy? 
J Ind Rheum Assoc. 2000;8:1-4.

6. Gudbjornsson B, Ejstrup L, Gran JT, et al. Psoriatic arthritis mutilans 
(PAM) in the Nordic countries: demographics and disease status. 
The Nordic PAM study. Scand J Rheumatol. 2013;42:373-378.

7. Mo YQ, Yang ZH, Wang JW, et al. The value of MRI examination 
on bilateral hands including proximal interphalangeal joints for dis-
ease assessment in patients with early rheumatoid arthritis: a cross-
sectional cohort study. Arthritis Res Ther. 2019;21:279-291.

mailto:﻿￼
https://orcid.org/0000-0003-3815-7698
mailto:kevin.pile@health.nsw.gov.au
https://orcid.org/0000-0003-3815-7698
https://orcid.org/0000-0003-3815-7698


Int J Rheum Dis. 2021;24:1449–1459.	﻿�    |  1449wileyonlinelibrary.com/journal/apl

 

Received: 18 March 2021  |  Revised: 7 August 2021  |  Accepted: 9 August 2021

DOI: 10.1111/1756-185X.14206  

R E V I E W

Prevalence and risk factors of systemic sclerosis-associated 
interstitial lung disease in East Asia: A systematic review and 
meta-analysis

Meihua Qiu1  |   Xueyuan Nian2 |   Lingling Pang1 |   Pengfei Yu1 |   Shenchun Zou1

This is an open access article under the terms of the Creat​ive Commo​ns Attri​butio​n-NonCo​mmerc​ial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. International Journal of Rheumatic Diseases published by Asia Pacific League of Associations for Rheumatology and John Wiley & Sons 
Australia, Ltd.

1Department of Respiratory and Critical 
Care Medicine, Yantai Yuhuangding 
Hospital, Affiliated with the Medical College 
of Qingdao, Yantai, China
2Department of Gastroenterology, Yantai 
Yuhuangding Hospital, Affiliated with the 
Medical College of Qingdao, Yantai, China

Correspondence
Pengfei Yu and Shenchun Zou, Department 
of Respiratory and Critical Care Medicine, 
Yantai Yuhuangding Hospital, Affiliated 
with the Medical College of Qingdao, 20 
Yuhuangding East Road, Yantai, Shandong 
264200, China.
Email: huxi901013@163.com (P.Y); 
ytyhdpccm@163.com (S.Z)

Funding information
the Science and Technology Program 
of Yantai City, Grant/Award Number: 
2020YD024

Abstract
Objective: Interstitial lung disease (ILD) is a common and potentially life-threatening 
complication for individuals with systemic sclerosis (SSc). The purpose of this study 
was to complete a systematic review and meta-analysis on prevalence and risk fac-
tors of SSc-ILD in East Asia.
Methods: Medline, EMBASE, and Cochrane Library were searched up to January 
22, 2021. The Reporting of Observational Studies in Epidemiology (STROBE) state-
ment was applied to access the methodological quality of the eligible studies. Study 
characteristics and magnitude of effect sizes were extracted. Then, we calculated 
the pooled prevalence, weighted mean differences (WMDs), pooled odds ratios (ORs) 
with corresponding 95% confidence intervals (CIs), and performed subgroup analysis, 
sensitivity analysis, and publication bias with Egger's test.
Results: Twenty-seven of 1584 articles were eligible and a total of 5250 patients with 
SSc were selected in the meta-analysis. The pooled prevalence of SSc-ILD in East 
Asia was 56% (95% CI 49%-63%). The SSc-ILD prevalence was higher in China (72%) 
than in Japan (46%) and Korea (51%). Longer disease duration (WMD = 1.97, 95% CI 
0.55-3.38), diffuse SSc (OR = 2.84, 95% CI 1.91-4.21), positive anti-topoisomerase I 
antibody (ATA) (OR = 4.92, 95% CI 2.74-8.84), positive anti-centromere body anti-
body (ACA) (OR = 0.14, 95% CI 0.08-0.25), positive anti-U3 ribonucleoprotein (RNP) 
antibody (OR = 0.17, 95% CI 0.04-0.66), and higher erythrocyte sedimentation rate 
(ESR) (WMD = 6.62, 95% CI 1.19-12.05) were associated with SSc-ILD in East Asia.
Conclusion: Through this systematic review and meta-analysis, we found that ILD 
occurs in up to approximately 56% of patients with SSc in East Asia. Longer disease 
duration, diffuse SSc, positive ATA, negative ACA, negative anti-U3 RNP antibody, 
and higher ESR were risk factors for SSc-ILD.

K E Y W O R D S

interstitial lung disease, meta-analysis, prevalence, risk factor, systemic sclerosis
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1  | INTRODUC TION

Systemic sclerosis (SSc) is an autoimmune disease of the connective 
tissue, characterized by microvascular damage, immune dysfunction, 
and fibrosis of multiple organs.1 It is a rare disease, with an estimated 
global prevalence of 3-24 per 100 000.2 SSc is generally classified 
into two categories based on the extent of skin sclerosis: limited cu-
taneous SSc (lSSc) and diffuse cutaneous SSc (dSSc).3 The causes 
of death in individuals with SSc have dramatically changed over the 
past 30 years.4,5 Interstitial lung disease (ILD) is currently the lead-
ing causes of death in patients with SSc, but reported prevalence of 
ILD in patients with SSc ranges from 25% to 90%, depending on the 
subtype of SSc and the criteria used to define ILD in different coun-
tries.6 SSc-associated interstitial lung disease (SSc-ILD) has a hetero-
geneous clinical presentation and disease course, and providing a 
prognosis for SSc-ILD is challenging. High-resolution computed to-
mography (HRCT) is a high-sensitivity diagnostic method useful for 
early detection of ILD complications in patients with SSc, commonly 
finding nonspecific interstitial pneumonitis and usual interstitial 
pneumonitis. Furthermore, the risk factors in patients with SSc-ILD 
remain controversial. To address these issues, this systematic review 
and meta-analysis was performed to identify the prevalence and po-
tential risk factors for SSc-ILD in East Asia.

2  | MATERIAL S AND METHODS

2.1 | Search strategy

We followed the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses guidelines throughout this review.7 We searched 
Medline, EMBASE, and Cochrane databases, the Cochrane Library 
(the Cochrane Database of Systematic Reviews and the Cochrane 
Central Register of Controlled Trials [CENTRAL]) through to January 
22, 2021. Databases were searched and data were abstracted by two 
authors working independently. We used medical subject headings 
(MeSH) terms, EMBASE subject headings (EMTREE), and text words 
related to study population to finish the search. The search terms used 
in Medline were: ((((systemic sclerosis[MeSH Terms]) AND (systemic 
sclerosis[Title/Abstract])) OR ((scleroderma[MeSH Terms]) AND 
(scleroderma[Title/Abstract]))) AND ((((interstitial lung disease[MeSH 
Terms]) OR (diffuse parenchymal lung disease)) OR (interstitial 
pneumonia)) OR (interstitial pneumonitis))) AND ((incidence[Title/
Abstract] OR prevalence[Title/Abstract] OR epidemiology[Title/
Abstract]) OR (risk factor[Title/Abstract] OR predictor[Title/
Abstract] OR relate[Title/Abstract] OR associate[Title/Abstract] 
OR correlation[Title/Abstract])). The search terms used in EMBASE 
were (('systemic sclerosis'/exp OR 'systemic sclerosis') AND 'systemic 
sclerosis':ab,ti) AND (('interstitial lung disease'/exp OR 'interstitial 
lung disease') OR ('diffuse parenchymal lung disease'/exp OR 'diffuse 
parenchymal lung disease') OR ('interstitial pneumonia'/exp OR 'inter-
stitial pneumonia')) AND ((incidence OR prevalence OR epidemiology 
OR 'risk factor' OR predictor OR relate OR associate OR correlation).

mp. (mp = title, abstract)). The search terms used in CENTRAL were 
(systemic sclerosis) [Title/Abstract/keyword] AND ((interstitial lung 
disease) or (interstitial pneumonia)).

The reference lists of eligible studies and relevant review articles 
were also hand-searched to find additional reports.

2.2 | Eligibility criteria

Two authors independently evaluated each study for eligibility, se-
quentially reviewing the title, abstract, and full text of each publi-
cation. The inclusion criteria were: (a) studies on SSc patients with 
ILD—variable criteria were used for the diagnosis of ILD, including 
findings on CT and/or HRCT; HRCT and pulmonary function tests; 
and a combination of clinical presentation, pulmonary function tests, 
and HRCT findings; (b) studies reporting or providing data for calcu-
lating the SSc-ILD prevalence, and/or investigating risk factors for 
SSc-ILD; (c) observational studies; (d) the sample size of study more 
than 30; and (e) the area of study belongs to East Asia. The exclusion 
criteria were: (a) case reports, editorials, letters, reviews articles, and 
conference proceedings; (b) irrelevant to study topic; and (c) dupli-
cated publications. If SSc patients were overlapping between two 
studies, the study with the largest samples size was prioritized in the 
analysis. Any uncertainties or disagreements between two authors 
were resolved by discussions and consensus.

2.3 | Data extraction and study quality assessment

Two authors independently extracted data from included articles 
based on a predefined data extraction form. Extracted data included 
first author's name, year of publication, study location, study design, 
number of SSc patients, number of ILD patients, demographic fea-
tures of participants, SSc-ILD prevalence, classification criteria of 
SSc, the diagnostic method of ILD, risk factors for SSc-ILD. The meth-
odological quality of study was assessed using the Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) 
statement, with a checklist of 22 terms.8 Studies were of high quality 
if scores were 17 or more. Two investigators assessed the quality of 
the studies through consultations to reach consensus.

2.4 | Statistical analysis

All statistical analyses were performed using STATA software (ver-
sion 13; StataCorp, College Station, TX, USA). The prevalence of 
SSc-ILD was log-transformed according to the Shapiro-Wilk test. 
Risk factors of ILD in SSc patients in more than one of the selected 
studies were quantified by weighed mean differences (WMDs) with 
95% confidence intervals (CIs) for continuous variables and pooled 
odd ratios (ORs) with 95% CIs for categorical variables. The results 
from the fixed-effect model were presented only when there was 
no heterogeneity between studies; otherwise, the results from the 
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random-effects model were presented. Heterogeneity between 
studies was assessed using I2 statistics and statistical significance 
was considered with a P value of less than 0.05.9 Forest plots were 
used to display the results from the individual studies and the pooled 
estimates. We also performed subgroup analysis stratified by re-
gion, study quality, publication year, and SSc criteria to investigate 
heterogeneity. Sensitivity analysis was conducted by sequentially 
omitting individual studies. The potential for publication bias was 
evaluated by Egger test if five or more studies were available for 
meta-analysis.10 If combining data were deemed inappropriate, the 
results were reported qualitatively (because of the small number of 
studies or substantial clinical or methodological diversity). P values 
less than 0.05 were considered statistically significant.

3  | RESULTS

3.1 | Search strategy

A total of 1584 reports were identified through Medline, EMBASE, 
and Cochrane Central Register of Controlled Trials. After excluding 
163 duplicates, 803 reports of ineligible types (consisting of 633 
conference proceedings, 149 review articles or case reports, and 
21 editorials or letters) and 560 irrelevant articles, the remaining 58 
reports were screened as full texts. Out of these, 31 reports were 
excluded for no data on prevalence of SSc-ILD in 11 articles and no 
data on risk factors of SSc-ILD in 20 articles. Finally, 27 articles were 
eligible for this meta-analysis and review (Figure 1).11-36

F I G U R E  1   The Study flow diagram [Colour figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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3.2 | Study characteristics

The characteristics of the included study are shown in Table 1. The 27 
studies included 14 retrospective cohort studies and 13 cross-sectional 
studies. The studies were from three different countries (Japan, Korea, 
and China). The majority of studies took place in Japan (n = 14),24-37 
followed by China (n = 10),14-23 and Korea (n = 3).11-13 Fourteen studies 
only used the 1980 American College of Rheumatology (ACR) diagno-
sis of SSc38 and 10 studies only used the 2013 ACR/European League 
Against Rheumatism (EULAR) diagnosis criteria of SSc.39 Three stud-
ies used the 1980 ACR or 2013 ACR/EULAR diagnosis criteria.22,35 
In one study, SSc patients either met the 1980 ACR criteria or had at 
least three out of five CREST features (calcinosis, Raynaud phenom-
enon, esophageal dysmotility, sclerodactyly, and telangiectasia) with 
sclerodactyly being mandatory.17 The methodological quality of each 
included study was assessed by the STROBE criteria. Sixteen studies 
were generally of good quality with a score of at least 17.

3.3 | Meta-analysis of SSc-ILD prevalence

There was a total of 5250 individuals with SSc in the included stud-
ies, with 3007 SSc-ILD patients. The prevalence of SSc-ILD ranged 
from 26.7% to 86%. The pooled SSc-ILD prevalence was 56% (95% 
CI 49-63) (Figure  2), which was stable in the sensitivity analysis 
(Figure 3).11-37 Heterogeneity across studies was high (I2 = 96.1%). 
There were significant differences in the prevalence of SSc-ILD for 
subgroups stratified by region, study quality, SSc classification cri-
teria, and publication year (Table  2). The SSc-ILD prevalence was 
higher in China (72%) than in Japan (46%) and Korea (51%). There 
was a higher SSc-ILD prevalence in studies with STROBE checklist 
score of at least 17 than in those with a STROBE checklist score 
below 17. Further, SSc-ILD prevalence was higher in studies using 
two criteria than in those only using 1980 ACR criteria and only 
using 2013 ACR/EULAR criteria. Furthermore, SSc-ILD prevalence 
was lower in studies published before 2013 than in those published 

F I G U R E  2   Forrest plots of SSc-ILD prevalence. SSc-ILD, systemic sclerosis-associated interstitial lung disease [Colour figure can be 
viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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during 2013-2020. There was no publication bias among the 27 
studies by the Egger test (t = −1.84, P = 0.08) (Figure S1A).

3.4 | Meta-analysis of risk factors for SSc-ILD

We evaluated the potential risk factors for SSc-ILD in 10 studies with 
1795 SSc patients in East Asia.12,17,20,21,23,24,30,31,37,40 The following 
15 risk factors appearing in more than one study were selected in 
the meta-analysis: disease duration, dSSc, anti-topoisomerase I an-
tibody (ATA), anti-centromere body antibody (ACA), anti-U3 ribonu-
cleoprotein (RNP) antibody, digital ulcer, age, male sex, antinuclear 
antibody (ANA), anti-U1 RNP antibody, anti-Th/To antibody, Raynaud 
phenomenon, erythrocyte sedimentation rate (ESR), C-reactive pro-
tein (CRP), and anti-ribonucleic acid polymerases (RNAP). SSc-ILD 
patients had a longer disease duration than SSc patients without 
ILD (WMD = 1.97, 95% CI 0.55-3.38).12,21,23 Diffuse SSc (OR = 2.84, 
95% CI 1.91-4.21),12,20,21,23,30 positive ATA (OR = 4.92, 95% CI 2.74-
8.84),12,17,20,21,23,24,30,31,37,40 positive ACA (OR = 0.14, 95% CI 0.08-
0.25),12,17,20,21,23,24,30,31,37 positive anti-U3 RNP antibody (OR = 0.17, 
95% CI 0.04-0.66),23,37 and higher ESR (WMD = 6.62, 95% CI 1.19-
12.05)12,21,23 were associated with ILD in SSc patients (Figure 4A-F). 
There was no publication bias among studies about dSSc by Egger 

test (t = 0.29, P = 0.79), about ATA by Egger test (t = 1.39, P = 0.20), 
or about ACA by Egger test (t  =  1.45, P  =  0.19) (Figure S1B-D). 
However, age (WMD = 3.39, 95% CI −1.54 to 8.31),12,20,21,23,30 male 
sex (OR = 1.31, 95% CI 0.83-2.06),12,20,21,23,30 Raynaud phenomenon 
(OR = 0.68, 95% CI 0.30-1.54),12,21,23,30 digital ulcer (OR = 1.79, 95% 
CI 1.00-3.20),12,29 CRP (WMD = 0.98, 95% CI 0.00-1.95),12,23 posi-
tive ANA (OR = 1.6, 95% CI 0.62-4.17),12,20,21 positive anti-U1 RNP 
antibody (OR  =  0.98, 95% CI 0.69-1.40),17,21,23,24,30,31,37 positive 
anti-Th/To antibody (OR = 0.35, 95% CI 0.09-1.31),23,37 and positive 
anti-RNAP (OR = 0.49, 95% CI 0.23-1.03)17,23,31,37 were not associ-
ated with ILD in SSc patients (Figure S2A-I). There was no publication 
bias in the studies about age by the Egger's test (t = −0.43, P = 0.70), 
about male sex by the Egger's test (t = 1.55, P = 0.33), and about anti-
U1 RNP by the Egger's test (t = 1.35, P = 0.24) (Figure S3A-C).

4  | DISCUSSION

To our knowledge, this is the first meta-analysis of the prevalence and 
risk factors in SSc patients in East Asia. We showed that the pooled 
SSc-ILD prevalence was 56% (95% CI 49%-63%). Moreover, we identi-
fied six risk factors associated with SSc-ILD: longer disease duration, 
dSSc, positive ATA, negative ACA, negative anti-U3 RNP antibody, and 

F I G U R E  3   Sensitivity analysis of SSc-ILD prevalence. SSc-ILD, systemic sclerosis-associated interstitial lung disease
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higher ESR. The knowledge of risk factors for ILD, which are composed 
of clinical information that is easily accessible in daily clinical practice, 
will be of great help in the management of individuals with SSc.

Interstitial lung disease was a common complication in SSc pa-
tients. In our meta-analysis, the SSc-ILD prevalence was 56% in East 
Asia. However, the SSc-ILD prevalence remains controversial, which 
is probably due to the discrepancies in study region, SSc classifica-
tion criteria, and publication year. The SSc-ILD prevalence was stable 
in sensitivity analysis, suggesting that the conclusion is robust. There 
was great variation in reported prevalence estimates in this meta-
analysis. A significantly higher SS-ILD prevalence was reported in 
China than in Japan and Korea. The same phenomenon occurs out-
side East Asia; African Americans are more likely to develop SSc than 
Caucasians and experience worse pulmonary disease and greater 
morbidity.40 A previous study found that African American ethnicity 
was associated with worse lung function in SSc patients.40 It is not 
clear what contributes to the differences, but lineages, ethnicities, 
and genetic factors may have important impacts.41

In our meta-analysis, we confirmed that longer disease duration, 
dSSc subtype, and higher ESR were risk factors for ILD in SSc pa-
tients. In the UK, individuals with dSSc have a high incidence of ILD, 
renal crisis, and gastrointestinal involvement whereas individuals 
with lSSc frequently develop pulmonary hypertension.42 As pre-
viously demonstrated, clinically significant ILD was twice as com-
mon among dSSc patients as among lSSc patients.43 As expected, 
the presence of dSSc in East Asia was associated with ILD in our 
meta-analysis. Several previous studies have described variables 

that predict clinically significant pulmonary fibrosis development, 
including greater age at onset.42 However, we reported no differ-
ence in age between SSc-ILD and non-ILD patients (WMD = 3.39, 
95% CI −1.54 to 8.31); SSc-ILD patients had longer disease duration 
and higher ESR than the SSc patients without ILD in our study. A po-
tential explanation for age difference was a geographical difference 
or an introduced bias. Moreover, we speculated that SSc patients 
with longer disease duration were more likely to have ILD. Disease in 
SSc-ILD patients tends to be more severe and there is higher disease 
activity with higher ESR than in SSc patients.

The significance of autoantibodies in SSc remains unclear, 
although a variety of autoantibodies are not just markers of dis-
ease, but also have a role in pathogenesis.44 The presence of ANA 
is most frequently a representative feature of the immunological 
abnormalities in SSc patients, and more than 90% of SSc patients 
are positive for ANA. The common serum ANAs in SSc patients 
include anti-ATA (anti-topo I, formerly termed anti-Scl-70), ACA, 
anti-U1  RNP antibody, anti-RNAP antibody, anti-Th/To antibody, 
and anti-U3  RNP antibody. This meta-analysis showed that posi-
tive ATA, negative ACA, and negative anti-U3 RNP were risk fac-
tors for ILD in SSc patients. It has been demonstrated that ATA 
themselves display anti-fibroblast antibody activity by reacting 
with determinants at the fibroblast surface. Anti-fibroblast anti-
bodies induce a pro-inflammatory phenotype in fibroblasts and 
are strongly correlated with ATA and pulmonary fibrosis in patients 
with SSc.45 ACA are the most frequently seen autoantibodies in SSc 
patients and their presence is highly specific in distinguishing SSc 

Subgroups
No. 
studies

ILD/total 
patients

I2 
(%)

P 
value

Prevalence 
(%)

95% 
CI

Overall prevalence 27 3007/5250 96.1 <0.05 56 49-63

Region

Korea 3 573/1089 80.8 <0.05 51 43-59

China 10 1424/1951 92.2 <0.05 72 65-79

Japan 14 1011/2210 77 <0.05 46 41-50

STROBE checklist

Score ≥17 17 2374/3819 96.3 <0.05 58 50-65

Score <17 10 633/1342 95.1 <0.05 53 41-65

Classification criteria

1980 ACR criteria 13 1478/2868 94.7 <0.05 54 46-52

2013ACR/EULAR 
criteria

10 990/1609 96.7 <0.05 55 43-68

1980 ACR or othera  4 539/773 92.2 <0.05 64 50-77

Publication year

Before 2013 10 891/1808 94.7 <0.05 54 44-64

2013-2020 17 2116/3442 95.9 <0.05 56 49-63

Abbreviations: ACR, American College of Rheumatology; CI, confidence intervals; EULAR, 
European league against rheumatism; ILD, interstitial lung disease; SSc-ILD, systemic sclerosis-
associated interstitial lung disease; STROBE, Strengthening the Reporting of Observational Studies 
in Epidemiology.
aOther criteria: have at least out of five CREST features or the 2013 ACR/EULAR criteria; CREST: 
calcinosis, Raynaud phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasia.

TA B L E  2   Subgroup analysis for the 
prevalence of SSc-ILD
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patients from healthy individuals or study participants with other 
connective tissue diseases. ACA positivity is strongly associated 
with the occurrence of lSSc and has been described as conferring 

relative protection from SSc-associated pulmonary fibrosis.37,46,47 
Some studies have even reported that ATA-positive patients have 
a considerably higher incidence of digital ulcers compared with 

F I G U R E  4   Forrest plots of risk factors of SSc-ILD. (A) Pooled WMDs for correlation of disease duration with SSc-ILD; (B) pooled ORs 
for correlation of dSSc with SSc-ILD; (C) pooled ORs for correlation of positive ATA with SSc-ILD; (D) pooled ORs for correlation of positive 
ACA with SSc-ILD; (E) pooled ORs for correlation of positive anti-U3 RNP antibody with SSc-ILD; (F) pooled WMDs for correlation of 
ESR with SSc-ILD. Abbreviations: ACA, anti-centromere antibody; ATA, anti-topoisomerase I antibody; dSSc, diffuse systemic sclerosis; 
ESR, erythrocyte sedimentation rate; ORs, odd ratios; SSc-ILD, systemic sclerosis-associated interstitial lung disease; U3 RNP, anti-U3 
ribonucleoprotein; WMDs, weighted mean differences [Colour figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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ACA-positive participants.46,47 Anti-U3 RNP antibody is frequently 
detected in patients with dSSc with a low frequency of pulmonary 
involvement,48 whereas anti-U1  RNP antibody is generally found 
in overlap syndrome, especially mixed connective tissue disease, 
and is associated with isolated pulmonary arterial hypertension and 
arthritis.49 Anti-Th/To antibody is associated with lSSc and a low 
frequency of severe internal organ involvement.50 Anti-RNAP anti-
body is often detected in patients with dSSc and is associated with 
a high frequency of renal disease.51 Likewise, we showed that an-
ti-U1 RNP antibody, anti-Th/To antibody, and anti-RNAP antibody 
are not associated with SSc-ILD in this meta-analysis.

Our study has several limitations. First, as no eligible studies 
were found for North Korea and Mongolia, the pooled result may 
be not totally representative of the prevalence of SSc-ILD in East 
Asia. Second, the study design, methodology quality, sample size, 
study population, and ILD diagnostic methods might result in sig-
nificant heterogeneities of SSc-ILD prevalence in the identified 
studies. A random model was used in calculating the pooled SSc-
ILD prevalence, and the sensitivity analysis confirmed that the 
result was stable. Third, all studies were observational studies, 
which makes it difficult to determine the causal relationship of 
risk factors.

5  | CONCLUSION

In conclusion, this meta-analysis showed that ILD occurs in up to 
56% of patients with SSc in East Asia. Longer disease duration, dSSc, 
positive ATA, negative ACA, negative anti-U3  RNP antibody, and 
higher ESR were risk factors for ILD in SSc patients. However, the 
data should be interpreted cautiously because of the methodologi-
cal differences and the limitations inherent in observational studies.
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1  | INTRODUC TION

Anti-neutrophil cytoplasmic antibodies (ANCA) are auto-antibodies 
directed against antigens in the cytoplasmic granules of neutrophils 
and lysosomes of monocytes.1 The most clinically relevant two 
antigens have been those directed against proteinase 3 and my-
eloperoxidase (MPO). These antibodies are found in pauci-immune 
necrotizing vasculitis of the small blood vessels, with the clinically 
relevant syndromes being: eosinophilic granulomatosis with poly-
angiitis (EGPA), granulomatosis with polyangiitis (GPA), and micro-
scopic polyangiitis (MPA).2

ANCA are also found in patients without clinical vasculitis syn-
dromes. The association of MPO with lung disease can therefore 
be divided into two groups: associated with clinical vasculitis syn-
drome (ANCA-associated vasculitis involving interstitial lung disease 

[AAV-ILD]) or in isolated lung disease (with the diagnosis of vasculi-
tis based on the American College of Rheumatology criteria and the 
Chapel Hill Consensus Conference definitions).2

The manifestations of pulmonary involvement in AAV has been 
well covered in numerous reviews3-7 so we will only summarize what 
has been described previously, and we will mainly focus on lung disease 
in the context of MPO-ANCA positivity only, without clinical vasculitis.

2  | A AV AND LUNG INVOLVEMENT

Anti-MPO antibodies are the main ANCA subtype associated with 
ILD in vasculitis syndromes, present in about 46%-71% of cases.5 
They are more commonly found in patients with EGPA and MPA, but 
are also seen in GPA, though to a lesser extent.
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GPA is characterized by relatively acute onset of dyspnea, he-
moptysis, and cough, due to inflammation of the lower airways.8 It 
has heterogeneous pulmonary manifestations on lung computed 
tomography (CT), with bilateral cavitating and non-cavitating lung 
nodules being the most common, often increasing in frequency as 
the disease progresses, followed in frequency by pulmonary con-
solidation, segmental bronchial wall thickening, bronchial stenosis, 
and ground-glass opacities (often due to alveolar hemorrhage).9-11 
As necrosis becomes associated with the granulomatous inflamma-
tion, organizing pneumonia can also develop, seen on CT as bilateral 
irregular consolidation.12 The nodular lesions are often associated 
with vessels, and affect predominantly the subpleural regions.8 The 
typical histopathology is necrosis, and focal and lumen-eccentric in-
flammation of arterioles, venules, and capillaries.8 Granulomatous 
inflammation is key, with the inflammatory infiltrate primarily neu-
trophils, as well as lymphocytes, plasma cells, macrophages, giant 
cells, and eosinophils.

EGPA is characterized by an association with peripheral and 
tissue eosinophilia. The most common pulmonary manifestation 
is asthma, followed by eosinophilic pneumonia and hypereosin-
ophilic bronchiolitis.13 EGPA often presents with transient, bi-
lateral, pulmonary infiltrates, mostly peripheral, responsive to 
corticosteroids, and therefore often presenting without abnormal-
ities by the time imaging is performed.14 Peripherally distributed 
ground-glass opacities are also commonly seen. Associated hyper-
eosinophilic bronchiolitis is seen on CT as bronchiectasis, centri-
lobular nodules, and bronchial wall thickening.15 Histopathology 
demonstrates granulomatous necrotizing inflammation of the 
small arteries, similar to GPA, but with a much more eosinophil-
rich inflammatory infiltrate.13

MPA is characterized by necrotizing inflammation of blood 
vessels, predominantly of the pulmonary and renal small-sized 
vessels; unlike EGPA, however, there are no granulomas.2,16 The 
most common pulmonary manifestation is diffuse alveolar hem-
orrhage, on a spectrum ranging from chronic and asymptomatic to 
hemoptysis.17 Diffuse alveolar hemorrhage is a clinical syndrome 
of hemoptysis, diffuse alveolar infiltrates, and a drop in hematocrit 
level. GPA and MPA comprise the majority of etiology of causes of 
diffuse alveolar hemorrhage, comprising 45% of cases.18,19 Biopsy 
findings may not show a characteristic infiltrate, but diffuse alveo-
lar hemorrhage can be identified based on bronchoalveolar lavage 
showing erythrocytes and siderophages.20 Lung imaging of MPA 
is often non-specific, with alveolar hemorrhage either not seen, 
or presenting as ground-glass opacities, seen as patchy or diffuse 
bilateral opacifications and consolidation, ranging from peri-hilar 
or mid-lower zones.18,20,21

Treatment for MPO-positive AAV-ILD is predominantly the 
standard therapy for systemic vasculitis, including systemic cortico-
steroids, cyclophosphamide, rituximab, mycophenolate mofetil, aza-
thioprine and, to a lesser extent, methotrexate (due to its side effect 
of pulmonary fibrosis).22 However, good evidence for these treat-
ments is lacking, and the prognosis of AAV-ILD is not improved with 
immunosuppression.23,24 There are no comparative studies looking 

at efficacy of anti-fibrosing agents in AAV-ILD, though there are 
small reports of improvement in survival predominantly for those 
with a usual interstitial pneumonia (UIP) pattern.25

3  | MPO -ANC A AND LUNG DISE A SE

MPO-ANCA in ILD without vasculitis has been increasingly 
described.3,4,26-34 Non-AAV ANCA-associated lung diseases are 
predominantly of the fibrotic lung disease type, particularly UIP 
followed by nonspecific interstitial pneumonia, but have also been 
described in cryptogenic organizing pneumonia, or unclassifiable 
idiopathic pneumonia.5,7,33 ANCA have been found in up to 10% of 
those with a diagnosis of idiopathic pulmonary fibrosis (IPF), and up 
to 10% of ANCA-negative IPF patients sero-convert during follow 
up.29,35

The ILD seen in MPO-ANCA mostly have a UIP pattern on CT 
with a radiological appearance of bilateral, patchy, honeycombing, 
ground-glass opacity and consolidation.27 Histopathology is gener-
ally non-specific, and cannot differentiate between ANCA-positive 
and ANCA-negative lung disease.36 Usual pathology findings include 
interstitial inflammation, plasma cell infiltration, lymphoid follicles 
with germinal centers, cysts, and cellular bronchiolitis.3,27,36 There 
should not be evidence of vasculitis (as this would indicate AAV-ILD).

MPO antibodies are more frequently described in association 
with ILD than anti-proteinase 3 antibodies, 46%-71% of cases for 
the former compared with 0%-29% for the latter.28,30,37,38

Studies looking at the clinical difference between ANCA-positive 
and ANCA-negative pulmonary fibrosis patients identified little dif-
ference in symptoms, lung function tests, CT findings, and bron-
choalveolar lavage findings.30,39 There are inconsistent reports of 
differences such as higher percentage of neutrophils in bronchoal-
veolar lavage fluid, increased attenuation around honeycombing and 
cysts,27 more ground-glass opacities as well as more moderate or se-
vere honeycombing,31,32 and possibly a preponderance of lower lobe 
ground-glass changes.33 A recent study identified more incidence of 
MPO-ANCA positivity in IPF in women than men (47% vs 23%),31 
but this has not been reported elsewhere (of uncertain significance 
contributing to this difference was its North American patient popu-
lation vs Japanese cohorts in the other studies).

Despite seemingly having the same phenotype, the relevance 
of identification of MPO-ANCA is for its potentially significant clin-
ical implications. MPO-ANCA can pre-date AAV by up to 5 years 
(range from 5 to120 months), and ILD can pre-date diagnosis of an 
ANCA vasculitis by up to 14 years,40 so ongoing clinical vigilance 
is required if there is a suspicion.4,41 A recent study42 retrospec-
tively performed autoimmune antibody testing on a cohort of pa-
tients diagnosed with ILD, and MPO-ANCA was identified in 2.5% 
of patients, suggesting a small population of patients who may be 
missed if ANCA testing is not performed. Between 4% and 39% of 
patients with pulmonary fibrosis have ANCA positivity (predomi-
nantly MPO), and 7%-40% with MPO positivity will develop AAV 
during follow up.30,31,33,43,44
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However, caution needs to be shown in over-interpreting the 
significance of MPO positivity, due to a high incidence of positiv-
ity in patients without AAV, being up to 39.5%45 in patients with 
inflammatory conditions. Background rates of ANCA positivity in 
the general population with low pre-testing clinical suspicion are 
as high as 5.1%.46 The high rate of MPO positivity may lead to an 
over-attribution of its significance and clinical meaning when found 
in the context of lung disease. False-positive MPO are most com-
monly found in association with gastrointestinal disorders, infec-
tions, malignancy, and other connective tissue disorders. Almost 
10% have no clinical finding at all, and other auto-antibodies were 
found in association in 76%, suggesting a polyclonal response to 
non-vasculitis inflammatory triggers.45 Non-AAV MPO is more 
often found in association with other autoimmune conditions than 
non-AAV proteinase 3, for which infection is the most common 
association.47,48

3.1 | Pathophysiology

There are multiple postulated causes of ILD in MPO-ANCA-
positive patients. It is thought that ILD can directly induce 
MPO-ANCA production.3 Bronchoalveolar lavage of IPF pa-
tients has identified neutrophilia. In the context of inflammation, 
auto-antibodies can be generated against the intracytoplasmic 
granules of these neutrophils, including MPO.23,49 Additionally, 
activated neutrophils may contribute to the induction of fibro-
sis through the process of NETosis-neutrophilic death through 
extrusion of cellular contents via the formation of neutrophilic 
extracellular traps (NETs).50 NET components can exacerbate the 
inflammatory response through mediating complement activa-
tion, acting as danger-associated molecular patterns and activate 
inflammasomes.49

Another hypothesis is that MPO-ANCA develops first, and has 
anti-oxidative and pro-fibrotic activity causing progressive lung fi-
brosis.51,52 Injection of neutrophil lysosomal extract containing MPO 
into the pulmonary arterial vasculature of MPO-sensitized rats trig-
gered development of patchy inflammatory cell infiltrates associated 
with granuloma formation, vasculitis, and hemorrhage.53

Smoking appears to be a significant risk factor, with ANCA-
positive ILD patients more likely to be smokers and/or to smoke 
more heavily.29,38 Cigarette smoke may induce expression of MPO 
on epithelial cells and through its pro-inflammatory effects, induce 
neutrophilic infiltration into the lung tissue.54

It has also been postulated that lung fibrosis in MPO-ANCA 
ILD is due to repeated episodes of subclinical alveolar microhe-
morrhage secondary to capillaritis, based on histological findings 
of leukocytoclastic capillaritis and siderophages with fibroblast 
foci.55,56 Fibrosis forms due to abnormal repair processes or per-
sistent inflammation.57 However, this theory is contradicted by 
comparison with other vasculitic lung pathologies such as anti-
glomerular basement membrane antibody disease, which is char-
acterized by auto-antibodies directed against renal glomeruli and 

alveolar capillary basement membranes causing alveolar hemor-
rhage.58 Interstitial lung disease has not been reported to be a man-
ifestation associated with this condition.59 There are two possible 
explanations for this; a case report of repeated lung biopsies on a 
patient with vasculitis initially demonstrated alveolar capillaritis, 
but subsequently only interstitial fibrosis without features of vas-
culitis.60 It is possible that lung biopsy during active inflammation is 
required to identify clinical vasculitis rather than isolated fibrosis. 
Additionally, anti-glomerular basement membrane disease usually 
presents with rapidly progressive respiratory symptoms59,61 and is 
not associated with chronic, subclinical inflammation, thereby not 
causing sufficient impaired healing to trigger development of lung 
fibrosis.

3.2 | Prognosis

Median survival for MPO-ANCA ILD (with and without systemic 
vasculitis) has been reported to be from 62 to 132 months,27,33,43,62 
without significant difference compared with survival of MPO-
negative IPF patients.30 Factors associated with poorer survival 
include honeycomb lesions in lower lobes (bilaterally) on high-
resolution CT,63 and UIP pattern on imaging.23

3.3 | Treatment

3.3.1 | Anti-fibrotic agents

It has been reported that higher titers of ANCA may predict 
more severe lung disease, and possible association with MPA30 
but no further studies have been performed. In the absence of a 
vasculitic syndrome, the detection of an MPO-ANCA should not 
prevent treatment of IPF according to usual guidelines, such as 
with anti-fibrotic agents.64 The main side effects of pirfenidone 
and nintedanib are gastrointestinal upset including diarrhea, rash 
and abnormalities of liver function tests in a small proportion of 
patients.65,66 Both agents have also been shown to have anti-
inflammatory effects, and may be of benefit in ILD due to an in-
flammatory cause.67,68 A recently completed Phase 2 randomized 
controlled trial examining the use of pirfenidone in patients with 
unclassifiable progressive fibrotic lung disease (ANCA status not 
described) demonstrated reduced mean forced vital capacity re-
duction over 24  months compared with placebo, but ultimately 
there were no differences in progression-free survival.69 There 
is better evidence for nintedanib in treatment of progressive fi-
brosing ILD other than IPF, with demonstration of reduction in 
rate of ILD progression (measured by forced vital capacity de-
cline).70 They are both relatively well-tolerated agents and could 
be considered in the treatment of non-AAV MPO-ANCA ILD.25 
Preliminary evidence has shown a trend toward less forced vital 
capacity decline over 12 weeks with a combination of both agents 
compared with patients on nintedanib alone; the combination, at 
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least over this short follow-up period appeared to be well toler-
ated with adverse events similar to those for treatment with ei-
ther agent alone without an increase in frequency of liver function 
test abnormalities.71,72 A Phase 2 study examining the safety and 
efficacy of pirfenidone in pulmonary fibrosis with MPO positiv-
ity (NCT03385668) that recruited 7 (of an expected 15) par-
ticipants was completed in July 2020; results were expected in 
February 2021, however at last update (May 2021), results are still 
pending.73

3.3.2 | Immunosuppression

The evidence for immunosuppression is variable in this small cohort 
of non-AAV MPO-ANCA ILD patients. Biopsies of non-AAV MPO-
ANCA-positive patients with UIP have more inflammation than 
MPO-ANCA-negative patients with UIP,74 suggesting that immuno-
suppression may be beneficial.

Immunosuppression in small cohorts has been shown to be ef-
fective in improving clinical parameters, but no data on long-term 
progression-free survival have been described,27 and response 
rates were not stratified by pattern on lung imaging or histopathol-
ogy findings. Of note, however, no ANCA-positive ILD patients 
on immunosuppression have developed systemic vasculitis while 
immunosuppressed.27,29,44

In a cohort of MPO-ANCA patients that included those with 
AAV, patients with a nonspecific interstitial pneumonia pattern ap-
pear to respond to immunosuppression; however, UIP pattern pa-
tients appeared to follow the disease trajectory of IPF.3,7 Based on 
this, clinicians from the Mayo Clinic have suggested treating nonspe-
cific interstitial pneumonia pattern patients with immunosuppres-
sion, but for those with a UIP pattern without associated systemic 
vasculitis, to avoid immunosuppressive therapy and take a watch-
and-wait approach, similar to the usual treatment paradigms for IPF.7 
This finding was not seen in other studies.23,24 Of note, in the Mayo 
Clinic cohort, the classification of patients based on ILD subtype 
was based on radiology,7 but Baqir et al33 have demonstrated that 
though radiology may not identify UIP pattern, histopathology on bi-
opsy subsequently demonstrated predominant UIP pattern in a non-
AAV MPO-ANCA ILD cohort. Corticosteroids have been shown to 
be mildly effective, but the difference was not significant and made 
no difference to mortality.23

Caution is advised in consideration of immunosuppression for 
non-AAV MPO-ILD patients as the PANTHER-IPF study showed that 
IPF patients given prednisone, azathioprine, and N-acetylcysteine 
had increased mortality compared with those given placebo.75 
Poorer outcomes in association with immunosuppression therapy 
have also been seen in a more recent study.23

Despite the variable evidence, although the exact pathophysi-
ology of non-AAV MPO-ANCA ILD is uncertain, it is likely there is 
a combination of both autoimmune inflammation and fibrosis, so a 
combination of therapies targeting dual pathologies is likely to be 
effective.

