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Antiphospholipid antibodies and 
COVID-19 thrombotic vasculopathy: one 
swallow does not make a summer
Pier Luigi Meroni    ,1 Maria Orietta Borghi    1,2

The high morbidity and mortality of 
COVID-19 have been associated with the 
thrombotic microangiopathy described in 
the patients in addition to the increased 
prevalence of thrombosis affecting medium/
large arterial and venous vessels.1 2 Initial 
reports demonstrating prolonged activated 
partial thromboplastin times (aPTT) and 
positivity for antiphospholipid antibody 
(aPL) assays raised the issue of whether 
common pathogenic mechanisms were 
shared by the antiphospholipid antibody 
syndrome (APS) and COVID-19.3 4 In 
particular, the systemic thrombotic micro-
angiopathy and the increased circulating 
levels of proinflammatory cytokines under-
lined the similarity between catastrophic 
APS (CAPS) and COVID-19.5 6

The similarities between APS/CAPS and 
COVID-19 are even more complex and 
intriguing as summarised in table 1. A 
proinflammatory environment that includes 
the activation of the complement system 
has been reported in all these conditions, 
although at different degrees. The involve-
ment of several cell types playing a role 
in the coagulation cascade, such as plate-
lets, monocytes and neutrophils, has been 
described which is closely associated with 
the proinflammatory and prothrombotic 
phenotypes.7 8 In particular, an endothelial 
perturbation is generally thought to be a 
common denominator in these diseases and 
several authors described it with the term 
‘endothelitis’ in the COVID-19.9–11

Both proinflammatory cytokine (eg, 
interleukin-6) and complement activation 
products (ie, C5a and C5b9) were thought 
to play a role in mediating the endothelitis 
together with a direct effect of SARS- CoV-2 
on the endothelium.10–12 However, the 

SARS- CoV-2 endothelial tropism is still a 
matter of debate despite the presence of the 
entry molecule (ie, ACE2) on the endothe-
lial surfaces.13 So, it is not surprising that 
additional potential mediators of endothelial 
perturbation have been suggested. In partic-
ular, aPL came into the limelight because of 
their well- known ability to bind and activate 
endothelium in the APS.14

aPL can be formally identified by func-
tional PL- dependent coagulation assay (ie, 
the so- called lupus anticoagulant (LA) test) 
and by solid phase methods that detect anti-
bodies against beta2 glycoprotein I (β2GPI) 
(ie, anticardiolipin and anti-β2GPI assays) 
or prothrombin complexed with phos-
phatidylserine (ie, aPS/PT). These two last 
families of autoantibodies are responsible 
for the large majority of the positive LA.14 
The papers reporting positive aPL tests in 
patients with COVID-19 are quite heteroge-
neous regarding frequency and biochemical 
characteristics of these autoantibodies; in 
particular, their clinical impact on the disease 
did not emerge in a recent meta- analysis and 
systematic review.15

Some variables can affect the reproduc-
ibility of the functional LA assay, and specific 
caveats have been underlined by the inter-
national scientific societies to avoid misin-
terpretation. For example, concomitant 
anticoagulant therapy (eg, heparin) and 
systemic inflammation with high C- reac-
tive protein plasma levels are well- known 
factors that can produce LA false- positive 
results.16 17 On the other hand, aPL solid 
phase tests are not affected by anticoagulant 
therapy or inflammation mediators.

The positivity for LA in the absence of 
anti-β2GPI and aPS/PT is usually consid-
ered of low diagnostic and prognostic 
value in the setting of APS and systemic 
autoimmune rheumatic diseases.18 19 Like-
wise, the high frequency of isolated posi-
tive LA (and prolonged aPTT) in most 
of the published COVID-19 papers casts 
doubts on the true presence of thrombo-
philic aPL in line with the general assump-
tion that the association between aPL 
and thrombosis is doubtful in most of the 
COVID-19 series already published.15

Nevertheless, SARS- CoV-2 itself can be 
responsible for aPL production as reported 
in other viral and non- viral infections.20 
Moreover, the occurrence of concomitant 
infections in moderate/severe COVID-19 
may contribute to aPL production as well. 
In line with the above- mentioned facts, the 
paper by Trahtemberg et al21 correctly did 
not check for LA and raised the issue of the 
right pathological control group including 
in the study a series of intensive care unit 
(ICU) patients without SARS- CoV-2 infec-
tion but potentially susceptible to the usual 
comorbidities occurring in ICU patients. 
The study did not find any significant 
difference in the presence of a large panel 
of aPL between ICU patients with and 
without COVID-19. Such an approach 
further supports the conclusion that aPL 
does not seem to be the main player in the 
COVID-19 thrombophilic microangiop-
athy. The authors reported an association 
between aPL serology and more severe 
disease that, however, was independent of 
the COVID-19 status.

Moreover, additional findings are 
supporting the idea that aPL in COVID-19 
may represent bystander rather than patho-
genic autoantibodies. In fact, there is 
evidence that this aPL is transient, usually 
at medium/low titre and frequently of the 
IgM isotype only.15 Moreover, the β2GPI- 
dependent aPL was not directed against the 
domain (D)1 immune- dominant epitope 
of the molecule but frequently against 
D4,5.15 22 This profile is diametrically 
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Table 1 Pathogenic pathways reported in APS, CAPS and COVID-19

Pathogenic paths APS CAPS COVID-19

Thrombotic microangiopathy +/− ++ ++

EC perturbation + ++ ++

Complement activation + + ++

NETosis +/− ? ++

Proinflammatory cytokines +/− ++ ++

Impaired fibrinolysis29 30 + ? ++

aPL ++ ++ +/−

aPL, antiphospholipid antibody; APS, antiphospholipid antibody syndrome; CAPS, catastrophic APS; EC, endothelial 
cell.
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opposite to the persistent high- titre IgG 
against β2GPI D1 historically reported in 
autoimmune APS. High- titre anti-β2GPI 
D1 IgG has been closely associated with the 
vascular manifestations of the syndrome, 
was found in human tissue samples affected 
by APS thrombosis and displayed a throm-
bogenic effect in animal models at variance 
with aPL directed against other domains of 
the molecule.14 23 24 Altogether, these find-
ings are in line with the lack of a sound 
association between aPL and thrombosis 
reported in the majority of the studies,15 
and in the paper by Trahtemberg et al. In 
the same paper, the use of a solid phase 
assay that was suggested as a surrogate tool 
for LA further ruled out the presence of 
aPL theoretically responsible for LA and/or 
prolonged aPTT.21

It is important to keep in mind that 
patients with COVID-19 suffer from an 
acute form of systemic inflammation with 
complement activation, both responsible for 
endothelial perturbation.8 9 11 In a similar 
situation, there is evidence that β2GPI can 
accumulate on the activated endothelium 
at high density, being much more avail-
able to the anti-β2GPI antibodies and ulti-
mately favouring their pathogenic effect.25 
A comparable condition in which low titres 
of aPL can cause substantial damage was 
reported in obstetric APS, where high quan-
tities of β2GPI are physiologically expressed 
in the placenta.26 Therefore, while transi-
tory low- titre aPL is likely to be clinically 
irrelevant in patients with COVID-19 as in 
other infections, their detection in a disease 
characterised by a strong inflammatory 
phenotype raises the issue of whether or not 
these antibodies may increase the ultimate 
thrombophilic risk and justify a prophy-
lactic treatment. Accordingly, we could 
speculate that aPL may affect the clinical 
severity of the inflammatory disease in ICU 
patients regardless of the COVID-19 status 
as shown by Trahtemberg et al.21

While the use of prophylactic or thera-
peutic heparin therapy is widely accepted 
during the acute phase of the disease, this 
is still debated during the recovery period 
or even in the post- COVID-19 follow- up.2 
Until aPL positive, the patients can theoret-
ically be at higher risk for thrombosis recur-
rences, and a prophylactic treatment be 
considered. Unfortunately, we do not have 
either large follow- up studies evaluating 
aPL- positive patients with COVID-19 or 
the best prophylactic regime for such kinds 
of patients.