4  | NOVEL THER APEUTIC AGENTS

4.1 | Janus kinase inhibitors

Other new avenues of therapy to be explored and studied come from 
the discovery of monogenic forms of fibrotic lung disease associated 
with ANCA positivity. Gain-of-function mutations in the TMEM17 
gene, which encodes the stimulator of interferon gene (STING) 
causes STING-associated vasculopathy with onset in infancy.76 
These mutations lead to increased interferon signaling and related 
cytokine secretion in monocytes leading to a clinical syndrome of 
systemic inflammation, peripheral vasculitis with skin manifesta-
tions, and ILD.77 Antibody positivity is common and broad, includ-
ing ANCA.76 The use of Janus kinase (JAK) inhibitors—tofacitinib, 
ruxolitinib, and baracitinib—has been shown to be effective.76,78-80 
Reducing the transferability of these findings is the strong inter-
feron signature of this interferonopathy condition; a finding not 
reported in non-AAV MPO-ANCA ILD. There are, however, increas-
ing numbers of case reports of medium- and large-vessel vasculitis 
that is refractory to traditional immunosuppression responding to 
tofacitinib.81,82 Tofacitinib has been shown to reduce the inflamma-
tory and pro-fibrotic effects of idiopathic inflammatory myopathy-
associated ILD-derived T cells in vitro.83 It has been used effectively 
in refractory rapidly progressive ILD associated with anti-melanoma 
differentiation-associated 5 antibody-positive dermatomyositis.84,85 
There are safety signals emerging, particularly of viral infections, 
which would need to be evaluated carefully.86 High-quality, rand-
omized controlled studies are necessary, though the small numbers 
of patients may make recruitment difficult for sufficiently powered 
studies.

4.2 | Peptidylarginine deiminase inhibitors

New therapies are in development to prevent NET formation and 
the resultant MPO-ANCA production. NETs are composed of a web 
of extracellular DNA and antimicrobial proteins (including MPO). 
In the process of the decondensation of DNA, histones are citrul-
linated by peptidylarginine deiminase 4 (PAD4). Mouse studies of 
C1-amidine, a pan-PAD inhibitor, have shown effective reduction 
in citrullination of DNA, and subsequent significantly lower MPO-
ANCA titers.87 As MPO-ANCA has been postulated to be directly 
pathogenic in the induction of lung fibrosis, and may have implica-
tions in triggering development of AAV, blockade of excessive NET 
formation and development of MPO-ANCA may ameliorate the dis-
ease process. These are early days for targets of this disease process 
and more research is needed.

4.3 | Adelmidrol

Adelmidrol is a ethanolamide derivate. They are a group of proteins 
expressed in mammals that have a range of physiological functions, 
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including inflammation and cryoprotection.88 Adelmidrol is a syn-
thetic analogue of N-palmitoyethanolamine, an N-acylethanolamine 
that is being increasingly investigated for its anti-inflammatory and 
anti-oxidant activities.89 N-Palmitoyethanolamine stabilizes mito-
chondrial function, and inhibits mast cell degranulation and anan-
damide degradation through modulation of interleukin-6. In mouse 
studies, adelmidrol has been shown to modulate the inflammatory 
pathways implicated in pulmonary fibrosis and improve the histo-
pathological score as well as mortality rates.90

4.4 | MPO inhibitors

As MPO has been implicated as a possible cause of lung pathology 
via direct induction of inflammation and fibrosis or via excessive 
generation of its reactive oxidant by-products, there are currently 
many agents and pathways under investigation to block the func-
tion of MPO.91 These include agents to limit MPO substrate avail-
ability, non-selective MPO inhibition, and selective, irreversible 
MPO inhibitors, with a recent summary providing a comprehensive 
overview.91

5  | CONCLUSIONS

In summary, MPO-ANCA-positive lung disease can be an indi-
vidual entity, or be the initial presentation of a systemic vasculitis. 
Presently, there do not appear to be clinical, radiological, or serologi-
cal signatures to identify the trajectory of antibody positivity in non-
AAV ILD patients. In non-AAV MPO-ANCA ILD, there is conflicting 
evidence for whether there are significant clinical or treatment 
outcome differences in comparison with MPO-negative ILD or IPF, 
though the preponderance of evidence suggests that there are more 
similarities than differences. Immunosuppression does not appear 
to change lung-related mortality, but there is evidence to show that 
it may slow decline in lung function. Furthermore, immunosuppres-
sion appears to prevent the development of systemic vasculitis in 
the third of patients who do progress to systemic disease. However, 
caution should be shown in the consideration of immunosuppression 
due to the increased mortality associated with use in IPF, from which 
non-AAV MPO-ANCA ILD can be indistinguishable. Of tolerable 
side effect profile and with likely improvements in lung function de-
cline are the anti-fibrotic agents pirfenidone and nintedanib, which 
could be considered as therapy. We eagerly await the results of the 
PIRFENIVAS study. Perhaps a new approach would be a combina-
tion of immunosuppression with anti-fibrotic agents.92 More exciting 
treatments on the horizon are the JAK inhibitors, of which tofacitinib 
is being increasingly used in proven medium- to large-vessel vascu-
litis. Its transferability to treatment of non-AAV MPO-positive lung 
diseases remains to be seen.

Clinical trials in the treatment of non-IPF, non-connective tis-
sue related ANCA-positive fibrotic lung diseases are required, 

particularly looking at the safety and efficacy of immunosuppression 
and anti-fibrotics. Stratifying by type of ILD may be necessary, i.e. 
differentiating between those with UIP and nonspecific interstitial 
pneumonia radiological or histopathological patterns.
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1  | INTRODUC TION

Symmetric, inflammatory polyarthritis is a common presentation in patients 
with psoriatic arthritis (PsA), which can at times be difficult to differentiate 

from other forms of polyarthritis like rheumatoid arthritis (RA).1 Magnetic 
resonance imaging (MRI) has been shown to be sensitive in diagnosing and 
monitoring patients with PsA, and is being increasingly used. Over the past 
two decades there has been a renewed interest in imaging of patients with 
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Abstract
Background: This study aimed to compare inflammation at the interphalangeal (IP) 
joint of thumb in patients with psoriatic arthritis (PsA), rheumatoid arthritis (RA), un-
differentiated inflammatory arthritis (UIA), and in psoriasis patients without clinical 
arthritis (PsO) using low-field magnetic resonance imaging (MRI).
Methods: Age-matched and disease duration-matched patients with inflammatory 
arthritis (RA, PsA, and UIA) and psoriasis patients without clinical arthritis (PsO), who 
had undergone MRI of hands were included in this study. The presence or absence 
of MRI inflammatory lesions including synovitis, tenosynovitis, and bone marrow 
edema was assessed by three independent readers. Agreement between the read-
ers was assessed using the intraclass correlation coefficient. Risk ratio of MRI global 
inflammation around thumb IP joints among patients with PsA was compared with 
the other groups.
Results: Clinical parameters and MRI inflammation were studied in 161 patients 
(42 PsA, 28 RA, 29 UIA, and 62 PsO). Global MRI inflammation at the IP joint of 
the thumb was observed in 33.3% of PsA patients compared with 14.3% in RA, and 
10.3% in UIA. Subclinical MRI inflammation was observed in 8.1% of patients with 
PsO. The risk ratios of MRI global inflammation at the IP joint of the thumb in PsA pa-
tients were 2.3 (95% confidence interval [CI] 0.86-6.36) and 3.2 (95% CI 1.02-10.21) 
compared with RA and UIA patients, respectively.
Conclusion: Global MRI inflammation around the IP joint of the thumb is significantly 
more common in patients with PsA as compared to individuals with UIA.
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PsA, mostly to detect early disease, and to use the window of opportu-
nity for aggressive therapy, so reducing long-term structural damage.2,3 
A wide array of targeted therapies being discovered for treatment of PsA 
warrants the need for sensitive tools to objectively monitor outcome. The 
Outcome Measures in Rheumatology (OMERACT) PsA MRI scoring sys-
tem (PsAMRIS) has been validated to estimate inflammation in and around 
the small joints of the hand in patients with PsA. The inflammatory patholo-
gies, as defined by PsAMRIS, include synovitis, flexor tenosynovitis, peri-
articular inflammation, and bone marrow edema. The joints in the thumb, 
however, have not been included in the PsAMRIS.4,5

The potential role of micro-trauma in the pathogenesis of PsA is 
well recognized.6,7 Recent high-definition MRI studies have empha-
sized the role of a “deep Koebner phenomenon” initiating inflamma-
tion and thickening of flexor tendon pulleys leading to tenosynovitis 
and dactylitis, which are recognized as pathognomonic features of 
PsA.8,9 The joints in the thumb are among the most used joints in 
the body, and consequently are subjected to microtrauma more 
often compared to other small joints of the hand. Moreover, unlike in 
other digits, the thumb has only one interphalangeal (IP) joint, which 
is subjected to microtrauma on a regular basis. A disproportionate 
swelling at the IP joint of the thumb was proposed to have high di-
agnostic significance for PsA in a previous study.10 In another small 
cohort, non-contrast 0.2T extremity MRI was found to differentiate 
between patients with PsA and RA, based on synovitis and tenosy-
novitis at the IP joint of the thumb in PsA.11

The aim of the present study, therefore, was to evaluate low-
field MRI-defined inflammation around the IP joint of the thumb in 
patients with PsA, RA, and undifferentiated inflammatory arthritis 
(UIA), and in psoriasis patients without clinical arthritis (PsO).

2  | MATERIAL S AND METHODS

Our study patients included adults with diagnoses of (a) PsA (fulfill-
ing classification criteria for psoriatic arthritis—CASPAR); (b) RA (ful-
filling the 2010 American College of Rheumatology/European League 
Against Rheumatism classification criteria); (c) UIA (seronegative in-
flammatory polyarthritis, not fulfilling the RA or any other connective 
tissue disease criteria); and (d) psoriasis (diagnosed by a dermatologist) 
without clinical arthritis from general rheumatology and combined 
psoriatic clinic of our tertiary care teaching hospital, who had under-
gone routine MRI of their hands for any indication between July 23, 
2014 and July 22, 2017.12,13 We had retrospectively retrieved pro-
spectively documented demographic data and clinical details from the 
hospital Electronic medical record. The protocol of this study was ap-
proved by the Christian Medical College Vellore Institutional Research 
Review Board (Ref. 10926; October 25, 2017) before data retrieval.

2.1 | Magnetic resonance imaging

Non-contrast MRI of the most affected hand (PsA, RA, and UIA) or 
dominant hand (psoriasis) was performed in the Department of Clinical 

Immunology and Rheumatology using a low-field extremity MRI (0.2T 
C-scan, Esaote, Genova, Italy). All MRI scans were performed using a 
standardized protocol, and included three dimensional-gradient echo 
(3D-GE) coronal [Repetition time (TR) 50 ms, Time to Echo (TE) 16 ms, 
slice thickness 1.1 mm,  Matrix 192  ×  176, number of acquisition 1, 
flip angle 65 degrees], short-tau inversion recovery (STIR) coronal [TR 
1060 ms, TE 18 ms, inversion time 75 ms, slice thickness 3.5 mm, Matrix 
192 × 128], turbo spin echo (TSE) T2-transverse [TR 4160 ms, TE 80 
ms, slice thickness 3.5 mm, Matrix 192 × 148] and STIR transverse [TR 
2280 ms, TE 18 ms, inversion time 75 ms, slice thickness 3.5 mm, Matrix 
192 × 148] sequences. The included MRI scans were scored at the level 
of the IP joint of the thumb for the presence or absence of inflammatory 
variables (synovitis, tenosynovitis, and bone marrow edema) following 
definitions adapted from the OMERACT PsAMRIS. “MRI global inflam-
mation” was defined as the presence of any of these MRI pathologies 
in a patient. Images were read centrally by three independent readers 
(AJM, JP, AG), anonymized to demographic and clinical details.

2.2 | Statistical analysis

Demographic, clinical, and MRI data were entered and analyzed 
using SPSS software v.21 (IBM, Armonk, NY, USA). Continuous vari-
ables are depicted as mean  ±  standard deviation or median with 
range (based on the normality of data distribution) and categorical 
variables are given as frequencies with percentages. There was no 
data imputation. MRI global inflammation in RA and UIA patients 
was compared with that in PsA patients (reference group) using 
Fisher exact tests. Significance was assumed at a level of 5%. Inter-
reader reliability for MRI inflammatory lesions was calculated using 
intra-class correlation coefficient (ICC) by two-way mixed effects 
model, with single measure for absolute agreement.14

3  | RESULTS

3.1 | Study population

Following a screening of all MRIs to be reported, data of 161 patients 
(42 PsA, 28 RA, 29 UIA, and 62 PsO) were included. The mean age of 

Key points

1.	Disproportionate swelling at the interphalangeal joint of 
thumb is a specific clinical feature of psoriatic arthritis

2.	MRI inflammation at the interphalangeal joint of thumb 
may aid in differentiating patients with psoriatic arthritis 
from those with rheumatoid arthritis and undifferenti-
ated inflammatory arthritis

3.	This finding needs to be validated using a high-field MRI 
with dedicated coil and gadolinium enhancement.
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all patients with inflammatory arthropathies was 45.7 ± 10.9 years, 
and it was 40.9 ± 13.3 years in psoriasis patients without arthritis. 
These two groups comprised of 38 (38.3%) and 48 (77.4%) men, 
respectively. Table 1 describes the demographic, clinical, and labo-
ratory details of all patients included in the study, divided into dif-
ferent subgroups.

3.2 | Inter-reader reliability

Thirty-three images in the RA + UIA group and 22 images in the PsA 
group were randomly scored by two independent readers who were 
blinded to the clinical features and diagnosis. The ICC as the meas-
ure of inter rater reliability between the readers for all MRI inflam-
matory pathologies was moderate (0.61-0.79).

3.3 | Thumb IP joint swelling on clinical examination

In the PsA group 15/42 (36%) had swelling at the IP joint on physical 
examination, compared with 3/28 (11%) and 1/29 (3%) in the RA and 
UIA groups, respectively. In the PsO group this finding was present 
in 4/62 (6%) of patients (Figure 1).

3.4 | MRI inflammation in different groups

MRI inflammation around the IP joint of the thumb was noted in 
33.3% of PsA patients, compared with 14.3% (P = 0.06) and 10.3% 
(P = 0.02) in the RA and UIA groups, respectively (Figure 2). In the 
PsO group, 8.1% of patients had MRI global inflammation at the IP 
joint of the thumb. Tenosynovitis was the predominant inflamma-
tory variable in PsA (19%) and PsO (4.8%) groups, as compared with 
3.6% (P = 0.05) and 3.4% (P = 0.05) in RA and UIA, respectively. MRI 
synovitis at the IP joint, though proportionately larger in PsA, did not 
differ significantly between the groups (Table 2). The risk of global 
MRI inflammation around the IP joint of thumb in PsA patients was 
twice as high compared to RA patients, and 3.2 times compared to 
UIA patients (Table 3).

4  | DISCUSSION

This cross-sectional study included random individuals with PsA, 
RA, and UIA recruited from rheumatology clinics; comparison of MRI 
inflammation at or around the IP joint of the thumb using a low-field 
magnet demonstrated overall higher involvement in the PsA patients 
compared with the other two subsets of arthritis patients.

TA B L E  1   Demographic and clinical characteristics of patients in different groups

Parameters PsA RA UIA PsO

Number of patients 42 28 29 62

Age (years), mean ± SD 42.08 ± 11.90 48.39 ± 10.92 46.4 ± 12.45 40.9 ± 13.3

Female:Male 14:28 25:3 22:7 14:48

Total duration of illness (months), median (range) 29.14 (6-126) 31.5 (2-340) 33 (1-194) 72 (1-240)

TJC, median (range) 9.5/68 (0-40) 11/28 (0-28) 6/28 (0-27) 0/68

SJC, median (range) 8.5/66 (0-22) 8/28 (0 - 22) 5/28 (0 - 22) 4/66

CRP, median (range) 22.67(5.4-59.4) 11 (1.06-58.8) 8.2 (0.2-51.4) 2.47 (0.16-53.4)

Abbreviations: CRP, C-reactive protein; PsA, psoriatic arthritis; PsO, psoriasis without fulfilling CASPAR criteria; RA, rheumatoid arthritis; SD, 
standard deviation; SJC, swollen joint count; TJC, tender joint count; UIA, undifferentiated inflammatory arthritis.

F I G U R E  1   Clinical pictures of swelling 
at the interphalangeal joint of the right 
thumb in patients with psoriatic arthritis
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F I G U R E  2   A,B, Extremity magnetic resonaonce imaging (MRI) of hand in STIR coronal and axial sequences, with arrows pointing to 
synovitis at the interphalangeal (IP) joint of the thumb. C, Extremity MRI of hand in STIR axial sequence with arrow pointing to tenosynovitis 
at the IP joint of thumb

(A)

(B)

(C)

Diagnosis
Clinical swelling at 
thumb IP joint n (%)

MRI 
synovitis* 
n (%)

MRI 
tenosynovitis** 
n (%)

Global MRI 
inflammation*** 
n (%)

PsA (N = 42) 15 (35.7) 6 (14.3) 8 (19) 14 (33.3)

RA (N = 28) 3 (10.7) 3 (10.7) 1 (3.6) 4 (14.3)

UIA (N = 29) 1 (3.4) 2 (6.9) 1 (3.4) 3 (10.3)

PsO (N = 62) 4 (6.4) 2 (3.2) 3 (4.8) 5 (8.1)

Abbreviations: IP, interphalangeal; MRI, magnetic resonance imaging; PsA, psoriatic arthritis; 
PsO, psoriasis without fulfilling CASPAR criteria; RA, rheumatoid arthritis; UIA, undifferentiated 
inflammatory arthritis.
*P values: PsA vs RA, P = 0.48; PsA vs UIA, P = 0.28; **P values: PsA vs RA, P = 0.05; PsA vs UIA, 
P = 0.05; ***P values: PsA vs RA, P = 0.06 ; PsA vs UIA, P = 0.02.

TA B L E  2   Comparison of MRI 
pathologies and global MRI inflammation 
between the groups

Diagnosis

Group 1 Group 2

Risk 
ratio 95% CI P value

MRI 
Inf+

MRI 
Inf−

MRI 
Inf+

MRI 
Inf−

PsA vs RA 14 28 4 24 2.33 0.86-6.36 0.09

PsA vs UIA 14 28 3 26 3.22 1.02-10.21 0.04

RA vs UIA 4 24 3 26 1.2 0.29-4.95 0.79

Abbreviations: MRI Inf, global MRI inflammation; PsA, psoriatic arthritis; RA, rheumatoid arthritis; 
UIA, undifferentiated inflammatory arthritis.
Group 1 – reference disease group; Group 2 – group that is being compared.
Bold value was because that particular P value was significant as it was less than 0.05.

TA B L E  3   Risk ratio of global MRI 
inflammation in RA and UIA compared 
with PsA patients
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Involvement of the thumb in psoriatic arthritis is not well de-
scribed in the literature. Our findings agree with the clinical obser-
vation of disproportionate involvement of IP joints of the thumb 
observed in 28.7% of PsA patients described earlier by Danda et al. 
That study also had demonstrated a positive predictive value of 84% 
for disproportional swelling at the IP joint of the thumb for a diag-
nosis of PsA.10 In an epidemiological study on psoriatic patients with 
arthritis mutilans in the Scandinavian countries, the IP joint of the 
thumb was the most commonly involved joint in the hand.15 Base 
of the thumb is also a common site to be involved in hand osteoar-
thritis. Kroon et al. have demonstrated that structural lesions have 
stronger association with thumb base pain in hand osteoarthritis as 
compared to synovitis.16 Yet another study has highlighted the im-
portance of enlargement of thumb sesamoids assisting the diagnosis 
of PsA in comparison with patients of RA and osteoarthritis.17

The PsAMRIS has not included the thumb because of its involve-
ment in other forms of arthritis like osteoarthritis. Identifying MRI 
pathologies in the thumb tendons can be challenging because of the 
presence of both abductors and adductors, in addition to flexors and 
extensors. Difference in the planes of fingers and thumb also pose 
major challenges with specificity of scoring.

The plausible biological explanations for this finding at the IP 
joint of the thumb need to be studied further. The thumb has only 
one IP joint, unlike proximal and distal IPs in other fingers. The IP 
thumb joint, because of its close proximity to the nail enthesis organ, 
could anatomically behave more like a distal IP joint of the other fin-
gers and this may explain its predilection for inflammation in PsA 
patients. Tan et al, using high-resolution MRIs and histology of the 
distal IP joints of patients with PsA or OA and in normal joints, have 
demonstrated the extended nature of the enthesis organ associated 
with the distal IP joint in PsA patients; and, thereby, explained the 
diffuse inflammation around the distal IP joints in PsA.18 The IP joint 
of thumb, especially on the dominant hand, is a site of high mechan-
ical stress, being one of the most used joints. Repeated use of the 
joint can lead to microtrauma, eventually triggering a “deep Koebner 
phenomenon”. Our present study has, therefore, validated a bedside 
clinical observation that can be used for early diagnosis of PsA and 
for differential diagnosis, especially among seronegative patients 
with inflammatory polyarthritis involving small joints of the hands 
including seronegative/early RA and UIA.

The findings of this study should be interpreted while acknowl-
edging certain technical limitations. First, the low field magnet used 
and lack of contrast enhancement are known to decrease sensitiv-
ity and specificity, and consequently increase false-positive rates.19 
Second, the thumb and fingers are not in the same plane while 
imaging, and no dedicated surface coils were used for viewing the 
thumb joints. This could again affect the sensitivity of observations 
of lesions. Third, the retrospective nature and convenient sampling 
of patients in this study could lead to some bias. However, similar 
findings were demonstrated in both the PsA group and some of the 
patients of psoriasis without arthritis, and the findings were signif-
icant in PsA compared with the other groups under similar con-
straints; thereby, some of these limitations were overcome.

This research question, nevertheless, warrants further validation 
in a prospective study using dedicated, high-resolution coils, high 
magnetic fields and contrast enhancing imaging; an ultrasound com-
parator arm may add additional strength.

In conclusion, MRI global inflammation at and around the IP joint 
of the thumb was noted to be significantly more common in patients 
with PsA with a risk ratio of 3.2 in comparison with that in UIA; fur-
ther validation studies are warranted for wider generalizability.

ACKNOWLEDG EMENTS
The authors would like to thank Mr. E Rasu for helping with the MRI 
acquisition. Part of this study was funded by the Asia Pacific League 
of Associations for Rheumatology (APLAR) research grant 2015.

CONFLIC T OF INTERE S T
The authors declare no conflicts of interest.

ORCID
Ashish J Mathew   https://orcid.org/0000-0002-2061-2042 
Anu Desai   https://orcid.org/0000-0002-9525-3435 
Debashish Danda   https://orcid.org/0000-0002-2121-0942 

R E FE R E N C E S
	 1.	 Gladman DD. Clinical features and diagnostic considerations in pso-

riatic arthritis. Rheum Dis Clin North Am. 2015;41:569–579.
	 2.	 Østergaard M, Eder L, Christiansen SN, Kaeley GS. Imaging in the 

diagnosis and management of peripheral psoriatic arthritis – the 
clinical utility of magnetic resonance imaging and ultrasonography. 
Best Pract Res Clin Rheumatol. 2016;30:624–637.

	 3.	 Mathew AJ, Coates LC, Danda D, Conaghan PG. Psoriatic arthritis: 
lessons from imaging studies and implications for therapy. Expert 
Rev Clin Immunol. 2017;13:133–142.

	 4.	 Østergaard M, McQueen F, Wiell C, et al. The OMERACT psoriatic 
arthritis magnetic resonance imaging scoring system (PsAMRIS): defi-
nitions of key pathologies, suggested MRI sequences, and preliminary 
scoring system for PsA hands. J Rheumatol. 2009;36:1816–1824.

	 5.	 Glinatsi D, Bird P, Gandjbakhch F, et al. Validation of the OMERACT 
psoriatic arthritis magnetic resonance imaging score (PsAMRIS) 
for the hand and foot in a randomized placebo-controlled trial. J 
Rheumatol. 2015;42:2473–2479.

	 6.	 Eder L, Law T, Chandran V, et al. Association between environmen-
tal factors and onset of psoriatic arthritis in patients with psoriasis. 
Arthritis Care Res (Hoboken). 2011;63:1091–1097.

	 7.	 McGonagle D, Ash Z, Dickie L, McDermott M, Aydin S. The early 
phase of psoriatic arthritis. Ann Rheum Dis. 2011;70(Suppl 1):i71–i76.

	 8.	 Tan AL, Fukuba E, Halliday NA, Tanner SF, Emery P, McGonagle D. 
High-resolution MRI assessment of dactylitis in psoriatic arthritis 
shows flexor tendon pulley and sheath-related enthesitis. Ann Rheum 
Dis. 2015;74:185–189.

	 9.	 Tinazzi I, McGonagle D, Aydin SZ, Chessa D, Marchetta A, 
Macchioni P. ‘Deep Koebner’ phenomenon of the flexor tendon-
associated accessory pulleys as a novel factor in tenosynovitis and 
dactyltis in psoriatic arthritis. Ann Rheum Dis. 2018;77:922–925.

	10.	 Danda D, Cherian AM, Jayaseelan L. Disproportionate swelling of 
interphalangeal joint of thumb: Is it unique to psoriatic arthropathy? 
J Indian Rheumatol Assoc. 2000;8:1–4.

	11.	 Mathew AJ, Panwar J, Francis I, Koshy V, Danda D. Office extremity 
magnetic resonance imaging can differentiate psoriatic and rheu-
matoid arthritis without contrast enhancement. Ann Rheum Dis. 
2015;74:1246.

https://orcid.org/0000-0002-2061-2042
https://orcid.org/0000-0002-2061-2042
https://orcid.org/0000-0002-9525-3435
https://orcid.org/0000-0002-9525-3435
https://orcid.org/0000-0002-2121-0942
https://orcid.org/0000-0002-2121-0942


1472  |     MATHEW et al.

	12.	 Taylor W, Gladman D, Helliwell P, Marchesoni A, Mease P, Mielants 
H. and the CASPAR Study Group. Classification criteria for psoriatic 
arthritis. Development of new criteria from a large international 
study. Arthritis Rheum. 2006;54:2665–2673.

	13.	 Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis clas-
sification criteria. An American College of Rheumatology/European 
League Against Rheumatism collaborative initiatve. Arthritis Rheum. 
2010;9:2569–2581.

	14.	 Koo TK, Li MY. A guideline of selecting and reporting intraclass 
correlation coefficients for reliability research. J Chiropr Med. 
2016;15:153–163.

	15.	 Gudbjornsson B, Ejstrup L, Gran JT, et al. Psoriatic arthritis mutilans 
(PAM) in the Nordic countries: demographics and disease status. 
The Nordic PAM study. Scand J Rheumatol. 2013;42:373–378.

	16.	 Kroon FPB, van Beest S, Ermurat S, et al. In thumb base osteoar-
thritis structural damage is more strongly associated with pain than 
synovitis. Osteoarthritis Cartilage. 2018;26:1196–1202.

	17.	 Whitehouse RW, Aslam R, Bukhari M, Groves C, Cassar-Pullicino 
V. The sesamoid index in psoriatic arthropathy. Skeletal Radiol. 
2005;34:217–220.

	18.	 Tan AL, Benjamin M, Toumi H, et al. The relationship between the 
extensor tendon enthesis and the nail in distal interphalangeal joint 
disease in psoriatic arthritis – a high-resolution MRI and histological 
study. Rheumatology (Oxford). 2007;46:253–256.

	19.	 Bird P, Ejbjerg B, Lassere M, et al. A multireader reliability study 
comparing conventional high-field magnetic resonance imaging 
with extremity low-field MRI in rheumatoid arthritis. J Rheumatol. 
2007;34:854–856.

How to cite this article: Mathew AJ, Ganapati A, Panwar J, 
Koshy V, Desai A, Danda D. Magnetic Resonance Imaging 
evidence of Inflammation at Interphalangeal joint of Thumb. Int 
J Rheum Dis. 2021;24:1467–1472. https://doi.
org/10.1111/1756-185X.14156

https://doi.org/10.1111/1756-185X.14156
https://doi.org/10.1111/1756-185X.14156


Int J Rheum Dis. 2021;24:1473–1481.	﻿�    |  1473wileyonlinelibrary.com/journal/apl

 

Received: 28 January 2021  |  Revised: 15 June 2021  |  Accepted: 18 June 2021

DOI: 10.1111/1756-185X.14169  

O R I G I N A L  A R T I C L E

Acceptance and image quality of high-resolution 
peripheral quantitative computed tomography of the 
metacarpophalangeal joints in rheumatoid arthritis

Rasmus Klose-Jensen1,2  |   Kresten Krarup Keller1 |   Bente Langdahl3,2 |   
Ellen-Margrethe Hauge1,2

© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.

1Department of Rheumatology, Aarhus 
University Hospital, Aarhus, Denmark
2Department of Clinical Medicine, Aarhus 
University, Aarhus, Denmark
3Department of Endocrinology and Internal 
Medicine, Aarhus University, Aarhus, 
Denmark

Correspondence
Rasmus Klose-Jensen, Department of 
Rheumatology, Aarhus University Hospital, 
Palle Juul-Jensens Boulevard 45, 8200 
Aarhus N, Denmark.
Email: raujen@rm.dk

Funding information
The study has been financially supported by 
Aarhus University, The Danish Rheumatism 
Association, Novo Nordic Foundation and 
AP Møller Fonden. The funding sources did 
not have any role in the collection, analysis 
and interpretation of data.

Abstract
Objective: High-resolution peripheral quantitative computed tomography (HR-
pQCT) requires longer immobilization time than conventional radiography, which 
challenges patient acceptance and image quality. Therefore, the aim was to inves-
tigate the acceptance of HR-pQCT in patients with rheumatoid arthritis (RA), and 
secondly the effect of an inflatable hand immobilization device on motion artefacts 
of the metacarpophalangeal (MCP) joints.
Methods: Fifty patients with established RA and a median (interquartile range) age 
of 64.3 (55.0-71.2) years had their MCP joints scanned by HR-pQCT with the hand 
positioned with and without an inflatable immobilization device followed by a full 
radiographic examination and a questionnaire on the imaging experience. The com-
parability of the erosion measures was investigated with and without the immobi-
lization device using Bland-Altman plot and intrareader repeatability by intraclass 
correlation coefficient. The motion artefacts were graded for each acquisition, and 
intrareader repeatability was investigated by Cohen's kappa coefficient.
Results: Forty percent of the patients preferred HR-pQCT imaging, only 6% pre-
ferred conventional X-ray. Seventy-four percent reported it was not difficult to keep 
their fingers steady during the scan. Sixty percent of the patients reported the immo-
bilization device helped keep their fingers steady. However, as motion artefacts were 
sparse, no clinically relevant difference was observed concerning the effect of the 
immobilization device on readability. The intrareader repeatability and comparability 
for the erosion measures were excellent.
Conclusion: The high patient acceptance adds to the feasibility of HR-pQCT imaging 
of MCP joints in RA. The inflatable immobilization device did not reduce motion-
induced image degradation.

K E Y W O R D S

erosions, HR-pQCT (high-resolution peripheral quantitative computed tomography), motion 
artefact, patient-reported experience measures, rheumatoid arthritis
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1  | INTRODUC TION

High-resolution peripheral quantitative computed tomography (HR-
pQCT) is a promising imaging modality for monitoring rheumatoid 
arthritis (RA).1,2 However, HR-pQCT imaging time for the metacar-
pophalangeal (MCP) joints alone yields an acquisition time of 9 min-
utes, far longer than the current gold-standard conventional X-ray. 
Immobilizing the hand during the acquisition might discomfort the 
patients, resulting in poor acceptance and adherence. Presently, the 
patient acceptance of HR-pQCT imaging has not been investigated.

HR-pQCT uses the same principles as traditional CT, which has 
an inherent contrast between bone and soft tissue; this makes it 
ideal for the detection of bone damage in vivo.3 Furthermore, the HR-
pQCT scanner has a very low radiation dose of roughly 0.025 mSv 
for the wrist and MCP joints.4 However, the long imaging time may 
induce motion-induced image degradation. A previous study has 
shown that HR-pQCT imaging of the radius had to be repeated for 
67% of patients due to motion artefacts.5 The acquisition time for 
the radius is only 3  minutes. Therefore, the 9  minutes acquisition 
time for the MCP joints might exacerbate the motion artefacts. 
However, motion-induced image degradation and the number of re-
peated acquisitions are rarely reported for the MCP joints.6-9 One 
study has reported 5.7% of MCP, and proximal interphalangeal joints 
had to be excluded from erosion analysis due to motion-induced 
image degradation.8

Movements of the fingers and hand occur from neuro-muscular 
activation in the forearm and hand or from the arm and upper body 
and may be related to joint pain or uncomfortable positioning. 
Therefore, measures to reduce motion-induced image degradation 
of the MCP joint during imaging should focus on both muscle relax-
ation and blocking of movements.

The objective of this study was 2-fold. First, to investigate the 
acceptance of HR-pQCT in patients with RA, and evaluate whether 
replacing conventional X-ray with HR-pQCT imaging in clinical prac-
tice would negatively influence the patient experience. Second, to 
investigate the comparability and repeatability of visual grading of 
motion artefacts and erosion measures of the 2nd and 3rd MCP 
joints with the hand positioned with and without an inflatable immo-
bilization device. The use of an immobilization device during image 
acquisition will apply compression on the digits, restricting their 
movements, and is thus hypothesized to reduce motion-induced 
image degradation.

2  | METHODS

2.1 | Study design and population

Patients with RA, according to the American College of 
Rheumatology / European League Against Rheumatism (2010) clas-
sification criteria,10 were recruited from the outpatient clinic at the 
Department of Rheumatology, Aarhus University Hospital. Inclusion 
criteria were the ability to give consent, age ≥18 years and disease 

duration ≥5 years. Exclusion criteria were fracture or luxation of the 
MCP joints in both hands, evidence of active malignant disease, hy-
pocalcemia, impaired renal function (estimated glomerular filtration 
rate <35 mL/min), untreated hypo- or hyperthyroidism or pregnancy.

A full medical history was obtained, and a clinical examination 
was performed for all individuals. Specifically, demographic and 
clinical data were obtained, including age, gender, disease duration, 
number of tender and swollen joints, C-reactive protein, as well as 
anti-citrullinated protein antibodies and immunoglobulin M rheuma-
toid factor.

2.2 | Conventional radiography

All patients had their hands, wrists and feet examined with radio-
graphs using the standard dorsopalmar projection. The image was 
generated at a focus distance of 100-115 cm, 50-55 kV and 2-12 mAs. 
If radiographs had been performed within the last 3 months or were 
scheduled in the 3 months following inclusion, this was recorded as 
the baseline. The radiographs were evaluated with the Sharp/van 
der Heijde method.11

2.3 | HR-pQCT acquisition procedure

An image acquisition protocol endorsed by the Study grouP for 
xtrEme-Computed Tomography in Rheumatoid Arthritis (SPECTRA) 
was used.12 The 2nd and 3rd MCP joint was imaged using first-
generation XtremeCT (Scanco Medical AG, Wangen-Brüttiselen, 
Switzerland). A 2.7-cm long volume of interest was scanned with a 
spatial resolution of 82  μm3, an X-ray tube voltage of 59.4  kVp, a 
current of 900 μA, and an integration time of 100 ms The scan was 
performed within a region of 80 slices (6.56 mm) distal and 250 slices 
(20.5 mm) proximal to the distal end of the 3rd metacarpal head. The 
dominant hand was scanned except in cases with prior fracture or 
luxation in the MCP joints.

The patients were scanned twice with the hand positioned with 
and without an inflatable immobilization device.13 Splint without the 
inflatable immobilization device: the hand and forearm were posi-
tioned parallel to the long axis of a rigid splint and strapped down to 
the rigid splint at the MCP joints and the distal and proximal part of 
the forearm. The splint-supported hand and forearm were then po-
sitioned within a cylindrical holder manufactured by Scanco Medical 
AG. The cylindrical holder was placed inside the HR-pQCT unit for 
scan acquisition (Figure 1A,B). Splint with the inflatable immobiliza-
tion device: the hand was immobilized using a rigid splint as described 
above. However, an inflatable immobilization device (Multipad 
Bendy, Pearltec AG, Zurich, Switzerland) was then positioned over 
the fingers and inflated to immobilize the fingers (Figure 1C,D).

Twenty-five patients were scanned first without the inflatable 
immobilization device and subsequently with the inflatable immo-
bilization device. The other 25 patients were scanned first with 
the inflatable immobilization device and subsequently without the 
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inflatable immobilization device in order to minimize bias. Each 
image was anonymized before analysis in random order using Osirix 
software (Version 9.0.1; Pixmeo, Bernex, Switzerland) and a 27-inch 
cinema screen iMac.

2.4 | Patient-reported experience measure

A questionnaire was developed, in conjunction with RA patients 
at our department, to investigate the patient-reported experi-
ence measure.14 The questionnaire investigated the acceptance 
of HR-pQCT imaging, with and without the inflatable immobiliza-
tion device (Table 1). The patients were asked to fill out the ques-
tionnaire after the conventional radiographs and both HR-pQCT 
acquisitions.15

2.5 | Visual grading of motion artefacts for HR-
pQCT images

For each anonymized acquisition, the motion-induced image deg-
radation was graded for the distal, middle, and proximal 110-slices 
stack of the 330-slices stack. The grading of motion-induced 
image degradation was based on a grading scale proposed by the 
scanner manufacturer for the 110-slices stack of radius and tibia 
acquisitions, where the presence and extent of horizontal streak-
ing, disruption of cortical contiguity and trabecular smearing is 
used for grading.16 Five different grades were defined from grade 
1 (no visible motion artefacts) to grade 5 (severe motion artefacts). 
A visual grade ≤3 is adequate for the reproducibility of standard 
morphological parameters such as bone mineral density and mi-
crostructure in the radius.17

2.6 | HR-pQCT erosion measures

The metacarpal head and proximal phalanx of the 2nd and 3rd MCP 
joints were assessed for erosions by a single trained reader (RKJ). 
Erosions were defined according to the SPECTRA collaboration: (a) 
a definite break in the cortical bone; (b) the cortical break must ex-
tend over at least 2 consecutive slices; (c) the cortical break must 
be detectable in 2 perpendicular planes; (d) the cortical interruption 
must have a loss of underlying trabecular bone; and (e) the corti-
cal interruption must be nonlinear in shape to differentiate from 
vascular channels penetrating the cortices.18 For all erosions, the 
maximum width, depth and length were measured. Width and depth 
were measured in the axial plane. The length was measured in the 
coronal plane for erosions located in either the radial or ulnar quad-
rant. Conversely, the length was measured in the sagittal plane for 
erosions located in the palmar or dorsal quadrant.

2.7 | Intrareader repeatability

Ten images from the acquisitions without the inflatable immobiliza-
tion device and 10 images from the acquisition with the inflatable 
immobilization device were chosen at random and re-evaluated by 
a single trained reader (RKJ) 1 week later to determine intrareader 
repeatability of the visual grading for motion artefacts and the ero-
sion measures.

2.8 | Ethical considerations

The Ethics Committee of Medical Research in Central Denmark 
Region (J. no. 1-10-72-437-17) and The Danish Data Protection 

F I G U R E  1   Hand positioning. A, 
Without the inflatable immobilization 
device (acquisition A). The hand is placed 
in a rigid splint with straps to immobilize 
the fingers. B, Schematic illustration of 
the hand placed in the rigid splint. C, 
With the inflatable immobilization device 
(acquisition B). The splinted hand is placed 
in the rigid splint, and the inflatable 
immobilization device is inflated around 
the hand. D, Schematic illustration of the 
hand placed in the rigid splint, with the 
inflatable immobilization device

(A)

(C)

(B)

(D)
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Agency (J.nr: 2012-58-006) approved the study. Written informed 
consent was obtained from the patients.

2.9 | Statistics

Data were analyzed using STATA 12 (StataCorp LP, College Station, 
TX, USA). Normal distribution of the data was investigated with Q-Q 

plots and histograms. Normally distributed data were presented as 
arithmetic mean (95% CI) and statistical significance tested using 
Student’s t test. Non-normally distributed data were presented as 
median (25th to 75th percentile), and statistical significance was 
tested using the Mann-Whitney U test.

The number of erosions and the average maximum width, depth, 
and length of the erosions were measured, and the statistical sig-
nificance was investigated between acquisitions with and without 

TA B L E  1   The patient-reported procedure experience according to the high-resolution peripheral quantitative computed tomography 
(HR-pQCT) imaging and the inflatable immobilization device

Strongly 
disagree
n (%)

Disagree
n (%)

Neither agree nor 
disagree
n (%)

Agree
n (%)

Strongly agree
n (%)

A B A B A B A B A B

I felt well informed about 
the radiation risk.

1 (2) 1 (2) 1 (2) 6 (12) 7 (14) 18 (36) 16 (32)

I had the opportunity to 
ask questions before the 
imaging.

5 (10) 6 (12) 20 (40) 19 (38)

I felt well informed about 
how the imaging would 
proceed.

5 (10) 6 (12) 20 (40) 19 (38)

I felt that I could stop the 
imaging at any time.

1 (2) 3 (6) 6 (12) 22 (44) 18 (36)

The imaging time was 
acceptable.

1 (2) 6 (12) 8 (16) 19 (38) 16 (32)

I sat in an acceptable 
position during the 
imaging.

7 (14) 9 (18) 18 (36) 16 (32)

It was challenging to keep 
my arm at rest.

14 
(28)

7 (14) 8 (16) 9 (18) 4 (8) 3 (6) 2 (4) 3 (6)

I did not experience 
significant pain during 
the imaging.