If the hypothesis that SARS- CoV-2 is 
linked with an immune response against 
PL- binding proteins is true, then the other 
side of the coin should be represented by 
the risk of clinical manifestations or the 

increase in aPL titres in patients suffering 
from full- blown APS and concomitant 
SARS- CoV-2 infection. Besides few anec-
dotical case reports, there is no evidence 
that this is the case.27 28

The use of aPL test in patients with 
COVID-19 should be taken into consid-
eration in the real life but critically 
assessed to avoid overinterpretation. For 
example, as previously discussed, the aPL 
characterisation in terms of persistence 
over time, isotype, titre and antigen 
specificity may help in discriminating 
between bystander antibodies and patho-
genic ones. It is more difficult to draw 
definite conclusions from a clinical point 
of view: whether or not the aPL posi-
tivity can have a clinical significance to 
justify a specific treatment in the context 
of a disease characterised by the produc-
tion of inflammatory mediators (eg, 
cytokines, complement activation prod-
ucts) potentially able to downregulate 
the threshold for endothelial activation.
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Henrik Samuel Conrad Sjögren was born on 23 
July 1899 in the small city of Köping, in the county 
of Västmanland, Sweden. He studied medicine at 
the Karolinska Institute and received his license as 
an authorised doctor in 1927 (figure 1). Henrik 
Sjögren’s biography has been highlighted previ-
ously; one was in connection with the scientific 
meeting in Jönköping, Sweden celebrating the 100- 
year anniversary of his birth in 1999.1

In January 1930, at the Serafimer Hospital in 
Stockholm, Henrik Sjögren met a 49- year- old 
female patient who had suffered for about 6 years 
from pain in different joints, especially in her 
hands. However, the visit to Dr Sjögren was due to 
irritation of her eyes. Further, she reported problem 
about difficulties in eating and swallowing, due to 
lack of saliva. He had previously observed similar 
cases and that year he published in Hygiea, the 
Proceedings of the Swedish Medical Association, a 
paper in which he described another four cases.2 In 
that article, he coined the symptom ‘keratoconjunc-
tivitis sicca’ and where he also carefully described 
the method to stain the damaged cells in the 
conjunctiva and cornea by using 1% Bengal rose. 
The staining was similar to that seen in ‘keratitis 
filiformis’.

At this time, Sjögren was well aware of that each 
separate condition had been described before, that 

is, keratitis filiformis by Leber already in 1882,3 oral 
problems in the form of dry mouth (xerostomia) 
by Hadden in 18884 and their combination by the 
French dermatologist Henri Gourgerot in 1926.5 In 
1927, Muloch Houwer6 described joint symptoms 
in connection with keratitis filiformis, and Houwer 
in fact found that one case report had been previ-
ously published by the German doctor Erich Fischer 
already in 1889.7

In 1931 Henrik Sjögren moved to another 
hospital in Stockholm, the Sabbatsberg Hospital, 
where he continued his clinical training as well as 
his research and studies of more cases under the 
designation “sicca syndrome”.

In 1933, he had collected a total of 19 cases, all 
women aged 29–72 years. In these patients, he had 
conducted careful clinical and ophthalmological 
examinations, which included microscopic anal-
ysis of the lachrymal glands in 10 and parts of the 
conjunctivae/corneae in 12 of the patients. In one 
patient who died, an autopsy was performed, which 
included histopathological examination of the sali-
vary glands.

The results were presented in the now classical 
doctoral dissertation ‘Zur Kenntnis der Keratocon-
junctivitis Sicca’,8 which Sjögren defended on the 8 
May 1933. The thesis consisted of one pathological 
and one clinical part. He received credits for several 
items in the thesis but was also criticised for some 
aspects; this critique has by some been considered 
as unjustified. Consequently, this resulted in a medi-
ocre grade of 1.5 on a 1–3 scale. This grade disqual-
ified Sjögren from the ‘docent’ (associate professor) 
title and in fact ended his dream of an academic 
career. Not surprisingly, this was a great personal 
disappointment.

As one consequence of this not so successful 
outcome of the dissertation, Sjögren was obliged 
to consider a career outside academia. In 1935, he 
moved to Jönköping where he was appointed Head 
of the Eye Clinic at the County Hospital. However, 
his interest in the dry eye did not come to an end 
by these other duties. Indeed, he became a quite 
successful eye surgeon (figure 2). A more extensive 
historical perspective of these early years has also 
been presented.9

One important aspect with the increased aware-
ness of Sjögren’s syndrome was the translation 
of the thesis to English by Dr Bruce Hamilton, 
published in Sydney 1943.10 Dr Hamilton became 
a close friend of Henrik Sjögren and invited him as 
a guest lecturer to Hobart University in Australia. 
This tour was combined with several visits and 
indeed an around the world tour including the 
USA.Figure 1 Portrait of Henrik Sjögren.
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Henrik Sjögren’s career subsequently was recognised when he 
in 1957 was awarded the title ‘Docent’ by the Faculty of Medi-
cine at University of Gothenburg. Four years later, he received 
the honorary title ‘Professor’ by the Swedish Government, a 
quite rare appointment. This was the utmost acknowledgement 
of a successful career and international recognition.

Henrik Sjögren will long be remembered for his enthusiasm, 
his love of teaching and his important contribution not only to 
clinical medicine in general but also to oral medicine, ophthal-
mology and rheumatology. Sjögren’s syndrome as a chronic 
inflammatory and autoimmune, rheumatic disease nowadays 
attracts and fascinates an increasing number of doctors and scien-
tists in the search for a better understanding and more knowl-
edge. Much has happened over the years on how the disease is 
recognised; for example, in 1965, it was suggested that Sjögren’s 
syndrome could be divided into one primary and one secondary 
form.11 Notably, a direct impact of Henrik Sjögren’s doctoral 
thesis is the objective confirmation of keratoconjunctivitis sicca, 
one of the hallmarks of the most recent classification criteria.12

The increased activity and interest for the syndrome is illus-
trated by the regularly organised international symposia starting 
in 1986. This First International Sjögren’s syndrome meeting 
was organised by Rolf Manthorpe just outside Copenhagen (with 
international advisors Haralampos Moutsopoulos and Norman 
Talal). Of note, Henrik Sjögren died in 1986, a few months after 
being named honorary president of this first meeting together 
with Jan Waldenström. These meetings have been circulated 
between Europe, Japan and USA, and the most recent meet-
ings took place in Bergen 2015, Norway ( sicca. org/ isss2015) 
and Washington DC 2018 (https:// hopkinscme. cloud- cme. com/ 
Assets/ hopkinscme/ pdf/ 80040923schedule. pdf).

Additional activities related to Sjögren’s syndrome are the 
recent EU and National Institute of Health (NIH)/National 
Institute of Craniofacial Research (NIDCR) supported contracts 
(Sjögren's International Collaborative Clinical Alliance (SICCA) 
(https:// globalprojects. ucsf. edu/ project/ sj% C3% B6gren% E2% 
80% 99s- international- collaborative- clinical- alliance- next- gener-
ation- studies- sicca) (2003–2020), HarmonicSS (https://www. 
harmonicss. eu) (2017–2020) and NEw Clinical Endpoints in 
primary Sjögren’s Syndrome: an Interventional Trial based 
on stratifYing patients (NECESSITY) (https://www. neces-
sity- h2020. eu) (2019–2024)). Furthermore, there are several 
major patient organisations which are actively supporting the 
patients—for example, European (http:// sjogreneurope. org) and 
US based (https://www. sjogrens. org). Indeed, a clear illustration 
that Henrik Sjögren became one of the internationally most 
recognised Swedish medical doctors regarding this enigmatic 
and disabling rheumatic disease.
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INTRODUCTION
Future disease outbreaks of epidemic proportion 
are inevitable. Advance planning and preparation 
is essential to mitigate future public health risks; 
the WHO emphasises the importance of in- depth 
evaluation of response to and lessons learnt from 
a national/international pandemic.1 Research is 
critical to an informed, evidence- based response, 
therefore establishing pandemic research study 
protocols, systems to manage and report data, and 
rapid response teams are considered key to well- 
prepared, accelerated research in public health 
emergencies.2

Establishing international data collection regis-
tries poses many challenges, which are only ampli-
fied in the urgent nature of a global pandemic. The 
aim of this manuscript is to reflect on the successes 
and challenges of the European Alliance of Asso-
ciations for Rheumatology (EULAR) COVID-19 
registry3 to better understand how the rheumatology 
community (and other disease- specific commu-
nities) can be better prepared for rapid response 
research in the future. In particular, we consider the 
successes and challenges of the registry, what can be 
learnt from this experience, and what procedures 
and resources should be established and strength-
ened now in preparation for future pandemics.

HISTORY OF THE EULAR COVID-19 REGISTRY
In the early stages of the SARS- CoV-2 pandemic, a 
need was identified for data to address the lack of 
information on the relationship between COVID-19 
outcomes and rheumatic and musculoskeletal 
diseases (RMDs) and their associated treatments. 
Generally, immunomodulatory/immunosuppres-
sive treatments and comorbidities are associated 
with an increased risk of serious infection in people 
with rheumatic diseases,4 which indicated that these 
patients may be at a higher risk of more severe 
COVID-19 infection. Conversely, some rheumatic 
disease treatments are being studied for the preven-
tion or treatment of COVID-19 and its associated 
complications.5

To rapidly collect data on and learn about 
COVID-19 outcomes in this population, the 
COVID-19 Global Rheumatology Alliance (GRA)6 
set up a global provider- entered registry, 13 days 
after initial Twitter discussions prompted by 
COVID-19 initiatives in other diseases. Further 
details on the initial development of GRA core data 
variables are described elsewhere,7 8 and similar 
initiatives are listed in table 1.

Due to General Data Protection Regulations9 in 
the European Union, Europe needed a separate, 
parallel registry. As EULAR represents patients and 
health professionals in rheumatology, a COVID-19 
taskforce, comprising members of the executive and 
different committees, patients and epidemiologists, 
was swiftly created to address the challenges of the 
pandemic and its impact on patients with RMDs. 
It was decided that this registry should fall under 
the EULAR COVID-19 taskforce; the EULAR 
COVID-19 registry was launched via a REDCap 
platform 3 days later, and a partnership established 
with the GRA. A registry steering committee was 
created, composed of clinical epidemiologists 
involved in other registries and/or EULAR task-
forces or committees, two data scientists, a People 
with Arthritis/Rheumatism in Europe representa-
tive, and EULAR communications staff.

EULAR COVID-19 REGISTRY TODAY
The EULAR COVID-19 registry is an observational 
registry capturing physician- entered data on both 
adult and paediatric patients with a pre- existing 
RMD and SARS- CoV-2 infection. A timeline of 
key milestones for the EULAR COVID-19 registry 
is shown in figure 1. Data are entered voluntarily 
directly into the European data entry portal. In 
addition, as some countries were already collecting 
COVID-19 data, either within existing registries 
or in new COVID-19 registries (France, Germany, 
Italy, Portugal, Sweden and Switzerland), they 
were invited to share their data with the EULAR 
COVID-19 registry. Once formal data sharing 
agreements were complete, data import pipelines 
were set up between these national registries and 
EULAR. REDCap automatically created a bespoke 
data dictionary and data import template for the 
registry, which could be shared with the national 
societies to enable recreation of the same variables 
and data mapping. Some registries opted to do the 
mapping themselves, whereas others sent their data 
directly to the database management team at The 
University of Manchester for mapping.

Successes
Database development
In response to updated data and information on 
COVID-19, the steering committee regularly 
reviewed the database using feedback and existing 
EULAR guidelines on registry establishment10 
where appropriate. Changes were made if there 
was a clear need (i.e., adding new COVID-19 
treatments or a new variable to capture cause of 
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non- COVID-19- related death), which were then communicated 
to all national societies and the GRA. Additional data variables 
were also added after connecting with the European Scleroderma 
Trials and Research (EUSTAR) group to facilitate a combined 
analysis specific to patients with systemic sclerosis with COVID-
19. COVID-19 vaccination questions were added once vaccines
became available.

Having a steering committee made up of practicing clinicians, 
epidemiologists, data scientists, a communications expert and a 
patient partner ensured that we captured data and carried out 
analysis reflecting the needs of a broad spectrum of society. We 
met on a weekly basis for the first 6 months while we gained 
confidence with the challenges of running a European- wide 
registry and analysis effort in a rapidly changing situation. 
Subsequently, these meetings were reduced to a monthly basis 
supported by regular email communication.

Data acquisition
The prioritisation of COVID-19 by research ethics committees 
expedited the ethical review process of this registry in many 
jurisdictions. As the registry collects anonymous data, the UK 
Health Research Authority (and many others) considered it 
exempt from patient consent, making it easy to submit data. 
Furthermore, when submitting data, all providers accept that 
their own personal data are processed in accordance with the 
EULAR privacy notice.