1 (2) 7 (14) 5 (10) 18 (36) 19 (38)

It was challenging to keep 
my fingers at rest during 
the imaging.

15 
(30)

5 (10) 7 (14) 10 (20) 3 (6) 3 (6) 4 (8) 3 (6)

If asked, would you be 
examined by this type of 
imaging again?

1 (2) 5 (10) 6 (12) 20 (40) 18 (36)

I would prefer to be 
examined with HR-
pQCT imaging rather 
than ordinary X-ray in 
the future.

1 (2) 1 (2) 1 (2) 12 (24) 15 (30) 4 (8) 3 (6) 8 (16) 5 (10)

Imaging with the 
inflatable cushion 
helped me keep my 
fingers at rest.

1 (2) 1 (2) 1 (2) 6 (12) 11 (22) 7 (14) 7 (14) 10 (20) 6 (12)

Imaging with the 
inflatable cushion was 
more comfortable.

1 (2) 4 (8) 4 (8) 7 (14) 13 (26) 6 (12) 3 (6) 8 (16) 4 (8)

Note: A: Patients scanned first without the inflatable immobilization device and subsequently, with the inflatable immobilization device (n = 25). 
B: Scanned first with the inflatable immobilization device and subsequently without the inflatable immobilization device in order to minimize bias 
(n = 25).
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the inflatable immobilization device. The measures of erosion were 
compared between the acquisitions with and without the inflatable 
immobilization device using Bland-Altman plots.19 The intrareader 
repeatability of maximum width, depth, length, and the number of 
erosions was investigated by the intraclass correlation coefficient 
(ICC) for both of the acquisitions with the hand positioned with and 
without the inflatable immobilization device. For visual grading of 
motion artefacts, the intrareader repeatability was investigated with 
Cohen's kappa coefficient (κ) for every 110 slices of the 330-slice 
image stacks.

Correlation between the patient-reported experience and either 
disease duration, age, body mass index, gender, Sharp/van der Heijde 
score, erosion number and size were investigated using Spearman's 
rank correlation coefficient to identify whether disease severity in-
fluenced the patients' experience of having their hand imaged by 
HR-pQCT. The results were considered significant at P < .05.

3  | RESULTS

3.1 | Patient characteristics

Patients demographics and clinical characteristics are shown in 
Table 2.

3.2 | Patient-reported experience measure

The patient-reported experience is presented in Table 1. Forty-nine 
of the 50 (98%) patients reported that the HR-pQCT imaging time 
was acceptable. None of the patients found the imaging time unac-
ceptable or reported they would not want to be examined with the 
HR-pQCT on another occasion. Twenty of the 50 (40%) patients re-
ported they would rather be examined with the HR-pQCT compared 

to conventional X-ray, compared to only 3 of the 50 (6%) patients 
who preferred to be examined with conventional X-ray (Table 1).

Thirty of the 50 (60%) patients agreed or strongly agreed with 
the statement "Imaging with the inflatable cushion helped me keep 
my fingers still", while only 3 of the 50 (6%) patients disagreed or 
strongly disagreed. Twenty-one of the 50 (42%) patients agreed 
or strongly agreed with the statement "Imaging with the inflatable 
cushion was more comfortable", while only 9 of the 50 (18%) pa-
tients disagreed or strongly disagreed (Table  1). A single patient 
experienced pain during the imaging. The pain was caused by the 
patient's forearm having a larger diameter than the cast, which re-
sulted in uncomfortable pressure; this was not related to the inflat-
able immobilization device.

The majority of patients who were imaged first with the inflat-
able immobilization device answered that they disagreed with the 
statement "It was challenging to keep my arm at rest", while the ma-
jority of patients who were imaged first without the inflatable im-
mobilization device answered that they strongly disagreed with the 
statement (P =.014). We observed the same for question 9 "It was 
challenging to keep my fingers at rest during the imaging" (P <.001). 
We found no significant correlation between the patient-reported 
experiences and Sharp/van der Heijde, the number of swollen and 
tender joints, Health Assessment Questionnaire, disease duration or 
activity score.

3.3 | Comparability

The overall visual grading for motion artefacts was low; none of 
the patients had repeat scans. The highest visual grade was 3 in 
the proximal and middle part of the 330-slices stack, while 1 pa-
tient had grade 4 in the distal part of the 330-slices stack. The me-
dian (interquartile range) visual grade was 1 (1-1) in the proximal, 
middle and distal parts of the 330-slices stack; this was seen in 

Age, y, median [IQR] 64.3 [55.0-71.2]

Female, n (%) 36 (72)

BMI, geometric mean (95% CI) 25.4 (24.0-26.9)

Disease duration, y, geometric mean (95% CI) 15.3 (12.9-18.2)

Serum CRP, mg/L, median [IQR] 2.0 [1.0-5.8]

HAQ, median [IQR] 0.25 [0-0.75]

Visual analog scale pain, median [IQR] 18.5 [5.0-30.0]

SDAI, median [IQR] 5.4 [2.5-11.1]

RF positive, n (%) 28 (56)

ACPA positive, n (%) 35 (70)

ACPA and RF positive, n (%) 26 (52)

Charlson comorbidity index, median [IQR] 1.0 [1.0-1.0]

Sharp/van der Heijde Score, geometric mean (95% CI) 19.2 (13.4-27.4)

Abbreviations: ACPA, anti-citrullinated protein antibody; BMI, body mass index; CRP, C-reactive 
protein; HAQ, Health Assessment Questionnaire; IQR, interquartile range; RF, rheumatoid factor; 
SDAI, Simplified Disease Activity Index.

TA B L E  2   Clinical characteristics of the 
participants
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both acquisitions. However, the calculated average visual grading 
for motion artefacts was significantly higher with the inflatable 
immobilization device compared to the acquisitions without the 
inflatable immobilization device (1 [1-1.33] vs 1 [1-1], P  =  .038). 
We did not observe significant differences in the erosion meas-
ures between the 2 methods of standardized positioning of the 
hand (Table  3). The Bland-Altman plots for the erosion measure 
are shown in Figure 2.

3.4 | Repeatability

Intrareader agreement for visual grading of motion artefacts was in-
vestigated for every 110 slices of the 330-slice stacks in both acqui-
sitions with and without the inflatable hand immobilization (Table 3). 
All discrepancies were within 1 grade level.

The ICC for the average width, depth, and length of erosions was 
excellent in both acquisitions (>0.90). There was no sizable differ-
ence in ICC between the acquisitions without the inflatable immo-
bilization device and acquisitions with the inflatable immobilization 
device with regard to the number and average width, depth, or 
length of erosions (Table 3).

4  | DISCUSSION

This is the first study investigating the patient-reported experi-
ence of HR-pQCT imaging in patients with inflammatory arthritis. 
The study indicates that patients with established RA have high 
acceptance of HR-pQCT imaging, independent of the erosive dam-
age, disease duration, or disease activity score. The repeatability 
and comparability of visual grading of motion artefacts and erosion 
measures were excellent for both of the acquisitions with and with-
out the inflatable immobilization device.

4.1 | Patient-reported experiences

Measures of patient-reported outcomes are becoming more and 
more common when assessing treatment outcomes in patients with 
all kinds of disorders. However, patient-reported experiences are 
rarely considered, even though improving patients’ experiences has 
been shown to increase outcome scores.14 In the present study, the 
patient-reported experiences with HR-pQCT imaging were gener-
ally encouraging. Only a few patients would rather undergo con-
ventional X-ray imaging. This indicates that the HR-pQCT imaging 
modality has high acceptance and will likely have high patient adher-
ence in clinical practice. The majority of patients experienced that 
the inflatable immobilization device helped them keep their hand at 
rest. However, this was not apparent in the visual grading for mo-
tion artefacts. We did not observe any correlation of the patient-
reported experiences with RA severity; this shows that the modality 
should be acceptable for the majority, if not all patients.

All patients reported they sat in an acceptable position during 
HR-pQCT scanning; this was indeed positive compared to imaging 
modalities such as magnetic resonance imaging (MRI). Imaging of the 
hand with MRI usually requires prone positioning with the arm of 
interest over the subject's head. This places the anatomy of interest 
in the best location for imaging but can be uncomfortable and diffi-
cult to maintain for long periods of time, which predisposes motion 
artefacts.20

4.2 | Visual grading of motion artefacts

Motion-induced image degradation has been observed to impair 
reproducibility in longitudinal studies.5 Motion artefacts are com-
mon both for the tibia and radius where the scan quality is inad-
equate in a substantial number of cases, especially the radius has 
shown to be susceptible to motion-induced image degradation.21 
Immobilization of the radius and tibia are achieved with standard 
casts provided by the manufacturer. However, no standardized cast 
or holders for positioning of the MCP joints exist. Therefore, posi-
tioning devices for the MCP joints are custom-made with the hand 
in a fully pronated position.6,13 The standard for positioning of the 
MCP joints by the SPECTRA collaboration are the following: the 
MCP joints should be positioned with 0° to 15° of flexion, consistent 
with current clinical, radiographic imaging positioning of the MCP 
joints.12 However, to obtain reliable measurements of volumetric 
joint space width, the recommendations are to acquire imaging of 
the MCP joints <10° of flexion.22 In the present study, the visual 
grading for motion artefacts was low for acquisitions both with or 
without the inflatable immobilization device; this was evident as no 
reacquisition was needed, and the median grade in all parts of the 
330-slices stack was one. This indicates that the inflatable immobili-
zation device does not yield either better or worse imaging. Feehan 
et al. found a high degree of motion-induced image degradation in 
220-slices stack of the metacarpal heads (visual grading of motion 
artefacts >3) was detected in 2 out of 12 healthy participants.6 A 
previous study by Barnabe et al. found, in a group of 15 subjects, 
that 15.7% of the joints imaged had to be excluded from joint space 
width and periarticular microstructure analysis due to poor image 
quality. Still, only 5.7% of the joints had to be excluded from erosion 
analysis.8 However, they investigated 220-slices stack of the 1st to 
5th MCP and the 2nd to 5th proximal interphalangeal joints (PIP) and 
not only the 2nd and 3rd MCP joints, which we investigated in the 
present study. Imaging of both the MCP and PIP joints must be ob-
tained by multiple acquisitions. Therefore, increasing the number of 
acquisitions also increases the risk of an acquisition having motion-
induced image degradation. However, it appears that motion arte-
facts in HR-pQCT imaging of the MCP joints are less of a problem 
compared to the radius shown in other studies.5 The imaging time 
for the MCP joints is 3 times longer than the radius. Therefore, we 
expected that motion artefact would be a greater problem for the 
MCP joints. However, for imaging of the patient's wrist, the hand is 
positioned around a handle. It may be hard not to alternate the force 
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of the hand's grip during the scan. The variations in the patient's grip 
will result in motion-induced image degradation as the variation in 
the force of the handgrip results in movement of the wrist. For MRI 
of the hand, motion-induced image degradation has not been thor-
oughly investigated, but motion artefacts are a known predicament. 

In order to reduce the motion-induced artefacts, the common advice 
is to reassure the patient, using sequences with shorter acquisition 
time, using an appropriate coil, performing the scan under sedation, 
using soft pads between the inner surface of the coil and the pa-
tient's skin, and the use of immobilizing devices like straps.23

Without the inflatable 
immobilization device

With the inflatable 
immobilization device

P 
value

Visual grading of motion 
artefacts

1 [1-1] 1 [1-1.33] .038

Cohen's kappa 
coefficient, κ

0.85 (0.66-1.00) 0.78 (0.55-0.91)

Erosions, n 4 [0-10] 3 [0-9] .749

ICC (95% CI) 0.99 (0.94-1.00) 0.98 (0.91-1.00)

Average maximum 
width, mm

2.04 [1.37-2.20] 1.87 [1.68-2.49] .422

ICC (95% CI) 0.98 (0.92-0.99) 0.99 (0.95-1.00)

Average maximum 
depth, mm

1.69 [1.37-2.13] 1.91 [1.49-2.34] .673

ICC (95% CI) 0.98 (0.92-0.99) 0.97 (0.89-0.99)

Average maximum 
length, mm

2.44 [1.74-3.19] 2.26 [1.81-3.18] .845

ICC (95% CI) 0.93 (0.75-0.98) 0.98 (0.94-1.00)

Note: Data presented as median [IQR], statistical significance was tested using the Mann-Whitney 
U test. Cohen's kappa coefficient and intraclass correlation coefficients (ICC) are presented as 
mean (95% confidence intervals).

TA B L E  3   Visual grading of motion 
artefacts and the number, width, depth 
and length of erosions. Intrareader 
repeatability of visual grading of motion 
artefacts and the number, width, depth 
and length of erosions

F I G U R E  2   Bland-Altman plots for 
assessing agreement between acquisitions 
with and without the inflatable 
immobilization device, Erosion number 
(A), depth (B), width (C) and length (D). 
For each plot: on the x-axis, the mean 
of the acquisitions with and without 
the inflatable immobilization device; 
on the y-axis, the difference between 
the acquisitions with and without the 
inflatable immobilization device; the 
central line shows the mean difference 
between the 2 measurements; the dotted 
lines represent the limits of agreements, 
which correspond to 1.96 SD of the mean 
difference between the 2 measurements
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4.3 | Comparability

We did not see any clinically relevant difference in the visual grading 
for motion artefacts between the acquisitions with or without the 
inflatable immobilization device, neither did we observe a significant 
difference in any of the erosion measures. Hence, further immobili-
zation does not appear to be the most prudent way to ensure images 
without disruptive motion artefacts. The scan time has improved 
for the 2nd-generation HR-pQCT scanner. Although it was not used 
in the present study, it could be expected that a shorter scan time 
would reduce the risk for motion artefacts. Using the 1st-generation 
HR-pQCT scanner, the most pragmatic advice for reducing motion 
artefacts are proper patient instruction.

4.4 | Repeatability

The repeatability for visual grading for motion artefacts and num-
ber, width, depth and length of erosions of the 2nd and 3rd MCP 
joints were all high. We observed no discernible difference in the 
intrareader repeatability between the acquisitions with or without 
the inflatable immobilization device.

4.5 | Limitations

There are several limitations to this study. First, we evaluated 
whether the total number of erosions per patient corresponded be-
tween the 2 manners of acquisition but did not consider correspond-
ence of erosions in the exact same location. This might have led to an 
overestimation of repeatability. Second, the study only included pa-
tients with established RA. These patients often have more chronic 
damage to the joints and less active inflammation (Figure  3) com-
pared to newly diagnosed RA patients. Whether pain is a trigger for 

motion during imaging has not been established. However, whether 
pain is a trigger for motion during imaging has not been investigated. 
Third, only intrareader repeatability was investigated as all image 
analysis was carried out by one reader. The Inter-reader repeatabil-
ity is generally higher in comparison with intrareader repeatability.24 
Finally, only one operator with extensive experience with HR-pQCT 
imaging scanned all the patients. As such, the results might vary be-
tween other imaging facilities with operators less familiar with or 
trained in HR-pQCT image acquisition.

5  | CONCLUSION

The high acceptance shown by the patient-reported experience meas-
ures adds to the feasibility of the HR-pQCT imaging of the MCP joints 
in patients with RA, as more patients prefer HR-pQCT over conven-
tional radiographs. The inflatable immobilization device did not im-
prove the overall image quality as the visual grading of motion-induced 
image degradation was low with both acquisitions.
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Abstract
Aim: To evaluate subclinical left ventricular (LV) regional dysfunction in patients with 
primary Sjögren's syndrome (pSS) using feature tracking cardiac magnetic resonance 
(FT-CMR) imaging and to identify pSS characteristics independently associated with 
LV regional dysfunction.
Method: Fifty patients with pSS and 20 controls without cardiovascular disease 
underwent non-contrast CMR imaging. Labial gland biopsy was performed in 42 
patients (84%). Disease activity was assessed using the European League Against 
Rheumatism Sjögren's syndrome disease activity index (ESSDAI). LV global longitu-
dinal strain (GLS), global circumferential strain (GCS), and global radial strain (GRS) 
were measured using FT-CMR.
Results: No significant differences in cardiovascular risk factors were found between 
the pSS group and controls. The pSS group had significantly lower GLS (P = .015) and 
GCS (P = .008) than the control group. Multiple linear regression analysis indicated 
that GCS was significantly associated with Raynaud's phenomenon (P = .015), focus 
score ≥2 (P = .032), and total ESSDAI score ≥8 (P = .029).
Conclusion: FT-CMR can reveal subclinical LV regional dysfunction in patients with 
pSS without cardiovascular disease. Furthermore, patients with pSS and Raynaud's 
phenomenon, a focus score ≥2, or an ESSDAI score ≥8 were considered to be at high 
risk for myocardial dysfunction.
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1  | INTRODUC TION

Primary Sjögren's syndrome (pSS) is a rheumatic disease char-
acterized by chronic inflammation of the exocrine glands, but 
chronic inflammation can also be present in multiple other organs. 
Furthermore, patients with pSS share several clinical and pathophys-
iological characteristics with those with rheumatoid arthritis (RA) 
and systematic lupus erythematosus (SLE). Recently, many studies 
have reported increased cardiovascular disease (CVD) morbidity and 
premature mortality in patients with rheumatic diseases, such as SLE 
and RA.1,2 In addition, a meta-analysis of CVD showed that pSS was 
associated with increased cardiovascular morbidity, and a previous 
study reported that chronic inflammation in patients with pSS, as 
with patients with other immune-mediated inflammatory diseases, 
may increase the risk of CVD. However, the interaction between the 
disease-related features of pSS and myocardial regional dysfunction 
remains unclear.3,4

Cardiac magnetic resonance (CMR) imaging has been used to 
identify early left ventricular (LV) structural and functional changes 
that precede the development of overt heart failure. With the re-
cent advances in CMR, T1/T2 mapping has emerged as a method 
of quantifying myocardial tissue properties. While these approaches 
can quantify myocardial tissue, their imaging capabilities are limited.

On the other hand, feature tracking CMR (FT-CMR) imaging is 
a non-invasive approach that does not require contrast, which can 
be used to obtain a quantitative functional evaluation of the myo-
cardium and the direct measurement of myocardial strain from 
two-dimensional cine MRI. Myocardial strain analysis quantifies the 
stretch and contraction of regional myocardium in 3 directions: cir-
cumferential strain (CS), longitudinal strain (LS), and radial strain (RS). 
It has attracted attention as an index that can quantitatively evaluate 
wall motion abnormalities in more detail than the LV ejection frac-
tion. Moreover, FT-CMR imaging can be performed in patients with 
renal dysfunction, allergic reactions, or asthma as it does not require 
contrast.

Compared to tagging MRI, FT-CMR can be easily measured from 
cine MRI without the need for additional examinations, and has high 
inter-observer reproducibility.5 Although echocardiography is superior 
in terms of convenience and cost, FT-CMR has the advantages of ob-
jectivity and reproducibility because it does not depend on the skill of 
the surgeon or the body size of the subject. Especially in RA patients, 
it is often difficult to obtain images because they may not be able to 
posture sufficiently due to joint deformity or limited range of motion.

Recently, several reports have indicated that global LS (GLS) and 
global CS (GCS) on FT-CMR are highly correlated with speckle tracking 
echocardiography findings as well as the ejection fraction on CMR.6-8 
The overall average strain is called global strain, whereas global strain 
in the long-axis direction is referred to as GLS, which has received in-
creasing recognition as an index of overall ventricular contractility. In a 
large general population study, GLS was reported to be a predictor of 
mortality associated with CVD,9 while GCS was shown to be a predictor 
of future heart failure in the Multi-Ethnic Study of Atherosclerosis.10

This functional index shows early lowering and is thus a prom-
ising predictor of cardiovascular events, including heart failure, 
myocardial infarction, and cardiovascular death. We demonstrated 
that subclinical LV dysfunction is prominent in RA patients without 
cardiac symptoms using FT-CMR imaging. Moreover, biologic treat-
ment may be associated with better LV function, possibly due to the 
reduction in disease activity.11

Patients with pSS who have LV regional dysfunction may not ex-
hibit any clinical cardiac symptoms for clinical or pathophysiological 
features shared with RA; thus, asymptomatic cardiac complications 
might be missed.12

Therefore, we hypothesized that patients with pSS without car-
diac symptoms would have LV regional dysfunction. To test this, we 
measured GLS, GCS, and global RS (GRS) using FT-CMR to evaluate 
LV regional function in patients with pSS. Furthermore, we evalu-
ated pSS characteristics associated with LV regional function.

2  | MATERIAL S AND METHODS

2.1 | Study population

This cross-sectional study included women with pSS recruited at our 
hospital between January 2014 and April 2017. We enrolled only 
women because the prevalence of pSS is much higher in women than 
in men and to avoid the potential confounding effect of gender in 
this study. Patients with secondary SS were excluded from this study 
as we would have been unable to rule out the myocardial effects of 
complications such as RA and SLE.

All patients met the 2002 revised American-European Consensus 
Group classification criteria or the 2012 American College of 
Rheumatology classification criteria.13,14 Additionally, 20 healthy 
age-matched women were recruited as a control group.

The exclusion criteria included prior cardiovascular events 
(heart failure, angina, myocardial infarction, and arrhythmia) or pro-
cedures. Additionally, current or past smokers as well as patients 
with a history of diabetes mellitus (glycated hemoglobin (HbA1c: 
National Glycohemoglobin Standardization Program)  >  6.1%), hy-
pertension (>140/90 mm Hg), dyslipidemia (low-density lipoprotein 
[LDL] cholesterol >3.6  mmol/L by the Friedwald equation, high-
density lipoprotein [HDL] cholesterol <1.0  mmol/L, triglycerides 
[TG]  >  1.7  mmol/L), renal dysfunction (estimated glomerular fil-
tration rate <60 mL/min/1.73 m2), liver insufficiency, and a known 
cancer or lymphoma were excluded. Furthermore, patients with 
contraindications to MRI scanning (eg, cardiac pacemaker user or 
claustrophobia) were excluded.

This study was approved by the local ethics committee of 
Nihon University Itabashi Hospital, Japan (research number: RK-
160112-07). All procedures performed in this study involving human 
participants, including informed consent which was obtained from all 
patients, were in accordance with the 1975 Declaration of Helsinki 
(as revised in Brazil 2013).
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2.1.1 | Clinical assessments and pathological 
examination of Sjӧgren's syndrome

Disease activity in all patients with pSS was evaluated using the 
European League Against Rheumatism Sjögren's syndrome disease 
activity index (ESSDAI).15 All patients were clinically evaluated by 
the same observer for disease activity measures. They received cor-
ticosteroids and/or immunosuppressants, as decided by the treating 
rheumatologist. The presence or absence of Raynaud's phenom-
enon (RP) was determined based on the 2014 classification crite-
ria.16 Regarding the histological evaluation of the labial gland biopsy, 
salivary gland focus scores (FS) were defined as the mean number 
of lymphocytic foci containing ≥50 infiltrating lymphocytes per 4 
mm2 of periductal or perivascular tissue detected by hematoxylin 
and eosin staining.17 Additionally, lymphocytic foci had to exist in 
close proximity to the normal acinar cells. Histopathological analyses 
were performed by experienced pathologists and rheumatologists.

2.2 | Laboratory assessment

Fasting samples of serum and plasma were centrifuged and stored 
at −80°C. All assays were performed in our institute using our inter-
nal quality control procedures. Patients underwent measurement of 
total cholesterol, TG, HDL cholesterol, LDL cholesterol, and fasting 
blood glucose concentration to assess the traditional atheroscle-
rotic disease risk factors at the time of visit. We used typical blood 
test parameters required for pSS diagnosis (eg, rheumatoid factor, 
anti-Ro [SS-A] antibodies, and anti-La [SS-B] antibodies). We meas-
ured anti-Ro (SS-A) and anti-La (SS-B) antibodies using a commercial 
enzyme-linked immunosorbent assay kit based on purified antigens 
(Orgentec). Furthermore, we separately measured anti-Ro52 and 
anti-Ro60 antibodies, subtypes of anti-Ro (SS-A) antibodies, using 
BioPlex 2200 ANA Screen (Bio-Rad Laboratories).

2.3 | MRI acquisition and analysis

All patients and controls underwent non-contrast-enhanced CMR 
imaging with steady-state free-precession cine MRI on a 3.0T MRI 
scanner (Achieva; Philips Healthcare, Best, Netherlands) within a 
week after a clinical examination. Cine MRI is commonly used in 
LV regional functional analysis with CMR. Fifteen-second breath-
holding cine images (slice thickness, 8-10 mm) ranging from the base 
to the apex of the heart were acquired in the following orientations: 
single long-axis view and contiguous short-axis slices covering the 
entire LV. The cine MRI were used to measure the following vari-
ables: LV function; ejection fraction (EF), end-systolic volume, end-
diastolic volume, cardiac output and LV hypertrophy; LV mass (LVM), 
and LV mass index. In strain analysis, the LV 4- and 2-chamber views 
were used to measure LS and diastolic rates, whereas the mid LV 
short-axis view was used to measure CS, RS, and diastolic strain 
rates. A software application, MR-Wall Motion Tracking (Canon 

Medical Systems Corporation), was used for the analysis of myo-
cardial strain from cine MRI. This software program enables semi-
automatic imaging of the left and right ventricular walls and papillary 
muscles in electrocardiogram-gated cardiac cine MRI to obtain a 
quantitative analysis based on contours and myocardial tissue voxel 
motion. The percentage change (%) in the distance between 2 points 
of the myocardium during the phase from the resting state (end di-
astolic) to the state of contraction was calculated. Global strain was 
assessed by averaging the peak systolic values using the 16-segment 
model of the American Heart Association Classification.18 GLS, GCS, 
and GRS were used as indices of the LV regional function. A radiolo-
gist blinded to clinical information viewed and analyzed images.

2.4 | Statistical analyses

All continuous variables were considered non-normally distributed as 
the sample size was small. Continuous variables are expressed as me-
dians and interquartile ranges and were compared using the Wilcoxon 
rank-sum test. Categorical variables are presented as counts and pro-
portions and were compared using Fisher's exact test. We searched 
for independent pSS characteristics associated with LV regional dys-
function detected by CMR. In a linear regression analysis to identify 
independent pSS characteristics (ie, explanatory variables) with GCS 
as the dependent variable, we first selected several pSS character-
istics with reference to multivariable correlations between GCS and 
pSS characteristics using Spearman's rank correlation coefficient. 
Additionally, after consideration of clinical significance, pSS character-
istics for multivariable analysis were confirmed. In the multivariable 
analysis model, variables identified as significant in univariate linear 
regression analysis (P < .05) were fed using the forced entry method. 
All statistical analyses were performed using JMP® 14.0 software 
(SAS Institute Inc.). P < .05 was considered statistically significant.

3  | RESULTS

3.1 | Characteristics of participants

Fifty women with pSS (median age, 55 years; interquartile range, 47-
60.3 years) and 20 healthy female controls (median age, 54.5 years; 
interquartile range, 50-57.5  years) were included in this study. 
Baseline characteristics were similar between the RA and control 
groups (Table 1).

The median duration of the illness was 36 months (Table 2). Most 
patients with pSS presented with dry mouth and eye symptoms, 
but only 22% were diagnosed with RP. Regarding autoantibodies, 
46 (92%) of the 50 patients with pSS were anti-Ro (SS-A) antibody-
positive (anti-Ro52 antibodies were observed in 20 of 26 patients 
[77%]; anti-Ro60 antibodies were observed in 23 of 26 patients 
[88%]), whereas 19 (38%) were anti-La (SS-B) antibody-positive. 
Few patients with pSS were prescribed oral steroids (average dose 
4.6 mg/d) and/or immunosuppressants (ie, mizoribine or tacrolimus).
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3.2 | Salivary gland focus score

Forty-two patients (84%) underwent labial gland biopsy. The ma-
jority had 0 ≤ salivary gland FS <3, but only 17% reported 3 ≤ 
salivary gland FS <6. There were no patients with salivary gland FS 
≥6.

3.3 | ESSDAI

The median total ESSDAI score was 4 (interquartile range, 0-8). Most 
patients (52%) had a low ESSDAI, while only 7 (34%) were classified 
as having high disease activity based on the ESSDAI. Many patients 
displayed glandular, articular, hematological, or biological findings, 
but only a few patients exhibited renal, muscular, or peripheral 

nervous system involvement, and no patients demonstrated central 
nervous system involvement. In any case, none of the patients had 
high disease activity in any of the 12 domains.

3.4 | Comparison of regional function between 
patients with pSS and controls

The median GLS was 12% lower in the pSS group than in the control 
group (−16.0% vs −18.2%, P =  .015; Figure 1A). Likewise, the median 
GCS was 11% lower in the pSS group than in the control group (−17.6% 
vs −19.7%, P = .008; Figure 1B). There was no significant difference in 
GRS between the pSS and control groups (78.9% vs 83.6%, P =  .11). 
Diastolic GLS and GCS rates were significantly lower in the pSS group 
than in the control group (P = .01 and <0.001, respectively); however, 

Patients with pSS 
(n = 50) Controls (n = 20) P value

Demographic factors

Age, y* 55 (47-60.3) 54.5 (50-57.5) .81

Male, n (%) ** 0 (0) 0 (0) 1

Cardiovascular risk factors

Systolic blood pressure, mm Hg* 120 (110-132.3) 122.5 (118.3-125) .78

Diastolic blood pressure, mm Hg* 70 (64.8-77.3) 70 (66.8-78.0) .98

Total cholesterol, mg/dL* 178.5 (160.8-209) 175 (161.3-186) .81

LDL cholesterol, mg/dL* 100 (91.8-117.3) 88 (84-95.5) .30

HDL cholesterol, mg/dL* 56 (44.8-67.3) 59 (53-71) .65

Triglycerides, mg/dL* 99.5 (77-131) 116 (104.8-142.5) .13

Diabetes, n (%) ** 0 (0) 0 (0) 1

Smoking status

Current smoker, n (%) ** 0 (0) 0 (0) 1

Baseline CMR data

LV ejection fraction, %* 61.3 (58-68) 62 (59-66.5) .51

End-systolic volume, mL* 33.4 (25.5-40.4) 31.5 (28-36.5) .23

End-diastolic volume, mL* 88.25 (74.8-101.2) 95.3 (84.2-107.6) .12

Cardiac output, L/min* 3.8 (3.08-4.43) 4.2 (3.7-4.8) .36

LV mass, g* 59.5 (48-76) 68 (55-90) .082

LV mass index, g/m2* 44.9 (37.1-57.1) 52.6 (41.8-56) .092

GLS, %* -16.0 (−18.0 to 
−13.0)

-18.2 (−19.6 to 
−16.2)

.015

GCS, %* -17.6 (−20.4 to 
−16.2)

-19.7 (−23.0 to 
−18.4)

.008

GRS, %* 78.9 (61.5-88.6) 83.6 (68.0-100) .11

Peak diastolic GLS rate, S-1* 0.94 (0.82-1.2) 1.25 (0.95-1.75) .01

Peak diastolic GCS rate, S-1* 0.89 (0.75-1.07) 1.12 (0.94-1.37) <.001

Peak diastolic GRS rate, S-1* 4.29 (3.55-5.16) 4.57 (4.13-5.93) .21

Median (interquartile range) depicted unless otherwise indicated. *Wilcoxon rank-sum test, 
**Fisher's exact test
Abbreviations: CMR, cardiac magnetic resonance; GCS, global circumferential strain; GLS, global 
longitudinal strain; GRS, global radial strain; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; LV, left ventricular; pSS, primary Sjögren's syndrome.

TA B L E  1   Baseline characteristics of 
controls and patients with pSS
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there was no significant difference in the GRS rate between the pSS and 
control groups (P = .21).

3.5 | Association of GLS and GRS with pSS 
characteristics

GLS and GRS were not associated with any classical CVD risk factors 
or pSS characteristics (data not shown).

3.6 | Association of GCS with pSS characteristics

GLS was significantly associated with some pSS characteristics, but 
not with CVD risk factors. In bivariate analysis, factors significantly as-
sociated with GCS were RP, a salivary gland FS ≥2, a total ESSDAI score 
≥8, and the presence of the ESSDAI constitutional domain (P = .011, 
.013, .019, and .046, respectively; Figure 2). Anti-Ro (SS-A) and anti-La 
(SS-B) antibodies were not associated with GCS, GLS, or GRS.

3.7 | Multivariable analysis

We performed multiple linear regression analysis to identify pSS 
characteristics with GCS as the objective variable (Table 3). After 
consideration of clinical significance, RP, salivary gland FS ≥2, total 
ESSDAI score ≥8, and the presence of ESSDAI constitutional do-
main were selected as factors for multivariable analysis. Variables 
identified as significant in univariate linear regression analysis were 
used in the multivariable analysis model using the forced entry 
method.

After adjustment, multiple linear regression analysis identified RP, 
a salivary gland FS ≥2, and a total ESSDAI score ≥8 as independent 
pSS characteristics. The R2 associated with these 3 variables was 0.32.

3.8 | Global circumferential strain prediction by 
linear regression

Predicted GCS values were examined using the salivary gland FS 
(≥2:1, <2:0). An equation was obtained by univariate linear regres-
sion analysis of GCS and salivary gland FS (Figure 3). From this equa-
tion, GCS is 2.6 units higher for every unit rise in salivary gland FS. 
Evaluation of the prediction accuracy identified the mean absolute 
error and root mean square error as indicators. In this study, the 
mean absolute error and root mean square error of the regression 
model were 2.37 and 2.93, respectively.

4  | DISCUSSION

This study has several noteworthy findings. First, it showed that GLS 
and GCS were significantly lower in patients with pSS without cardiac 

TA B L E  2   Characteristics of patients with pSS

Patients with pSS 
(n = 50)

pSS status
Disease duration, mo 36 (12-107)
Dry mouth symptoms, n (%) 47 (94)
Dry eye symptoms, n (%) 39 (78)
Salivary gland scintigraphy, n (%) 36 (72)
Schirmer (n = 41) <5 mm/5 min, n (%) 28 (68)
Ocular staining score ≥3 or van Bijsterveld 

score ≥4 (n = 41), n (%)
26 (63)

Raynaud's phenomenon, n (%) 11 (22)
Anti-Ro (SS-A) ≥30 index, n (%) 46 (92)
Anti-La (SS-B) ≥25 index, n (%) 19 (38)
RF, IU/mL 21.2 (7.4-50.6)
ANA titer ≥1:320, n (%) 20 (40)
IgG, mg/dL 1876 (1418-2233)
C3 <86 mg/dL or C4 <16 mg/dL or CH50 

<30 U/mL, n (%)
5 (10)

C-reactive protein ≥0.3 mg/dL, n (%) 5 (10)
ESR, mm/h 33.3 (19.6-45.4)
WBC, /μL 4550 (3750-5450)

Labial gland biopsy (salivary gland FS)
Salivary gland FS (n = 42) 1 (1-2)
Salivary gland FS (n = 42) ≥0, <1, n (%) 5 (12)
Salivary gland FS (n = 42) ≥1, <2, n (%) 18 (43)
Salivary gland FS (n = 42) ≥2, <3, n (%) 12 (29)
Salivary gland FS (n = 42) ≥3, <4, n (%) 2 (5)
Salivary gland FS (n = 42) ≥4, <5, n (%) 2 (5)
Salivary gland FS (n = 42) ≥5, <6, n (%) 3 (7)

ESSDAI
Total ESSDAI score 4 (0-8)
Constitutional domain, n (%) 7 (14)
Lymphadenopathy domain, n (%) 7 (14)
Glandular domain, n (%) 14 (28)
Articular domain, n (%) 10 (20)
Cutaneous domain, n (%) 5 (10)
Pulmonary domain, n (%) 8 (16)
Renal domain, n (%) 1 (2)
Muscular domain, n (%) 1 (2)
PNS domain, n (%) 2 (4)
CNS domain, n (%) 0 (0)
Hematological domain, n (%) 11 (22)
Biological domain, n (%) 18 (36)

Current treatment
Prednisolone use, n (%) 6 (12)
Mizoribine use, n (%) 10 (20)
Tacrolimus use, n (%) 1 (2)

Median (interquartile range) depicted unless otherwise indicated
Abbreviations: pSS, primary Sjögren's syndrome; RF, rheumatoid factor; 
ANA, antinuclear antibody; IgG, immunoglobulin G; C3, complement 
3; C4, complement 4; CH50, 50% hemolytic complement activity; ESR, 
erythrocyte sedimentation rate; WBC, white blood cell; FS, focus score; 
ESSDAI, European League Against Rheumatism Sjögren's syndrome 
disease activity index; PNS, peripheral nervous system; CNS, central 
nervous system
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symptoms. Second, RP, a salivary gland FS ≥2, and a total ESSDAI 
score ≥8 were independent pSS characteristics significantly associ-
ated with lower GCS by multivariable analysis after adjustment.

The decrease in GLS and GCS was found to be associated with 
the amount of fibrosis and qualitative abnormality in the endo-
cardium and middle myocardium, respectively.19 In fact, previous 
studies showed lower GLS (ie, more positive) to be associated with 
structural heart disease, myocardial infarction, hypertensive heart 
disease, and stroke.20,21

On the other hand, in our prior study, GCS was significantly 
lower in patients with RA than in the control group, suggesting an 
impairment in the middle myocardium.11 Furthermore, we reported 
that myocardial abnormalities, as detected by CMR imaging, were 
frequent in patients with RA without CVD, and LGE in the middle 
layer was observed in more than half of patients.22 Moreover, di-
astolic GLS and diastolic GCS rates were significantly lower in the 
pSS group than in the control group in the longitudinal and circum-
ferential directions as was the case of strain. This may indicate an in-
creased risk of transition to heart failure with preserved EF (HFpEF). 
Previous studies investigating pressure-volume relationships, myo-
cardial wall stress, and diastolic strain rate suggested that the main 
cause of HFpEF was increased diastolic myocardial stiffness and 
delayed myocardial relaxation.23,24 We should consider that even if 
patients with pSS without CVD risk factors have normal EF, they may 
have potential LV regional dysfunction, as in this study. Namely, the 
results of this study suggest that cardiac complications are consid-
ered extraglandular complications of the pSS.

This study identified several GCS-related characteristics for pSS. 
Specifically, multivariable analysis after adjustment with GCS as the 
objective variable determined salivary gland FS ≥2, RP, and total 
ESSDAI score ≥8 as independent pSS characteristics. These char-
acteristics may provide hints about the pathogenesis of LV regional 
dysfunction in patients with pSS.

Salivary gland FS indicates the degree of infiltration of in-
flammatory cells (ie, lymphocytes) into salivary glands, and in a 
broad sense, it can be an indicator of inflammatory changes. 
Additionally, lymphocytic infiltration into, and the destruction of, 
exocrine glands leads to the chronic activation of lymphocytes 
and lymphocytic infiltration into other organs; in fact, Watanabe 
et al histologically demonstrated cardiac inflammatory cell infil-
tration in patients with pSS.25,26 Although we have not histolog-
ically demonstrated lymphocytic infiltration into the myocardium 
of individual patients, the results of this study suggested that the 
stronger the extent of lymphocytic infiltration into the small sali-
vary glands, the higher the possibility of LV regional dysfunction, 
and lymphocyte infiltration may have occurred in the myocardium 
as well.

Similarly, a total ESSDAI score ≥8 was an independent pSS char-
acteristic that was significantly associated with lower GCS. ESSDAI 
domains do not include those related to the levels of cardiac symp-
toms, RP, or salivary gland FS.14 However, a report has indicated 
that patients with pSS who have CVD may have increased disease 
activity, in particular in the pulmonary and central nervous system 

F I G U R E  1   Comparison of regional function between the pSS and control groups. Group comparisons were performed using Wilcoxon 
rank-sum test. (A) Control and pSS: the median GLS was significantly lower in patients with pSS than in controls (P = .015). (B) Control and 
pSS: the median GCS was significantly lower in patients with pSS than in controls (P = .008). PSS, primary Sjögren's syndrome; GLS, global 
longitudinal strain; GCS, global circumferential strain
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domains, and more frequently increased use of corticosteroids and 
immunosuppressants.27

In addition, RP was independently associated with lower GCS. 
In rheumatic diseases, the main cause of cardiac complications in 
patients with systemic sclerosis, as with those who have RP, is re-
ported to be vasospasm of small blood vessels.28 In our previous 
study on patients with systemic sclerosis, we also reported findings 

suggestive of the existence of a pathophysiological mechanism com-
mon to cardiac complications, as detected by CMR and RP.29 We 
speculated that chronic vasospasm would contribute to angiopathy, 
promoting the progression of myocardial injury.

This study has some limitations. First, this study had a cross-
sectional design; therefore, no follow-up was performed. Second, 
this study did not evaluate patients with pSS with CVD risk factors 

F I G U R E  2   Global circumferential strain vs pSS status. Group comparisons were performed using the Wilcoxon rank-sum test. (A) RP: 
the median GCS was significantly lower in patients with pSS with RP than in those without RP (P = .011). (B) Salivary gland FS (n = 42) ≥2: 
the median GCS was significantly lower in patients with pSS with salivary gland FS ≥2 than in those with salivary gland FS <2 (P = .013). 
(C) Total ESSDAI score ≥8: the median GCS was significantly lower in patients with total ESSDAI score ≥8 than in those with total ESSDAI 
score <8 (P = .019). (D) Constitutional symptoms: the median GCS was significantly lower in patients with constitutional symptoms than in 
those without any constitutional symptoms (P = .046). pSS, primary Sjögren's syndrome; GCS, global circumferential strain; RP, Raynaud's 
phenomenon; FS, focus score; ESSDAI, European League Against Rheumatism Sjӧgren's syndrome disease activity index
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using FT-CMR. We also did not enroll male patients or patients with 
secondary SS as we would have been unable to rule out the myo-
cardial effects of complications such as RA and SLE. Third, we did 
not use methods to completely exclude potential atherosclerosis, 
such as carotid ultrasound and cardiac catheterization. Fourth, we 
did not perform a histological examination of the LV regional dys-
function. Fifth, we did not perform T1/T2 mapping. T1/T2 map-
ping is a method of quantifying tissue properties while FT is used 
to quantify LV regional function, and both have different purposes. 
Accordingly, some studies have reported that T1/T2 mapping and FT 

are complementary and that their combined use leads to improved 
lesion detection.30,31 We also plan to combine these 2 methods in 
future studies.

In conclusion, our findings suggest that subclinical LV regional 
dysfunction is prominent in patients with pSS without cardiac symp-
toms. Furthermore, the pathogenesis of pSS was thought to play an 
important role in the development of LV regional dysfunction. The 
clinical impact of our findings is that they suggest that LV dysfunc-
tion could be considered an extraglandular complication of pSS.
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1  | INTRODUC TION

Primary Sjögren's syndrome (pSS) is a complex autoimmune dis-
ease characterized by excessive dryness at sensitive mucosal mem-
branes often associated with immune cell infiltration into secretory 
glands.1,2 Many patients with pSS also experience chronic fatigue, 
and a portion of patients may develop systemic manifestations, as a 
result of antibody-mediated involvement in other organ systems.3-5 
pSS progression and drug response is understood to involve par-
ticipation from both antigen-presenting cells that mediate innate 

responses, as well as adaptive responses from T and B lymphocytes 
in the form of directed cell killing and antibody secretion.6 On a tran-
scriptome level, a number of molecular pathways have been demon-
strated to be involved in this progression process, particularly those 
related to interferon activity.7,8 However, it is unclear if other biolog-
ical processes may also be critically involved, and the extent to which 
autoreactive responses in pSS may differ from healthy immune re-
sponses to pathogen insult is also under investigation.

In recent years, improvements in transcriptome profiling have 
made it increasingly possible to carefully characterize the expression 
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Abstract
Primary Sjögren's syndrome (pSS) is a complex autoimmune disease characterized by 
aberrant immune cell action against secretory glands throughout the body. A number 
of studies have previously identified unique characteristics in the circulating expres-
sion profile of white blood cells of pSS patients. However, the molecular progression 
pattern of pSS is unclear. Through a systematic analysis of pSS transcriptome infor-
mation, we found that pSS transcriptomes display broad heterogeneity, but cannot be 
distinguished from the broad range of possible profiles of healthy controls. Instead, 
only sample learning using a subset of pre-identified signature genes could achieve 
partial separation through a trajectory governed by interferon activity. Interestingly, 
this trajectory is correlated with a decrease in dendritic cell counts. Our study thus 
highlights a major limitation to the utility of broad blood transcriptome analysis in the 
context of pSS, while also identifying several factors that influence the divergence 
between patient samples.
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profiles of complex clinical samples. New methods for data analysis 
have also been developed to help uncover more biological and clin-
ical insights from these large-scale genomic data. When coupled 
together, these advances have created the potential for biomarker 
identification across a wide range of pathophysiological conditions. In 
the context of autoimmune diseases, a large number of transcriptome 
profiling studies have already been conducted to identify expression 
signatures associated with disease status, drug response, and other 
clinical phenotypes. However, the extent to which transcriptome pro-
filing may help inform the current understanding of pSS progression 
is incompletely understood. Some previous studies have attempted 
to apply commonly used clustering approaches to identify differen-
tially expressed genes between pSS patients and healthy controls.9-11 
While these approaches have been able to identify some putative 
hub genes to associate with disease status,12,13 such analyses rely on 
a premise that pSS is a generally homogenous disease with relatively 
strong shared signature of disease. However, the wide observed 
variation in clinical phenotypes between pSS patients suggests oth-
erwise. As such, alternative analysis approaches that embrace tran-
scriptome heterogeneity may yield additional insights.

One novel approach has been to utilize newer dimension reduc-
tion and clustering algorithms (such as t-distributed stochastic neigh-
bor embedding and Uniform Manifold Approximation and Projection 
[UMAP]) to distinguish unique groups within a larger pool of samples. 
These algorithms tend to emphasize the larger transcriptome differ-
ences to help uncover defining characteristics for each group. At the 
same time, trajectory inference algorithms have also been developed 
to resolve the finer differences between individual samples, and are 
designed to learn the most likely order in which changes in gene ex-
pression occur. Because a large pool of samples can be presumed to 
encompass individual variation in temporal progression along a given 
process, trajectory inference of a cluster(s) of cells sampled at a sin-
gle point in time can be used to infer possible past and future states 
for an intermediate cell by learning the drivers of temporal variation. 
Trajectory inference is now commonly used on single-cell sequenc-
ing data to understand the order and mechanisms by which early 
progenitors develop into mature effectors. However, more broadly, 
trajectory inference may be used to predict possible progression pat-
terns in the absence of true longitudinal sampling, and this extension 
may have significant utility for large-cohort translational studies. In 
this manuscript, we set out to apply a trajectory inference approach 
to characterize the transcriptome progression pattern of pSS by 
treating each patient transcriptome as an individual point for con-
sideration. We then apply trajectory-based analysis to identify key 
pathways and molecules that contribute to disease progression.

2  | METHODS

2.1 | Data compilation

To find transcriptome data on patients with pSS, we searched the 
National Center for Biotechnology Information GEO database for 

“sjogren syndrome” and manually reviewed each of the results re-
turned. Three large (n  >  50) transcriptome studies were recovered 
that investigated the peripheral blood profiles of patients with SS. 
GSE66795 utilized microarrays to profile the expression of 160 sam-
ples from the UK pSS registry (UKPSSR) cohort.14 GSE14​0161 uti-
lized microarrays to profile the expression of 351 samples from the 
Assessment of Systemic Signs and Evolution in Sjögren's Syndrome 
(ASSESS) cohort.15 GSE51092 utilized microarrays to profile 222 sam-
ples in work contributed by the Sjögren's Genetics Network (SGENE).16 
An additional RNA sequencing dataset containing 114 samples of sali-
vary gland transcriptomes from pSS and controls was also analyzed.17

2.2 | Dimension reduction and trajectory inference

Taking the expression matrix and associated metadata collected 
above, we loaded the files into R for management using the Seurat 
package.18 Data were log-normalized and scaled, and highly vari-
able genes (HVGs) were identified using the vst algorithm in Seurat. 
Initial dimension reduction into a 2-D manifold was achieved using 
UMAP,19 as implemented through the uwot package in R. Processed 
data was subsequently transferred into the monocle suite in R for 
trajectory alignment using the DDRTree algorithm.20

2.3 | Pathway inference

In order to identify the pathways contributing to the progression of 
pSS transcriptomes, we used the TIPS workflow21 in R with recom-
mended settings. Using the Reactome pathway knowledgebase22 as 
our reference, we assessed the relative contribution of all pathways 
with at least 20 genes detected in each dataset through a process of 
iterated trajectory mapping. Associated visualizations of pathway tem-
poral order and gene correlation were also computed via the shiny app.

2.4 | Deconvolution and drug-gene network analysis

Immune cell type deconvolution was performed using the Xcell 
package in R,23 with cell types passing the recommended detection 
threshold being retained for analysis. Drug-gene network analysis 
was performed using interaction information provided by DSigDB.24 
The gene correlation network was constructed using tidygraph in 
the tidyverse environment25 in R.

3  | RESULTS

3.1 | Manifold learning of pSS transcriptome 
signatures in peripheral blood

In order to learn the trajectory of transcriptome changes in the pe-
ripheral blood of pSS patients, we first used a number of distinct 

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE66795
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE140161
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE51092
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manifold learning algorithms on the UKPSSR cohort. Much to our 
surprise, we discovered that dimension reduction using standard ap-
proaches of considering the full transcriptome, or otherwise the por-
tion of genes displaying high variation (HVGs), were unable to clearly 
delineate differences between pSS and healthy control samples 
(Figure 1A,B). This lack of stratification was algorithm-independent, 
indicating that it was not influenced by potential biases in any one 
approach (Figure S1). Rather, this result demonstrates that on a ho-
listic level, the peripheral transcriptome profiles of patients with pSS 
are not completely unique.

Since these canonical unsupervised stratification approaches 
fail to identify clear transcriptome differences, we then attempted 
to use a supervised approach to learn a manifold using only a small 
subset of genes previously reported to be differentially expressed 
in pSS patients (SS signature). Through this approach, we could ob-
serve significant isolation of healthy control (HC) samples from pSS 
samples (Figure  1C,D). However, we observed that a substantial 
number of pSS samples were still indistinguishable from HC none-
theless. Furthermore, when we examined the resulting manifold for 
patient-reported fatigue, we observed that it was also unable to re-
flect differences in fatigue (Figure 1E). Indeed, focused differential 

analysis of the dataset based on fatigue classification found few dif-
ferentially expressed genes (DEGs) between different fatigue levels, 
and manifold learning based on significant DEGs was unable to strat-
ify clearly (Figure S2). On the other hand, unsupervised clustering 
of the manifold learned according to the reported SS signature was 
able to identify 3 clusters that did have significant amounts of DEGs 
between themselves (Figure 1F).

3.2 | Trajectory mapping of UKPSSR cohort

In order to understand the biological processes that were driv-
ing transcriptome progression from HC and the 2 pSS clusters, we 
then performed trajectory mapping using DDRTree. When we ap-
plied the SS signature list as the basis for trajectory mapping, we 
observed that pseudotime ordering was unable to clearly separate 
samples based on fatigue levels (Figure 2B), but readily distinguished 
between the 3 clusters uncovered from the UMAP manifold and 
could consequently place HC samples at the start point of the tra-
jectory (Figure  2C). In contrast, when we applied canonical HVGs 
for trajectory analysis, we observed no separation between HC 

F I G U R E  1   Cluster ordering of UK primary Sjögren’s syndrome (pSS) registry (UKPSSR) cohort data. (A) Uniform Manifold Approximation 
and Projection (UMAP) dimension reduction of peripheral blood transcriptomes using all expressed genes shows no apparent stratification 
between control and pSS patient samples, although 2 dominant clusters of expression states are found. (B) UMAP dimension reduction 
of peripheral blood transcriptomes using the portion of genes showing high expression variation (HVGs) shows no apparent stratification 
between control and pSS patient samples. (C) UMAP dimension reduction of peripheral blood transcriptomes using only genes previously 
reported to be associated with pSS shows stratification between a large portion of control and pSS patient samples. However, we note 
that the lower third of the UMAP space still shows interspersed control and pSS samples. (D) Clustering of the UMAP space learned from 
application of the SS signature yields 3 clusters of similar size. (E) Bar graph visualization of the fatigue status of each patient sample from 
the clusters identified in (D). Notably, samples from patients with low and medium fatigue levels are found in all 3 clusters. (F) Heatmap of 
the top representative marker genes for each cluster identified in (D)
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and pSS samples (Figure  S3). We then performed a holistic analy-
sis of pathway contributions to this overall trajectory using the TIPS 
method. Interestingly, we observed that only 8 pathways from the 
Reactome knowledgebase (2263 total) showed significant contri-
bution (Figure 2D, Table S1). These included a number of pathways 
associated with interferon response and activity, as anticipated 
(Figure 2E). However, we also identified previously unreported path-
ways involving complement cascade and nicotinate metabolism. 
Progression ordering of these pathways demonstrated that they all 
underwent activation at essentially the same point along the trajec-
tory (Figure 2F). Of note, pathway progression was largely driven by 
relatively linear changes in gene expression, and no rapid-activation 
events were observed (Figure  2G). Taken together, these results 
confirm that an interferon-driven progression may be involved in 
pSS, and that other unrelated pathways may also show concurrent 
changes in expression.

3.3 | Trajectory mapping of ASSESS cohort

To validate the conclusions drawn above, we further analyzed an-
other large dataset of peripheral blood transcriptome of pSS patients 
taken from the ASSESS cohort. As before, we observed that conven-
tional approaches toward manifold learning were unable to mean-
ingfully separate antibody-positive patients from antibody-negative 
controls (Figure  3A,B). However, supervised learning using the SS 
signature was able to achieve partial stratification in both the UMAP 
(Figure 3C) and trajectory manifolds (Figure 3D-F). Interestingly, we 
also observed no significant stratification between patients who 
were positive for anti-Ro vs anti-La antibodies, suggesting that the 
type of antigen involved did not have a strong influence on the over-
all transcriptome.

Through TIPS analysis, we observed a strong recapitulation of 
the interferon signature observed in the UKPSSR cohort (Figure 3G, 
Table S2). However, we could not identify a statistically significant 
association of the complement cascade and nicotinate metabolism 
pathways. Collectively, this validation analysis further demonstrates 
that peripheral pSS transcriptomes are highly similar to HC, with 
some differences driven by interferon signaling.

3.4 | Trajectory mapping of SGEN cohort

To further validate these results, we also considered the microarray 
data from the SGEN cohort. Consistent with the previous analysis, 
dimension reduction based on HVGs and the full transcriptome was 
unable to separate out cases from controls (Figure S4A-B). However, 
reduction based on the SS signature list was able to achieve partial 
stratification in both UMAP and DDRTree (Figure S4C-E). However, 
unfortunately, this dataset featured a relatively smaller number of 
unique probes, and did not provide information on a large enough 
number of genes to enable accurate pathway inference. As such, we 
did not apply this dataset in our further analysis.

3.5 | Changes in cell composition over trajectory 
progression

While the analyses above explored the peripheral transcriptome of 
pSS on a general level, it is also well appreciated that the transcrip-
tome is contributed by a range of distinct immune cell types with 
their own functional characteristics. In order to explore the influence 
of this heterogeneity on the manifolds learned, we then performed 
deconvolution analysis to track relative changes between cell popu-
lations. Interestingly, only a relatively small number of cell types ap-
peared to display significant associations with trajectory progression 
along the SS signature manifold. In both the UKPSSR and ASSESS 
cohorts, we found that conventional dendritic cell (cDC) populations 
declined with trajectory advancement (Figure 4A,B). Consistent with 
this analysis, inspection of key dendritic cell markers revealed that 
the cDC markers FCER1A and CD1C indeed declined over the course 
of the trajectory in both cohorts (Figure 4C,D). cDCs are understood 
to play critical roles in antigen processing and presentation to T cells. 
However, interestingly, the decline of cDC percentages did not ap-
pear to be associated with a decline in genes associated with antigen 
presentation, or T cell co-stimulation. Taken together, these results 
suggest that while cDCs decline in number under the influence of 
interferon activity, the key functions of these cells is not similarly 
affected.

To investigate the potential of these changes contributing to al-
terations in the infiltrating immune cell populations within the se-
cretory glands of pSS patients, we then repeated this deconvolution 
analysis on a dataset of parotid and labial transcriptomes of pSS pa-
tients and healthy controls. From UMAP reduction using HVGs, we 
observed that labial and parotid specimens were substantially dis-
tinct from each other, and that a portion of pSS patients had highly 
unique transcriptome profiles (Figure S5A). These unique pSS pro-
files were characterized by the presence of large amounts of CD45+ 
immune cells (Figure S5C). Interestingly, we observed that activated 
DCs and cDCs were highly enriched in both parotid and labial glands 
of pSS patients with high immune cell infiltration, while plasma cells 
were limited to the labial glands with high infiltration (Figure S5D). 
Weaker signatures of monocytes and M1 macrophages could also be 
seen in these patients. These results thus suggest that several of the 
immune cell populations found to be associated with trajectory pro-
gression in the peripheral blood of pSS patients may also be found 
among the infiltrating immune cells in patient secretory glands. 
Further studies may clarify if peripheral counts of these cells may 
have direct correlations with their presence in salivary infiltrates.

3.6 | Identification of putative therapeutic targets 
over trajectory progression

In order to explore the translational potential of our manifold learn-
ing analysis, we further mined drug-gene interaction databases to 
explore the possibility that some of the genes contributing to trajec-
tory progression may be viable targets for therapeutic intervention. 
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Through merged consideration of both cohorts, we identified a 
subset of 148 genes corresponding to a pool of 49 currently Food 
and Drug Administration-approved drugs as possible candidates 
(Figure  5A,B). We further filtered this list using the criteria that 
these genes must show significant overexpression in pSS patients 
compared to HC (Figure 5C), as the vast majority of these drugs are 
known to inhibit the function of their cognate gene. Through net-
work clustering and visualization of these possible targets in both 
cohorts, we observed a shared identification of 2 independent net-
works (Figure 5D,E). The smaller hub, containing PSMA5 and PSMB5 
in both cohorts, indicates an association between the trajectory and 

proteasome function and highlighted a number of proteasome in-
hibitors such as bortezomib. We could also identify a larger and more 
complex network, containing hub genes such as Janus-activated 
kinase 2 (JAK2), signal transducer and activator of transcription 1 
(STAT1), and TNF Superfamily Member 10 (TNFSF10) and which 
highlighted JAK inhibitors such as tofacitnib, as well as an array of 
kinase inhibitors typically used for chemotherapy. A full list of the 
therapeutic agents and their cognate targets is included as Table S3. 
Overall, this analysis demonstrates that 2 independent interaction 
networks may play a role in interferon-driven pSS progression and 
include possible targets for intervention.

F I G U R E  2   Trajectory mapping of UK primary Sjögren’s syndrome (pSS) registry (UKPSSR) cohort data identifies interferon (IFN) 
signature. (A) Pseudotime assignment onto the DDRTree mapping of the UKPSSR data per the SS signature gene set yields a relatively linear 
trajectory with only minor bifurcations. (B) Overlay of patient fatigue characteristics on the DDRTree mapping also shows no apparent 
correlation in this learning approach. (C) Overlay of the cluster assignments recovered (as in Figure 1D) shows that each cluster falls into a 
distinct timeframe along the pseudotime progression trajectory. (D) Scatterplot of the pseudotime correlation (absolute Pearson's R) for all 
Reactome pathways analyzed relative to the size of the pathway (number of genes). A clear delineation can be seen, wherein 8 pathways 
have the highest absolute enrichment. (E) Dotplot of the 8 pathways with highest contributory significance from (D). (F) Temporal alignment 
of the pathways along the pseudotime trajectory shows that all of the pathways essentially change concurrently. (G) Scatterplot profile of 
the top 5 genes from the IFN-signaling pathway with pseudotime correlation demonstrates that each gene undergoes a linear increase in 
expression over the course of trajectory progression
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4  | DISCUSSION

Current therapeutic options for pSS patients are generally limited to 
topical therapies to provide symptomatic relief for dryness, and the 
off-label applications of common glucocorticoids and other disease-
modifying anti-rheumatic drugs (DMARDs) approved for similar au-
toimmune diseases. However, none of these treatments have been 
demonstrated to have clear and sustained efficacy in clinical trials. 
Furthermore, many of these treatments are relatively non-specific, 
and current clinical recommendations are unable to suggest anything 
more effective. Through our trajectory-driven analysis, we identify 

2 novel avenues for potential therapy, via proteasome inhibition or 
JAK/STAT inhibition.

The proteasome complex plays a key role in a range of immune 
cell activities, particularly antigen processing and antibody secre-
tion. While proteasome inhibitors are typically applied in clinical 
practice to treat multiple myeloma, some case reports and transla-
tional studies have indicated successful treatment of autoimmune 
disorders via proteasome inhibition.26,27 Interestingly, the prote-
asome inhibitor bortezomib has been reported to ameliorate fa-
tigue and allow steroid tapering in a single case of refractory pSS; 
it is unclear if these benefits would extend to a larger-scale clinical 

F I G U R E  3   Trajectory mapping of ASSESS cohort. (A) Uniform Manifold Approximation and Projection (UMAP) dimension reduction 
of peripheral blood transcriptomes using all expressed genes shows no apparent stratification between control (antibody-negative) and 
primary Sjögren’s syndrome (pSS) (antibody-positive) patient samples, although 2 dominant clusters of expression states are found. (B) 
UMAP dimension reduction of peripheral blood transcriptomes using the portion of genes showing high expression variation (HVGs) shows 
no apparent stratification between control and pSS patient samples. (C) UMAP dimension reduction of peripheral blood transcriptomes 
using only genes previously reported to be associated with pSS shows stratification between a large portion of control and pSS patient 
samples. (D) Pseudotime assignment onto the DDRTree mapping per the SS signature gene set yields a relatively linear trajectory with one 
intermediate bifurcation. (E, F) Antibody-negative patients span the early portion of the trajectory, while antibody-positive patients span 
the later portions. (G) Pathway inference of the dataset only recovers 4 pathways to contribute to pseudotime progression, all of which are 
intimately associated with interferon (IFN) signaling. (H) Scatterplot of the IFN-signaling associated genes identified in the UK pSS registry 
(UKPSSR) cohort demonstrates that these genes are also highly significantly associated with pseudotime progression in the ASSESS cohort
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evaluation.28 However, since proteasome inhibition would likely be 
beneficial in suppressing plasma cell antibody secretion at a mini-
mum, irrespective of additional impact on antigen presentation, we 
believe that this approach holds promise for patients refractory to 
other treatment options.

The JAK/STAT pathway is a common signaling pathway involved 
in driving immune cell behavior across a wide range of populations. 
Although the precise molecular mechanisms explaining its therapeu-
tic efficacy are still not fully understood, a number of large clinical 
trials have demonstrated its efficacy as a DMARD in the context 
of rheumatoid arthritis and other autoimmune diseases.29 Per our 
understanding, a number of translational studies are currently un-
derway to examine the efficacy of JAK inhibition in patients with 
pSS.30,31 Extrapolating from our analysis results, we hypothesize 
that inhibiting the JAK-centered network may be effective in caus-
ing direct reduction in the expression of the surface molecule TRAIL 
(encoded by TNFSF10), and interrupt interferon-driven pSS progres-
sion. However, this strategy may be much less effective in patients 
with peripheral transcriptomes lacking interferon signatures.

More generally, our analyses discovered a reduction in cDC 
proportion over the course of interferon-driven pSS progression. 
Through examination of the literature, we found that this phenotype 

is supported by studies on animal models and in small clinical co-
horts.32-34 However, this phenotype is also quite perplexing, given 
that interferon signaling is generally understood to play a positive 
role in promoting DC maturation in both physiological and patholog-
ical settings. As histological examinations of affected salivary glands 
in pSS patients have shown DC infiltration, one possible explanation 
for the DC decrease may be that the matured DCs migrated into 
these sites of active inflammation. However, single-cell analysis of 
the chemokine response of these DC populations would be required 
to demonstrate this phenomenon.

At the same time, we believe that the negative result found 
through our analysis (in the form of failed direct delineation be-
tween HC and pSS transcriptomes) also raises an important warning 
for the future direction of large-cohort studies of pSS. This failure is 
particularly surprising given that application of unsupervised learn-
ing methods is generally effective in the context of other autoim-
mune diseases such as lupus and rheumatoid arthritis at separating 
cases from controls. We are unsure of the cause for this divergence. 
However, we believe that these results clearly demonstrate that al-
though transcriptome profiling is becoming increasingly accessible 
and economical, general sequencing of the heterogeneous circulat-
ing immune cell populations may not always be an ideal investigative 

F I G U R E  4   Changes in cell composition over trajectory progression. (A) Scatterplot of changes in predicted cell scoring (from XCell) 
over the course of pseudotime progression in the UK primary Sjögren’s syndrome (pSS) registry (UKPSSR) cohort. A noticeable decline in 
conventional dendritic cells (cDCs) can be prominently observed, while M1 macrophages and activated DCs increase. (B) Scatterplot of 
changes in predicted cell scoring (from XCell) over the course of pseudotime progression in the ASSESS cohort. A noticeable decline in 
cDC can be prominently observed as in (A), but changes in M1 macrophages and activated DC are not pronounced. (C, D) Human cDCs are 
understood to have prominent expression of the surface molecules CD1C and FCER1A, both of which decline in expression over the course 
of pseudotime progression in both cohorts. Interestingly, no significant change is seen in the broader DC marker CD11c (ITGAX), suggesting 
the possibility of DC status conversion, as opposed to outright DC depletion
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strategy. In the context of pSS, generic sequencing is not helpful 
for explaining some of the key clinical characteristics of the disease 
(such as patient fatigue level or antibody presence). This type of 
approach is also unlikely to identify strong signatures that reflect 
clinical intervention, as pSS transcriptomes are insufficiently unique. 
Rather, more targeted and/or longitudinal profiling of select popula-
tions may be required to unlock new knowledge regarding the mech-
anistic underpinnings of these clinical phenotypes. Longitudinal 
profiling of affected tissues, such as salivary glands, may also reveal 
a more accurate understanding of pSS progression.

In conclusion, from applying our manifold learning approach to an-
alyzing the peripheral blood transcriptomes of patients with pSS, we 
identified a number of contributing characteristics and potential drug 
targets in interferon-driven pSS development, as well as a major lim-
itation to applying transcriptome analysis in this context. Further vali-
dation work on DC function and JAK/STAT signaling may help identify 

new avenues for treatment in pSS patients with high levels of inter-
feron activity. However, broad transcriptome profiling of patient pe-
ripheral blood is likely insufficient for personalizing patient treatment 
or otherwise identifying unique biomarkers of pSS.
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Abstract
Introduction: Lupus nephritis (LN) is a major manifestation of systemic lupus erythe-
matosus (SLE) which contributes to significant morbidity and mortality. It is unclear 
whether the timing of LN onset influences renal outcome. This study aimed to inves-
tigate differences in clinical features—particularly the relapse-free rate—in remission 
duration from induction therapies for LN and the onset timing of LN after the devel-
opment of SLE.
Methods: We enrolled 66 LN patients from January 2004 to March 2020. We col-
lected the following: demographic data, laboratory data, renal histology data, and LN 
induction therapy data. Renal remission and relapse-free rates were calculated for 
each group.
Results: Patients were first divided into early remission group (achieved renal remis-
sion in <12 months [n = 44]) and others (n = 22). There were no significant differ-
ences in clinical data, treatments, and relapse-free rate of LN. Patients were then 
divided into initial-onset LN (<12  months after development of SLE [n  =  49]) and 
delayed-onset LN (≥12  months after development of SLE [n  =  17]). Kaplan–Meier 
analysis showed that the relapse-free rate was significantly higher in all patients with 
initial-onset LN than those with delayed-onset LN (P = .0094).
Conclusion: The relapse-free rate was significantly higher in the initial-onset LN 
group than the delayed-onset LN group of patients with LN of various histopatho-
logical backgrounds. These data suggest that delayed-onset LN is a risk factor for the 
relapse of LN.
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1  | INTRODUC TION

Systemic lupus erythematosus (SLE) is an autoimmune disease char-
acterized by a loss of self-tolerance and formation of nuclear autoan-
tigens and immune complexes, resulting in inflammation of multiple 
organs.1 Lupus nephritis (LN) is a major manifestation of SLE that 
contributes to significant morbidity and mortality.2 Patients with LN 
have higher mortality rates than SLE patients without LN.3 From 2012 
to 2013, clinical guidelines for LN were reported from the American 
College of Rheumatology (ACR),4 Kidney Disease Improving Global 
Outcome,5 joint European League Against Rheumatism (EULAR), 
European Renal Association (ERA), European Dialysis and Transplant 
Association (EDTA),6 and Asian Lupus Nephritis Network.7 EULAR 
updated the management recommendation for SLE in 2019.8 Those 
clinical guidelines recommend performing a renal biopsy in order 
to obtain renal histology unless strongly contraindicated. Also, 
treatment should be based on the type of LN, as classified by the 
International Society of Nephrology/Renal Pathology Society (ISN/
RPS) criteria.9,10 Additionally, in induction therapies for classes Ⅲ 
or Ⅳ LN, the use of mycophenolate mofetil (MMF) or intravenous 
cyclophosphamide (IVCY), along with glucocorticoids, was recom-
mended based on various clinical trials including the Aspreva Lupus 
Management Study.11 Further, it has been reported that renal re-
sponse after 6 months of treatment with IVCY can predict long-term 
renal outcomes based on data obtained in the Euro-Lupus Nephritis 
Trial.12 Reports also suggest that, in Japan, achieving early renal re-
mission of classes Ⅲ or Ⅳ LN using glucocorticoids with immuno-
suppressants might predict good outcomes, such as reduced organ 
damage and a low incidence of disease flare.13,14

On the other hand, some patients develop SLE and LN simul-
taneously, while others develop LN after an SLE diagnosis with-
out renal involvement. According to several reports, the number 
of SLE patients who developed LN later was fewer compared to 
those who were diagnosed with LN simultaneously or within a 
few years.15-18 It is unclear whether the timing of the onset of LN 
influences renal outcome. Reports from Ugolini-Lopes et al19 and 
Dlifino et al20 showed that no major differences were noted when 
disease profile or treatment outcome of early- and late-onset LN 
were compared. On the other hand, several reports from Japan 
showed that SLE patients with early-onset LN had better renal out-
comes when compared to those with late delayed-onset LN.18,21,22 
Because the results were different, it is unclear how the timing 
of LN onset affects its pathophysiology. Although a renal biopsy 
is recommended for diagnosing and treating LN, it is difficult to 
achieve in patients at risk of bleeding, in poor general condition, 
or who refuse it. In clinical settings, it is often difficult to treat 
and predict the prognosis of patients with LN who have not been 
histologically diagnosed.

This study investigated SLE patients with LN at Ohta-
Nishinouchi Hospital and Fukushima Medical University Hospital 
to assess if there were differences in clinical, serologic profile, 
treatments, and relapse-free rate of 2 groups of patients. One 

group involved duration of remission of LN from induction ther-
apies (<6  months and ≥6  months), and the other involved onset 
timing of LN after SLE development (<12 months after SLE devel-
opment or ≥12 months).

2  | METHODS

2.1 | Patients

Medical records of LN patients at Ohta-Nishinouchi Hospital and 
Fukushima Medical University Hospital who suffered from the dis-
ease for 1 or more years—from January 2004 to March 2020—were 
reviewed. SLE was diagnosed according to the ACR classification 
criteria of SLE,23 while LN was diagnosed according to pathological 
findings obtained from renal biopsy. In lieu of renal biopsy, diagnosis 
of LN was made using the criteria of renal disorder aspect of the 
ACR classification criteria of SLE.23 The study population consisted 
of 66 patients (55 female and 11 male). Complete renal response 
(CR) and partial renal response (PR) were defined on the basis of 
EULAR/ERA-EDTA recommendations for LN,6 with CR defined as a 
urine protein/creatinine ratio (UPCR) <50 mg/mmol and normal or 
near-normal (within 10% of normal glomerular filtration rate [GFR] 
if previously abnormal) renal function, and PR defined as a ≥ 50% 
reduction in proteinuria and normal or near-normal GFR. As previ-
ously described by Hanaoka et al, 0.5 g/g creatinine was considered 
equivalent to UPCR 50 mg/mmol.14 This study defined renal remis-
sion as PR including CR if achieved. Renal relapse was defined as loss 
of CR or PR status after achieving CR or PR. We divided patients into 
2 groups based on time of renal remission and time of LN develop-
ment from SLE onset.

2.2 | Data collection

Patients' baseline characteristics were collected at the time of di-
agnosis with SLE and LN. Demographic data included age at onset 
of SLE and LN, gender, disease duration of SLE and LN, time lag be-
tween onset of SLE and LN, observation period of the patients, pa-
tient scores on the SLE disease activity index 2000 (SLEDAI-2K),24 
one of the disease activity scoring systems for SLE, at the time of 
diagnosis with LN, and comorbidities of anti-phospholipid syndrome 
(APS). Laboratory data collected at the onset of LN included total 
protein, albumin, serum creatinine, estimated GFR (eGFR), comple-
ment 3 (C3), complement 4 (C4), UPCR, and positivity of anti-double-
strand-DNA (anti-ds-DNA) antibodies. Anti-ds-DNA antibodies 
were measured by radioimmunoassay, enzyme-linked immunosorb-
ent assay, or fluorescent enzyme immunoassay methods. Obtained 
renal tissues were diagnosed with LN according to the World Health 
Organization criteria or ISN/RPS classification of LN if renal biopsy 
was performed. Data on induction therapy of LN were also collected 
from medical records.
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2.3 | Statistical analysis

Continuous values are shown as median and interquartile range 
(IQR). A nonparametric Mann–Whitney U test was used for inter-
group comparisons of multiple variables. Fisher's exact test was 
used to investigate a possible association between each variable. 
Kaplan–Meier method was used to calculate the rate of remission 
and relapse-free rate, while a log-rank test was used to assess differ-
ences between the 2 groups. GraphPad Prism 5 software (GraphPad 
Software, San Diego, CA) was used to perform all of the statistical 
analyses. The significance level was set at P <.05.

2.4 | Ethics approval and consent to participate

The study was approved by the Ethics Committee of Fukushima 
Medical University (No. 30155).

3  | RESULTS

3.1 | Patient characteristics

The demographic and disease-related features of the enrolled 66 
patients are as follows (Table 1). The majority of the patients were 
female (83.3%). The median age at onset of LN was 31.0 years (IQR 
25.0-44.0  years), the disease duration of SLE was 81.5  months 
(IQR 37.3-143.0  months), observation period of the patients was 
56.0 months (IQR 30.0-122.3), and SLEDAI-2K score at the time of 
onset of LN was 10.0 (IQR 10.0-18.0). Renal biopsy was performed 
on 45 (68.2%) patients. Thirty-eight (57.6%) patients were treated 
with intravenous methyl-prednisolone (mPSL) pulse therapy, 17 
(25.6%) with IVCY, 8 (12.1%) with tacrolimus (TAC), 9 (13.6%) with 
MMF, and 3 (4.5%) with TAC plus MMF for induction therapy. Sixty-
five patients (98.5%) achieved renal remission during the study 
period.

3.2 | Comparison of LN patients according to 
time of renal remission

Enrolled SLE patients were initially divided into 2 groups based on 
the time of renal remission. Since the Euro-Lupus Nephritis Trial re-
sults showed that early response to therapy at 6  months was the 
best predictor of good long-term renal outcomes,12 we categorized 
the patients as follows. Patients who achieved renal remission in 
<6 months were defined as early remission, and others (ie, patients 
who achieved renal remission at ≥6 months and those who did not 
achieve remission) were defined as late remission. The demographic, 
disease-related features, renal histopathology, and induction thera-
pies were summarized in each group and compared (Table 2): 44 pa-
tients (66.7%) achieved early remission, while 22 (33.3%) achieved 
late remission. There were no significant differences between the 

2 groups regarding disease-related features at baseline. No signifi-
cant difference was observed in terms of the observation period be-
tween the 2 groups, and 1 patient in the late remission group did not 
achieve partial remission during the observation period. There were 
no significant differences regarding kidney histopathology of LN, al-
though 14 patients of early remission and 7 patients of late remission 
did not have renal biopsies conducted for various reasons. In induc-
tion therapies for LN, more patients were treated with mPSL pulse 
therapy in the early remission group, but there was no significant dif-
ference. A Kaplan–Meier analysis showed that the relapse-free rate 
after induction therapies was not significantly different between the 
early and late remission groups (P = .1202, log-rank test) (Figure 1A). 
Regarding medication of induction therapies, there were no sig-
nificant differences in the relapse-free rate in the 2 groups treated 
with only PSL including mPSL pulse therapy (early remission 13/19 
[68.4%] vs late remission 1/1 [100%]), and treated with PSL (includ-
ing mPSL pulse therapy) plus immunosuppressants including IVCY, 
TAC, MMF, and TAC plus MMF (early remission: n = 22, late remis-
sion: n = 14, P =.1429, log-rank test) (Figure 1B).

3.3 | Comparison of LN patients according to 
timing of LN development from SLE onset

Enrolled SLE patients were then divided into another 2 groups 
based on timing of LN development from SLE onset. Jacobsen 
et al16 and Seligman et al17 demonstrated that renal manifestation 
in most SLE patients was observed within a year, and therefore, 
we divided the patients as follows. Patients who were diagnosed 
with SLE and LN simultaneously, or LN within <12 months of di-
agnosis with SLE, were defined as initial-onset LN, and others (ie, 
patients who were diagnosed with LN after ≥12 months of diagno-
sis with SLE, and who had already achieved remission of SLE be-
fore being diagnosed with LN) were defined as delayed-onset LN 
(Table 3). There were 49 patients (74.2%) with initial-onset LN, and 
17 (25.8%) with delayed-onset LN. Median duration from onset of 
SLE to onset of LN in delayed-onset LN patients was 41.0 months. 
No significant difference in observation period was observed be-
tween the 2 groups, and 1 patient in the initial-onset LN group 
did not achieve partial remission during the observation period. 
Of the disease-related features at baseline, higher serum albumin 
levels (P  =  .0086) and higher serum C3 levels (P  =  .0477) were 
significantly related to delayed-onset LN, and significantly higher 
SLEDAI-2K scores at the time of onset of LN (P =.0069) were also 
observed in the delayed-onset LN group. There were no significant 
differences regarding histopathology of the LN kidney, although 
17 patients of initial-onset LN and 4 patients of delayed-onset LN 
did not have renal biopsies for various reasons. With respect to 
induction therapies for LN, more patients were treated with mPSL 
pulse therapy in initial-onset LN compared with delayed-onset 
LN (P =.0461). Among 49 patients, 48 (98.0%) in initial-onset LN, 
and 17 of 17 (100%) patients in delayed-onset LN groups achieved 
renal remission during the observation period. Kaplan–Meier 
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analysis showed that the renal remission rate was not significantly 
different between initial-onset LN and delayed-onset LN (data not 
shown). We then analyzed the relapse-free rate of initial-onset LN 
and delayed-onset LN after induction of LN. Thirty-eight of the 48 
patients (79.2%) in initial-onset LN, and 9 of 17 patients (52.9%) in 
delayed-onset LN did not experience renal relapse during the ob-
servation period. Kaplan–Meier analysis showed that the relapse-
free rate was significantly higher in patients of initial-onset LN 
when compared to those of delayed-onset LN (P = .0094, log-rank 
test) (Figure  2A). Regarding medication for induction therapies, 
there was no significant difference in the relapse-free rate in the 2 
groups treated with only PSL including mPSL pulse therapy (initial-
onset LN 13/18 [72.2%] vs delayed-onset LN 1/2 [50%]). Also, the 
relapse-free rates of initial-onset LN patients treated with PSL (in-
cluding mPSL pulse therapy) plus immunosuppressants—including 
IVCY, TAC, MMF, and TAC plus MMF—tended to be higher when 
compared to those of delayed-onset LN patients (initial-onset 

LN: n  =  25, delayed-onset LN: n  =  11, P  =  .0588, log-rank test) 
(Figure 2B).

4  | DISCUSSION

This study demonstrated that the relapse-free rate of LN in delayed-
onset LN patients was significantly low when compared to that of 
initial-onset LN patients. We also showed that delayed-onset LN 
patients who were administered immunosuppressants experienced 
more relapses of LN when compared to initial-onset LN patients who 
were administered immunosuppressants. We could not show those 
differences in the study of time of remission (early remission and late 
remission) in our patients.