There are currently 5824 cases in the registry, including 211 
paediatric cases (as of 1 March 2021). The distribution of cases 
across Europe and the cumulative number of cases reported 
since the registry’s inception are shown in figure 2. This includes 
2519 (43%) cases reported directly into the database and 3305 
(57%) cases imported from national registries. Rates of data 
acquisition fluctuated with the waves of SARS- CoV-2 infection 
seen across Europe, but the rate remains high with >500 cases 
directly reported in January 2021. Anonymous data collection in 
the form of a 5–10 min smartphone- compatible survey allowed 
clinicians to fit in data submission around their day- to- day work.

We leveraged the strength of existing EULAR connections to 
promote the EULAR COVID-19 registry. Where COVID-19 
data collection was already established, new collaborations 
were formed with great success. Once data sharing was agreed 
with a national registry, the respective country was hidden from 
our live database and providers were redirected to the national 

society to submit data, thus supporting both local and interna-
tional data collection, and preventing the upload of duplicate 
cases. National societies are also able to request an extract of 
their country’s data without having to complete an application.

In recognition of participation, authorship was offered to 
national society leads and collaborator acknowledgements to 
clinicians who submitted a prespecified minimum number of 
cases depending on the analysis.

Data management/quality control
Simple measures were put in place to improve data quality 
from the outset. The majority of our fields were checkboxes 

Table 1 List of initiatives collecting disease- specific data on 
COVID-19

Initiative Medical area of interest

GRA Rheumatic and musculoskeletal diseases

EULAR COVID-19 Rheumatic and musculoskeletal diseases

SECURE-IBD Inflammatory bowel disease

SECURE-SCD Sickle cell disease

COVID-HEP Hepatology (liver disease or 
transplantation)

SECURE-LIVER Liver disease

PsoProtect Psoriasis

T1D Exchange Type 1 diabetes

SECURE-AD Atopic dermatitis

COVID-19 Dermatology Registry Dermatology

CURE HIV-COVID HIV

ASH RC COVID-19 Haematology

COVID-19 and Cancer Consortium Cancer

PRIORITY Pregnancy outcomes

Global Hidradenitis Suppurative COVID-19 
Registry

Hidradenitis suppurativa

ASH RC COVID-19, American Society of Hematology Research Collaborative COVID-19 
Registry for Hematology; COVID- HEP, COVID-19 in Patients with Liver Disease or 
Transplantation; CURE HIV, Coronavirus Under Research Exclusion HIV; EULAR, European 
Alliance of Associations for Rheumatology; GRA, Global Rheumatology Alliance; PRIORITY, 
Pregnancy Coronavirus Outcomes Registry; PsoProtect, Psoriasis Registry for Outcomes, 
Therapy and Epidemiology of COVID-19 Infection; SECURE- AD, Surveillance Epidemiology 
of Coronavirus Under Research Exclusion- Atopic Dermatitis; SECURE- IBD, Surveillance 
Epidemiology of Coronavirus Under Research Exclusion- Inflammatory Bowel Disease; 
SECURE- LIVER, Surveillance Epidemiology of Coronavirus Under Research Exclusion- Liver 
Disease; SECURE- SCD, Surveillance Epidemiology of Coronavirus Under Research Exclusion- 
Sickle Cell Disease; T1D Exchange, Type 1 Diabetes Exchange.

Figure 1 European Alliance of Associations for Rheumatology (EULAR) COVID-19 registry timeline. This figure shows key milestones reached by the 
EULAR COVID-19 registry from its inception until the present.
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or dropdowns to limit inaccuracies frequently seen in free 
text. All other checkboxes in a field were disabled for selection 
if the provider had already selected a response of ‘None’ or 
‘Unknown’. Fields marked as required or with predefined ranges 
(e.g, minimum/maximum age of 0–120 years) would prompt the 
provider to fill/correct these fields before submission.

There were second level data quality control measures in place 
when cleaning the data for analysis. Dates were compared and 
sense checked and all free text entries were assessed to ascer-
tain whether they could be recoded or if a reporter had clicked 
the correct checkboxes. If possible, cases were queried with the 
provider if a key variable was missing (e.g., age, COVID-19 
outcome) and if the data were suspicious (e.g., a pregnant 
80- year- old woman). Any fields potentially containing personal 
data were not shared with the GRA; this included details of the 
reporting clinician (except country) and any free text.

Outputs
One of our primary aims was to quickly disseminate our data and 
findings to the rheumatology community, hence, we committed 
to releasing regular summary reports on the EULAR COVID-19 
registry website3 while working on more substantial and complex 
analyses. These reports were weekly for the first 6 months of the 
pandemic and were subsequently reduced to monthly due to a 
reduction in cases over the summer of 2020.

By integrating our data with that of the GRA, we were able to 
produce a larger, more robust dataset. Stored on a secure plat-
form at the University of California, San Francisco with accom-
panying statistical software, the ease of access to this combined 
global dataset and analysis platform facilitated stronger analyses 
by statisticians globally.

As of 1 March 2021, multiple papers11–13 and abstracts 
have been produced using EULAR COVID-19 data, alongside 
numerous reviews and opinion pieces. Ongoing research includes 
combined analyses with the GRA, Childhood Arthritis Research 
and Rheumatology Alliance COVID-19 Global Paediatric Rheu-
matology Database, EUSTAR group, the Surveillance Epidemi-
ology of Coronavirus Under Research Exclusion- Inflammatory 
Bowel Disease and the Psoriasis Registry for Outcomes, Therapy 
and Epidemiology of COVID-19 registries. Seven ancillary proj-
ects are also active after an open call for projects.

Our data, website and results have received high engage-
ment from the rheumatology community, although social media 
engagement has declined throughout the pandemic (figure 3) . 
We produced infographics and lay versions of our reports and 
papers to provide easily accessible information to the patient 

Figure 2 Cases reported to the European Alliance of Associations 
for Rheumatology COVID-19 registry as of 1 March 2021. (A) The 
cumulative number of cases over time. (B) The distribution of cases 
across Europe.

Figure 3 Web and social media analytics the European Alliance of 
Associations for Rheumatology (EULAR) COVID-19 registry as of 21 
February 2021. (A) The number of EULAR COVID-19 registry webpage 
views and unique visitors over time. (B) The cumulative EULAR 
COVID-19 social media impressions and engagement levels. (C) The 
EULAR COVID-19 registry social media engagement over time.
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community hoping it would help alleviate patient anxiety around 
COVID-19 risk for patients with RMD.

Challenges
Database development
As our data needed to easily integrate into a global dataset, at 
times we were limited in the changes we could make to the data-
base. The core data variables were put together very quickly 
at the start of the pandemic; had we had prior experience in a 
pandemic and more time and knowledge of what was required, 
we would have done some things differently. It became clear 
during analysis that fields such as date of last medication admin-
istration and further specific rheumatic disease measures would 

have been very useful and pertinent to the outcomes we were 
assessing, although we considered these against reporter time, 
data availability and the challenges of capturing outcomes across 
the entire spectrum of rheumatology.

Providers had an option to report any further relevant infor-
mation in free text boxes—this led to some large paragraphs of 
text and full copies of patient case notes and correspondence. 
While we used some of this information to clean the data or 
evaluate the database, we rarely used this information in the 
analyses.