In delayed-onset LN patients, serum albumin and C3 were 
significantly high when compared to initial-onset LN patients. 
However, there was no difference regarding the distribution of renal 

TA B L E  1   Baseline characteristics of patients

Characteristics Overall (n = 66)

Female, n (%) 55 (83.3)

Age at onset of LN, y, median [IQR] 31.0 [25.0-44.0]

Disease duration of LN, mo, median [IQR] 81.5 [37.3-143.0]

Observation period, mo, median [IQR] 56.0 [30.0-122.3]

SLEDAI-2K score at the onset of LN, median [IQR] 15.0 [10.0-18.0]

Total protein, mg/dL, median [IQR] 6.7 [5.9-7.6]

Albumin, mg/dL, median [IQR] 3.2 [2.5-3.7]

Creatinine, mg/dL, median [IQR] 0.70 [0.59-0.93]

eGFR, mL/min, median [IQR] 79.3 [59.5-93.9] (n = 61)

C3, mg/dL, median [IQR] 42.0 [29.1-70.5] (n = 65)

C4, mg/dL, median [IQR] 5.0 [3.2-11.0] (n = 65)

Urine protein, g/g creatinine, median [IQR] 1.34 [0.61-3.12] (n = 56)

Anti-dsDNA antibody, n (%) 52 (78.8)

Antiphospholipid antibody syndrome, n (%) 5 (7.6)

Renal histopathology of lupus nephritis II 4

III 8

IV 11

V 10

II +V 1

III +V 6

IV +V 5

N/A 21

Induction therapy Intravenous mPSL pulse (%) 38 (57.6)

CYC (%) 17 (25.8)

TAC (%) 8 (12.1)

MMF (%) 9 (13.6)

MMF +TAC (%) 3 (4.5)

Abbreviations: C3, complement 3; C4, complement 4; CYC, cyclophosphamide; eGFR, estimated glomerular filtration rate; IQR, interquartile range; 
LN, lupus nephritis; MMF, mycophenolate mofetil; mPSL, methylprednisolone; N/A, not available; SLEDAI-2K, systemic lupus erythematosus disease 
activity index 2000; TAC, tacrolimus.
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histopathology in patients who underwent renal biopsy. In addition, 
there was no difference in induction therapies between initial-onset 
LN and delayed-onset LN, except that patients who were prescribed 
steroid pulse therapy were significantly higher in the initial-onset LN 
group. Delayed-onset LN patients had immunosuppressive treat-
ments for SLE before LN development. In our LN patients, there 
were no delayed-onset LN patients who developed neuropsychiatric 
SLE before development of LN. With the exception of only a few 
delayed-onset LN patients who received immunosuppressants, most 
delayed-onset LN patients were administered a low to moderate 
amount of glucocorticoid for mild to moderate symptoms—such as 
arthritis and rash—before development of LN. Therefore, although 
the nature of nephritis is possibly associated with poor immune com-
plex activity in delayed-onset LN, it was considered that the reason 
serum albumin and C3 levels were high in delayed-onset LN patients 
was that the immune complex activity of SLE improved following 

prior treatments, as suggested by the lower SLEDAI-2K score in the 
delayed-onset LN patients. It was also considered that delayed-onset 
LN patients were being watched closer, therefore, their proteinuria 
was caught earlier than the initial-onset LN patients. Therefore, uri-
nary loss of protein and increased complement consumption might 
have been going on for weeks or months before initial-onset LN 
patients present for clinical care and are diagnosed with LN which 
would result in the reduction of serum albumin and C3. However, 
although laboratory data of delayed-onset LN patients tended to be 
better than those of initial-onset LN patients because of preceding 
treatments, the relapse-free rate was lower in delayed-onset LN pa-
tients when compared to initial-onset LN patients. Also, compared 
to initial-onset LN patients, delayed-onset LN patients had more re-
lapses of LN, even with the addition of immunosuppressants. Patients 
included in this study were selected based on the guidelines for the 
treatment of LN;4-6 therefore, the available treatment options widely 

TA B L E  2   Comparison of the characteristics of LN patients with early remission and late remission (including non-remission)

Characteristics Early remission (n = 44) Late remission (n = 22) P value*

Female, n (%) 38 (86.3) 17 (77.3) .4849

Age at onset of LN, y, median [IQR] 30.0 [24.3-43.8] 28.5 [23.0-44.3] .8917

Disease duration of LN, mo, median [IQR] 91.0 [35.8-152.8] 66.5 [37.3-133.5] .6732

Observation period, mo, median [IQR] 75.0 [27.8-136.5] 52.5 [31.5-100.5] .5050

SLEDAI-2K score at the onset of LN, median [IQR] 15.0 [10.3-18.0] 15.5 [9.8-18.3] .9077

Total protein, mg/dL, median [IQR] 6.7 [5.9-7.8] 6.8 [6.0-7.1] .6732

Albumin, mg/dL, median [IQR] 3.0 [2.5-3.6] 3.2 [2.6-3.7] .4454

Creatinine, mg/dL, median [IQR] 0.70 [0.59-0.88] 0.77 [0.62-1.02] .1257

eGFR, mL/min, median [IQR] 83.5 [64.7-99.9] (n = 40) 70.8 [51.5-91.8] (n = 21) .0835

C3, mg/dL, median [IQR] 42.6 [28.0-63.0] (n = 43) 38.7 [30.9-73.3] .8842

C4, mg/dL, median [IQR] 5.0 [3.0-13.0] (n = 43) 5.0 [3.6-8.6] .8241

Urine protein, g/g creatinine, median [IQR] 1.28 [0.57-2.82] (n = 37) 1.40 [0.90-3.68] (n = 19) .5738

Anti-dsDNA antibody, n (%) 35 (79.5) 17 (77.3) 1.0000

Antiphospholipid antibody syndrome, n (%) 3 (6.8) 2 (9.1) 1.0000

Renal histopathology of lupus 
nephritis

II 3 1 1.0000

III 6 2 1.0000

IV 5 6 .1594

V 8 2 .4755

II +V 0 1 .3333

III +V 5 1 .6549

IV +V 3 2 1.0000

N/A 14 7 1.0000

Induction therapy Intravenous mPSL pulse (%) 29 (65.9) 9 (40.9) .0674

CYC (%) 11 (25.0) 6 (27.3) 1.0000

TAC (%) 5 (11.4) 3 (13.6) 1.0000

MMF (%) 6 (13.6) 3 (13.6) 1.0000

MMF +TAC (%) 0 (0) 3 (13.6) N/A

Abbreviations: C3, complement 3; C4, complement 4; CYC, cyclophosphamide; eGFR, estimated glomerular filtration rate; IQR, interquartile range; 
LN, lupus nephritis; MMF, mycophenolate mofetil; mPSL, methylprednisolone; N/A, not available; SLEDAI-2K, systemic lupus erythematosus disease 
activity index 2000; TAC, tacrolimus.
*P values were determined using nonparametric Mann–Whitney U test or Fisher's exact test.
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varied. In terms of induction therapies for LN, although more pa-
tients in the initial-onset than those in the delayed-onset LN groups 
were treated with mPSL pulse therapy, no significant difference was 
observed regarding the use of immunosuppressants between the 2 
groups. Maintenance treatment for LN varied from case to case and 
included immunosuppressants, such as azathioprine, cyclosporine, 
TAC, mizoribine, and MMF. It was difficult to discuss the differences 
between different types of immunosuppressants because of the 
small number of cases that were administered each drug. In the pres-
ent study, we were unable to describe the relationship between the 
use of immunosuppressants for maintenance treatment and the dif-
ference in relapse-free rate between the initial- and delayed-onset 
LN groups. Nakano et al reported a lower relapse-free rate in the 
delayed-onset LN group, but no difference was observed between 
the 2 groups in terms of the maintenance medications used;18 thus, 

this report may be informative. Ichinose et al previously reported 
that the early-onset LN group was characterized by higher levels of 
anti-dsDNA antibodies and hypocomplementemia with higher se-
rological activity, and a lower index of chronicity compared to the 
late-onset group.22 Park et al reported that glomerular sclerosis in 
the chronicity index was an independent predictor of complete re-
mission after start of therapy in LN patients.25 In addition, it was 
difficult to calculate and compare the chronicity index due to the dif-
ferent historical backgrounds and organized evaluators. Comparing 
renal histological findings to the extent possible, in the initial-onset 
LN group, 10 and 6 cases of global glomerulosclerosis and fibrous 
crescents, respectively, were observed among the 24 patients in the 
no-recurrence group, whereas 3 and 1 cases of global glomeruloscle-
rosis and fibrous crescents were observed among the 6 patients in 
the recurrence group. Conversely, in the delayed-onset LN group, 2 

F I G U R E  1   The relapse-free rate 
from achieving renal remission between 
early and late remission patients of 
lupus nephritis. A: There is no significant 
difference in the relapse-free rate 
between early (n = 44) and late (n = 21) 
remission patients of lupus nephritis 
(log-rank test, P =.1202). B: There is no 
significant difference in the relapse-
free rate between early (n = 22) and 
late (n = 14) remission patients of lupus 
nephritis treated with prednisolone plus 
immunosuppressants (log-rank test, 
P =.1429)
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and 1 cases of global glomerulosclerosis and fibrous crescents were 
observed among the 6 patients in the no-recurrence group, whereas 
3 cases of global glomerulosclerosis and fibrous crescents each were 
observed among the 7 patients in the recurrence group although the 
comparison was based only on the presence or absence of findings 
without considering differences in degree. In this study, we could 
not show the differences in chronicity findings between the initial- 
and delayed-onset LN groups. Nakano et al stated that the relatively 
worse long-term renal outcome in delayed-onset LN was primarily 
because of failure to achieve sustained remission in these patients, 
and delayed-onset LN might be a potential predictor of poorer treat-
ment outcomes.18 Some reports state that a poor renal response 
to initial treatment and renal flares were strongly associated with 

future renal damages.26-28 It was thought that delayed-onset LN 
patients were difficult to treat because they had already received 
immunosuppressive treatments for SLE before development of LN. 
As previously reported, one reason why delayed-onset LN was hard 
to treat was that kidneys of delayed-onset LN patients had more 
chronic damaged lesions compared to kidneys of initial-onset LN pa-
tients. Therefore, delayed-onset LN patients are considered to have 
a poor response to immunosuppressive therapies because immuno-
suppressive therapies are usually effective against active lesions of 
the kidneys, and not chronic damaged lesions. Medicines used be-
fore development of LN also might have influenced chronic dam-
age of kidneys. It was also considered that some patients needed 
aggressive immunosuppressive treatments for extended periods 

TA B L E  3   Comparison of the characteristics of patients with initial-onset LN and delayed-onset LN

Characteristics Initial-onset LN (n = 49)
Delayed-onset LN 
(n = 17) P value†

Female, n (%) 41 (83.7) 14 (82.4) 1.0000

Age at onset of LN, y, median [IQR] 30.0 [24.5-44.5] 33.0 [27.5-40.5] .3826

Disease duration of LN, mo, median [IQR] 90.0 [38.0-151.5] 67.0 [32.0-138.0] .8834

Duration between onset of SLE and onset of LN, mo, median [IQR] 41.0 [26.0-106.5]

Observation period, mo, median [IQR] 74.0 [33.0-126.5] 46.0 [27.5-80.5] .2588

SLEDAI-2K score at onset of LN, median [IQR] 16.0 [13.0-19.0] 10.0 [8/0-16.5] .00069*

Total protein, mg/dL, median [IQR] 6.7 [5.9-7.8] 6.7 [6.0-7.0] .8487

Albumin, mg/dL, median [IQR] 3.0 [2.4-3.5] 3.7 [3.0-3.9] .0086*

Creatinine, mg/dL, median [IQR] 0.71 [0.59-0.97] 0.67 [0.63-0.74] .5377

eGFR, mL/min, median [IQR] 78.6 [55.2-93.1] (n = 44) 83.0 [66.8-98.7] .4545

C3, mg/dL, median [IQR] 38.0 [27.5-63.0] 54.6 [37.5-76.0] (n = 16) .0477*

C4, mg/dL, median [IQR] 5.0 [3.0-12.3] 6.6 [3.7-9.9] (n = 16) .6417

Urine protein, g/g creatinine, median [IQR] 1.28 [0.57-2.97] (n = 41) 1.78 [0.7.0-3.64] (n = 15) .5476

Anti-dsDNA antibody, n (%) 37 (75.5) 15 (88.2) .3272

Antiphospholipid antibody syndrome, n (%) 4 (8.2) 1 (5.9) 1.0000

Renal histopathology of lupus 
nephritis

II 3 1 1.0000

III 7 1 .6689

IV 8 3 1.0000

V 7 3 .7093

II +V 1 0 1.0000

III +V 3 3 .1722

IV +V 3 2 .5970

N/A 17 4 .5485

Induction therapy Intravenous mPSL pulse (%) 32 (65.3) 6 (35.3) .0461*

CYC (%) 14 (28.6) 3 (17.6) .5247

TAC (%) 4 (8.2) 4 (23.5) .1889

MMF (%) 6 (12.2) 3 (17.6) .6844

MMF +TAC (%) 2 (4.1) 1 (5.9) 1.0000

Abbreviations: C3, complement 3; C4, complement 4; CYC, cyclophosphamide; eGFR, estimated glomerular filtration rate; IQR, interquartile range; 
LN, lupus nephritis; MMF, mycophenolate mofetil; mPSL, methylprednisolone; N/A, not available; SLEDAI-2K, systemic lupus erythematosus disease 
activity index 2000; TAC: tacrolimus.
†P values were determined using nonparametric Mann–Whitney U test or Fisher's exact test.
*indicates P <.05.
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because of active immune reaction since LN had newly developed 
despite prior treatment for SLE. The kidneys are among the main 
target organs of SLE. Jakes et al reported that renal involvement of 
SLE was observed in Asians, 21%–65% at diagnosis and 40%–82% 
over time.29 LN is an important factor that influences mortality in 
SLE.3 It was suggested that SLE patients without renal manifestation 
at disease onset should pay more attention to renal function and 
urinalysis in order to monitor development of LN. Since LN patients 
in this study were heterogeneous, this result was considered more 
useful in SLE patients.

On the other hand, we could not show any difference in relapse-
free rate between early and late remission patients as previously 
reported.14 One reason might be that renal histological background 
was varied in this study. Also, more LN patients of early remission 
had achieved remission by treatment with only PSL when compared 
to patients of late remission. It was suggested that LN patients of 

early remission might have included more patients with mild nephri-
tis, and patients with early diagnosis and treatment with plasticity in 
renal lesions. However, patients of early remission who were treated 
with only PSL tended to experience recurrence of LN later. We were 
reminded of the importance of performing histological examination 
by renal biopsy as much as possible, and treating by adding immuno-
suppressants according to the algorithms of treatment of LN.

Despite the above, some study limitations were noted. First, 
renal biopsy was not performed in about 1/3 of the patients for rea-
sons, such as high risk of bleeding complicated by APS, poor general 
condition, and refusal of examination. In clinical practice, because a 
number of LN patients had not undergone histological diagnosis of 
LN, it was relevant to include these patients. Second, due to the ret-
rospective nature of the study, heterogeneity in LN patients could 
not be fully excluded, which has been reported as a limitation with 
retrospective observational studies on LN.21,22,30 Owing to the long 

F I G U R E  2   The relapse-free rate 
from achieving renal remission between 
patients of initial- and delayed-onset 
lupus nephritis (LN). A: There is a 
significant difference in the relapse-free 
rate between patients of initial- (n = 48) 
and delayed-onset LN (n = 17) (log-
rank test, P =.0094). B: The relapse-
free rate of patients of initial-onset LN 
(n = 25) treated with prednisolone plus 
immunosuppressants was higher when 
compared to patients of delayed-onset LN 
(n = 11) (P = .0588, log-rank test)
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study duration, the treatment regimen for LN varied based on time, 
and because many physicians treated patients in this study, treat-
ment regimens were subtly different for each treating physician. 
Additionally, because we did not store serum samples from patients, 
we could not measure several biomarkers that are useful for deter-
mining the pathophysiology of LN. Third, the sample size was rela-
tively small, especially the number of patients in late remission and 
delayed-onset LN. Fourth, the histological diagnosis of the kidney did 
not follow the ISN/RPS classification for LN; therefore, some patients 
were diagnosed based on the World Health Organization's classifi-
cation. Finally, it was difficult to define patients with delayed-onset 
LN, and we defined such patients as those who were diagnosed with 
LN at ≥12 months after SLE diagnosis and who had already achieved 
remission of SLE before being diagnosed with LN. Although Jacobsen 
et al16 and Seligman et al17 reported that renal manifestation in most 
patients with SLE was observed within a year; several studies15,19,22 
have defined delayed-onset LN based on a time gap of 5 years be-
tween SLE diagnosis and LN development. Therefore, it could not be 
ruled out that the patients with delayed-onset LN in this study might 
have included several patients with initial-onset LN. Further, because 
the development of LN can sometimes be silent, that is, without an 
initial manifestation of proteinuria and hematuria, the inclusion of 
initial-onset LN patients in the delayed-onset LN group could not be 
ruled out. Therefore, we must focus on and interpret the results of 
similar studies reported from various countries, and it is necessary to 
conduct a prospective large-scale, multicenter international collabo-
rative study to verify the findings described here.

In conclusion, our study demonstrated that the relapse-free rate 
was significantly higher in the initial-onset LN group when compared 
to the delayed-onset LN group of LN patients of various histopatho-
logical backgrounds. These data suggest that delayed-onset LN is 
a risk factor for relapse of LN. Therefore, it is important that SLE 
patients who are not complicated by LN also be carefully monitored 
regarding renal function and urinalysis. When LN develops, a renal 
biopsy should be conducted and immunosuppressive therapies com-
menced as soon as possible.
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1  | INTRODUC TION

Antiphospholipid syndrome (APS) is defined by the occurrence 
of (often multiple) venous and arterial thromboses and recur-
rent fetal losses. In the laboratory, it is defined by the presence of 

antiphospholipid antibodies (aPL).1 The risk of thrombosis among 
healthy individuals who are incidentally found to have aPL is likely 
to be low (1% per year).2 In previous studies, the prevalence of pos-
itive anti-cardiolipin antibodies (aCL) in individuals with systemic 
lupus erythematosus (SLE) has ranged between 14.3% and 55.4% 
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Abstract
Background: The adjusted-Global Antiphospholipid Syndrome Score (aGAPSS) has 
been validated and used to predict antiphospholipid antibodies (aPL) related to vas-
cular thrombosis (VT).
Objective: To validate aGAPSS for predicted aPL-related VT and pregnancy compli-
cations (PC) in Thai systemic lupus erythematosus (SLE) patients.
Methods: A cross-sectional study was performed among Thai SLE patients with clini-
cal manifestations; history of VT and PC, cardiovascular risk factors, and aPL profiles 
were collected. The aGAPSS was calculated from the sum of the risk factors (hyper-
lipidemia = 3.0, arterial hypertension = 1.0, anti-cardiolipin antibody = 5.0, anti-b2 
glycoprotein I antibody = 4.0, and lupus anticoagulant = 4.0).
Results: Of 132 SLE patients, 12 (9.1%) had VT and 5 (4.1%) had PC. When comparing 
the aGAPSS (median; interquartile range [IQR]) of patients with events (VT and/or 
PC) (6.5; IQR 3.3-9.0), VT (8.0; IQR 4.0-9.0), arterial thrombosis (3.5; IQR 1.0-5.8), and 
PC (9.0; IQR 8.0-11.5), and the aGAPSS of patients without an event (3.0; IQR 0-4.0), 
aGAPSS of patients with events was significantly higher, except in patients with arte-
rial thrombosis. An aGAPSS of 4.5 or more was associated with risk of aPL-related VT 
(sensitivity 71.4%, specificity 76.7%), and an aGAPSS of 6.0 or more was associated 
with risk of aPL-PC (sensitivity 100%, specificity 84.0%).
Conclusion: The aGAPSS could predict the risk of aPL-PC and aPL-related VT in Thai 
SLE patients.
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3-6 and the lupus anticoagulant (LA) was found in 17.5%-27.5% of 
patients.4-7 Between 20% and 40% of these SLE patients developed 
APS-related adverse events.3,8 Along with thrombotic complications 
in SLE, APS is a major risk factor for irreversible organ damage.8-10

Several tools have been used to predict thrombotic events in 
patients with aPL. Initially, Otomo et al11 developed the accurate, 
though expensive, aPL-based antiphospholipid score to diagnose 
APS and predict vascular thrombosis. More recently, the Global APS 
score (GAPSS) has been used to predict vascular events in SLE pa-
tients by assessing risk factors for thrombosis, pregnancy loss, and 
conventional cardiovascular disease as well as antiphospholipid (aCL, 
LA, anti-b2 glycoprotein-I [anti-b2GPI], anti-phosphatidylserine/pro-
thrombin [aPS/PT]) antibodies.12 An adjusted GAPSS (aGAPSS) that 
excludes aPS/PT has been shown to accurately stratify patients for 
predicting aPL-related vascular thrombosis (aPL-VT) and aPL-related 
pregnancy complications (aPL-PC) in primary APS patients.13-15

The current study aimed to validate aGAPSS in predicting aPL-VT 
and aPL-PC and to find the prevalence of vascular thrombosis and 
pregnancy complications in Thai SLE patients.

2  | PATIENTS AND METHODS

2.1 | Patients

All 139 SLE patients seen at the Division of Rheumatology, Chiang 
Mai University, Thailand between January 2018 and December 
2019 participated in the study. These patients fulfilled the 1997 
American College of Rheumatology Criteria for Classification of 
SLE,16 were older than 15 years of age, and had disease onset less 
than 1 year before entry to the lupus cohort. The study and con-
trol groups comprised SLE patients with or without vascular and/or 
pregnancy complications, respectively. After participants had pro-
vided consent, 10  mL blood samples were collected to determine 
fasting blood sugar, lipid, and aPL profiles (aCL, anti-b2GPI, and LA). 
Clinical manifestations, cardiovascular risk factors, and medical his-
tory were assessed on the same day.

This study was approved by the Thai national research com-
mittee the Ethics Committee of the Faculty of Medicine, Chiang 
Mai University (CMU; no. 051/2018) in accordance with the 1964 
Helsinki Declaration and its later amendments.

2.2 | Assessment of cardiovascular risk factors

Enrolled patients underwent a physical examination, blood pres-
sure determination, and blood collection for hyperlipidemia, hyper-
tension, oral contraceptive use, and diabetes. These factors were 
assessed according to the National Institute for Health and Care 
Excellence (NICE) Guidelines.17 Blood pressure was measured using 
an appropriate size cuff sphygmomanometer. Hypertension was de-
fined as systolic blood pressure values of ≥140 mm Hg and/or dias-
tolic blood pressure values of ≥90 mm Hg on at least two occasions 

or use of oral antihypertensive medications.18 Untreated total serum 
and low-density lipoprotein cholesterol levels were determined and 
interpreted according to current dyslipidemia cut-off values19 or also 
the use of hypolipidemia medications.

2.3 | Autoantibody detection

For this study, each aPL profile (aCL, anti-b2GPI, and LA) test re-
sult was dichotomized as positive/ negative. The aCL (IgM/IgG) 
and anti-b2GPI (IgM/IgG) were detected by enzyme-linked immu-
nosorbent assay (EUROIMMUN®). Solid-phase assay cut-off values 
were based on the manufacturer's procedures.20 Cut-off values of 
12  GPL/mL (anti-cardiolipin IgG) and 12  MPL/mL (anti-cardiolipin 
IgM) were used for aCL and IgG/IgM, respectively, and 20  U/mL 
was used for b2GPI. LA was detected according to the International 
Society on Thrombosis and Hemostasis subcommittee on LA/aPL 
standardization.20

2.4 | Adjusted-Global Antiphospholipid Syndrome 
Score calculation

The aGAPSS was calculated as the sum of points for the correspond-
ing risk factors ranging from 0 to 17: (ie 3 points for hyperlipidemia, 1 
for arterial hypertension, 5 for aCL, 4 for anti-b2GPI, and 4 for LA).21

2.5 | Outcome measures

Arterial thrombotic complications comprised stroke, myocardial 
infarction, and artery occlusion, as confirmed by clinical features, 
laboratory findings (electrocardiogram or cardiac enzymes), or im-
aging studies (computed tomography scanning, magnetic resonance 
imaging, or conventional angiography). Deep vein thrombosis and 
pulmonary thrombosis were defined as venous thrombosis and were 
confirmed by CT scanning, angiography, or scintigraphy. Pregnancy 
complications were defined according to the revised Sapporo crite-
ria for APS.11,22

2.6 | Statistical analysis

Categorical data were assessed using the chi-squared test and Fisher's 
exact test. Continuous data were presented as means (standard de-
viation [SD]) and compared using Student’s t test or non-parametric 
Mann-Whitney U test depending on the distribution. A two-sided 
P-value less than 0.05 was considered statistically significant. 
Multivariate analysis was used to examine the relationship between 
multiple cardiovascular risk factors and laboratory parameters on 
the occurrence of vascular thrombosis or pregnancy complications. 
Results were expressed as odds ratios (ORs) with 95% confidence in-
terval (95% CI). Sensitivity and specificity of aGAPSS was calculated 
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using the receiver operating characteristic (ROC) curve. All statistical 
analyses were performed using SPSS statistical software version 25.0.

3  | RESULTS

3.1 | Demographics and characteristics

One hundred and thirty-two (121 females) of the 139 patients 
from the CMU lupus cohort were included in the study (mean age 
39.7 ± 13.3 years); seven patients were excluded because of in-
complete aPL profiles. Baseline characteristics are summarized in 
Table 1. Clinical and laboratory parameters (complete blood count, 
renal and liver functions), as well as the type of treatment were 
evenly distributed across groups. Although the prevalence of aCL 
IgM was similar in both groups, aCL IgG and LA levels were signifi-
cantly higher in patients with vascular thrombosis and/ or preg-
nancy complications. In addition, anti-b2GPI IgG- or IgM-positive 
tests occurred exclusively in patients without vascular thrombo-
sis/ pregnancy complications.

3.2 | Prevalence of antiphospholipid antibody, 
vascular thrombosis, and/or pregnancy complications

Of 132 patients, 42 (31.8%) patients had at least one positive aPL (aCL 
IgM/IgG, LA, anti-b2GPI IgM/IgG). Positive aCL, LA, and anti-b2GPI 
were detected in 16 (12.1%), 28 (21.2%), and 18 (13.6%) patients, 
respectively. Sixteen of the 132 patients (12.1%) had a history of at 
least one vascular thrombosis and/ or pregnancy complication—12 
patients (9.1%) had vascular thrombosis and five patients (4.1%) had 
pregnancy complications (one miscarriage, four fetal deaths). One of 
five patients with pregnancy complications had venous thrombosis. 
Table 1 summarizes aPL in patients with vascular thrombosis and/or 
pregnancy complications.

3.3 | Risk factors associated with vascular 
thrombosis and/or pregnancy complications

Proportions of conventional cardiovascular risk factors and aPL in 
patients with vascular thrombotic and/ or pregnancy complications 
are summarized in Table 2. When aPL-related complications were 
compared, 10 of 42 (23.8%) aPL-positive patients had a history of 
at least one vascular thrombosis and/or pregnancy complication 
whereas six of 90 patients (6.7%) without aPL had a history of at 
least one vascular thrombosis (Table 2). The prevalence risk ratio of 
aPL-related complications in patients with aPL was 3.6 (95% CI 1.4-
9.2) when compared with patients without aPL. Approximately one 
of six aPL-positive patients developed vascular and/ or pregnancy 
complications (ie the number needed to harm = 5.8).

Multivariate modeling results are summarized in Tables 3 and 4. 
Among the laboratory parameters, LA and aCL were significantly 

associated with an increased risk of vascular thrombosis and/ or 
pregnancy complications (OR 9.1; 95% CI 2.9-28.1 and OR 4.3; 95% 
CI 1.3-14.8, respectively).

In a subgroup analysis, only LA was associated with an increased 
risk of vascular thrombosis (OR 5.4; 95% CI 1.6-18.8). For pregnancy 
complications, both LA and aCL increased the risk of events (OR 
22.5; 95% CI 2.4-214.5 and OR 16.17; 95% CI 2.38-109.73, respec-
tively). No statistically significant differences were observed when 
comparing individual conventional cardiovascular risk factors (con-
traceptive drug use, diabetes, arterial hypertension, dyslipidemia, 
and obesity).

3.4 | Adjusted-GAPSS in vascular 
thrombosis and/ or pregnancy complications

Patients with vascular thrombosis and/ or pregnancy complications 
had significantly higher aGAPSS scores when compared with the 
control group (median 6.5; IQR 3.3-9.0 vs median 3.0; IQR 0-4.0, 
P = 0.002) (Figure 1). Similarly, in a subgroup analysis, significantly 
higher median aGAPSS values were observed in patients with ve-
nous thrombosis (8.0; IQR 4.0-9.0 vs 3.0; IQR 0-4.0, P = 0.010) and 
those with pregnancy complications (9.0; IQR 8.0-11.5 vs. 3.0; IQR 
0-4.0, P = 0.001) than controls. However, no statistically significant 
difference in median aGAPSS values was found by arterial thrombo-
sis status (3.5; IQR 1.0-5.8 vs 3.0; IQR 0-4.0, P = 0.472).

The ROC curve indicated that a cut-off value of aGAPSS of 3.5 or 
more had the best diagnostic accuracy for the detection of aPL-VT 
and/ or aPL-PC (OR 3.3; 95% CI 1.0-10.9) compared with an aGAPSS 
less than 3.5 (Figure 2).

In a subgroup analysis, the cut-off value of aGAPSS of 3.5 or 
more had the best diagnostic accuracy for the detection of aPL-VT 
(OR 2.2; 95% CI 0.6-7.7). The sensitivity for the detection of aPL-VT 
was 66.7% and specificity was 52.6%. If we used an aGAPSS cut-off 
of 5.0 or more, as recommended in a previous study for aPL-VT,13 the 
sensitivity decreased to 50.0%, with a specificity of 76.7%. However, 
the cut-off value of an aGAPSS of 4.5 or more was strongly associ-
ated with a higher risk of venous thrombosis with the OR of the best 
risk accuracy of 8.2 (95 CI 1.5-44.9), with a sensitivity and specificity 
of 71.4% and 76.7%, respectively. Among aPL-PC, the cut-off value 
of aGAPSS of 6.0 or more was strongly associated with a higher risk 
of pregnancy complications with sensitivity and specificity of 100% 
and 84.0%, respectively.

4  | DISCUSSION

In this study, the prevalence of aPL in Thai SLE patients was 32.8%, 
which is comparable to that found in previous studies.3-5,8,9,12,23,24 In 
Europe, the prevalence of aCL, LA, and anti-b2GPI in SLE patients 
ranged from 21.0% to 55.4%, 18.0% to 27.5%, and 20.0% to 22.7%, 
respectively,4,5,25 whereas this study found the prevalence of aCL, 
LA, and anti-b2GPI to be 12.1%, 21.2%, and 13.6%, respectively.
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TA B L E  1   Baseline characteristics between SLE patients with and without vascular thrombotic and/ or pregnancy complications

Characteristics
Vascular thrombosis/ pregnancy 
complications N = 16 (%)

No vascular thrombosis/ pregnancy 
complications N = 116 (%) P value

Age (y) 38.9 ± 12.6 39.8 ± 13.4 0.805

Sex: female 15.0 (93.8) 106.0 (91.4) 0.748

Prevalence of pregnancy 9 (59.3) 55 (47.4) 0.598

BMI (kg/m2) 23.9 ± 4.6 23.1 ± 3.8 0.455

BMI in obesityb (kg/m2) 29.1 ± 3.6 27.9 ± 2.3 0.322

Mean ± SD (range) disease duration (mo) 101.9 ± 40.2 94.0 ± 54.0 0.560

Modified SLEDAI scorea 1.1 ± 1.8 1.8 ± 2.6 0.158

Clinical manifestation at diagnosis

Malar rash 7 (43.8) 48 (41.4) 0.857

Discoid rash 6 (35.7) 38 (32.8) 0.706

Photosensitivity 3 (18.8) 16 (13.8) 0.596

Oral ulcer 5 (31.3) 33 (28.4) 0.817

Arthritis 6 (37.5) 58 (50.0) 0.348

Serositis

Pleuritis 3 (18.8) 21 (18.1) 0.950

Pericarditis 1 (6.3) 8 (6.9) 0.923

Renal disorder

Urine +3 proteinuria or >500 mg/d 10 (62.5) 76 (65.5) 0.812

Cellular cast 0 1 (0.9) 0.709

Neurologic disorder

Seizure 1 (6.3) 12 (10.3) 0.606

Psychosis 1 (6.3) 4 (3.4) 0.582

Hematologic disorder

Hemolytic anemia 5 (31.3) 40 (34.5) 0.789

Leukopenia (white blood cells <4000/
mm3)

9 (56.3) 61 (52.6) 0.783

Lymphopenia (lymphocytes <1500/
mm3)

0 13 (11.2) 0.158

Thrombocytopenia (platelets 
<100 000/mm3)

0 15 (12.9) 0.127

Immunologic disorder

Anti-dsDNA antibody 13 (81.3) 87 (75.0) 0.584

Anti-Sm antibody 1 (6.3) 10 (8.6) 0.748

Anticardiolipin IgM 1 (6.3) 2 (1.7) 0.225

Anticardiolipin IgG 4 (25.0) 9 (7.8) 0.030

Lupus anticoagulant 9 (56.3) 17 (14.7) 0.001

Anti-b2 glycoprotein I antibody IgM 0 17 (14.7) 0.101

Anti-b2 glycoprotein I antibody IgG 0 3 (2.6) 0.515

Anti-b2 glycoprotein I antibody IgG 
and IgM

0 2 (1.7) 1.000

Anticardiolipin and lupus anticoagulant 4 (25.0) 5 (4.3) 0.013

Anticardiolipin and anti-b2 
glycoprotein I antibodies

0 (0) 5 (4.3) 1.00

Lupus anticoagulant and Anti-b2 
glycoprotein I antibody

0 (0) 6 (5.2) 1.00

Triple positive aPL 0 (0) 3 (2.6) 1.00

(Continues)
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Characteristics
Vascular thrombosis/ pregnancy 
complications N = 16 (%)

No vascular thrombosis/ pregnancy 
complications N = 116 (%) P value

Positive ANA 16 (100.0) 115 (99.1) 0.709

Prevalence of pregnancy 9 (59.3) 55 (47.4) 0.598

Pregnancy complication 5 (31.3)c 0 (0) <0.001

Vascular thrombosis 12 (75.0) 0 (0) <0.001

Arterial thrombosis 6d

Venous thrombosis 7e

Both arterial and venous thrombosis 1f

Risk factors

Oral contraceptive drug /DMPA used 2 (12.5%) 11 (9.5%) 0.704

Diabetes 1 (6.3%) 4 (3.4%) 0.582

Hypertension 11 (68.8%) 51 (44.0%) 0.063

Dyslipidemia 7 (43.8%) 47 (40.5%) 0.805

Drug

Hydroxychloroquine 5 (31.3%) 41 (35.3%) 0.747

Corticosteroid 15 (93.8%) 105 (90.5%) 0.673

Immunosuppressive drugs 8 (50.0%) 66 (56.9%) 0.602

Antihypertensive drugs 10 (62.5%) 48 (41.4%) 0.111

Dyslipidemia drugs (statin) 4 (25.0%) 28 (24.1%) 0.940

Abbreviations: aCL, anti-cardiolipin antibody; ANA, antinuclear antibodies; anti-b2GPI, anti-b2 glycoprotein; aPL, antiphospholipid antibodies; 
BMI, body mass index; CI, confidence interval; DMPA, depot medroxyprogesterone acetate; LA, lupus anti-coagulant; SD, standard deviation; SLE, 
systemic lupus erythematosus; SLEDAI, SLE Disease Activity Index.
aAt study entry.
bObesity = BMI >25 kg/m2.
cLA positive in two patients, LA and aCL positive in two patients and aCL positive in one patient.
dLA positive in two patients and aPL negative in other four patients.
eLA positive in two patients, aCL positive in one patient, LA and aCL positive in two patients.
fLA positive.

TA B L E  1   (Continued)

TA B L E  2   Proportions of risk factors in patients with and without vascular thrombotic and/ or pregnancy complications

No events 
(N = 116)

With complications

Any events 
(N = 16)

Any vascular 
thrombosis 
(N = 12)a

Arterial 
thrombosis 
(N = 6)

Venous 
thrombosis 
(N = 7)

Pregnancy 
complications 
(N = 5)**

Female 106 (91.4%) 15 (93.8%) 11 (91.7%) 6 (100%) 6 (85.7%) 5 (100%)

Age ± SD (y) 39.8 ± 13.4 38.9 ± 12.6 36.8 ± 12.7 34.7 ± 11.4 36.6 ± 14.6 42.8 ± 11.6

Hypertension 51 (44.0%) 11 (68.8%) 7 (58.3%) 3 (50.0%) 4 (57.1%) 5 (100%)

Dyslipidemia 47 (40.5%) 7 (43.8%) 4 (33.3%) 2 (33.3%) 2 (28.6%) 4 (80.0%)

Diabetes 4 (3.4%) 1 (6.3%) 0 0 0 1 (20.0%)

LA 18 (15.5%) 10 (62.5%) 6 (50.0%) 2 (33.3%) 5 (71.4%) 4 (80.0%)

aCL IgM/IgG 11 (9.5%) 5 (31.3%) 3 (25.0%) 0 3 (42.9%) 3 (60.0%)

Anti-b2GPI IgM/IgG 18 (15.5%) 0 0 0 0 0

Abbreviations: aCL, anti-cardiolipin antibody; anti-b2GPI, anti-b2. glycoprotein I, IgM/IgG IgM and/ or IgG; LA, lupus anti-coagulant; SD, standard 
deviation.
aOne had both arterial and venous thrombosis.
**One had both venous thrombosis and pregnancy complication.
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The prevalence of vascular thrombosis and/ or pregnancy com-
plications in Thai SLE patients with positive aPL in this study was 
23.8%, which is comparable to those previous reports (20.0%-
40.0%).3,8,9,23 Consistent with previous studies indicating that aPL 
increases the risk of vascular thrombosis and pregnancy complica-
tions,26-28 this study provides evidence that SLE patients with aPL 
also have an increased risk of aPL-related complications. The preva-
lence risk ratio of aPL-related complications in patients with aPL was 
3.6 when compared with controls.

We also found that LA and aCL were independent risk factors 
in both vascular thrombosis and pregnancy complications, with LA 
being the most highly associated risk factor.

The prevalence of anti-b2GPI antibody IgM/IgG in SLE pa-
tients in this study (13.6%) was lower than the prevalence found 
in previous studies (20.0%-22.7%).4,5,25 In addition, none of the 
SLE patients with aPL-related complications were positive for 
anti-b2GPI IgM/ IgG. This finding contradicted other studies that 
indicate strong associations between anti-b2GPI and vascular 
thrombosis.29,30 This difference may be due to the small number 
of SLE patients in our study, which may not represent the entire 
Thai population. In addition, ethnicity may affect the prevalence of 
anti-b2GPI antibody. For example, in a US study that stratified SLE 
patients by race, being positive for anti-b2GPI antibodies was more 

common in Caucasians than in African Americans.31 However, in the 
same ethnicity and same country, there was relatively high variabil-
ity of prevalence of anti-b2GPI positivity within the same ethnic-
ity and country. For example, in two UK studies, the prevalence of 
anti-b2GPI antibodies in SLE patients ranged from 5%24 to 20.8%.4 
Another source of variability for anti-b2GPI detection can occur 
with enzyme-linked immunosorbent immunoassay.32 Lastly, as our 
study was cross-sectional, the timing of blood draws occurred more 
than 3  months after a thrombotic event. One study showed that 
only 25% of SLE patients were persistently positive for anti-b2GPI 
antibodies across blood draw 3 months apart.31 Also, in our study, 
no patient with aPL complications had triple aPL positivity despite 
it being a risk factor.33

Our results indicate that the best cut-off values of aGAPSS as an 
independent prognosticator for vascular thrombosis and/ or preg-
nancy complication, venous thrombosis, and pregnancy complications 

are 3.5 or more, 4.5 or more, and 6.0 or more, respectively. These val-
ues differ from the previously validated aGAPSS where a cut-off of 5.0 
or more was associated with vascular thrombosis (arterial and venous 
thrombosis)13 and 6.7 or more was found in patients with pregnancy 
complications.34 However, the low prevalence of anti-b2GPI antibody 
in this study can explain these differences.

In this study, high sensitivity and specificity were found for 
aGAPSS cut-offs of 4.5 or more for venous thrombosis and 6 or more 
for pregnancy complications, which were consistent with previous 
studies. However, because of the small numbers of positive aPL pa-
tients with arterial thrombosis, this study cannot evaluate aGAPSS 
cut-off values for arterial thrombosis.

At present, aGAPSS is being applied, evaluated, and validated in 
primary APS patients with various specific thrombotic events such as 
cardiovascular disease,35 acute myocardial infarction in young APS 
patients (up to 50 years),15 and in recurrent thrombosis. This study 
extended the evaluation of aGAPSS to predict vascular thrombosis 
and/ or pregnancy complications in Thai SLE patients. The results 
indicate that SLE patients with venous thrombosis and pregnancy 
complications had significantly higher aGAPSS values.

Sciascia et al,4 found significant risk associations between hyper-
lipidemia, hypertension, and thrombotic phenotypes in primary APS 

TA B L E  3   Associated risk factors in all patients with vascular 
thrombosis or pregnancy complications

Variable Odds ratio 95% CI P valuea

Conventional risk factor

Contraceptive drug 1.4 0.3-6.8 0.705

Diabetic 1.9 0.2-17.8 0.588

Hypertension 2.8 0.9-8.6 0.071

Dyslipidemia 0.9 0.3-2.5 0.805

Obesity 1.1 0.3-3.3 0.930

LA 9.1 2.9-28.1 <0.001

aCL IgM/IgG 4.3 1.3-14.8 0.019

Anti-b2GPI IgM/IgG – – 0.998

Abbreviations: aCL, anti-cardiolipin antibody; anti-b2GPI, anti-b2 
glycoprotein; CI, confidence interval; LA, lupus anti-coagulant.
aFrom multivariate logistic regression analysis.

TA B L E  4   Associated risk factors in subgroup analysis

Vascular thrombosis

P value ORa (95% CI)

Pregnancy complication

P value ORa (95% CI)Yes (N = 12)b No (N = 116) Yes (N = 5) No (N = 106)

LA 6 (50.0%) 18 (15.5%) 0.007 5.4 (1.6-18.8) 4 (80.0%) 16 (15.1%) 0.007 22.5 (2.4-214.5)

aCL IgM/IgG 3 (25.0%) 11 (9.5%) 0.117 3.2 (0.7-13.5) 3 (60.0%) 9 (8.5%) 0.004 16.2 (2.4-109.7)

Anti-b2GPI 
IgM/IgG

0 18 (15.5%) – – 0 15 (14.2%) – –

Abbreviations: aCL, anti-cardiolipin antibody; anti-b2GPI, anti-b2 glycoprotein I; CI, confidence interval; LA, lupus anti-coagulant; OR, odds ratio.
aFrom multivariate logistic regression analysis.
bOne had both arterial and venous thrombosis.
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patients. However, classical thrombotic risk factors such as hyperlip-
idemia, arterial hypertension, obesity, diabetes, and smoking habits 
did not increase the risk of thrombotic events in SLE patients. These 
results support a previous study in SLE patients where traditional 
thrombotic risk factors alone could not explain the excess risk of 
premature cardiovascular disease among SLE patients.36

Our study had several limitations. First, with a cross-sectional de-
sign and follow-up duration of 2 years, the risk of vascular thrombosis 

and/ or pregnancy complications in patients who recently entered 
the cohort was not assessed. However, the mean observation period 
for patients included in the analyses was 95.0 (SD 52.5) months. A 
study strength was that all SLE patients were diagnosed and treated 
by the same group of physicians from the inception of disease less 
than 1 year before participating in the cohort. Therefore, complete 
medical information for vascular thrombosis and pregnancy compli-
cation events was available for review.

F I G U R E  1   Distribution of aGAPSS shown as box plots, where each box represents the 25th-75th centile: lines inside the box represent 
the median, and the whiskers represent the 95% CI, between patients with and without vascular thrombosis or pregnancy complication 
(A), patients with and without vascular thrombosis (B), patients with and without arterial thrombosis (C), patients with and without venous 
thrombosis (D), and patients with and without pregnancy complication (E)
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5  | CONCLUSION

This study found that SLE patients with vascular thrombosis and/ or 
pregnancy complications had significantly higher aGAPSS than those 
without. It demonstrated that aGAPSS could predict the risk of aPL-
related conditions, in Thai patients with SLE. This study confirms the 

validation of aGAPSS score in Thai SLE patients. However, more studies 
with a larger sample size and longer follow up are needed to confirm 
these findings.
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F I G U R E  2   The receiver operating characteristic (ROC) curve of aGAPSS, aGAPSS ≥3.5 associated with a higher risk of anti-phospholipid 
(aPL) -related vascular thrombosis or pregnancy complication (PC) (A), aGAPSS ≥3.5 associated with a higher risk of aPL-related vascular 
thrombosis (B), aGAPSS ≥4.5 associated with a higher risk of aPL-related venous thrombosis (C), and aGAPSS ≥6.0 associated with aPL-
related PC (D). AUC area under the curve, NPV negative predictive value, PPV positive predictive value
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Abstract
Aim: This study aimed to assess the relationship between pain catastrophizing and 
achievement of 28-joint Disease Activity Score-defined remission of rheumatoid ar-
thritis (RA), considering the presence or absence of systemic inflammation, and to 
evaluate associated factors for pain catastrophizing.
Method: This cross-sectional study included 421 RA outpatients. The relation-
ship between pain catastrophizing and remission was analyzed by adjusting several 
confounding factors. Univariable and multivariable analyses were performed to 
determine the relationship between pain catastrophizing and RA-related factors, co-
morbidities, and lifestyle habits.
Results: The prevalence of pain catastrophizing was 26%. Pain catastrophizing was 
negatively associated with remission (odds ratio 0.62, 95% confidence interval 0.38-
1.00, P  =  .048). A multinomial logistic analysis showed that the presence of pain 
catastrophizing was an independent factor that was negatively correlated with the 
achievement of remission in the absence of systemic inflammation (odds ratio 0.51, 
95% confidence interval 0.28-0.93, P = .029). Factors associated with elevated rat-
ings on the Pain Catastrophizing Scale were a history of falls within the past year, a 
Health Assessment Questionnaire score >0.5, and smoking habit. Further, patients' 
subjective symptoms, including patient global assessment minus evaluator global as-
sessment values ≥20 and high tender joint count minus swollen joint counts, were 
associated with elevated pain catastrophizing.
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1  | INTRODUC TION

Rheumatoid arthritis (RA) is a chronic inflammatory condition, 
characterized by pain and joint deformity, leading to a reduced 
quality of life.1,2 The primary goal of RA treatment is to prevent 
the inflammatory process. The standard treatment for achieving 
remission is pharmacological therapy utilizing the treat-to-target 
strategy under the tight control of disease activity.3 However, re-
mission is difficult to achieve in the presence of poor prognos-
tic factors, such as a positive anti-citrullinated peptide antibody 
(ACPA) result and/or intractable pathology.3,4 In addition, diffi-
culty in evaluating the patient global assessment (PGA), which is 
included as part of the remission criteria, may result in an overesti-
mation of disease activity and further hinder achieving remission. 
PGA is affected by RA-related factors, such as joint structural 
damage, non-RA factors (ie, demographic and social characteris-
tics), and disease activity.5 In particular, pain is a main determinant 
in PGA, accounting for 75.6% of the score.6 Non-inflammatory 
factors, such as nociplastic pain,7,8 which is thought to be caused 
by central sensitization, and patient quality of life, should not be 
evaluated in PGA, which is meant to assess disease activity with 
inflammation.

Pain can traumatize patients; it can induce an abnormal psy-
chological state of morbid anxiety or fear and a type of maladap-
tive cognitive response to pain called pain catastrophizing.9,10 Pain 
catastrophizing causes nociplastic pain and contributes to the dis-
tortion in pain perception in patients with RA.11 A previous report 
found pain catastrophizing in 22% of RA patients using biological 
disease-modifying antirheumatic drugs (bDMARDs), and a posi-
tive correlation was observed between pain catastrophizing and 
the visual analog scale (VAS) score for pain.12 Moreover, several 
reports suggest that pain catastrophizing adversely affects clinical 
remission.11,13

However, the relationship between pain catastrophizing and 
non-remission, categorized by the presence or absence of systemic 
inflammation, has not yet been elucidated. Inflammatory pain also 
instinctively causes anxiety and fear. Anti-inflammatory pharma-
cotherapy, and not psychotherapy, is the first priority for patients 
who face inflammatory pain; consequently, it is important to first 
determine if patients are experiencing acute inflammation, and then, 
for patients without inflammation, to consider the availability of a 

psychological or cognitive approach. The prevalence of refractory 
pain due to nociplastic causes merits further investigation.

This study aimed to evaluate the relationship between pain cat-
astrophizing, the state of systemic inflammation, and achievement 
of remission, and to clarify the characteristics of patients with pain 
catastrophizing. We hypothesized the following: (1) even with con-
trolled inflammatory activity, the presence of pain catastrophizing 
will result in a high PGA score, leading to an overestimation of dis-
ease activity; and (2) in patients suffering from pain catastrophizing, 
there is a discrepancy between the patients' and physicians' evalua-
tions. To test these hypotheses, we evaluated the presence of pain 
catastrophizing in patients without systemic inflammation who were 
not in remission, as well as the variables related to the discrepancy 
between the patient's subjective outcomes and objective indices of 
RA, comorbidities, and lifestyle habits. The association of these vari-
ables with pain catastrophizing was analyzed to clarify the clinical 
findings for the patients with pain catastrophizing.

2  | MATERIAL S AND METHODS

2.1 | Procedure and participants

We conducted a cross-sectional study of RA patients who partici-
pated in the Kyoto University Rheumatoid Arthritis Management 
Alliance cohort (KURAMA cohort study).14,15 The cohort was 
founded in May 2011 on the principle of appropriate control and 
improved prognosis for RA patients at the Center for Rheumatic 
Diseases in Kyoto University Hospital and included 507 RA out-
patients who visited the hospital between May 1 and October 31, 
2018, and who fulfilled the 2010 American College of Rheumatology 
(ACR)/European League against Rheumatism (EULAR) classifica-
tion.16 Of the 507 participants, we excluded participants who had 
missing data, including onset age, 28-joint Disease Activity Score 
with erythrocyte sedimentation rate (DAS28-ESR), and serologi-
cal C-reactive protein (CRP) level. The remaining 421 participants 
were subjected to the analysis. All study procedures were in accord-
ance with the Declaration of Helsinki and were approved by the 
Medical Ethics Committee of Kyoto University Graduate School and 
Faculty of Medicine (R-0357) and the Kyoto Prefectural University 
of Medicine (ERB-E-397). In all cases, patient consent was obtained 
prior to sample and data collection.

Conclusion: Pain catastrophizing is a major obstacle to achieving remission in RA pa-
tients with normal C-reactive protein levels. Advanced physical disability, smoking 
habit, and history of falls were associated with pain catastrophizing, in addition to 
patients' subjective symptoms.

K E Y W O R D S

clinical remission, nociplastic pain, pain catastrophizing, rheumatoid arthritis, systemic 
inflammation
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2.2 | Evaluation of pain catastrophizing and RA-
related factors

Pain catastrophizing is described by 3 psychological factors: ru-
minating about pain, magnification of pain symptoms, and feeling 
helpless about pain.9 A validated questionnaire known as the Pain 
Catastrophizing Scale (PCS) is available for the quantitative meas-
urement of pain catastrophizing.17 The total score can range from 0 
to 52; scores ≥30 indicate pain catastrophizing.

We assessed the disease activity of RA using the DAS28-ESR.18 
Physical disability and the severity of joint destruction were as-
sessed using the Health Assessment Questionnaire-Disability 
Index (HAQ-DI)19 and Steinbrocker stages, respectively. Serological 
data, including rheumatoid factor, ACPA, CRP, and ESR, were also 
evaluated.

In addition, we reviewed the use of therapeutic agents, in-
cluding methotrexate, prednisolone (PSL), bDMARDs (tumor ne-
crosis factor inhibitors, interleukin-6 receptor inhibitors, and 
cytotoxic T-lymphocyte antigen 4-immunoglobulin), nonsteroidal 
anti-inflammatory drugs (NSAIDs), opioids (tramadol), and pregab-
alin. The targeted synthetic DMARDs (tsDMARDs) used in the co-
hort were tofacitinib and baricitinib. We grouped tsDMARDs and 
bDMARDs as molecular targeted drugs. Based on a previous report, 
we defined difficult-to-treat RA by a DAS28-ESR score >3.2 and the 
use of ≥2 types of molecular targeted drugs.4

2.3 | Phenotype with a combination of 
remission and systemic inflammatory status

We defined the absence of systemic inflammation by a CRP value 
≤0.2 mg/dL. We divided patients into 4 groups based on the com-
bination of the remission status, defined by DAS28-ESR (remission 
<2.6), and the CRP status as follows: Group 1, remission and normal 
CRP level; Group 2, remission and CRP >0.2 mg/dL; Group 3, non-
remission and normal CRP; and Group 4, non-remission and CRP 
>0.2 mg/dL.

2.4 | Comorbidities and lifestyle habits

Sociodemographic factors, lifestyle variables, and the presence of 
comorbidities were analyzed to determine the clinical characteris-
tics of patients with pain catastrophizing. Each patient's age, gen-
der, smoking habit, frequency of alcohol intake, exercise and sports 
habit, collagen tissue disease, extra-articular lesions, respiratory 
disease, psychiatric treatment (detailed disease names were not col-
lected), and history of herpes zoster infection, cancer, falls within 
the past year, or surgery within the past year were assessed using 
a questionnaire and routine clinical examinations. Body mass index 
(BMI) was calculated as weight divided by height squared (kg/m2).

2.5 | Assessment of discrepancy between the 
evaluator global assessment (EGA) and PGA

The EGA and PGA were represented by VAS values of 0-100 mm. 
EGA, PGA, swollen joint count (SJC), and tender joint count (TJC) 
were measured to verify the DAS28-ESR variables. We used the 
PGA and TJC as patient-subjective evaluation variables, and EGA 
and SJC as evaluator-objective evaluation variables. To express 
the discrepancy between the objective and subjective evalua-
tions, we created variables for “EGA minus PGA” and “SJC minus 
TJC.”

2.6 | Statistical analysis

Variables with a normal distribution are expressed as the mean ± SD, 
and those with a non-normal distribution are expressed as the me-
dian and range. Categorical variables are expressed as numbers 
(%). Comparisons between the pain catastrophizing and non-pain 
catastrophizing groups were performed using t tests for normally 
distributed continuous variables, the Mann-Whitney U test for non-
normally distributed continuous variables, and Fisher's exact test for 
categorical variables.

The relationship between clinical remission and pain catastro-
phizing was evaluated by calculating the odds ratios (OR) and their 
corresponding 95% confidence intervals (CI) using logistic regres-
sion analysis. The relationship between pain catastrophizing and 
phenotype (Groups 1, 2, 3, and 4) with a combination of remission 
and systemic inflammatory status was evaluated using an a priori 
Steel's comparison test with Group 1 as the reference. Next, we 
constructed adjusted models to test the association between the 
phenotypes of 3 groups (Groups 1, 3, and 4) and their character-
istics, including RA-related variables and pain catastrophizing. We 
used a multinomial logistic regression model that allowed simulta-
neous estimation of the probability of different outcomes. Separate 
ORs and 95% CIs were calculated for the 3 groups, comparing each 
with the reference group, to clarify the groups in which pain cata-
strophizing are strongly involved.

Univariable regression analysis was performed to evaluate 
the association between pain catastrophizing and RA-related fac-
tors, comorbidities, and lifestyle habits. Multivariable regression 
analysis was performed using variables selected with forward-
backward, stepwise variable selection (P <  .2) on all variables in 
the univariable analysis to identify independent and significantly 
associated factors for pain catastrophizing. We planned to elimi-
nate multicollinearity, indicated by a variance inflation factor >5. 
All reported P values were 2-sided, and a P value <.05 was consid-
ered significant. All statistical analyses were performed using JMP 
version 14.0.0 (SAS Institute Inc., Cary NC, USA), except for the 
Jonckheere-Terpstra trend test, which was assessed using SAS 
version 9.4 (SAS Institute Inc.).



     |  1523YOSHIDA et al.

3  | RESULTS

3.1 | Patient demographics

Patient characteristics are shown in Table  1. In general, patients 
were older adults with a relatively long disease duration (mean age, 
65.2  ±  12.0  years; median disease duration, 10  years); only 3 pa-
tients (0.7%) had a disease duration of ≤24  months. Approximately 
half of the patients were receiving bDMARDs or tsDMARDs. A total 
of 234 patients (56%) achieved clinical remission (DAS28-ESR score 

<2.6). Sixteen patients (3.8%) were difficult to treat. One patient had 
fibromyalgia.

3.2 | Pain catastrophizing was associated with 
patient-reported outcomes

We compared patients with and without pain catastrophizing 
(Table  1). Among 421 patients, 26.1% were pain catastrophizers. 
The proportion of DAS28-ESR remission in the pain catastrophizing 

TA B L E  1   Comparison of demographic and clinical features of patients with rheumatoid arthritis between pain catastrophizing statuses

Overall Pain catastrophizing Non-pain catastrophizing

P valueN = 421a n = 110 (26.1%)b n = 311 (73.9%)b

Gender, female, n (%) 359 (85.3) 100 (90.9) 259 (83.3) .060

Age, y, mean (SD) 65.2 (12.0) 65.0 (11.9) 65.8 (12.3) .584

Body mass index 22.0 83.6) 21.9 (3.9) 22.0 83.4) .888

Onset age, y, mean (SD) 50.8 (14.9) 51.8 (14.2) 50.5 (15.1) .409

Disease duration, y, median (range) 10 (1-60) 9.5 (2-57) 10.0 (1-60) .806

Pain catastrophizing score, mean (SD) 20.8 (13.1) 37.7 (5.8) 14.9 (9.2) <.001

Pain VAS, 0-100 mm, median (range) 14 (0-96) 26 (0-96) 11 (0-90) <.001

PGA,VAS 0-100 mm, median (range) 14 (0-99) 25 (0-99) 13 (0-91) <.001

EGA, VAS 0-100, median (range) 6 (0-85) 9 (0-85) 5 (0-77) .047

PGA minus EGA, mean (SD) 13.5 (20.5) 19.4 (24.2) 11.4 (18.6) <.001

History of psychiatric treatment, n (%) 55 (13.1) 16 (14.5) 39 (12.5) .622

Steinbrocker stages 3 and 4, n (%) 203 (48.2) 54 (49.1) 149 (47.9) .912

Tender joint count, 0-28, median (range) 0 (0-17) 0 (0-17) 0 (0-13) .002

Swollen joint count, 0-28, median (range) 0 (0-14) 0 (0-14) 0 (0-9) .313

ACPA, U/mL, median (range) 76.5 (0.5-6190) 61.0 (0.5-3200) 87.1 (0.5-6190) .309

CRP, mg/dL, median (range) 0.1 (0.1-7.5) 0.1 (0.1-5.9) 0.1 (0.1-7.5) .719

ESR, median (range) 15 (3-120) 15.5 (4-78) 15.0 (1.7-120) .732

HAQ score, 0-3, median (range) 0.25 (0-3) 0.50 (0-2.9) 0.25 (0-3) .001

DAS28-ESR, mean (SD) 2.6 (1.0) 2.9 (1.1) 2.6 (1.0) .003

DAS28-ESR remission, n (%) 234 (56) 51 (46.4) 183 (58.8) .026

Methotrexate use, n (%) 303 (72.0) 74 (67.3) 229 (73.6) .218

Prednisolone use, n (%) 93 (22.1) 93 (22.1) 66 (21.2) .504

Dose, mg/d, median (range) 0 (0-20) 0 (0-10) 0 (0-20) .547

Biological DMARD use, n (%) 202 (48.8) 53 (48.2) 148 (47.9) 1.000

Targeted synthetic DMARD use, n (%) 5 (1.2) 1 (0.9) 4 (1.3) 1.000

NSAID use, n (%) 168 (39.9) 45 (40.9) 123 (39.6) .821

Opioid use, n (%) 46 (10.9) 16 (14.6) 30 (9.7) .159

Pregabalin use, n (%) 14 (3.3) 4 (3.6) 10 (3.2) .766

Abbreviations: ACPA, anti-citrullinated peptide antibody; CRP, C-reactive protein; DAS28, Disease Activity Score of 28 joints; DMARD, disease-
modifying antirheumatic drug; EGA, evaluator global assessment; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; 
NSAID, nonsteroidal anti-inflammatory drug; PGA, patient global assessment; SD, standard deviation; VAS, visual analog scale.
aExcluding body mass index (n = 419) and ACPA (n = 400).
bExcluding body mass index and ACPA. Pain catastrophizing vs non-pain catastrophizing: n = 109 (26.0%) vs n = 310 (74.0%) in rheumatoid factor, 
n = 105 (26.3%) vs n = 295 (73.7%) for ACPA.
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group was significantly lower than that in the non-pain catastrophiz-
ing group (46.4% vs 58.8%, P < .026).

The disease duration, onset age, BMI, SJC, percentage of pa-
tients with an advanced Steinbrocker stage, percentage of patients 
using medications, including PSL and bDMARDs; and serum ACPA, 
CRP, and ESR levels were not significantly different between the 2 
groups. There was no significant difference between the 2 groups 
with respect to the use of pain medications, including NSAIDs, opi-
oids, and pregabalin, and the proportion of patients with a history of 
psychiatric treatment.

PGA, TJC, and HAQ scores were significantly higher in the pain 
catastrophizing group than in the non-pain catastrophizing group 
(P < .001, P = .002, and P = .001, respectively). Although the pain 
catastrophizing group had a slightly higher EGA value than the 
non-pain catastrophizing group (P  =  .047), the median EGA val-
ues of each group were ≤10 mm. However, PGA minus EGA values 
were higher in the pain catastrophizing group than in the non-pain 
catastrophizing group (P < .001). These variables, which showed a 
significant difference from the binary variables of pain catastroph-
izing, tended to significantly increase as the PCS score increased 
(Table S1).

3.3 | Pain catastrophizing was associated 
with non-remission in RA patients when CRP levels 
were normal

Table 2 shows that pain catastrophizing was negatively associated 
with remission (OR: 0.62, 95% CI: 0.38-1.00, P  =  .048). To clarify 
whether pain catastrophizing was associated with non-remission 
without systemic inflammation, we analyzed whether Groups 3 or 
4 had variables that were different from those of Group 1 using 

multiple comparison tests (Table 3). Age, disease duration, and the 
HAQ score were higher in the non-remission groups (Groups 3 and 
4) than in Group 1 (all P < .01). An advanced Steinbrocker stage and 
the use of pain medications were more prevalent in Groups 3 and 4 
than in Group 1. ACPA levels were higher in Group 4 than in Group 1 
(P = .0152). PGA minus EGA was significantly higher in Group 3 than 
in Group 1 (P = .0026).

Table 4 shows the adjusted multinomial logistic regression mod-
els comparing characteristics for Groups 1, 3, and 4 with each refer-
ence group, excluding 21 (5%) of 421 participants who had missing 
data for ACPA as covariates. Group 3 participants were more likely 
to suffer from pain catastrophizing than Group 1 participants (41 
Group 1 participants [20.3%] vs 36 Group 3 participants [34.3%] had 
pain catastrophizing); the presence of pain catastrophizing was inde-
pendently associated with a difference between Group 1 and Group 
3 (OR 0.51, 95% CI 0.28-0.93). Group 4 participants were more likely 
to have a higher ACPA level; 43 Group 1 participants (23.0%) were 
in the top quartile of ACPA level vs 31 Group 4 participants (39.2%) 
(OR 0.41, 95% CI 0.17-0.96), and 31 Group 4 participants (39.2%) 
were in the top quartile of ACPA level vs 20 Group 3 participants 
(19.2%) (OR 2.81, 95% CI 1.13-7.25).

3.4 | Clinical and lifestyle characteristics predicting 
pain catastrophizing in RA patients

We set the cutoff value of PGA minus EGA to be 20 mm based on 
the average value of PGA minus EGA in patients with pain catastro-
phizing (average value, 19.4; Table 1). Table 5 presents the results of 
the univariable and multivariable analyses for the association of sev-
eral independent variables with pain catastrophizing. In the univari-
able analysis, a high HAQ score, TJC, or TJC minus SJC value; a PGA 

N = 421 Univariable Multivariable

DAS28-ESR remission 
(n = 234) Crude OR (95% CI) P value Adjusted OR (95% CI) P value

Age 1.00 (1.00-1.00) .190 0.96 (0.94-0.98) <.001

Gender, male 0.97 (0.66-1.42) .884 1.99 (1.05-3.79) .033

Disease duration 1.00 (0.99-1.00) .477 1.00 (0.98-1.03) .819

bDMARD use 1.35 (0.92-1.98) .130 1.39 (0.89-2.16) .100

Methotrexate, mg per 
week

1.04 (1.01-1.07) .004 1.00 (0.95-1.05) .894

Prednisolone, mg per 
day

0.92 (0.84-1.00) .051 0.89 (0.81-0.98) .013

Steinbrocker stage 3 
or 4 vs 1 or 2

0.31 (0.21-0.46) <.001 0.35 (0.21-0.59) <.001

Pain catastrophizing 
score ≥30

0.60 (0.39-0.94) .024 0.62 (0.38-1.00) .048

Note: Covariates are all the above variables. DAS28-ESR remission, <2.6.
Abbreviations: bDMARD, biological disease-modifying antirheumatic drugs; CI, confidence 
interval; DAS28, Disease Activity Score of 28 joints; ESR, erythrocyte sedimentation rate; OR, 
odds ratio.

TA B L E  2   Analysis of clinical features 
including pain catastrophizing associated 
with DAS28-ESR remission
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minus EGA value ≥20 mm; and history of respiratory disease, herpes 
zoster infection, and falls were positively associated with pain cata-
strophizing. Exercise and sports habits were negatively associated 
with pain catastrophizing. In the multivariable analysis, a high HAQ 
score, a PGA minus EGA value ≥20 mm, a high TJC minus SJC value, a 
history of falls, and current smoking were positively associated with 
the PCS score (P = .0001, P = .002, P = .001, P = .034, and P = .017, 
respectively). Female gender was positively associated and age was 
negatively associated with the PCS score, although no interventions 
could modify these results in general.

4  | DISCUSSION

Our study revealed 3 major findings. First, we showed that pain 
catastrophizing is a major obstacle to achieving remission of RA in 
patients with normal CRP levels. Second, the overestimation of RA 
disease activity due to elevated PGA was more likely in the presence 
of pain catastrophizing, which was especially observed in patients 
with normal CRP levels. Third, we found that falls and smoking were 
associated with increased PCS scores and are therefore risk factors 
for pain catastrophizing.

Remission in DAS28-ESR Non-remission in DAS28-ESR

CRP 
≤0.2 mg/dL

CRP >0.2 mg/
dL

CRP ≤0.2 mg/
dL

CRP >0.2 mg/
dL

n = 202 
(48.0%) n = 33 (7.8%)

n = 105 
(25.0%) n = 81 (19.2%)

Group 1 Group 2 Group 3 Group 4

Age, y 62.3 ± 12.0 63.9 ± 11.8 68.8 ± 9.7††† 68.5 ± 11.8††

Body mass index 21.9 ± 2.9 23.1 ± 3.0 21.8 ± 3.7 22.1 ± 4.8

Disease duration, y 11.8 ± 10.7 12.7 ± 9.7 15.9 ± 12.0† 16.8 ± 11.9††

CRP, mg/dL 0.11 ± 0.06 0.82 ± 1.51††† 0.12 ± 0.04 1.25 ± 1.17†††

ACPA, U/mL 243 ± 398 178 ± 249 270 ± 531 483 ± 874*

Tender joint count, 0-28 0.13 ± 0.44 0.12 ± 0.42 1.59 ± 2.31††† 1.79 ± 2.54†††

Swollen joint count, 0-28 0.15 ± 0.49 0.12 ± 0.33 1.17 ± 1.61††† 1.84 ± 2.59†††

HAQ score 0.3 ± 0.6 0.3 ± 0.4 0.8 ± 0.7††† 0.9 ± 0.9†††

PGA, VAS 0-100 mm 13.1 ± 14.9 10.5 ± 11.0 37.0 ± 25.4††† 35.9 ± 25.0†††

EGA, VAS 0-100 mm 4.0 ± 5.9 5.1 ± 7.0 15.3 ± 12.0††† 19.0 ± 15.2†††

Pain, VAS 0-100 mm 14.3 ± 18.9 11.3 ± 16.9 34.0 ± 26.1††† 36.0 ± 27.7†††

PGA minus EGA 9.2 ± 14.0 5.4 ± 12.1 21.8 ± 25.9** 16.9 ± 24.5

Pain catastrophizing score 18.8 ± 12.5 21.6 ± 13.3 23.5 ± 14.2* 22.1 ± 12.6

Pain catastrophizing 
score‡ ≥30, n (%)

41 (20.3%) 10 (30.3%) 36 (34.3%) 23 (28.4%)

Steinbrocker stages 3 and 
4§, n (%)

72 (35.6%) 11 (33.3%) 63 (60.0%) 57 (70.4%)

NSAID use||, n (%) 95 (47.0%) 13 (39.4%) 62 (59.1%) 48 (59.3%)

bDMARD or tsDMARD 
use¶, n (%)

110 (54.5%) 11 (33.3%) 53 (50.5%) 33 (40.7%)

Prednisolone use¶¶, n (%) 23 (11.4%) 10 (36.3%) 33 (31.4%) 27 (33.3%)

Methotrexate use¶¶¶, 
n (%)

151 (74.8%) 27 (81.8%) 71 (67.6%) 54 (66.7%)

Note: n = 421, excluding body mass index (n = 419) and ACPA (n = 400). Data are expressed as 
mean ± SD or as number (%). *P < .05, **P < .01 in Steel's multiple comparison test using “Group 
1” as the control group. †P < .01, ††P < .001, †††P < .0001 in Steel's multiple comparison test 
with “Group 1” as the control group. ‡P = .053, §P = .0001, ||P = .048, ¶P = .047, ¶¶P < .0001, and 
¶¶¶P = .214 in Chi-square test among all groups.
Abbreviations: ACPA, anti-citrullinated peptide antibody; bDMARD, biological disease-modifying 
antirheumatic drugs; CRP, C-reactive protein; DAS28, Disease Activity Score of 28 joints; EGA, 
evaluator global assessment; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment 
Questionnaire; NSAID, nonsteroidal anti-inflammatory drug; PGA, patient global assessment; 
tsDMARD, targeted synthetic disease-modifying antirheumatic drugs; VAS, visual analog scale.

TA B L E  3   Patient demographics 
stratified by phenotype of combined DAS 
remission and inflammatory status
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The presence of pain catastrophizing was associated with all 
patient-reported outcomes (PROs), including pain VAS, PGA, TJS, 
and HAQ; however, the inflammatory indexes, including CRP levels, 
ACPA positivity, and SJC, were not influenced by the presence of 
pain catastrophizing. The difference in EGA, an objective index, was 
significant between the pain catastrophizing and non-pain catastro-
phizing groups. However, there was a correlation between the pres-
ence of pain catastrophizing and TJC, which may have affected the 
physician's evaluation. Therefore, we should pay attention to the dis-
crepancy between PGA and EGA. Notably, the discrepancy between 
PGA and EGA (PGA minus EGA) was larger in the group with pain 
catastrophizing, indicating that patients with pain catastrophizing 
estimate their disease condition more severely than those without it.

This study demonstrated that pain catastrophizing was nega-
tively correlated with the composite score of disease activity, mak-
ing it difficult to achieve remission. Although only 48.8% of our study 
population used bDMARDs, the results of the relationship between 

pain catastrophizing and remission were similar to those previously 
reported in a population of RA patients using only bDMARDs.20 In 
addition, by detecting the proportion of patients who did not reach 
remission due to pain catastrophizing, we hypothesized that the pres-
ence of pain catastrophizing would result in an increased PGA score 
and overestimation of disease activity, even under controlled systemic 
inflammation. Table 3 clearly shows that Group 3 (non-remission de-
spite normal CRP level) had the highest PCS score, highest PGA score, 
and highest discrepancy between PGA and EGA (PGA minus EGA) 
among the groups. Moreover, a multinomial logistic analysis compar-
ing the characteristics of Group 1 and Group 3 (Table 4) revealed that 
the presence of pain catastrophizing was an independent factor that 
was negatively correlated with the achievement of remission in Group 
3. This result suggests that some patients are unable to achieve remis-
sion due to an overestimation of PGA caused by the psychological or 
cognitive impact of pain catastrophizing. Further, among the groups, 
the mean ACPA value, an indicator of poor prognosis in RA,3 was the 

TA B L E  4   Multivariate adjusted association between phenotype of DAS remission combined with inflammatory status and characteristics

Group 1 vs Group 4 (ref) Group 1 vs Group 3 (ref) Group 4 vs Group 3 (ref)

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

Age, y 0.96 (0.93-0.98) .002* 0.95 (0.93-0.97) <.0001* 0.99 (0.96-1.02) .571

Disease duration, y 1.01 (0.98-1.04) .642 1.01 (0.98-1.04) .658 1.00 (0.97-1.03) .960

Gender

Female 1 (ref) .262 1 (ref) .343 1 (ref) .766

Male 1.74 (0.69-4.89) 1.49 (0.67-3.49) 0.85 (0.29-2.35)

bDMARD or tsDMARD

No current use 1 (ref) .031* 1 (ref) .640 1 (ref) .097

Current use 1.93 (1.07-3.52) 1.14 (0.67-1.94) 0.59 (0.31-1.09)

Prednisolone

No current use 1 (ref) .001* 1 (ref) .001* 1 (ref) .935

Current use 0.30 (0.14-0.61) 0.31 (0.16-0.59) 1.03 (0.53-2.00)

Steinbrocker stages

1 or 2 1 (ref) .002* 1 (ref) .028* 1 (ref) .278

3 or 4 0.30 (0.14-0.63) 0.47 (0.24-0.92) 1.56 (0.70-3.48)

ACPA

Negative, <4.5, U/mL 1 (ref) 1 (ref) 1 (ref)

Positive, 4.5 to less than 13.5 0.94 (0.29-3.33) .926 2.16 (0.70-7.66) .200 2.29 (0.55-9.85) .252

Strong positive, 13.5 to less than 
329

0.68 (0.29-1.53) .355 0.64 (0.32-1.25) .196 0.95 (0.40-2.28) .902

Top quartile, ≥329: third quartile 0.41 (0.17-0.96) .043* 1.16 (0.52-2.58) .715 2.81 (1.13-7.25) .029*

Pain catastrophizing

Negative, scale <30 1 (ref) .142 1 (ref) .029* 1 (ref) .628

Positive, scale ≥30 0.61 (0.31-1.19) 0.51 (0.28-0.93) 0.85 (0.44-1.64)

Note: *P < .005. Group 1: DAS28-ESR remission (<2.6) and CRP ≤0.2 mg/dL, Group 3: non-remission and CRP ≤0.2 mg/dL, Group 4: non-remission 
and CRP >0.2 mg/dL. The model used was adjusted for age, disease duration, gender, pharmacotherapy (DMARD and prednisolone), Steinbrocker 
stages status, ACPA status, and pain catastrophizing status. The results are based on n = 400 participants with complete data for all covariates (21 
[5%] of 421 had missing data of ACPA and were excluded).
Abbreviations: ACPA, anti-citrullinated peptide antibody; bDMARD, biological disease-modifying antirheumatic drugs; CI, confidence interval; 
tsDMARD, targeted synthetic disease-modifying antirheumatic drugs.
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highest in Group 4, and a significant difference from Group 1 emerged 
only in Group 4 in the multiple comparison test and multinomial logis-
tic analysis. In addition, multinomial logistic analysis (Table 4) showed 

a difference in the proportion of ACPA in the top quartile between 
Groups 3 and 4, which was an independent factor that determined the 
group. Therefore, it is reasonable to assume that there are differences 

TA B L E  5   Univariable and multivariable regression analyses for independent variables associated with the Pain Catastrophizing Scale 
score

Applicable 
number
(n = 421a)

Univariable Multivariable

Estimates P value

95% CI

Estimates P value

95% CI

Lower Upper Lower Upper

Gender, female vs male 359 1.77 .0501 −0.001 3.54 1.85 .039 0.090 3.61

Age, 10 y −0.63 .243 −1.68 0.43 −1.69 .002 −2.75 −0.64

Body mass index, 1 unit −0.04 .827 −0.39 0.31

RA disease characteristics

Disease duration, 1 y 0.03 .547 −0.08 0.14

Stage 3 or 4, vs stage 1 or 2 203 1.07 .096 −0.19 2.32

HAQ score >0.5, vs HAQ score 
≤0.5

140 4.00 <.0001 2.72 5.28 2.81 .0001 1.37 4.25

PGA − EGA ≥20 mm VAS, vs 
<20 mm

122 3.23 <.0001 1.97 4.67 2.22 .002 0.81 3.63

SJC in 28 joints 0.02 .951 −0.68 0.72

TJC in 28 joints 0.81 .0007 0.35 1.28

TJC minus SJC in 28 joints 1.48 <.0001 0.75 0.84 1.15 .001 0.45 1.84

ACPA, 10 U/mL −0.01 .402 −0.03 0.01

ESR, 1 mm/h −0.01 .726 −0.09 0.06

CRP, 1 mg/mL 0.83 .295 −0.73 2.39

RA therapeutics

Prednisolone use 93 1.44 .062 −0.07 2.95 0.97 .186 −0.47 2.41

MTDb use (current) 206 0.11 .859 −1.15 1.37

Difficult-to-treatc group 16 1.03 .540 −2.26 4.32

Comorbidities

Collagen tissue disease 20 2.21 .141 −0.74 5.16

Extra-articular lesion 68 1.56 .072 −0.14 3.27

Respiratory disease 124 1.74 .013 0.37 3.11 1.01 .139 −0.33 2.34

History of psychiatric treatment 55 1.61 .090 −0.25 3.47

History of herpes zoster 
infection

6 7.78 .004 2.52 13.03 4.04 .113 −0.96 9.09

History of cancer 10 0.75 .722 −3.38 4.88

Fall history within the past y 55 2.85 .003 1.01 4.70 1.89 .034 0.15 3.63

Surgery within the past y 30 −0.15 .907 −2.59 2.30

Lifestyle habits

Current smoking 28 1.39 .280 −1.13 3.91 3.02 .017 0.54 5.51

Daily alcohol intake 57 −0.86 .359 −2.70 0.98

Exercise and sports habits 85 −2.01 .012 −3.56 -0.45

Abbreviations: ACPA, anti-citrullinated peptide antibody; CI, confidence interval; CRP, C-reactive protein; EGA, evaluator global assessment; ESR, 
erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; MTD, molecular targeted drug; PGA, patient global assessment; RA, 
rheumatoid arthritis; SJC, swollen joint count; TJC, tender joint count; VAS, visual analog scale.
an = 421, excluding body mass index (n = 419) and ACPA (n = 400).
bMTD: biological and/or targeted synthetic disease-modifying antirheumatic drug.
cDifficult-to-treat was defined as Disease Activity Score 28-Erythrocyte Sedimentation Rate >3.2 and MTD ≥2 types used.
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in the refractory proportion between Groups 3 and 4, even though 
both were assessed by DAS28 as non-remission. Hence, approxi-
mately 34% of patients with normal CRP levels but no DAS28 remis-
sion, the proportion of patients with pain catastrophizing in Group 3 
(Table 3), may be subjected to disease activity overestimation due to 
pain catastrophizing and an elevated PGA. However, we did not find 
any signs of overtreatment in our data (Table 3); hence, it seems as 
if rheumatologists are well aware of the discordance of the PGA and 
inflammation and have accordingly adjusted their treatment decisions.

Pain catastrophizing is difficult to diagnose in an outpatient rheu-
matology clinic; however, proper management of psychological prob-
lems, including pain catastrophizing, is important. In addition, few 
studies have attempted to clarify the clinical characteristics of patients 
with pain catastrophizing. Our multivariable analysis results indicate 
that the PCS score is significantly associated with discrepancies in the 
evaluations between patients and rheumatologists, especially when 
the PGA is ≥20 mm more than EGA. These results may be a useful 
clinical finding for physicians to detect pain catastrophizing. Smoking 
was also associated with pain catastrophizing in the multivariable 
analysis. Univariable analysis showed an association between respira-
tory disease and pain catastrophizing, given that 21% of the patients 
who were smokers had respiratory complications, including chronic 
obstructive pulmonary disease (data not shown), suggesting that this 
disease was associated with pain catastrophizing. Therefore, it is nec-
essary to support smoking cessation. Cognitive behavioral therapy is 
known to have an effect on both pain catastrophizing and smoking 
cessation and may be a helpful strategy in the future.21-23 Similarly, the 
HAQ score and a history of falls were also associated with PCS. There 
is a possibility that the level of physical activity gradually decreased 
as a result of the fear-avoidance model of pain catastrophizing, which 
causes disuse disorder and/or falls by maintaining excessive rest to 
avoid pain.24 Conversely, the patient may exhibit pain catastrophizing 
because of pain after a fall. A more detailed analysis based on longitu-
dinal data is necessary to investigate this process.

We acknowledge that the present study has limitations. This is a 
cross-sectional study without longitudinal data, and our results do not 
imply causation. In addition, these results are obtained from a single 
institution and cannot be extrapolated to general clinical practice. 
However, it is possible to refer to our results, considering that the 
treatment was provided based on a treat-to-target strategy according 
to the guidelines of the ACR, the EULAR, and the Japan College of 
Rheumatology. Next, we used DAS28-ESR and the CRP level as indi-
cators for grouping in terms of remission and systemic inflammation, 
but we need to consider the limitations of these variables. Patients 
whose main symptoms involve the foot, such as symptoms in the toe 
joints, may have underestimated disease activities, and patients taking 
interleukin-6 inhibitors may be more likely to have normal CRP levels. 
Therefore, we will need more careful observation of pain catastroph-
izing and nociplastic pain in applicable patients. Finally, our study used 
only a history of herpes zoster infection as a variable of neuropathic 
pain in the multivariable analysis because we were unable to identify 
the pain as neuropathic pain despite rigid checking. A previous study 
reported that 3.0% and 11.0% of RA patients likely have neuropathic 

pain and possible neuropathic pain, respectively, depending on the 
proportion with complications such as diabetes, spinal diseases, and 
herpes zoster infection.25 Nevertheless, as there was no relationship 
between treatment with pregabalin, which is often prescribed for 
neuropathic pain, and the presence of pain catastrophizing, the asso-
ciation or overlap of neuropathic pain with pain catastrophizing may 
be negligible. However, comprehensive assessments, considering the 
possibility of neuropathic pain, should be performed.

In conclusion, pain catastrophizing is a major obstacle to achiev-
ing clinical remission in RA patients, especially in patients with nor-
mal CRP levels. Advanced physical disability, smoking habit, and 
a history of falls were associated with pain catastrophizing. This 
study reveals the potential risk of overestimation of disease activity 
caused by the presence of pain catastrophizing and may help iden-
tify patients suffering from nociplastic pain.

ACKNOWLEDG EMENTS
We thank Nobuo Uetsuki for teaching the concept of pain relief.