Data acquisition
Reporting bias towards more serious COVID-19 cases was 
evident from the start as we have a substantially higher propor-
tion of hospitalised and deceased cases compared with the 
general population. Delays in mass testing availability in many 
European countries and cancellation of routine outpatient 
medical appointments would mean that some mild (or asymp-
tomatic) SARS- CoV-2 infections may not have been detected 
or brought to the attention of the rheumatologist. Therefore, 
estimated rates of hospitalisation and death within the RMD 
population cannot be generated and the results cannot be used to 
infer any direct causal associations between the variables studied 
and outcome.

Fatigue among reporters was also evident; during the second 
European wave of SARS- CoV-2 infections, less clinicians directly 
reported cases than during the first. Some clinicians reported 
the survey was taking >10 min to complete as they had to trawl 
through the patient’s case notes for the information.

Ethical approval procedures differed between countries and 
in some cases, the need for additional approvals delayed the 
ability to participate. It is also possible that national data collec-
tion efforts were missed if the relevant parties did not notice the 
request for collaboration with this registry.

Data management/quality control
As data collection is anonymous and cross- sectional, it is diffi-
cult to query data quality issues. We asked reporters to wait 
until the outcome was known and to record the auto- generated 
EULAR case ID, but this did not always happen or the IDs were 
incorrectly recorded. We decided to query only our most essen-
tial fields, as we were aware some providers might have diffi-
culties accessing all the data we requested. Querying imported 
data was more complex and time- consuming, as we had to ask 
the national registry to query the original data provider; not 
all registries were able to do so. When uploading imported 
data, the existing plausibility checks could be bypassed (eg, age 
could be <0), increasing the need for second- line data quality 
measures.

Additionally, not all data were easily available to providers or 
collected by registries, either at all or in the same format. In some 
cases, this led to more complex data mapping or high levels of 
missingness in the EULAR COVID-19 dataset. One example is 
ethnicity—this is not regularly collected in Swedish medical data 
and local French data protection laws meant they were unable 
to provide us with this data. Another example is inflammatory 
rheumatic disease activity at time of COVID-19 infection. This 
was not recorded in the French registry who contributed ~25% 
of our cases—in all analyses where this variable was essential we 
had to either exclude these patients or impute missing data. The 
number of cases with unknown or missing data across most of 
our data items are shown in table 2.

Table 2 Proportion of missing and unknown data (N (%)) in the 
EULAR COVID-19 registry as of 1 March 2021

Variable description

Total N=5824

Unknown Missing

General

Date of case report N/A 2 (0.03)

Age N/A 0

Biological sex N/A 0

Race/ethnic origin 209 (3.59) 1751 (30.07)

Comorbidities 92 (1.58) 250 (4.29)

Smoking status 1435 (24.64) 709 (12.17)

E- cigarette/vaping status 1649 (28.31) 1708 (29.33)

Seasonal influenza vaccination 1552 (26.65) 2399 (41.19)

Availability of lab tests 353 (6.06) 2366 (40.63)

COVID-19 measures

Date of COVID-19 diagnosis 0 2 (0.03)

Method of COVID-19 diagnosis 168 (2.88) 27 (0.46)

COVID-19 diagnosis location 844 (14.49) 1636 (28.09)

COVID-19 infection acquisition 1394 (23.94) 1716 (29.46)

COVID-19 clinical symptoms * 53 (1.03) 61 (1.18)

COVID-19 treatment 139 (2.39) 1315 (22.58)

COVID-19 complications 188 (3.23) 2368 (40.66)

COVID-19 outcome

COVID-19 outcome 203 (3.49) 2 (0.03)

Hospitalised 19 (0.33) 144 (2.47)

Interventions in hospital * 52 (2.63) 532 (26.90)

Approximate number of days from 
COVID-19 symptom onset to death*

N/A 111 (25.52)

Approximate number of days from 
COVID-19 symptom onset to resolution*

N/A 1506 (31.12)

Rheumatic disease

Rheumatic disease diagnosis 0 0

Rheumatic disease activity 218 (3.74) 1592 (27.34)

Medication

Immunomodulatory medication for 
rheumatic disease

21 (0.36) 307 (5.27)

Glucocorticoids at time of COVID-19 
diagnosis

50 (0.86) 40 (0.69)

Glucocorticoid dose* N/A 75 (4.23)

PD5 inhibitors 153 (2.63) 1994 (34.24)

ACE inhibitors 198 (3.40) 1887 (32.40)

Angiotensin receptor blockers 202 (3.47) 1925 (33.05)

Selective NSAIDs 212 (3.64) 1879 (32.26)

Non- selective NSAIDs 227 (3.90) 1412 (24.24)

Data are N (%) for all variables.
*Variable adjusted for database logic.
ACE, Angiotensin- converting enzyme; COVID-19, Coronavirus Disease 2019; EULAR, 
European Alliance of Associations of Rheumatology; NSAIDs, non- steroidal anti- 
inflammatory drugs; PD5, phosphodiesterase 5.
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CONCLUSIONS
The experience of setting up and managing this registry has empha-
sised the importance of the ‘what, who and why’ of data collection 
that we will all take forward to future projects. However, these 
considerations are not just applicable to rapid- response disease- 
specific research, but to all data collection projects in all specialties, 
regardless of region.

Arguably the most important is the why. Continuous involve-
ment of patients and health professionals in our registry reminded 
us how essential it is to fully understand and address the questions 
and concerns of those who have a vested interest in the project’s 
outcome.

What data we collect and who provides these data are inevi-
tably intertwined. While we started the registry with a clear idea 
of what we thought essential to collect, this quickly changed 
when we realised data providers faced barriers such as siloed 
medical care records or ethical approval processes.

The balance between easy and comprehensive data collection is 
delicate. We created a quick, easy, anonymous survey while know-
ingly sacrificing a more robust, complex longitudinal data collection 
process. Ensuring the data also gives enough meaningful context 
around the outcomes one is analysing is, while easier to state in 
retrospect, vital.

There was an unspoken agreement within the rheumatic disease 
community, like many others, that the urgency of the pandemic 
made COVID-19 data collection a priority. We had high levels of 
engagement despite voluntary involvement and additional barriers 
to data collection; this may not be the case outside of such unique 
circumstances.

This registry demonstrated the strength in collaboration across 
Europe and we should look to strengthen these networks and 
pipelines further. As for the future of the EULAR COVID-19 
registry, it now sits within the EULAR Virtual Research Centre,14 
which will act as a catalyst to build on these collaborations, for 
both COVID-19 and other RMD research.

We would encourage other registries/projects to undertake 
similar evaluations of their own situation, regardless of the project 
stage and include a diagram of our key conclusions in figure 4. 
There is much to be learnt from the incredible research that has 
occurred during this pandemic; failing to reflect and prepare in 
advance becomes all to evident when we are in the next one.
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ABSTRACT
Background Clinical studies with work participation 
(WP) as an outcome domain pose particular 
methodological challenges that hamper interpretation, 
comparison between studies and meta- analyses.
Objectives To develop Points to Consider (PtC) for 
design, analysis and reporting of studies of patients with 
inflammatory arthritis that include WP as a primary or 
secondary outcome domain.
Methods The EULAR Standardised Operating Procedures 
were followed. A multidisciplinary taskforce with 22 experts 
including patients with rheumatic diseases, from 10 EULAR 
countries and Canada, identified methodologic areas of 
concern. Two systematic literature reviews (SLR) appraised 
the methodology across these areas. In parallel, two 
surveys among professional societies and experts outside 
the taskforce sought for additional methodological areas 
or existing conducting/reporting recommendations. The 
taskforce formulated the PtC after presentation of the SLRs 
and survey results, and discussion. Consensus was obtained 
through informal voting, with levels of agreement obtained 
anonymously.
Results Two overarching principles and nine PtC were 
formulated. The taskforce recommends to align the 
work- related study objective to the design, duration, 
and outcome domains/measurement instruments of the 
study (PtC: 1–3); to identify contextual factors upfront 
and account for them in analyses (PtC: 4); to account 
for interdependence of different work outcome domains 
and for changes in work status over time (PtC: 5–7); 
to present results as means as well as proportions of 
patients reaching predefined meaningful categories (PtC: 
8) and to explicitly report volumes of productivity loss
when costs are an outcome (PtC:9).
Conclusion Adherence to these EULAR PtC will improve 
the methodological quality of studies evaluating WP.

INTRODUCTION
Earlier diagnosis and more effective treatment strat-
egies have improved work outcomes in patients with 
inflammatory arthritis (IA), including presenteeism, 

sick leave and, to a lesser extent, employment 
rates. However, work participation (WP) remains 
lower compared with the general population.1 2 For 
patients with IA, retaining work or (re)gaining a job 
is relevant to their life3 and an important treatment 
goal.4 From a societal perspective, participation 
in paid work contributes to each country’s gross 
domestic product, and many (costly) innovations 
in IA can only approach cost- effectiveness when 
improvements in health are matched by improve-
ments in long- term workforce participation.5 6

To bridge the WP gap with the general popula-
tion, EULAR’s current strategy states that ‘by 2023, 
EULAR’s activities and related advocacy will have 

Key messages

What is already known about this subject?
 ► Several systematic reviews of studies with 
work participation (WP) as a primary or 
secondary outcome domain have documented 
methodological deficiencies in the study design, 
analysis and reporting of results, hampering 
interpretation and pooling of data.

What does this study add?
 ► These Points to Consider (PtC) complement 
existing reporting guidelines, focusing on 
specificities of studies of patients with 
inflammatory arthritis that include WP as an 
outcome domain.

 ► The nine PtC address: study design, WP domains 
and instruments, data analysis and reporting of 
results.

How might this impact on clinical practice or 
future developments?

 ► Adherence to the PtC will improve the quality 
of studies on WP in patients with inflammatory 
arthritis, enabling comparisons across studies 
and meta- analyses.
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increased participation in work by people with rheumatic and 
musculoskeletal diseases (RMDs)’.7 This requires actions within 
the healthcare system, but also at the level of workplaces and 
policies. To ensure efficient actions, high quality evidence from 
interventional and observational studies is needed.

WP studies face challenges that have been repeatedly 
highlighted in reviews of studies with WP as an outcome 
domain.8 9 Identified issues relate to heterogeneity of definitions 
and measures to assess WP across studies. The role of contextual 
factors that modify or confound the outcome is often ignored. 
Sample size calculation specifically for the work outcomes and 
other methodological aspects are neglected and reporting of 
outcomes is often heterogeneous. To overcome such limitations 
that hamper correct interpretation, guidance for conducting 
and reporting studies with WP as an outcome are a first step. 
However, no such guidelines exist for studies on WP in RMDs.10

To fill this need, a EULAR taskforce was convened. The aim of 
the taskforce was to formulate Points to Consider (PtC) for the 
design, analysis and reporting of studies in patients with IA with 
work as a primary or secondary outcome domain. The target 
users of these PtC are researchers and any other persons that 
plan, conduct, analyse and critically appraise studies with WP as 
an outcome domain in patients with IA.

METHODS
Following approval by the EULAR Executive Committee, the 
convenor (AB) and methodologists (SR and PP) led a taskforce 
guided by the 2014 updated EULAR Standardised Operating 
Procedures, while being also aware of the Developers of Health 
Research Reporting Guidelines.11

At the first meeting, the taskforce decided the focus within 
IA would be on rheumatoid arthritis (RA), peripheral and axial 
spondyloarthritis (axSpA), psoriatic arthritis and adult patients 
with juvenile idiopathic arthritis. The definitions of participation 
and employment, central concepts to the current initiative, were 
specified following the WHO: participation: an active engage-
ment in a life situation; employment: being employed or self- 
employed for a specific period in time (even as short as 1 day) 
to deliver products or services for compensation as wage, salary 
or in kind.12 13 While outcomes such as employability, work (in)
stability, and satisfaction with work can be relevant, they do 
not reflect active engagement in a production process (but the 
subjective experience) and thus are beyond the scope of these 
PtC. The taskforce also proposed to include unpaid work, as 
this is a relevant aspect of work participation for an even larger 
group of patients, and further emphasised that the PtC explic-
itly serve as an extension of existing reporting guidelines (eg, 
Consolidated Standards of Reporting Trials (CONSORT))11 14 15 
and assume adherence to them. The group agreed on 24 topics 
of concern across several methodological areas:study design; 
outcome domains; outcome measurement instruments; contex-
tual factors; data analysis, reporting of results and work 
productivity costs (online supplemental table S2), and decided 
to perform two systematic literature reviews (SLRs) and two 
surveys. The first SLR included prospective studies with WP as 
an outcome domain in patients with IA and aimed at critically 
appraising methodological choices and heterogeneity across 
studies. The second SLR was an overview of reviews addressing 
SLRs of studies with WP as an outcome domain in chronic 
diseases other than IA, and focused on finding new aspects not 
yet identified by the taskforce or in IA studies. SLR findings have 
been published in an accompanying paper.16 The first survey 
was conducted among professional organisations to identify 

other similar (unpublished) recommendations/guidelines beyond 
rheumatology. The second survey was conducted among experts 
on WP to identify other relevant methodological areas/topics 
(online supplemental tables S1 and S2). The SLRs and surveys 
resulted in 16 topics within four areas1: study design,2 work 
outcome domains and measurement instruments,3 data analysis 
and4 reporting of results.

At the second meeting, the taskforce members formulated 
the PtC based on evidence from the two SLRs, findings of the 
surveys and expert opinion of taskforce members following a 
process of discussion and voting. Consensus was accepted if 
>75% of the members voted in favour of the PtC in the first 
(or >67% and >50% in a second and third) round. After the 
meeting, the levels of evidence derived from the SLRs following 
the standards of the Oxford Center for Evidence Based Medi-
cine were added to each of the recommendations.17 Finally, each 
taskforce member anonymously indicated the level of agreement 
(LoA) via email (numeric rating scale ranging from 0=‘do not 
agree at all’ to 10=‘fully agree’). The mean and SD of the LoA as 
well as the percentage of taskforce members with an agreement 
≥8 are presented.

Based on the gaps in evidence and the issues of controversy, 
a research agenda was formulated. The final manuscript was 
approved by the EULAR Executive Committee.