CONFLIC T OF INTERE S T
Motomu Hashimoto, Koichi Murata, Masao Tanaka, Kohei Nishitani, 
Ryu Watanabe, and Hiromu Ito belong to the Department of 
Advanced Medicine for Rheumatic Diseases, which is financially 
supported by Nagahama City, Shiga, Japan; Toyooka City, Hyogo, 
Japan; and 5 pharmaceutical companies (Mitsubishi Tanabe, 
Chugai, UCB Japan, AYUMI, and Asahi Kasei). The KURAMA co-
hort study is supported by a grant from Daiichi Sankyo Co., Ltd. 
Motomu Hashimoto received a research grant and/or speaker 
fee from Mitsubishi Tanabe Pharma Corp.; Bristol-Myers Squibb; 
Eisai Co., Ltd.; and Eli Lilly and Company. Kosaku Murakami re-
ceived speaking fees and/or consulting fees from Eisai Co., Ltd.; 
Chugai Pharmaceutical Co., Ltd.; Pfizer Inc; Bristol-Myers Squibb; 
Mitsubishi Tanabe Pharma Corp.; UCB Japan Co., Ltd.; Daiichi 
Sankyo Co., Ltd.; and Astellas Pharma Inc. Koichi Murata received a 
speaking fee and/or consulting fee from Eisai Co., Ltd. and Astellas 
Pharma Inc. Kohei Nishitani received a research grant from Asahi 
Kasei Pharma. Ryu Watanabe received a speaking fee from 
Mitsubishi Tanabe Pharma Co; Pfizer Inc; Sanofi SA; AbbVie GK; 
Asahi Kasei Pharma; Eisai Co., Ltd.; Eli Lilly and Company; Bristol-
Myers Squibb; and Janssen Pharmaceutical KK. Masao Tanaka 
received research grants and/or speaker fees from AbbVie GK; 
Asahi Kasei Pharma; Astellas Pharma Inc; AYUMI Pharmaceutical 
Co.; Chugai Pharmaceutical Co., Ltd.; Eisai Co., Ltd.; Eli Lilly Japan 
KK; Janssen Pharmaceutical KK; Mitsubishi Tanabe Pharma Co.; 
Novartis Pharma KK; Pfizer Inc; Taisyo Pharma., Ltd.; and UCB Japan 
Co., Ltd. Akio Morinobu received research grants and/or speaker 
fees from AbbVie; Asahi Kasei Pharma; Chugai Pharmaceutical; 
Ono Pharmaceutical; Eli Lilly; AbbVie; Ono Pharmaceutical; Pfizer; 
Astellas Pharmaceutical; and Chugai Pharmaceutical. Hiromu Ito 
received research grants from Bristol-Myers Squibb; Eisai Co., 
Ltd.; Taisyo Pharma; and Mochida. Tamami Yoshida, Go Horiguchi, 
Wataru Yamamoto, Ritei Uehara, and Shuichi Matsuda declare no 
competing interests.



     |  1529YOSHIDA et al.

AUTHOR CONTRIBUTIONS
Conceptualization: Tamami Yoshida, Motomu Hashimoto. 
Methodology: Tamami Yoshida, Motomu Hashimoto. Formal analysis 
and interpretation of the data: Tamami Yoshida, Motomu Hashimoto, 
Go Horiguchi. Data management: Wataru Yamamoto. Writing - origi-
nal initial draft preparation: Tamami Yoshida. Resources and writing 
- review and editing: Tamami Yoshida, Motomu Hashimoto, Kosaku 
Murakami, Masao Tanaka, Koichi Mutara, Nishitani Kohei, and 
Hiromu Ito. Funding acquisition: Tamami Yoshida. Supervision: Ritei 
Uehara, Akio Morinobu, and Shuichi Matsuda.

DATA AVAIL ABILIT Y S TATEMENT
The datasets generated during and/or analyzed during the current 
study are available from the corresponding author on reasonable 
request.

ORCID
Tamami Yoshida   https://orcid.org/0000-0002-4571-1362 
Koichi Murata   https://orcid.org/0000-0002-7896-3937 
Ryu Watanabe   https://orcid.org/0000-0002-1089-5296 
Hiromu Ito   https://orcid.org/0000-0002-1827-382X 

R E FE R E N C E S
	 1.	 Scott DL, Pugner K, Kaarela K, et al. The links between joint 

damage and disability in rheumatoid arthritis. Rheumatology. 
2000;39:122-132.

	 2.	 Smolen JS, Aletaha D, McInnes IB. Rheumatoid arthritis. Lancet. 
2016;388:2023-2038.

	 3.	 Smolen JS, Landewé R, Bijlsma J, et al. EULAR recommendations 
for the management of rheumatoid arthritis with synthetic and bi-
ological disease-modifying antirheumatic drugs: 2016 update. Ann 
Rheum Dis. 2017;76:960-977.

	 4.	 de Hair MJH, Jacobs JWG, Schoneveld JLM, van Laar JM. Difficult-
to-treat rheumatoid arthritis: an area of unmet clinical need. 
Rheumatology. 2018;57:1135-1144.

	 5.	 Nikiphorou E, Radner H, Chatzidionysiou K, et al. Patient global 
assessment in measuring disease activity in rheumatoid arthritis: a 
review of the literature. Arthritis Res Ther. 2016;18:251.

	 6.	 Studenic P, Radner H, Smolen JS, Aletaha D. Discrepancies be-
tween patients and physicians in their perceptions of rheumatoid 
arthritis disease activity. Arthritis Rheum. 2012;64:2814-2823.

	 7.	 Aydede M, Shriver A. Recently introduced definition of "nociplastic 
pain" by the International Association for the Study of Pain needs 
better formulation. Pain. 2018;159:1176-1177.

	 8.	 Fitzcharles MA, Cohen SP, Clauw DJ, Littlejohn G, Usui C, Häuser 
W. Nociplastic pain: towards an understanding of prevalent pain 
conditions. Lancet. 2021;397:2098-2110.

	 9.	 Sullivan MJ, Thorn B, Haythornthwaite JA, et al. Theoretical per-
spectives on the relation between catastrophizing and pain. Clin J 
Pain. 2001;17:52-64.

	10.	 Martinez-Calderon J, Jensen MP, Morales-Asencio JM, Luque-
Suarez A. Pain catastrophizing and function in individuals with 
chronic musculoskeletal pain: a systematic review and meta-
analysis. Clin J Pain. 2019;35:279-293.

	11.	 Edwards RR, Cahalan C, Calahan C, Mensing G, Smith M, 
Haythornthwaite JA. Pain, catastrophizing, and depression in the 
rheumatic diseases. Nat Rev Rheumatol. 2011;7:216-224.

	12.	 Penhoat M, Saraux A, Le Goff B, Augereau P, Maugars Y, Berthelot 
JM. High pain catastrophizing scores in one-fourth of patients on 
biotherapy for spondylarthritis or rheumatoid arthritis. Joint Bone 
Spine. 2014;81:235-239.

	13.	 Edwards RR, Bingham CO, Bathon J, Haythornthwaite JA. 
Catastrophizing and pain in arthritis, fibromyalgia, and other rheu-
matic diseases. Arthritis Rheum. 2006;55:325-332.

	14.	 Minamino H, Katsushima M, Yoshida T, et al. Increased circulat-
ing adiponectin is an independent disease activity marker in pa-
tients with rheumatoid arthritis: a cross-sectional study using the 
KURAMA database. PLoS One. 2020;15:e0229998.

	15.	 Murata K, Ito H, Hashimoto M, et al. Elderly onset of early rheuma-
toid arthritis is a risk factor for bone erosions, refractory to treat-
ment: KURAMA cohort. Int J Rheum Dis. 2019;22:1084-1093.

	16.	 Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis clas-
sification criteria: an American College of Rheumatology/European 
League Against Rheumatism collaborative initiative. Arthritis 
Rheum. 2010;62:2569-2581.

	17.	 Sullivan MJL, Bishop SR, Pivik J. The pain catastrophizing scale: de-
velopment and validation. Psychol Asess. 1995;7:524-532.

	18.	 Wells G, Becker JC, Teng J, et al. Validation of the 28-joint Disease 
Activity Score (DAS28) and European League Against Rheumatism 
response criteria based on C-reactive protein against disease pro-
gression in patients with rheumatoid arthritis, and comparison with 
the DAS28 based on erythrocyte sedimentation rate. Ann Rheum 
Dis. 2009;68:954-960.

	19.	 Bruce B, Fries JF. The Stanford Health Assessment Questionnaire: 
a review of its history, issues, progress, and documentation. J 
Rheumatol. 2003;30:167-178.

	20.	 Hammer HB, Uhlig T, Kvien TK, Lampa J. Pain catastrophizing, 
subjective outcomes, and inflammatory assessments including ul-
trasound: results from a longitudinal study of rheumatoid arthritis 
patients. Arthritis Care Res. 2018;70:703-712.

	21.	 Seminowicz DA, Shpaner M, Keaser ML, et al. Cognitive-behavioral 
therapy increases prefrontal cortex gray matter in patients with 
chronic pain. J Pain. 2013;14:1573-1584.

	22.	 Fanshawe TR, Halliwell W, Lindson N, Aveyard P, Livingstone-
Banks J, Hartmann-Boyce J. Tobacco cessation interventions for 
young people. Cochrane Database Syst Rev. 2017;11:CD003289.

	23.	 Thorn BE, Pence LB, Ward LC, et al. A randomized clinical trial of 
targeted cognitive behavioral treatment to reduce catastrophizing 
in chronic headache sufferers. J Pain. 2007;8:938-949.

	24.	 Vlaeyen JWS, Linton SJ. Fear-avoidance and its consequences in 
chronic musculoskeletal pain: a state of the art. Pain. 2000;85:​317-332.

	25.	 Ito S, Kobayashi D, Murasawa A, Narita I, Nakazono K. An analysis 
of the neuropathic pain components in rheumatoid arthritis pa-
tients. Intern Med. 2018;57:479-485.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version 
of the article at the publisher’s website.

How to cite this article: Yoshida T, Hashimoto M, Horiguchi G, 
et al. Pain catastrophizing hinders Disease Activity Score 28 – 
erythrocyte sedimentation rate remission of rheumatoid 
arthritis in patients with normal C-reactive protein levels. Int J 
Rheum Dis. 2021;24:1520–1529. https://doi.org/10.1111/1756-
185X.14231

https://orcid.org/0000-0002-4571-1362
https://orcid.org/0000-0002-4571-1362
https://orcid.org/0000-0002-7896-3937
https://orcid.org/0000-0002-7896-3937
https://orcid.org/0000-0002-1089-5296
https://orcid.org/0000-0002-1089-5296
https://orcid.org/0000-0002-1827-382X
https://orcid.org/0000-0002-1827-382X
https://doi.org/10.1111/1756-185X.14231
https://doi.org/10.1111/1756-185X.14231


1530  |  	﻿�  Int J Rheum Dis. 2021;24:1530–1539.wileyonlinelibrary.com/journal/apl

Received: 26 May 2021  |  Revised: 22 September 2021  |  Accepted: 26 September 2021

DOI: 10.1111/1756-185X.14235  

O R I G I N A L  A R T I C L E

Upadacitinib in patients from China, Brazil, and South Korea 
with rheumatoid arthritis and an inadequate response to 
conventional therapy

Xiaofeng Zeng1,2 |   Dongbao Zhao3 |   Sebastiao C. Radominski4 |   Mauro Keiserman5 |   
Chang K. Lee6 |   Sebastian Meerwein7 |   Jeffrey Enejosa8 |   Yunxia Sui8 |   
Mohamed-Eslam F. Mohamed8 |   Won Park9

© 2021 The Authors. International Journal of Rheumatic Diseases published by Asia Pacific League of Associations for Rheumatology and John Wiley & Sons 
Australia, Ltd.

This trial was registered with ClinicalTrials.gov, identifier: NCT02955212.  

1Department of Rheumatology, Peking 
Union Medical College Hospital (PUMCH), 
Chinese Academy of Medical Sciences, 
Beijing, China
2Key Laboratory of Rheumatology & Clinical 
Immunology, National Clinical Research 
Center for Dermatologic and Immunologic 
Diseases (NCRC-DID), Beijing, China
3Department of Rheumatology and 
Immunology, Shanghai Changhai Hospital, 
Shanghai, China
4Department of Rheumatology, 
Universidade Federal do Paraná, Curitiba, 
Brazil
5Department of Rheumatology, Pontifical 
Catholic University, Porto Alegre, Brazil
6Rheumatology, Asan Medical Center, Seoul, 
South Korea
7Immunology, AbbVie Deutschland GmbH & 
Co. KG, Ludwigshafen, Germany
8Immunology, AbbVie Inc., Chicago, Illinois, 
USA
9Rheumatology, School of Medicine, Inha 
University, Incheon, South Korea

Correspondence
Xiaofeng Zeng, Director and Professor, 
Department of Rheumatology, Peking Union 
Medical College Hospital (PUMCH), Chinese 
Academy of Medical Sciences, Peking Union 
Medical College, No. 1 Shuaifuyuan, Eastern 
District, Beijing 100730, China.
Email: xiaofeng.zeng@cstar.org.cn

Funding information
AbbVie

Abstract
Aim: This study assessed the efficacy and safety of upadacitinib (UPA), in combination 
with conventional synthetic disease-modifying antirheumatic drugs (csDMARDs), in 
Chinese, Brazilian, and South Korean patients with active rheumatoid arthritis (RA) 
and an inadequate response (IR) to csDMARDs.
Methods: Patients on stable csDMARDs were randomized (1:1) to once-daily UPA 
15 mg or matching placebo (PBO) for a 12-week, double-blind period. The primary 
endpoint was the proportion of patients achieving ≥20% improvement in American 
College of Rheumatology criteria (ACR20) at week 12.
Results: In total, 338 patients were randomized and treated, of whom 310 (91.7%) 
completed the double-blind phase. The study met the primary endpoint of ACR20 
at week 12 for UPA 15 mg vs PBO (71.6% vs 31.4%, P < .001), with a treatment dif-
ference observed as early as week 1. All ranked and other key secondary endpoints, 
including more stringent responses such as ACR50, ACR70 (≥50%/70% improvement 
in ACR criteria), and Disease Activity Score in 28 joints using C-reactive protein <2.6, 
were met for UPA 15 mg vs PBO. The incidence of serious infections (2.4% vs 0.6%) 
and herpes zoster (HZ: 1.8% vs 0.6%) was higher with UPA 15 mg vs PBO. There was 
one case of venous thromboembolism reported in the UPA group.
Conclusion: UPA 15 mg in combination with csDMARDs demonstrated clinical and 
functional improvement and an acceptable safety profile over 12 weeks among pa-
tients from China, Brazil, and South Korea who had moderately to severely active RA 
and an IR to csDMARDs.
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autoinflammatory conditions, biologic therapies, immunosuppressants, inflammation, 
rheumatoid arthritis

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.

www.wileyonlinelibrary.com/journal/apl
mailto:﻿
mailto:xiaofeng.zeng@cstar.org.cn
http://creativecommons.org/licenses/by/4.0/


     |  1531ZENG et al.

1  | INTRODUC TION

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease 
that, if left untreated or inadequately treated, could lead to progres-
sive functional impairment, significant disability, reduced quality of 
life, and increased mortality.1,2 Methotrexate (MTX; a conventional 
synthetic disease-modifying antirheumatic drug [csDMARD]) is gen-
erally the recommended first-line therapy in the treatment of RA, 
with addition of other csDMARDs, biologic DMARDs (bDMARDs), 
or targeted synthetic DMARDs (tsDMARDs) in patients with an in-
adequate response (IR) after 3 months.3-5

There remains a large unmet medical need in the treatment of 
RA despite major progress over the last 30 years and development 
of therapies such as anti-tumor necrosis factor, anti-interleukin-6, 
CTLA4-Ig, and anti-CD20 agents, among others.6-9 The percent-
age of patients with RA who reach and maintain a status of low 
disease activity (LDA) or clinical remission (CR) remains unsatis-
factory and, over time, many patients discontinue treatment due 
to adverse events (AEs) or loss of efficacy.10,11 To address this, 
novel therapies are required to complement the available RA 
armamentarium.10-12

The Janus kinase (JAK) family of signaling molecules (JAK1, JAK2, 
JAK3, and tyrosine kinase 2 [TYK2]) mediates intracellular signaling 
downstream of multiple cytokines and growth factors.13 JAK path-
way activation initiates the expression of survival factors and other 
molecules that facilitate leukocyte cell trafficking and proliferation, 
and thereby contributes to the pathogenesis of inflammatory and 
autoimmune disorders including RA.13,14 Inhibition of JAK signaling 
is an established approach for the treatment of RA,14-17 and JAK in-
hibitors form the tsDMARD class of treatments.5 Upadacitinib (UPA) 
is a JAK inhibitor engineered to have greater selectivity for JAK1 
over JAK2, JAK3, and TYK2, and is approved by the United States 
Food and Drug Administration, the European Medicines Agency, 
the Pharmaceuticals and Medical Devices Agency, and several other 
regulatory agencies (including in South Korea and Brazil) for the 
treatment of patients with moderately to severely active RA and an 
IR to MTX.18-21 UPA has a favorable benefit–risk profile based on 
several global phase III trials in a variety of patient populations.22-26

The objective of this study was to assess the efficacy and safety 
of UPA 15 mg in combination with csDMARDs over 12 weeks in pa-
tients from China, Brazil, and South Korea who had moderately to 
severely active RA and an IR to csDMARDs.

2  | PATIENTS AND METHODS

2.1 | Study design and participants

This is a phase III, multicenter study that includes 2 periods. This 
report describes the results from period 1, which was the 12-week, 
randomized, double-blind, placebo (PBO)-controlled period of the 
study conducted at 37 sites in China, Brazil, and South Korea. Period 
2 is the open-label, 52-week extension in patients who completed 

period 1 and which is ongoing and therefore not discussed in this 
report (Figure S1).

Eligible patients were adults (≥18 years) who had moderately to 
severely active RA and an RA diagnosis of ≥3 months duration, and 
who fulfilled the 2010 American College of Rheumatology/European 
League Against Rheumatism (ACR/EULAR) classification criteria for 
RA.27 Active disease was defined as ≥6 swollen joints (based on a 
swollen joint count of 66 joints [SJC66]) and ≥6 tender joints (based 
on a tender joint count of 68 joints [TJC68]) at screening and base-
line visits, and a high-sensitivity C-reactive protein (CRP) concentra-
tion of ≥3 mg/L at screening. Patients had been receiving csDMARD 
therapy for ≥3 months and had been on a stable dose for ≥4 weeks 
prior to the first dose of study drug. Patients had a prior IR to ≥1 
csDMARD (MTX, sulfasalazine, or leflunomide). Patients who had an 
IR to hydroxychloroquine and/or chloroquine were only included if 
they had also failed MTX, sulfasalazine, or leflunomide treatment. 
Prior exposure to ≤1 bDMARD for RA was allowed in up to 20% of 
patients if they had limited exposure (<3 months) or did not toler-
ate the bDMARD, and patients had to have discontinued bDMARD 
therapy prior to the first dose of study drug and gone through an 
appropriate washout period. Exclusion criteria included prior ex-
posure to any JAK inhibitor, IR to bDMARD therapy, history of any 
arthritis with onset prior to age 17, or current diagnosis of inflamma-
tory joint disease other than RA. Clinical tests at screening included 
chest X-ray, electrocardiogram, tuberculin purified protein deriva-
tive skin test, hepatitis testing, and a serum pregnancy test. Patients 
with a history of any malignancy except for successfully treated 
non-melanoma skin cancer (NMSC) or localized carcinoma in situ of 
the cervix were excluded from participating in the trial. All possible 
malignancies were identified using the search criteria “malignancies” 
Standard MedDRA Queries (SMQ) (narrow). Preferred terms which 
represent confirmed malignancies were subsequently identified 
based on a narrower “malignant tumors” SMQ.

The study was conducted according to the International 
Conference on Harmonization of Technical Regulations for 
Pharmaceuticals for Human Use guidelines, applicable regulations, 
and the Declaration of Helsinki. All study-related documents were 
approved by independent ethics committees and institutional re-
view boards. All patients provided written informed consent.

2.2 | Randomization and masking

Patients who met the eligibility criteria were randomized 1:1 
to receive either a once-daily extended-release formulation of 
UPA 15  mg or matching PBO, administered orally for 12  weeks, 
along with background csDMARD treatment. Randomization 
was stratified by country; patients from China were expected 
to comprise up to 80% of the total study population. Patients 
were randomized using an interactive response technology with 
a randomization schedule generated by the Data and Statistical 
Sciences Department of the study sponsor. Patients, investiga-
tors, and the sponsor were masked to this allocation. UPA 15 mg 
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extended-release tablets and PBO tablets were identical in ap-
pearance in order to maintain blinding.

2.3 | Outcomes

The primary endpoint was the proportion of patients achieving 
≥20% improvement in ACR criteria (ACR20 response) at week 
12. Ranked key secondary endpoints at week 12 were change 
from baseline in Disease Activity Score in 28 joints using CRP 
(DAS28-CRP), Health Assessment Questionnaire-Disability Index 
(HAQ-DI), and Short-Form 36-item Health Survey (SF-36), and the 
proportion of patients achieving LDA based on DAS28-CR) ≤3.2, 
CR based on DAS28-CRP <2.6, and LDA based on Clinical Disease 
Activity Index (CDAI) ≤10 (see Table  S1). Other key secondary 
endpoints were the proportion of patients achieving an ACR50/70 
response (≥50%/70% improvement in ACR criteria) at week 12 
and an ACR20 response at week 1 (see Table S1). Additional end-
points included change from baseline in pain using a visual analog 
scale, remission based on CDAI ≤2.8, and Boolean remission (de-
fined as SJC [based on 28 joints] ≤1, TJC [based on 28 joints] ≤1, 
CRP ≤1 mg/dL, and patient's global assessment of disease activity 
≤10 mm [range: 0-100 mm]). Blood samples for pharmacokinetic 
analysis were obtained throughout the study. AEs, physical ex-
aminations, laboratory assessments, electrocardiograms, and vital 
signs data were assessed throughout the study.

2.4 | Statistical analysis

A sample size of 322 was planned to provide ≥90% power for a 
21.7% difference in ACR20 response rate at week 12 (assuming a 
PBO ACR20 response rate of 36.7%), at a 2-sided significance level 
of 0.05 and accounting for a 10% dropout rate. This sample size was 
also planned to provide ≥90% power for most of the key secondary 
endpoints, including change from baseline in DAS28-CRP, ACR50 re-
sponse rate, LDA and CR based on DAS28-CRP, and SF-36 Physical 
Component Summary (PCS), at a 2-sided significance level of 0.05 
and accounting for a 10% dropout rate.

All efficacy analyses were carried out using the Full Analysis Set 
(FAS), which included all randomized patients who received ≥1 dose 
of study drug. For binary endpoints, frequencies and percentages 
were reported for each treatment group and comparison between 
UPA 15  mg and PBO was conducted using the Cochran–Mantel–
Haenszel test adjusting for the stratification factor (country). Non-
responder imputation was used to handle missing data for binary 
endpoints. Patients who discontinued the study drug prematurely 
were considered as non-responders for all subsequent visits after 
discontinuation, and patients with missing values at a specific visit 
were considered as non-responders for that visit. For the continu-
ous endpoints of change from baseline in DAS28-CRP and HAQ-DI, 
missing data were handled by multiple imputation (MI) and statisti-
cal inference was conducted using analysis of covariance (ANCOVA), 

with treatment group as the fixed factor and the corresponding 
baseline value and country as covariates. For other continuous end-
points, statistical inference was conducted using the mixed-model 
repeated measures (MMRM) method, which included the fixed ef-
fects of treatment, visit, treatment by visit interaction, and coun-
try, and the fixed covariate of baseline value in the model, using an 
unstructured variance–covariance matrix. From both the ANCOVA 
(coupled with MI) and MMRM analyses, the least squares (LS) mean 
and 95% confidence interval (CI) were reported for each treatment 
group, and LS mean treatment differences and associated 95% CI 
and P values were reported comparing UPA 15 mg with PBO. A se-
quential testing method was used to control the overall type I error 
rate of primary and ranked key secondary endpoints.

Safety analyses were carried out using the Safety Analysis Set, 
which included all patients who received ≥1 dose of study drug. 
Patients with treatment-emergent AEs (TEAEs) were tabulated by 
preferred term as in the Medical Dictionary for Regulatory Activities, 
system organ class, severity, and relationship to study drug as as-
sessed by the investigator.

This trial was registered with ClinicalTrials.gov, identifier: 
NCT02955212.

3  | RESULTS

3.1 | Patients

Between January 3, 2018 and August 14, 2019, 338 patients from 
37 sites in China, Brazil, and South Korea were randomized to UPA 
15  mg (n  =  169) or PBO (n  =  169). Discontinuation rates through 
week 12 were similar in the UPA 15 mg and PBO groups, although 
discontinuation due to AEs was more common in the UPA 15  mg 
group and patient withdrawal of consent was more common in the 
PBO group (Figure 1). All 338 patients were included in the FAS.

At baseline, demographics and disease characteristics were 
generally well balanced across the UPA and PBO groups; 228 
(67.5%), 58 (17.2%), and 52 (15.4%) patients were enrolled in 
China, South Korea, and Brazil, respectively. Patients from each 
country were split evenly between UPA 15 mg and PBO. Most pa-
tients were female (81.1%) with a mean age of 51.7 years in both 
the UPA 15 mg and PBO groups. Patients had a mean (SD) disease 
duration of 7.2 (7.2) and 7.5 (7.6) years in the UPA 15 mg and PBO 
groups, respectively. All patients were on background csDMARDs 
for at least 3 months, and at least 4 weeks on stable doses prior 
to the first dose of study drug. Subjects had to have failed (lack of 
efficacy) at least 1 of the following: MTX, sulfasalazine, or lefluno-
mide. Subjects with IR to hydroxychloroquine and/or chloroquine 
could only be included if they had also failed (lack of efficacy or 
intolerability) MTX, sulfasalazine, or leflunomide. Up to week 24, 
the background csDMARD dose had to be kept stable and could 
be decreased only for safety reasons. The majority of patients 
received either MTX alone or MTX in combination with another 
csDMARD, and most patients also received stable treatment with 
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low-dose oral glucocorticoids (Table  1). The concomitant csD-
MARDs the patients were receiving are detailed in Table S2.

3.2 | Efficacy

At week 12, ACR20 (primary endpoint) was achieved by a signifi-
cantly greater proportion of patients receiving UPA 15 mg vs PBO 
(71.6% [95% CI 64.8-78.4] vs 31.4% [95% CI 24.4-38.4], P <  .001) 
(Figure  2). ACR50 and ACR70 responses were also achieved by 
greater proportions of patients receiving UPA 15  mg (40.8% and 
21.3%) vs PBO (8.3% and 3.6%) at week 12 (nominal P <  .001 for 
both comparisons) (Figure 2). Onset of action with UPA 15 mg was 
rapid, with 25.4% vs 5.9% of patients achieving ACR20 at week 1 
with UPA 15 mg vs PBO, respectively (nominal P < .001) (Figure 2). 
A breakdown of the ACR20 placebo response and the ACR20 UPA 
15 mg response by country is shown in Table 2, where South Korea 
had lower responses compared with China and Brazil. A breakdown 
of the ACR components is shown in Table S3, and demonstrates that 
greater improvements are seen with UPA 15 mg vs PBO in all compo-
nents of the ACR response. In the UPA 15 mg group, ACR20 at week 
12 was achieved by numerically greater proportions of patients re-
ceiving concomitant MTX and another csDMARD (78.1%) compared 
with MTX alone (72.2%) or a csDMARD other than MTX (68.4%). 
ACR20 response rates at week 12 by concomitant csDMARD at 
baseline are shown in Table S4. The differences in ACR20 response 
rates at week 12 between the treatment groups are as follows: for 

those on MTX only, 37%; for those on MTX and another csDMARD, 
46.4%; and for those on a csDMARD other than MTX, 42.1%.

At week 12, all ranked secondary endpoints were met. Patients 
receiving UPA 15  mg showed significantly greater improvements 
from baseline vs PBO in DAS28-CRP, HAQ-DI, and SF-36 PCS 
(Figure 3). LDA, as defined by DAS28-CRP ≤3.2 and CDAI ≤10, was 
achieved by a significantly greater proportion of patients receiv-
ing UPA 15 mg compared with PBO at week 12 (Figure 4). CR, as 
defined by DAS28-CRP <2.6, was also achieved by a significantly 
greater proportion of patients receiving UPA 15  mg compared 
with PBO at week 12 (Figure 4). Patients receiving UPA 15 mg also 
achieved greater response rates for more stringent measures of 
efficacy compared with PBO at week 12, including CDAI ≤2.8 and 
Boolean remission (Figure 4). In addition, at all visits from week 1 
onward, improvements from baseline in all ACR components were 
greater (nominal P <  .01) in the UPA 15 mg group compared with 
the PBO group, including improvements in patients’ assessments of 
pain (Figure 3).

3.3 | Safety

Through week 12, rates of TEAEs were numerically higher in the 
UPA 15 mg group compared with the PBO group (Table 3). The most 
frequently reported TEAEs (≥2% of patients in any treatment group) 
through week 12 were upper respiratory tract infection (UPA 15 mg: 
9.5%, PBO: 6.5%) and increased alanine aminotransferase (UPA 

F I G U R E  1   Patient disposition. AE, adverse event; csDMARD, conventional synthetic disease-modifying antirheumatic drug; PBO, 
placebo; QD, once daily; UPA, upadacitinib

Randomized and treated (n = 338)

PBO + csDMARDs
(n = 169)

Completed Week 12:
153 (90.5%)

UPA 15 mg QD + csDMARDs
(n = 169)

Completed Week 12:
157 (92.9%)

Discontinued: 16 (9.5%)
• AE: 4
• Patient withdrawal: 8
• Lost to follow-up: 1
• Lack of efficacy: 0
• Other: 3

Discontinued: 12 (7.1%)
• AE: 7
• Patient withdrawal: 3
• Lost to follow-up: 0
• Lack of efficacy: 0
• Other: 2
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15 mg: 5.3%, PBO: 1.2%). The percentage of TEAEs leading to dis-
continuation of study drug through week 12 was numerically higher 
in the UPA 15 mg group compared with the PBO group (Table 3).

The percentage of patients with serious AEs (SAEs) through 
week 12 was also numerically higher in the UPA 15 mg group com-
pared with the PBO group (Table 3). Individual SAEs were reported 
in no more than 1 patient in either treatment group, except for 
pneumonia (3 cases in the UPA 15 mg group) and tendon rupture (2 
cases in the UPA 15 mg group). SAEs leading to discontinuation of 
study drug were reported in 5 patients in the UPA 15 mg group (HZ, 
pneumonia, tendon rupture, worsening RA, and angioedema) and 2 
patients in the PBO group (drug-induced liver injury and pneumonia). 
For all but 1 patient (tendon rupture), the event resolved following 

TA B L E  1   Baseline demographics and disease characteristics

Characteristic, mean (SD)a

PBO 
+csDMARDs
(n = 169)

UPA 15 mg QD 
+csDMARDs
(n = 169)

Female, n (%) 139 (82.2) 135 (79.9)

Age, y 51.7 (11.4) 51.7 (10.6)

RA duration since diagnosis, y 7.5 (7.6) 7.2 (7.2)

Country, n (%)

China 114 (67.5) 114 (67.5)

Brazil 26 (15.4) 26 (15.4)

South Korea 29 (17.2) 29 (17.2)

RF+ and/or anti-CCP+, n (%) 152 (89.9) 159 (94.1)

TJC68 23.0 (14.5) 21.5 (14.8)

SJC66 11.9 (6.0) 11.9 (6.9)

DAS28-CRPb 5.6 (0.9) 5.6 (1.0)

CDAIc 35.9 (11.2) 35.2 (12.4)

HAQ-DIb 1.4 (0.7) 1.3 (0.7)

SF-36 PCSb 34.2 (7.6) 34.5 (7.7)

Pain VASd 63.8 (20.6) 66.8 (20.6)

CRP, mg/L 20.2 (25.2) 20.0 (21.5)

Prior bDMARD exposure, n 
(%)

3 (1.8) 5 (3.0)

csDMARD use at baseline

MTX alone, n (%) 71 (42.0) 79 (47.0)

MTX and other csDMARD, 
n (%)

41 (24.3) 32 (19.0)

csDMARD other than MTX, 
n (%)

57 (33.7) 57 (33.9)

MTX dosee, mg/wk 13.0 (3.5) 12.9 (4.3)

Oral glucocorticoid use, n (%) 112 (66.3) 108 (63.9)

Mean glucocorticoid dose, 
mg/df

6.1 (2.6) 5.5 (2.3)

Abbreviations: Anti-CCP+, anti-cyclic citrullinated peptide positive; 
bDMARD, biologic disease-modifying antirheumatic drug; CDAI, 
Clinical Disease Activity Index; CRP, C-reactive protein; csDMARD, 
conventional synthetic disease-modifying antirheumatic drug; DAS28-
CRP, Disease Activity Score in 28 joints using CRP; HAQ-DI, Health 
Assessment Questionnaire-Disability Index; MTX, methotrexate; PBO, 
placebo; PCS, Physical Component Summary; QD, once daily; RA, 
rheumatoid arthritis; RF+, rheumatoid factor positive; SF-36, Short-
Form 36-item Health Survey; SJC66, swollen joint count of 66 joints; 
TJC68, tender joint count of 68 joints; UPA, upadacitinib; VAS, visual 
analog scale.
aUnless otherwise stated.
bPBO: n = 166, UPA: n = 166.
cPBO: n = 166, UPA: n = 163.
dPBO: n = 166, UPA: n = 165.
ePBO: n = 112, UPA: n = 111.
fPBO: n = 112, UPA: n = 108.

F I G U R E  2   Proportion of patients achieving ACR responses 
over time (NRI). *Nominal P < .05 vs PBO; ***nominal P <.001 vs 
PBO (not adjusted for multiplicity); [***]P < .001 vs PBO (adjusted 
for multiplicity). ACR, American College of Rheumatology; 
ACR20/50/70, ≥20%/50%/70% improvement in ACR criteria; NRI, 
non-responder imputation; PBO, placebo; QD, once daily; UPA, 
upadacitinib [Colour figure can be viewed at wileyonlinelibrary.
com]
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discontinuation of the study drug and appropriate treatment. There 
were no patient deaths during the study.

Through week 12, the frequency of AEs of special interest (AESIs) 
in the UPA 15 mg group was generally similar compared with the PBO 
group, with the exception of serious infection, HZ, hepatic disorder, 
neutropenia, and creatine phosphokinase (CPK) elevation, which 
were reported in a higher percentage of patients in the UPA 15 mg 
group (Table 3). There were 5 serious infections (4 in the UPA 15 mg 
group and 1 in the PBO group) and HZ was reported in 4 patients 
(3 in the UPA 15 mg group and 1 in the PBO group); 1 patient in the 
UPA 15 mg group had a serious HZ event that led to discontinuation 

of study drug. Treatment-emergent opportunistic infections were 
reported in 2 patients in the UPA 15 mg group (non-serious cyto-
megalovirus infection and a non-serious oral candidiasis). Treatment-
emergent malignancy was reported in 1 Korean patient in the UPA 
15 mg group who was diagnosed with breast cancer on the day of 
randomization. This event led to discontinuation but was not con-
sidered by the investigator to have a reasonable possibility of being 
related to the study drug, but rather related to age (46 years) and/
or environmental factors (former smoker and drinker). Pulmonary 
embolism and deep vein thrombosis (DVT) (both adjudicated by an 
external adjudication committee to be a venous thromboembolism 
[VTE]) were both reported in 1 patient in the UPA 15 mg group who 
had several risk factors for VTE, including obesity, a history of DVT, 
and use of estrogen preparations. There were no cases of active/
latent tuberculosis, gastrointestinal perforation, renal dysfunction, 
treatment-emergent NMSC, or adjudicated major adverse cardio-
vascular event in either treatment group through week 12.

Laboratory measures were assessed at baseline and at each study 
visit. The frequency of laboratory abnormalities was generally simi-
lar in both treatment groups, except for neutropenia and CPK eleva-
tion, which were reported in a higher percentage of patients in the 
UPA 15 mg group. No patients with CPK elevation had symptoms of 
muscle pain or rhabdomyolysis, or discontinued the study drug due 

TA B L E  2   Breakdown in ACR20 PBO response and ACR20 UPA 
15 mg QD response for the 3 countries at week 12

Responder, n (%)

PBO UPA 15 mg QD

China, n = 114 36 (31.6) 82 (71.9)

South Korea, n = 29 7 (24.1) 19 (65.6)

Brazil, n = 26 10 (38.5) 20 (76.9)

Abbreviations: ACR20, ≥20% improvement in American College 
of Rheumatology criteria; PBO, placebo; QD, once daily; UPA, 
upadacitinib.

F I G U R E  3   Mean change from baseline in DAS28-CRP, HAQ-DI, SF-36 PCS, and pain VAS over time. ***Nominal P < .001 vs PBO 
(not adjusted for multiplicity); [***]P < .001 vs PBO (adjusted for multiplicity). †Analysis of covariance coupled with multiple imputation. 
‡Mixed-model repeated measures. DAS28-CRP, Disease Activity Score in 28 joints using C-reactive protein; HAQ-DI, Health Assessment 
Questionnaire-Disability Index; PBO, placebo; PCS, Physical Component Summary; QD, once daily; SF-36, Short-Form 36-item Health 
Survey; UPA, upadacitinib; VAS, visual analog scale 
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to the elevation of CPK. Through week 12, hematology variables (he-
moglobin, hematocrit, lymphocytes, neutrophils, and platelets) were 
generally within the normal range at baseline and at all visits for both 
treatment groups. Grade 3 and Grade 4 decreases in hematology val-
ues were generally infrequent and similar in both treatment groups. 
Grade 3 decreases in lymphocytes, from baseline through week 12, 
occurred frequently during the study, but were comparable between 
UPA 15 mg (16 patients [9.6%]) and PBO (17 patients [10.2%]) groups 
(Table  S5). One patient in the PBO group experienced an event of 
drug-induced liver injury and met Hy's law criteria. The patient was 
taking isoniazid as a prophylactic treatment for latent tuberculosis 
identified at screening, and the event resolved on day 45 after both 
isoniazid and study drug (PBO) were permanently discontinued.

3.4 | Pharmacokinetics

Within 24 hours of dosing, UPA mean plasma concentrations ranged 
from 58.7 ng/mL (around the peak time) to 6.1 ng/mL (close to the 

trough time) in patients in the UPA 15 mg group. These concentra-
tions were consistent with the predicted concentrations based on 
prior pharmacokinetic evaluations of UPA.28,29

4  | DISCUSSION

This study was the first to assess the efficacy and safety of UPA 
15 mg in combination with csDMARDs in patients from China, Brazil, 
and South Korea with moderately to severely active RA and an IR to 
csDMARDs. The primary endpoint was met in this study, with a sig-
nificantly greater proportion of patients who received UPA 15 mg 
achieving an ACR20 response at week 12 compared with those re-
ceiving PBO. All ranked key secondary endpoints (change from base-
line in DAS28-CRP, HAQ-DI, SF-36 PCS, LDA based on DAS28-CRP, 
CR based on DAS28-CRP, and LDA based on CDAI) showed a similar, 
clinically meaningful, and statistically significant improvement in pa-
tients receiving UPA 15 mg compared with patients receiving PBO. 
The efficacy results of this study were comparable with those of the 

F I G U R E  4   Proportion of patients achieving DAS28-CRP ≤3.2/<2.6, CDAI ≤10/≤2.8, and Boolean remission at week 12 (NRI). **Nominal 
P < .01 vs PBO (not adjusted for multiplicity); [***]P < .001 vs PBO (adjusted for multiplicity). Boolean remission was defined as SJC (based 
on 28 joints) ≤1, TJC (based on 28 joints) ≤1, CRP ≤1 mg/dL, and patient's global assessment of disease activity ≤10 mm (range: 0-100 mm). 
CDAI, Clinical Disease Activity Index; CRP, C-reactive protein; DAS28-CRP, Disease Activity Score in 28 joints using CRP; NRI, non-
responder imputation; PBO, placebo; QD, once daily; SJC, swollen joint count; TJC, tender joint count; UPA, upadacitinib 
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SELECT-NEXT study, which assessed the efficacy and safety of UPA 
in a global population of patients with RA and an IR to csDMARDs.22 
In this study, similar to SELECT-NEXT and SELECT-COMPARE, all 
patients were on background csDMARDs for at least 3  months, 
and at least 4 weeks on stable doses prior to the first dose of study 
drug. In line with SELECT-NEXT and SELECT-COMPARE no changes 
in background treatment of concomitant csDMARDs were allowed 
during the double-blind period of the study.