RESULTS
The taskforce agreed on two overarching principles and nine 
PtC (table 1).

Overarching principles
1. WP is important for people with inflammatory arthritis, their

families and society as a whole.
2. There are unique methodological aspects around designing,

analysing and reporting studies with WP as a primary or sec-
ondary outcome that require specific attention.

Points to consider
1. In studies with WP as primary or secondary outcome the

study design, the study duration and the choice of WP out-
come domains and measurement instruments should be con-
sidered in relation to the work- related study objective.

WP studies can serve a variety of objectives, such as devel-
oping risk- identification tools to predict adverse work outcomes, 
proving effectiveness of pharmacological or non- pharmacological 
interventions, assessing the impact of costs of work produc-
tivity loss in economic evaluations and so on. While each study 
objective requires a specific design, non- pharmacological inter-
ventions pose additional challenges related to contamination 
of the intervention, problems with double blinding, difficulty 
controlling for cointerventions, and long lag times for some 
outcomes. For these studies, strengths and weaknesses of various 
semiexperimental study designs should be weighted.18 Next, 
careful consideration should be given to the target population 
as different WP outcomes may apply to distinct (sub)popula-
tions. For example, when the aim is to assess the impact of a 
certain treatment on employment, all persons below the age of 
retirement are the target, whereas for a study on the impact of 
treatment on sick leave, employed persons are the target. Addi-
tionally, some studies might wish to target specific patients, for 
example, those with short disease duration; with low educational 
level; doing manual work; or with low self- management skills, 
requiring specification of eligibility criteria. Further, interpreta-
tion of the work outcome(s) depends on the participation rate in 
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the general population. It is useful to reflect in the design phase 
whether population benchmarks for sick leave, work disability 
and employment status are important and feasible. Crucial in 
any design is the choice of the outcome domain(s) of interest 
and their match with the objective and study duration. While 
changes in presenteeism and sick leave can occur over short 
periods in time, longer term sick leave and, in particular, work 
disability require longer observation periods. Additionally, the 
taskforce urges researchers to ensure alignment of the frequency 
of assessment of WP outcomes to the recall of the measurement 
instruments and the study objective. For example, in a 24- week 
randomised controlled trial with a rapidly acting intervention, 
assessment of sick leave in the past 7 days (eg, using Work 
Productivity and Activity Impairment Index (WPAI)16 19 20 at 
baseline and endpoint is useful, as the interest is to assess change 
in sick leave on a group level. Alternatively, when cumulative 
days of sick leave over time are of interest in an observational 
study with long follow- up, the recall (eg, past 3 months) should 
fit the duration of the inter- assessment period (in casu 3 months). 
Importantly, the taskforce emphasised that for studies with WP 
as a primary outcome, the choices on the issues above should be 
‘justified’, not just ‘considered’.
2. In studies with WP as primary or secondary outcome, the

power to detect meaningful effects deserves particular at-
tention as WP outcomes may not apply to the entire study 
population.

The majority of WP studies include work as a secondary 
objective.16 As work outcomes often relate to a sub- sample of 
the population for which the initial sample size was calculated 
(eg, 18–64 years when work status is the outcome of interest; 

those employed when sick leave or presenteeism are studied), 
the number of patients eligible for the work outcome analyses 
drops, likely reducing the power to detect differences between 
groups. Researchers should consider this when designing the 
study or selecting a dataset.
3. The WP outcome domains (eg, work status, absenteeism,

presenteeism) should be clearly defined and assessed with 
validated measurement instruments.

Heterogeneity or lack of definitions of the WP outcome 
domains are an important cause of incomparability and a risk 
for misinterpretation of findings across studies. While for some 
commonly used (sub)- domains (eg, employment) formal defi-
nitions have been proposed, operationalisation varies greatly 
across administrative entities (countries, regions, states, etc). 
As a consequence, researchers may have good reasons to use a 
specific or adjusted definition (eg, self- reported vs formal work 
disability). Nevertheless, a clear description of each WP outcome 
domain under study is warranted, and definitions should fit the 
research objective but also strike a balance between local useful-
ness and generalisability of the study findings (table 2).

To support measurement of WP outcome domains, Outcome 
Measures in Rheumatology (OMERACT) continuously updates 
the validity of self- reported instruments to assess presenteeism.21 
The taskforce specified that for presenteeism the study objec-
tive should guide the choice between single- item and multi- 
item/multidimensional instruments. Of note, specific aspects of 
measurement instruments including the recall period, disease 
attribution or the anchors for presenteeism or absenteeism 
(compared with your own best or to an average worker) are 
not specifically addressed in the above assessments of validity. 

Table 1 EULAR Points to Consider when designing, analysing and reporting studies with work participation as a primary or secondary outcome 
domain: LoE, SoR and LoA

LoE (0–5) SoR

LoA
(0–10)

Mean (SD) % with score ≥8

Overarching principles

1. Work participation is important for people with inflammatory arthritis, their families and society as a whole. n.a n.a 9.6 (0.7) 100

2. There are unique methodological aspects around designing, analysing and reporting studies with work 
participation as an outcome that require specific attention.

n.a n.a 9.5 (0.7) 100

Points to consider

1. In studies with work participation as primary or secondary outcome the study design, the study duration and the 
choice of work participation outcome domains and measurement instruments should be considered in relation to 
the work- related study objective.

5 D 9.7 (0.6) 100

2. In studies with work participation as primary or secondary outcome, the power to detect meaningful effects 
deserves particular attention as work participation outcomes may not apply to the entire study population.

5 D 9.6 (0.8) 96

3. The work participation outcome domains (eg, work status, absenteeism, presenteeism) should be clearly defined 
and assessed with validated measurement instruments.

5 D 8.6 (0.8) 91

4. Key contextual factors (eg, job type, social security system),
that is, contextual factors that are highly likely to confound or modify work participation outcomes, have to be 
identified upfront, considered in the study design and appropriately accounted for in the analysis.

5 D 9.1 (1.3) 87

5. Interdependence among different work participation outcome domains (eg, between absenteeism and 
presenteeism) should be taken into account in the analyses.

5 D 9.4 (0.8) 100

6. Populations included in the analysis of each work participation outcome domain should be specified and 
relevant characteristics described.

5 D 9.1 (1.3) 83

7. In longitudinal studies work status should be regularly assessed and changes reported. 5 D 9.3 (1.0) 91

8. Reporting both aggregated results (eg, mean/median) and proportions of individuals based on predefined 
meaningful categories (eg, no sick leave) should be considered.

5 D 9.3 (1.6) 91

9. In studies assessing costs of changes in work participation, volumes of work productivity (eg, days, hours) should 
also be reported.