Treatment targets of LDA and CR are recommended by treat-
to-target guidelines4,5 and, in this study, more than one-third of 
patients who received UPA 15 mg met LDA criteria as defined by 
DAS28-CRP ≤3.2 and CDAI ≤10 after 12  weeks. Treatment with 
UPA 15  mg also improved the proportion of patients achieving 

stringent response criteria such as DAS28-CRP <2.6, CDAI ≤2.8, 
and Boolean remission. RA has diverse detrimental effects on pa-
tients’ physical and mental well-being,30,31 and LDA and remission 
are associated with improvements in health-related quality of life 
and physical function.32 In this study, improvements in physical 
function, as shown by patient-reported outcomes including HAQ-DI 
and SF-36 PCS, were significantly greater in patients receiving UPA 
15 mg compared with patients receiving PBO. The safety profile of 
this study is generally comparable with that of global studies, with 
no new safety signals observed in the Chinese, Brazilian, and South 
Korean population.22,23

UPA 15 mg was generally well tolerated, although the proportion 
of patients with TEAEs, SAEs, and TEAEs leading to discontinuation 

Event, n (%)

PBO+
csDMARDs
(n = 169)

UPA 15 mg QD 
+csDMARDs
(n = 169)

Any AE 83 (49.1) 104 (61.5)

Any SAEb 5 (3.0) 12 (7.1)

Any AE leading to discontinuation of study drug 5 (3.0) 8 (4.7)

Deathsc 0 0

AESI

Serious infectiond 1 (0.6) 4 (2.4)

Opportunistic infection 0 2 (1.2)

Latent/active tuberculosis 0 0

HZ 1 (0.6) 3 (1.8)

Hepatic disorder 12 (7.1)a 16 (9.5)

Gastrointestinal perforation 0 0

Renal dysfunction 0 0

Any malignancy, excluding NMSC 0 1 (0.6)

NMSC 0 0

MACE, adjudicatede 0 0

VTE, adjudicatedf 0 1 (0.6)

Anemia 4 (2.4) 5 (3.0)

Neutropenia 0 5 (3.0)b

Lymphopenia 2 (1.2) 1 (0.6)

CPK elevation 1 (0.6) 3 (1.8)c

Abbreviations: AE, adverse event; AESI, AE of special interest; CPK, creatine phosphokinase; 
csDMARD, conventional synthetic disease-modifying antirheumatic drug; DVT, deep vein 
thrombosis; HZ, herpes zoster; MACE, major adverse cardiovascular event; NMSC, non-melanoma 
skin cancer; PBO, placebo; QD, once daily; SAE, serious AE; UPA, upadacitinib; VTE, venous 
thromboembolism.
aSAEs were reported in no more than 1 patient in any treatment group, with the exception of 
pneumonia and tendon rupture.
bIncluding non-treatment-emergent deaths.
cIncludes 4 cases of pneumonia (UPA: 3, PBO: 1). Also includes 1 case of HZ infection in the UPA 
group (also counted under HZ); the patient subsequently discontinued treatment.
dDefined as cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke.
eIncluding DVT and pulmonary embolism; VTE observed in a patient with a history of DVT.
fOne patient on PBO experienced an event of drug-induced liver injury and met Hy's law criteria.
gOnly Grade 1 or 2 decreases in neutrophil levels.
hGrade 3 increases in CPK observed in 2 patients; neither had rhabdomyolysis.

TA B L E  3   Treatment-emergent AEs 
through week 12
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of study drug was numerically higher in patients receiving UPA 
15  mg compared with patients receiving PBO. The frequency of 
AESIs experienced by patients receiving UPA 15 mg through week 
12 was generally similar compared with patients receiving PBO, ex-
cept for serious infection, HZ, hepatic disorder, neutropenia, and 
CPK elevation, which were reported in a higher proportion of pa-
tients receiving UPA 15 mg. These events have also been reported in 
global phase III trials of UPA.22,24,26

This study has some limitations. The majority of patients were 
Chinese, so conclusions for patients from Brazil and South Korea 
may be limited. Structural damage was not assessed, therefore it 
was not possible to evaluate radiographic inhibition in response 
to UPA, as has been demonstrated in global studies.23,26 Also, 
12 weeks is a short period of time for safety analysis; the ongoing 
52-week open-label extension will provide a more comprehensive 
report on safety.

In summary, UPA 15 mg in combination with csDMARDs demon-
strated clinical and functional improvement and an acceptable 
safety profile among patients from China, Brazil, and South Korea 
who had moderately to severely active RA and an IR to csDMARDs. 
The benefit–risk profile of UPA 15 mg, based on efficacy and safety, 
was favorable in this patient population and was comparable with 
other studies in the UPA global phase III program.22-26

ACKNOWLEDG MENTS
AbbVie funded this study and participated in the study design, re-
search, analysis, data collection, interpretation of data, review, and 
approval of the publication. All authors had access to relevant data 
and participated in the drafting, review, and approval of this publica-
tion. No honoraria or payments were made for authorship. Medical 
writing support was provided by Laura Chalmers, PhD, of 2 the Nth 
(Cheshire, UK), and was funded by AbbVie.

CONFLIC T OF INTERE S T
SM is an employee of AbbVie Deutschland GmbH & Co. KG, and 
JE, M-EM, and YS are employees of AbbVie Inc and may own stock 
or stock options. The other authors have declared no conflicts of 
interest.

AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it criti-
cally for important intellectual content, and all authors approved the 
final version to be submitted for publication. XZ had full access to all 
of the data in the study and takes responsibility for the integrity of 
the data and the accuracy of the data analysis. Study conception and 
design: CKL, SM, JE, YS, M-EM; acquisition of the data: XZ, DZ, SR, 
MK, CKL, WP; analysis and interpretation of the data: XZ, DZ, SR, 
MK, CKL, SM, JE, YS, M-EM, WP.

DATA AVAIL ABILIT Y S TATEMENT
AbbVie is committed to responsible data sharing regarding the clini-
cal trials we sponsor. This includes access to anonymized, individual, 
and triallevel data (analysis datasets), as well as other information (eg 

protocols and Clinical Study Reports), provided the trials are not part 
of an ongoing or planned regulatory submission. This includes requests 
for clinical trial data for unlicensed products and indications. These 
clinical trial data can be requested by any qualified researchers who en-
gage in rigorous, independent scientific research, and will be provided 
following review and approval of a research proposal and statistical 
analysis plan, and execution of a Data Sharing Agreement. Data re-
quests can be submitted at any time and the data will be accessible for 
12 months, with possible extensions considered. For more information 
on the process, or to submit a request, visit https://www.abbvie.com/
our-scien​ce/clini​cal-trial​s/clini​cal-trial​s-data-and-infor​matio​n-shari​ng/
data-and-infor​matio​n-shari​ng-with-quali​fied-resea​rchers.html.

R E FE R E N C E S
	 1.	 Gabriel SE. Cardiovascular morbidity and mortality in rheumatoid 

arthritis. Am J Med. 2008;121(10 Suppl 1):S9-14.
	 2.	 Young A, Koduri G, Batley M, et al. Mortality in rheumatoid ar-

thritis. Increased in the early course of disease, in ischaemic 
heart disease and in pulmonary fibrosis. Rheumatology (Oxford). 
2007;46(2):350-357.

	 3.	 Burmester GR, Pope JE. Novel treatment strategies in rheumatoid 
arthritis. Lancet. 2017;389(10086):2338-2348.

	 4.	 Singh JA, Saag KG, Bridges SL Jr, et al. 2015 American college of 
rheumatology guideline for the treatment of rheumatoid arthritis. 
Arthritis Care Res (Hoboken). 2016;68(1):1-25.

	 5.	 Smolen JS, Landewé RBM, Bijlsma JWJ, et al. EULAR recommen-
dations for the management of rheumatoid arthritis with synthetic 
and biological disease-modifying antirheumatic drugs: 2019 up-
date. Ann Rheum Dis. 2020;79(6):685-699.

	 6.	 Geiler J, Buch M, McDermott MF. Anti-TNF treatment in rheuma-
toid arthritis. Curr Pharm Des. 2011;17(29):3141-3154.

	 7.	 Genovese MC, McKay JD, Nasonov EL, et al. Interleukin-6 receptor 
inhibition with tocilizumab reduces disease activity in rheumatoid 
arthritis with inadequate response to disease-modifying anti-
rheumatic drugs: the tocilizumab in combination with traditional 
disease-modifying antirheumatic drug therapy study. Arthritis 
Rheum. 2008;58(10):2968-2980.

	 8.	 Keystone E, Emery P, Peterfy CG, et al. Rituximab inhibits structural 
joint damage in patients with rheumatoid arthritis with an inade-
quate response to tumour necrosis factor inhibitor therapies. Ann 
Rheum Dis. 2009;68(2):216-221.

	 9.	 Kremer JM, Westhovens R, Leon M, et al. Treatment of rheumatoid 
arthritis by selective inhibition of T-cell activation with fusion pro-
tein CTLA4Ig. N Engl J Med. 2003;349(20):1907-1915.

	10.	 Burmester GR, Feist E, Dörner T. Emerging cell and cytokine targets 
in rheumatoid arthritis. Nat Rev Rheumatol. 2014;10(2):77-88.

	11.	 Emery P. Why is there persistent disease despite biologic therapy? 
Importance of early intervention. Arthritis Res Ther. 2014;16(3):115.

	12.	 Meier FM, McInnes IB. Small-molecule therapeutics in rheumatoid 
arthritis: scientific rationale, efficacy and safety. Best Pract Res Clin 
Rheumatol. 2014;28(4):605-624.

	13.	 O'Shea JJ, Schwartz DM, Villarino AV, Gadina M, McInnes IB, 
Laurence A. The JAK-STAT pathway: impact on human disease and 
therapeutic intervention. Annu Rev Med. 2015;66:311-328.

	14.	 Banerjee S, Biehl A, Gadina M, Hasni S, Schwartz DM. JAK-STAT 
signaling as a target for inflammatory and autoimmune diseases: 
current and future prospects. Drugs. 2017;77(5):521-546.

	15.	 Cheung TT, McInnes IB. Future therapeutic targets in rheumatoid 
arthritis? Semin Immunopathol. 2017;39(4):487-500.

	16.	 Iwata S, Tanaka Y. Progress in understanding the safety and effi-
cacy of Janus kinase inhibitors for treatment of rheumatoid arthri-
tis. Expert Rev Clin Immunol. 2016;12(10):1047-1057.

https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html


     |  1539ZENG et al.

	17.	 Vaddi K, Luchi M. JAK inhibition for the treatment of rheumatoid 
arthritis: a new era in oral DMARD therapy. Expert Opin Investig 
Drugs. 2012;21(7):961-973.

	18.	 Parmentier JM, Voss J, Graff C, et al. In vitro and in vivo charac-
terization of the JAK1 selectivity of upadacitinib (ABT-494). BMC 
Rheumatol. 2018;2:23.

	19.	 PharmaShots. AbbVie's Rinvoq (upadacitinib) receives ANVISA's 
approval for rheumatoid arthritis. 2020. Available from: https://
pharm​ashot​scom/27015/​abbvi​es-rinvo​q-upada​citin​ib-recei​ves-
anvis​as-appro​val-for-rheum​atoid​-arthr​itis/. Accessed February 8, 
2021

	20.	 Korea Biomedical Review. Rinvoq joins competition among JAK 
inhibitors. 2020. Available from: https://wwwko​reabi​omedc​
om/news/artic​leVie​whtml​?idxno​=8429#:~:text=SNS%20%EA
%B8%B0%EC%82%AC%EB%B3%B4%EB%82%B4%EA%B8​
%B0&text=AbbVi​e%20Kor​ea%20has​%20obt​ained​%20app​roval​
,Janus​%20kin​ase%20(JAK)%20inh​ibitors. Accessed February 8, 
2021.

	21.	 Tanaka Y. A review of upadacitinib in rheumatoid arthritis. Mod 
Rheumatol. 2020;30(5):779-787.

	22.	 Burmester GR, Kremer JM, Van den Bosch F, et al. Safety 
and efficacy of upadacitinib in patients with rheumatoid ar-
thritis and inadequate response to conventional synthetic 
disease-modifying anti-rheumatic drugs (SELECT-NEXT): a ran-
domised, double-blind, placebo-controlled phase 3 trial. Lancet. 
2018;391(10139):2503-2512.

	23.	 Fleischmann R, Pangan AL, Song IH, et al. Upadacitinib versus 
placebo or adalimumab in patients with rheumatoid arthritis and 
an inadequate response to methotrexate: results of a phase III, 
double-blind. Randomized controlled trial. Arthritis Rheumatol. 
2019;71(11):1788-1800.

	24.	 Genovese MC, Fleischmann R, Combe B, et al. Safety and efficacy 
of upadacitinib in patients with active rheumatoid arthritis refrac-
tory to biologic disease-modifying anti-rheumatic drugs (SELECT-
BEYOND): a double-blind, randomised controlled phase 3 trial. 
Lancet. 2018;391(10139):2513-2524.

	25.	 Smolen JS, Pangan AL, Emery P, et al. Upadacitinib as monother-
apy in patients with active rheumatoid arthritis and inadequate 
response to methotrexate (SELECT-MONOTHERAPY): a ran-
domised, placebo-controlled, double-blind phase 3 study. Lancet. 
2019;393(10188):2303-2311.

	26.	 van Vollenhoven R, Takeuchi T, Pangan AL, et al. Efficacy and safety 
of upadacitinib monotherapy in methotrexate-naïve patients with 

moderately to severely active rheumatoid arthritis (SELECT-EARLY): 
a randomized, double-blind, active-comparator, multi-center, multi-
country trial. Arthritis Rheumatol. 2020;72(10):1607-1620.

	27.	 Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis clas-
sification criteria: an American College of Rheumatology/European 
League Against Rheumatism collaborative initiative. Arthritis 
Rheum. 2010;62(9):2569-2581.

	28.	 Klünder B, Mittapalli RK, Mohamed MF, Friedel A, Noertersheuser 
P, Othman AA. Population pharmacokinetics of upadacitinib using 
the immediate-release and extended-release formulations in 
healthy subjects and subjects with rheumatoid arthritis: analyses of 
phase I-III clinical trials. Clin Pharmacokinet. 2019;58(8):1045-1058.

	29.	 Klünder B, Mohamed MF, Othman AA. Population pharmacokinet-
ics of upadacitinib in healthy subjects and subjects with rheumatoid 
arthritis: analyses of phase I and II clinical trials. Clin Pharmacokinet. 
2018;57(8):977-988.

	30.	 Kojima M, Kojima T, Ishiguro N, et al. Psychosocial factors, disease 
status, and quality of life in patients with rheumatoid arthritis. J 
Psychosom Res. 2009;67(5):425-431.

	31.	 Matcham F, Scott IC, Rayner L, et al. The impact of rheumatoid ar-
thritis on quality-of-life assessed using the SF-36: a systematic re-
view and meta-analysis. Semin Arthritis Rheum. 2014;44(2):123-130.

	32.	 Ishiguro N, Dougados M, Cai Z, et al. Relationship between disease 
activity and patient-reported outcomes in rheumatoid arthritis: 
Post hoc analyses of overall and Japanese results from two phase 3 
clinical trials. Mod Rheumatol. 2018;28(6):950-959.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version 
of the article at the publisher’s website.

How to cite this article: Zeng X, Zhao D, Radominski SC, et al. 
Upadacitinib in patients from China, Brazil, and South Korea 
with rheumatoid arthritis and an inadequate response to 
conventional therapy. Int J Rheum Dis. 2021;24:1530–1539. 
https://doi.org/10.1111/1756-185X.14235

https://pharmashotscom/27015/abbvies-rinvoq-upadacitinib-receives-anvisas-approval-for-rheumatoid-arthritis/
https://pharmashotscom/27015/abbvies-rinvoq-upadacitinib-receives-anvisas-approval-for-rheumatoid-arthritis/
https://pharmashotscom/27015/abbvies-rinvoq-upadacitinib-receives-anvisas-approval-for-rheumatoid-arthritis/
https://wwwkoreabiomedcom/news/articleViewhtml?idxno=8429#:%7E:text=SNS %EA%B8%B0%EC%82%AC%EB%B3%B4%EB%82%B4%EA%B8%B0&text=AbbVie Korea has obtained approval,Janus kinase (JAK) inhibitors
https://wwwkoreabiomedcom/news/articleViewhtml?idxno=8429#:%7E:text=SNS %EA%B8%B0%EC%82%AC%EB%B3%B4%EB%82%B4%EA%B8%B0&text=AbbVie Korea has obtained approval,Janus kinase (JAK) inhibitors
https://wwwkoreabiomedcom/news/articleViewhtml?idxno=8429#:%7E:text=SNS %EA%B8%B0%EC%82%AC%EB%B3%B4%EB%82%B4%EA%B8%B0&text=AbbVie Korea has obtained approval,Janus kinase (JAK) inhibitors
https://wwwkoreabiomedcom/news/articleViewhtml?idxno=8429#:%7E:text=SNS %EA%B8%B0%EC%82%AC%EB%B3%B4%EB%82%B4%EA%B8%B0&text=AbbVie Korea has obtained approval,Janus kinase (JAK) inhibitors
https://wwwkoreabiomedcom/news/articleViewhtml?idxno=8429#:%7E:text=SNS %EA%B8%B0%EC%82%AC%EB%B3%B4%EB%82%B4%EA%B8%B0&text=AbbVie Korea has obtained approval,Janus kinase (JAK) inhibitors
https://doi.org/10.1111/1756-185X.14235


1540  |  	﻿�  Int J Rheum Dis. 2021;24:1540–1542.wileyonlinelibrary.com/journal/apl

Received: 25 August 2021  |  Accepted: 28 August 2021

DOI: 10.1111/1756-185X.14215  

C O C H R A N E  C O R N E R

Which interventions are effective for cutaneous disease in 
systemic lupus erythematosus? A Cochrane Review summary 
with commentary

Alessandro de Sire

Physical and Rehabilitative Medicine Unit, Department of Medical and Surgical Sciences, University of Catanzaro, Catanzaro, Italy

Correspondence
Alessandro de Sire, Associate Professor of Physical and Rehabilitative Medicine, Department of Medical and Surgical Sciences, University of Catanzaro "Magna 
Graecia", Catanzaro, Italy.
Email: alessandro.desire@unicz.it

Keywords: chloroquine, Cochrane Review summary, hydroxychloroquine, lupus erythematosus, systemic, rheumatic diseases, skin 

The aim of this commentary is to discuss the published Cochrane 
Review “Inter​venti​ons for cutan​eous disea​se in syste​mic lupus​ eryth​
ematosus”1 by Hannon CW, McCourt C, Lima HC, Chen S, Bennett 
C,a under the direct supervision of the Cochrane Skin Group. This 
Cochrane Corner is produced in agreement with International Journal 
of Rheumatic Diseases by Cochrane Rehabilitation.

1  | BACKGROUND

Lupus erythematosus is an autoimmune disease, affecting multiple 
organ systems (ie brain, heart, kidneys, lungs, joints, liver, blood, eyes, 
and skin), with a high morbidity and mortality.2 Many clinical variants 
are grouped under the name “lupus erythematosus”.3 Frequent vari-
ants are systemic lupus erythematosus (SLE), diagnosed through stand-
ard criteria,4 as established by the American College of Rheumatology 
(ACR)5 or by the Systemic Lupus International Collaborating Clinics 
(SLICC),6 and cutaneous lupus erythematosus (CLE), characterized by 
skin symptoms.1 Of the estimated 7.5 million people with SLE in the 
world, 70% are believed to have at least one skin symptom at some 

point in their disease.7 It has been shown that skin is second only to 
joints as the most affected organ system in patients with SLE.8 It has 
been shown that quality of life is significantly impaired in patients with 
CLE.9 A wide variety of interventions are available for cutaneous dis-
ease in SLE, including pharmacological agents and complementary and 
alternative therapies, as well as other interventions.

2  | INTER​VENTI ​ONS FOR CUTAN​
EOUS DISE A ​SE IN SYSTE​MIC LUPUS​ ERY TH​
EMATOSUS

(Hannon CW, McCourt C, Lima HC, Chen S, Bennett C, 2021)1

2.1 | What is the aim of this Cochrane Review?

The aim of this Cochrane Review was to assess the effects of inter-
ventions for cutaneous disease in SLE.

2.2 | What was studied in the Cochrane Review?

The population addressed in this review were patients diagnosed 
with CLE and who at the same time meet full ACR criteria for SLE, 
as well as patients with child-onset lupus who meet ACR (or other) 

 aThis summary is based on a Cochrane Review previously published in the Cochrane Database of Systematic Reviews 2021, Issue 3, Art. No.:CD007478. DOI: 10.1002/14651​858.
CD007​478.pub2. (see www.cochr​aneli​brary.com for information). Cochrane Reviews are regularly updated as new evidence emerges and in response to feedback, and Cochrane 
Database of Systematic Reviews should be consulted for the most recent version of the review.

The views expressed in the summary with commentary are those of the Cochrane Corner author and do not represent the Cochrane Library or Wiley.
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criteria and have at least 1 skin symptom. The interventions studied 
were: interventions compared to placebo; trials between different 
interventions; interventions versus no treatment trials; multi-arm tri-
als including those with factorial designs; trials with different doses 
of the same intervention; cross-over studies, and trials of split-body-
part design with multiple interventions for each participant. The 
outcomes studied were: (a) complete clinical response, defined as 
the percentage of participants with SLE with complete resolution of 
cutaneous disease based on the Gilliam classification (lupus-specific 
or lupus-non-specific); (b) partial clinical response, defined as the 
percentage of participants with SLE with at least 50% improvement 
in cutaneous disease; (c) reduction in the number of SLE participants 
with clinical flares in cutaneous disease; (d) increase in time-to-flare 
in cutaneous disease in SLE participants; (e) relapse rate in cuta-
neous disease when medications are stopped or reduced; (f) skin-
specific measures of SLE disease activity (Cutaneous Lupus Disease 
Area and Severity Index [CLASI], integument domain of the Systemic 
Lupus Activity Measurement [SLAM], mucocutaneous domains of 
the British Isles Lupus Assessment Group [BILAG], the Systemic 
Lupus Erythematosus Disease Activity Index [SLEDAI] and the SLE 
Responder Index [SRI]); (g) Dermatology Quality-of-Life Measures 
(DLQI) in SLE patients. Authors measured outcomes from the start 
of treatment in the short term (less than 12 months) and over the 
long term (12 months or greater).

2.3 | What was the search methodology and search 
date of the Cochrane Review?

The review authors searched for studies that had been published up to 
June 27, 2019 on MEDLINE, Embase, CENTRAL, Cochrane Library, Wiley 
Interscience Online Library, LILACS, ClinicalTrials.gov, and International 
Standard Randomized Controlled Trials Number (ISRCTN) Registry.

2.4 | What are the main results of the Cochrane 
Review?

The review included 61 randomized controlled trials (RCTs) compris-
ing a total of 11 232 participants, who ranged in age from younger 
than 18 years to 80 years. The mean or median age for study partici-
pants was between 10-20 years in 1 study, between 20 and 30 years 
in 3 studies, between 30 and 40 years in 20 studies, and between 40 
and 50 years in 21 studies. However, some RCTs did not report mean 
or median age of the participants. The RCTs included in the Cochrane 
Review defined 3 categories of patients based on severity of CLE in 
SLE: mild (3 studies), moderate (13 studies), and severe (8 studies). A 
total of 43 pharmacological interventions were identified (20 differ-
ent classes of interventions) for cutaneous disease in SLE: 1 antibi-
otic, 2 antimalarials, 4 biologic therapies, 1 oral calcineurin inhibitor, 
1 topical calcineurin inhibitor, 2 oral calcium channel blockers, 1 
cover-up make-up, 1 cereblon inhibitor, 2 chemotherapy agents, 2 
systemic corticosteroids, 1 topical steroid, 2 hormonal therapies, 5 

immunomodulatory agents, 1 oral Janus-activated kinase (JAK) in-
hibitor, 1 topical JAK inhibitor, 1 light therapy, 1 leukotriene synthe-
sis inhibitor, 10 monoclonal antibiotics, 3 oral supplements, and 2 
traditional Chinese medicines. However, the treatment duration for 
the different studies was very heterogeneous, ranging from 1 week 
to 24  months (ie 1  week, 3  weeks, 1  month, 6  weeks, 9  weeks, 
2 months, 3 months, 4 months, 4 and one-half months, 6 months, 
9 months, 10 months, 12 months, 18 months, and 24 months).

The review shows the following.
•	 Complete clinical responseStudies comparing oral hydroxychloro-

quine against placebo did not report complete clinical response.
Chloroquine may increase complete clinical response at 12 months 

follow-up compared with placebo (absence of skin lesions) (risk 
ratio [RR] 1.57, 95% confidence interval [CI] 0.95-2.61; 1 study, 24 
participants; low-quality evidence).

There may be little to no difference between methotrexate and 
chloroquine in complete clinical response (skin rash resolution) at 
6 months follow-up (RR 1.13, 95% CI 0.84-1.50; 1 study, 25 par-
ticipants; low-quality evidence).

Methotrexate may be superior to placebo regarding complete clini-
cal response (absence of malar/discoid rash) at 6 months follow-up 
(RR 3.57, 95% CI 1.63-7.84; 1 study, 41 participants; low-quality 
evidence).

At 12  months follow-up, there may be little to no difference be-
tween azathioprine and cyclosporin in complete clinical response 
(malar rash resolution) (RR 0.83, 95% CI 0.46-1.52; 1 study, 89 
participants; low-quality evidence).

•	 Partial clinical responsePartial clinical response was reported for 
only 1 key comparison: hydroxychloroquine may increase partial 
clinical response at 12 months compared to placebo, but the 95% 
CI indicates that hydroxychloroquine may make no difference or 
may decrease response (RR 7.00, 95% CI 0.41-120.16; 20 preg-
nant participants, 1 trial; low-quality evidence).

•	 Clinical flaresClinical flares were reported for only 2 key compar-
isons. At 6  months follow-up, hydroxychloroquine is probably 
superior to placebo for reducing clinical flares (RR 0.49, 95% CI 
0.28-0.89; 1 study, 47 participants; moderate-quality evidence). 
At 12  months follow-up, there may be no difference between 
methotrexate and placebo, but the 95% CI indicates there may 
be more or fewer flares with methotrexate (RR 0.77, 95% CI 0.32-
1.83; 1 study, 86 participants; moderate-quality evidence).

•	 Adverse eventsData for adverse events were limited and were in-
consistently reported, but hydroxychloroquine, chloroquine, and 
methotrexate have well-documented adverse effects including 
gastrointestinal symptoms, liver problems, and retinopathy for 
hydroxychloroquine and chloroquine, and teratogenicity during 
pregnancy for methotrexate.

2.5 | What did the authors conclude?

The authors concluded that evidence supported the commonly used 
treatment hydroxychloroquine, and there is also evidence supporting 
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chloroquine and methotrexate for treating cutaneous disease in SLE. 
Evidence is limited due to the small number of studies reporting key 
outcomes. Evidence for most key outcomes was of low or moderate 
quality, meaning findings should be interpreted with caution. Head-
to-head intervention trials designed to detect differences in efficacy 
between treatments for specific CLE subtypes are needed. Thirteen 
further trials are awaiting classification and have not yet been incor-
porated into this review; they may alter the review conclusions.

3  | WHAT ARE THE IMPLIC ATIONS OF 
THE COCHR ANE E VIDENCE FOR PR AC TICE 
IN RHEUMATOLOGY?

Clinicians should use caution in translating the findings of this re-
view into clinical practice.1 Available evidence consists mainly of 
small RCTs for many of the interventions, resulting in imprecision 
and considerable uncertainty. In this systematic review1 there is only 
limited-quality evidence; authors were unable to draw firm conclu-
sions regarding the effects of interventions for cutaneous disease 
in SLE. The included studies assessed a range of interventions, and 
there were a few opportunities to combine results in meta-analyses.

It was not possible to compare the statistical consistency or in-
consistency of most results at this time due to the small number of 
studies, with only 1 study found for most interventions. Comparisons 
between studies were difficult to conduct due to differences in the 
timing of outcome assessments, clinical heterogeneity in skin out-
comes reported (types of primary vs secondary outcomes), differ-
ences in the clinical populations studied (eg differences in disease 
severity and burden, possible recalcitrant disease), and differences 
among clinical cutaneous subgroups noted in each study (lupus-
specific vs lupus-nonspecific).

Key interventions with potential benefit compared with placebo 
derived from low- to moderate-quality quantitative evidence were 
methotrexate, dehydroepiandrosterone (DHEA), and chloroquine 
(complete clinical clearance), and hydroxychloroquine (clinical flare).

Of note, this review did not explore the best treatment for CLE in 
patients without sufficient systemic symptoms to make a diagnosis 
of SLE.10

Furthermore, it should be noticed that patients affected by SLE 
might be of rehabilitative interest, considering that disease duration 
and organ damage could be considered as indicators of low physical 
capacity.9 Thus, it is important to address these aspects to increase 
physical capacity in the management of subjects with SLE.

The systematic review1 summarized in the present Cochrane 
Corner highlighted that most RCTs for SLE patients did not report 
skin-specific outcomes. Researchers are encouraged to collect and 

report skin-specific outcomes given the importance of such informa-
tion to patients and clinicians. Studies have shown that skin disease 
is more important to participants than internal organ damage.7

Taken together, evidence supports the use of hydroxychloro-
quine, chloroquine, and methotrexate for the treatment of cu-
taneous disease in SLE. However, there are still 13 trials awaiting 
classification that have not yet been incorporated into the system-
atic review.1 When incorporated, these trials may potentially alter 
future conclusions.
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C O R R E S P O N D E N C E

Scientific critique on the effects of supervised exercise 
program and home exercise program in patients with systemic 
sclerosis: A randomized controlled trial

Dear Editor,
We read with great interest the article by Yakut et al,1 which fo-

cused on comparing the effects of a supervised exercise program 
and a home-based exercise program in people with systemic scle-
rosis (SSc). The study concludes that both exercise programs can 
improve functional capacity and health status in people with SSc. 
Nevertheless, we remain sceptical about the validity of this study's 
conclusions, because of the number of important limitations that 
this study has.

First, the study is based on an incomplete literature review. 
Namely, the authors mention that there is “limited evidence of the 
effectiveness and safety of exercise in people with SSc”, and that 
there is “no study that has examined the effects of supervised exer-
cise on aerobic and resistance training”. This is incorrect, as at least 
our group has published three, open-access papers,2-4 dated be-
tween 2018 and 2020, which establish the feasibility and safety of 
a supervised exercise program consisting of aerobic and resistance 
training in people with SSc, papers that also hint at elements of ef-
fectiveness as well.

Second, the study's aim remains generic, exploring the effects of 
exercise through multiple baseline assessments, rather than focus-
ing on the SSc-specific pathology and the pragmatic needs of people 
with this clinical condition.

Third, the study design itself presents several limitations. (a) The 
age range is limited to between 35 and 65 years, therefore excluding 
a significant number of age groups of people with SSc; this raises 
ethical as well as applicability questions for the current results. (b) 
The applicability and reliability of the results is challenged further by 
the absence of a control group. (c) The article notes that the exercise 
intervention was created based on relevant literature and exercise 
programs that have been implemented in people with rheumatic 
and respiratory diseases. However, the included references are not 
related to any exercise interventions or recommendations of peo-
ple with rheumatic diseases. We are surprised that your reviewers 
failed to notice such an important omission. (d) The training inten-
sity, and concomitantly the training dose, both in resistance and aer-
obic training seems arbitrary with a large deviation of a 30% (eg, 
50%-80% of one-repetition maximum; 1RM) and 45% (eg, 40%-85% 
of heart rate reserve), respectively. This challenges the consistency 

and replicability of the final outcomes. For example, an individual 
who would perform a resistance exercise at 50% of 1RM would rest 
for 2 minutes, questioning the aim, effectiveness, and progression of 
this resistance protocol, supporting this concern on the basic train-
ing principles of resistance training.5 (e) Another concern is in rela-
tion to the assessment of progression to greater resistance levels, 
which was assessed by the individual's ability to perform 12 or more 
repetitions. Common good practice suggests that in order to track 
progression based on the repetition there should be a stable resting 
period and intensity.5 This did not happen in this study, as the imple-
mented resistance protocol (50%-80% of 1RM) suggests.

Fourthly, the selection of 20  minutes walking on the treadmill 
and 10 minutes on the cycle ergometer, totalling 30 minutes of aer-
obic exercise, has not been substantiated based on physiological re-
sponses, disease pathology, and previous literature. The prescribed 
intensity of 40%-85% indicates that some participants were exer-
cised above the anaerobic threshold (AT) and others were below 
the AT.6 Different exercise intensities are associated not only with a 
shift in blood lactate responses but also with changes in ventilation, 
oxygen uptake kinetics, and catecholamine responses. For exam-
ple, constant-intensity exercise within the AT is characterized by a 
continuous increase in ventilation and Vo2, progressive acidosis, and 
metabolite accumulation, whereas constant-intensity exercise equal 
to or below the AT is associated with a physiological steady state. 
Apparently, the physiological responses varied widely between par-
ticipants, questioning the applicability and replicability of the cur-
rent results in this clinical condition.

Finally, the current study concludes that the supervised exercise 
training is superior to a home-based exercise programme; neverthe-
less, these two exercise programmes cannot be balanced (eg, inten-
sity, modality) and therefore are not comparable.

To summarize, the current study: (a) has not included recent lit-
erature, (b) lacks a clear rationale of specific outcomes, (c) excludes 
important (for this condition) age groups, (d) does not have a con-
trol group, (e) lacks a specific, training dose that could be replicated, 
and (f) implements exercise programmes that are not comparable 
concerning the effects of exercise in people with SSc. Therefore, 
although we encourage future research clinical trials exploring 
the effects of exercise in people with SSc, aiming to improve their 
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health-related quality of life, we would like to express our concerns 
on the conclusions, applicability, and replicability of the current 
study's results.
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C O R R E S P O N D E N C E

Response to “Scientific critique on the effects of supervised 
exercise program and home exercise program in patients with 
systemic sclerosis: A randomized controlled trial”

Dear Editor,
We thank Mitropoulos et al for their interest and commentary 

on our research.
While they advise the statement “(that there is) no study that 

have examined the effects of supervised exercise on aerobic and 
resistance training” is incorrect based on their publications – that is 
not what we wrote. They have overlooked “breathing exercises” and 
changed the meaning of our sentence which read “However, there 
has been no studies investigating the role of a supervised exercise 
program consisting of breathing exercises, aerobic and resistance 
training in SSc.”1 One of the strengths of our study was the use of 
a supervised exercise program that included breathing exercises as 
well as aerobic and resistance exercises to investigate the impact 
of these on pulmonary functions and respiratory muscle strength. 
A 2019 systematic review that included Mitropoulos et al's stud-
ies2,3 concluded that, “the evidence on the effect and safety of ex-
ercise therapy in SSc is scanty.” 4 This was the basis of the statement 
“However, the strength of evidence regarding the efficacy of exer-
cise intervention in the rehabilitation of SSc is restricted” based on 
the literature in our study. As seen, the sentence in our article has 
been supported by the literature. We also suggest that 3 studies is 
insufficient to establish a treatment evidence base and that scientific 
studies are still needed in this area.

SSc is a multisystem disease with multidimensional impact on a 
person's physical and mental health, and their interaction with fam-
ily and society, and our aims reflected this. The results of our study 
demonstrated the effect of supervised and home-based exercise 
programs on the disease-related symptoms, pulmonary function, 
respiratory-peripheral muscle strength, functional capacity and 
health-related life quality with both objective and subjective out-
comes. In doing so our study focuses “on the SSc-specific pathology 
and the pragmatic needs of people with this clinical condition.”

Our age range of 35-65 years reflects the onset of the SSc dis-
ease occurring between the ages of 30-50 with an incidence that 
generally increases in the 5th decade, and is similar to the age range 
used by other authors.5 Our study also used evaluations in which age 
could be a confounding factor such as pulmonary function tests and 
functional capacity. Thus, we think that these current results do not 
create ethical and applicability problems.

We did not think it ethical to include a 3rd control group that 
did not receive any rehabilitation-type intervention and addressed 
this in our discussion of study limitations and implications for future 
research.

Mitropoulos et al question the literature on which our exercise 
intervention was based. The reference on exercise intervention or 
advice for people with rheumatic diseases was reference 11;6 how-
ever, we neglected to cite this article again in this section.

The training intensity used in our study follows the American 
College of Sports Medicine (ACSM)'s exercise prescription guide.7 
In the stated guideline, 40%-89% heart rate reserve for aerobic ex-
ercises is specified as moderate to vigorous/(submaximal) intensity 
and 50%-84% one repetition maximum for resistance training is 
specified as moderate to vigorous/(submaximal) intensity.7 For this 
reason, the intensity range of the exercise programs in our study 
was not “arbitrary” as the correspondent stated. Our study included 
patients of varied age, with and without lung involvement, and for 
this reason exercise intensity was kept in a wide range. The most 
basic principle of exercise is that the exercise prescription should be 
prepared specifically for the individual. For example, given that the 
heart rate reserve of a 35-year-old patient and 65-year-old patient 
will not be the same, the exercise intensities given are applicable 
and explainable. The same applies for patients with and without lung 
involvement, such as pulmonary arterial hypertension (PAH) or in-
terstitial lung disease (ILD).

In the exercise prescription guide, 2-3  minutes rest intervals 
are indicated as effective for achieving desired increases in muscle 
strength and hypertrophy. In addition, it is recommended to increase 
the intensity from mild to moderate or moderate to high intensity 
according to the initial physical fitness and comorbidity status of the 
individuals. For strength gain, it is recommended to do 8-12 repeti-
tions per set without creating fatigue. It is recommended to increase 
the intensity of the exercise when the patients can perform 12 or 
more repetitions without fatigue.7 In line with the recommenda-
tions of the guidelines, we prepared the resistant training program 
considering the initial physical fitness status of the patients and the 
presence of comorbidities such as PAH and ILD. In addition, there 
were stable rest intervals in our study. However, the progression 
was achieved by increasing the intensity of exercise.
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de Oliveira et al in their review state that patients with SSc 
without pulmonary involvement can do at least moderate-intensity 
aerobic exercises and benefit from it, and should be as physically 
active as the general population. They also stated that patients with 
mild pulmonary involvement should be physically active by doing 
moderate-intensity exercises and participate in moderate weight re-
sistance exercises.6 The ACSM's exercise prescription recommends 
30-60 minutes of purposeful moderate exercise or 20-60 minutes 
of vigorous exercise or a combination of moderate and vigorous ex-
ercise for aerobic exercise.7 Based on the recommendations of both 
articles, we applied aerobic exercises consisting of bicycle ergome-
ter and treadmill for approximately 30 minutes in our study. As the 
patients adjusted, we increased the exercise intensity according to 
the heart rate reserve.

In our critique of our study, we noted that cardiopulmonary ex-
ercise test was not undertaken and that this limited the demonstra-
tion of the effects of exercise on the cellular level in patients with 
SSc. Future research and inclusion of such methodology may clarify 
whether the suggested observations of Mitropoulos et al are repli-
cated with this exercise program.

Finally, a PubMed search of “supervised exercise program ver-
sus home-based exercise program” identifies approximately 140 
publications. To the best of our knowledge, our study is the first 
to comprehensively compare a supervised exercise program and a 
home-based exercise program in SSc, although this type of study 
has been done extensively in many different patient groups such as 
ankylosing spondylitis, intermittent claudication, subacromial im-
pingement syndrome, heart failure, chronic obstructive pulmonary 
disease and knee arthroplasty. In our study, we revealed the effect of 
both exercise programs on functional capacity, pulmonary function, 
diffusion capacity, respiratory muscle strength, dyspnea severity, 
peripheral muscle strength, health-related quality of life and fatigue 
level. In our results, we stated that both supervised and home-based 
exercise programs are beneficial, overall resulting in improved func-
tional capacity, respiratory muscle strength, knee extension muscle 
strength, disease-specific and general health-related quality of life 
and fatigue level. We also stated that in addition to these effects, a 
supervised exercise program provides significant improvements in 
respiratory functions, dyspnea severity and hand grip strength. In 
addition, as the most important outcome, we suggested that both 
exercise programs should be added to the routine treatment in SSc 
in order to maintain functional independence. We did not claim that 
the content of both exercise programs is balanced. However, this 
does not preclude their comparison. In many countries, clinical en-
vironments and conditions in which supervised exercise programs 
can be implemented are insufficient. In addition, patient and system-
related problems such as dislike for group-based classes, demands 
for returning to work, lack of exercise programs, transportation, 
poor motivation and lack of time are among the situations that make 
it difficult to implement supervised exercise programs. Therefore, 
it is important to know the effect and applicability of home-based 
exercises at this point. Thus, our study is of great importance as it 
shows that home-based exercises are safe and effective alternative 

interventions for SSc patients who cannot access supervised or 
hospital-based exercise programs. Therefore, we think that the aim 
and results of our study were not well understood by the corre-
spondent. As a result, we would like to reiterate a sentence from 
our article: “In this context, the results obtained from our study can 
guide studies that include supervised and home exercise programs in 
SSc patients to create a standard physiotherapy program. However, 
there is a need for more RCTs (randomized controlled trials) includ-
ing exercise interventions.”
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A P L A R  M A T T E R S

Your help is needed in the fight against COVID-19: Please 
contribute to the COVID-19 Global rheumatology alliance 
registry
The COVID-19 Global Rheumatology Alliance is a global collaboration of rheumatologists, scientists, patients and organisations all committed 
to addressing the issues in rheumatology created by the COVID-19 global pandemic. To date the alliance has published important data on the 
effect of COVID-19 infection on outcomes and the effect of rheumatic medications on COVID-19 outcomes.

We currently have 3520 cases from all over the world but we still need to collect many more cases and we need cases from all around the 
world including the Asia-Pacific region. We are hoping for more cases from the Asia-Pacific region because this is currently under-represented 
in the registry.

To contribute we ask that you provide details of the case, rheumatic diagnosis details, treatments, and the outcome of the case.

You can join the mailing list for the COVID-19 Global Rheumatology Alliance by signing up on our webpage (top right hand corner)

For more information please visit our website at www.rheum​-covid.org, if you have questions or issues and would like to know more infor-
mation please email rheum.covid@gmail.com.
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