5 D 9.3 (1.3) 91

LoE: 1–5 (5 indicating evidence from expert committee reports or opinions and/or clinical experience of respected authorities, and/or evidence extrapolated for quasi 
experimental or descriptive studies)17; SoR: A to D (D indicating troublingly inconsistent or inconclusive studies of any level).18

LoA, level of agreement; LoE, level of evidence; n.a, not applicable; SoR, strength of recommendation.
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Regarding recalling information, there is evidence that recall 
beyond 3 months for sick leave becomes inaccurate and that 
patients prefer a recall period of 1–4 weeks for presenteeism; 
patients suggests 4 weeks is more representative.22 23 Attribution 
to overall health (opposed to IA- related) is preferred, as patients 
struggle to attribute restrictions to arthritis vs overall health, and 
it allows benchmarking with the general population. Of note, 
in several countries regulations are in place to link healthcare 
data to social security databases that include information on 
sick leave and work disability. While avoiding non- response 
and recall bias, such linkage of data is not without challenges. A 
pertinent example is that registration only starts when sick leave 
exceeds a number of prespecified days.

4. Key contextual factors (eg, job type, social security system),
that is, contextual factors that are highly likely to confound or 
modify WP outcomes, have to be identified upfront, consid-
ered in the study design, and appropriately accounted for in the 
analysis.

There is ample evidence associating work- related environ-
mental and personal contextual factors to WP outcomes, either 
as effect modifiers, or other types of covariates.24 Contextual 
factors can be facilitators or barriers for WP.25 For example, 
manual workers experience more impact from axSpA on presen-
teeism, but also experience more beneficial effect of bDMARDs 
on presenteeism.26 Country of residence (likely reflecting social 

security regulations, including income substitution) is another 
contextual determinant of variation in employment and sick 
leave rates across countries,27 28 and may cause effect modifi-
cation of interventions.29 OMERACT proposed a classification 
of 12 contextual factor domains potentially relevant for WP 
outcomes30 31 (table 3). The choice of contextual factors, as 
well as the methodological approach to account for them (eg, 
stratification, post hoc analyses) should be prespecified in the 
study protocols. Whereas contextual factors refer—according to 
some definitions—to factors outside the disease (eg, job type),32 
also disease- related factors (eg, early vs established disease; 
type of joints involved) or factors within the work outcome 
continuum (eg, being partly work disabled) can be equally rele-
vant as effect modifiers or covariates. On this line, jobs requiring 
hand dexterity might affect work outcomes more importantly in 
patients with small joint involvement compared with those with 
only back manifestations.
5. Interdependence among different WP outcome domains (eg,

between absenteeism and presenteeism) should be taken into 
account in the analyses.

WP presents a continuum of subdomains which are dependent 
on each other, and may compete over time. For example, formal 
work disability cannot occur anymore after early retirement 
from paid work; and presenteeism cannot occur when a person 
is on sick leave (ie, absent form work). Dependency of outcome 

Table 2 Glossary of terms relevant for the current Points to Consider

Term Source Definition

Work participation ICF Active engagement in paid or unpaid work.

Contextual factor ICF In the bio- psycho- social framework of health
contextual factors refer to variables that are part of the environment of the individual (eg, social attitudes, architectural 
characteristics, legal and social structures, as well as climate, etc) or characterise the individual him/herself (eg, gender, age, coping, 
lifestyle, social background, education, profession, past and current experiences). They influence occurrence and course of disease 
and determine how illness and disability is experienced by the individual.

OMERACT In the framework of outcome assessment, contextual factors are variables that are not the outcome of the study, but need to be 
recognised to understand the study results. They also include confounders and effect modifiers.
They can be measurement affecting, outcome influencing or effect modifying.

Employment ILO/WHO An agreement to produce goods or services for a specific period in time for compensation by a salary, a wage or in kind. Different 
types of employment exist, among which is self- employment.

Part- time employment ILO/WHO When the hours of work are less than the ‘normal’ hours of work of a comparable full- time employment.

Sick leave WIKI Time off from work that workers can use to stay home to address their health and safety needs without losing pay.

Paid sick leave ILO/WHO A statutory requirement in many nations or organisations that comprise (universal) income substitutions for persons that have 
temporary time off from the employment contract due to illness or disability.
Against this background sick leave consists of two components: leave from work due to sickness and cash benefits that replace the 
wage during the time of sick leave.

Presenteeism Various Refers to:
1. The behaviour of attending (paid) work while being ill.
2. The level of influence on the work process (productivity, efficiency, performance) experienced by the worker (ability, difficulty).

Work productivity The amount of goods and services produced in a specific time frame/period in time.

Unemployment ILO/WHO Not being employed but looking for an employment.

Work disability ILO When an individual is unable to perform work- related tasks due to physical or mental impairments or disability.
In many constituencies definitions of disability are identical with an administrative act of recognising a disability.
This recognition as disabled becomes a prerequisite for the claiming of support on the basis of a physical or mental limitation or for 
litigation under an antidiscrimination law.
Such support can comprise provisions for rehabilitation, special education, retraining, privileges in the securing and preserving of a 
place of employment, guarantee of subsistence through income, compensation payments and assistance with mobility, etc.
Virtually every existing definition of disability thus mirrors
a legal system and draws its meaning from this system.
It is also a highly heterogeneous concept, making the search for a homogeneous definition a virtually impossible task.

Decent work ILO Decent work involves opportunities for work that are productive and deliver a fair income, security in the workplace and social 
protection for families, better prospects for personal development and social integration, freedom for workers to express concerns, 
organise and participate in the decisions that affect their lives and equality of opportunity for all women and men.

Unpaid work WHO Unpaid work activities include own- use production of services and volunteer work in households or organisations producing 
services for others.

ICF, International Classification of Functioning, Disability and Health; ILO, International Labour Organisation; OMERACT, Outcome Measures in Rheumatology.
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domains can explain why an intervention that markedly reduces 
sick leave days, can lead to an increase in presenteeism. To 
account for dependencies, it is advised to always collect informa-
tion on the (sub- )domains that are hierarchically higher (presen-
teeism depends on sick leave, sick leave depends on work status) 
on the work ability/productivity continuum, or conceptually 
related to the outcome (sub)- domain of interest (eg, absenteeism 
and presenteeism; retiring early or becoming work disabled). 
Authors need to report whether and how they dealt with this 
dependency.16 33 For example, the WPAI deals formally with this 
issue by combining presenteeism and absenteeism into an overall 
work impairment scale.34

6. Populations included in the analysis of each WP outcome
domain should be specified and relevant characteristics de-
scribed.

WP outcomes are often performed in subsamples of the orig-
inal study.16 For example, a model exploring risk factors for 
work disability is to be analysed in the at- risk population below 
retirement age (usually 18–64 years old), while a model on risk 
factors for long- term sick leave or presenteeism addresses the 
employed population. Especially when measurement instru-
ments report impact on paid as well as unpaid work (eg, WPAI), 
numbers and details of the employed and unemployed patients 
should be provided.16 To facilitate the correct interpretation of 
the output of the analyses, the baseline demographic and disease 
characteristics of each (sub)- group should be described.
7. In longitudinal studies work status should be regularly as-

sessed and changes reported.

Given the chronic, progressive character of IA, longitudinal 
studies are encouraged to assess changes in WP. Those changing 
their work status (especially, becoming work disabled) are likely 
prognostically different from the rest of the population. For 
example, if an improvement in sick leave of employed persons 
with early RA was observed over time, this may partly be due to 
patients with the highest disease impact—and thus sick leave—
becoming work disabled over time. Therefore, in longitudinal 
studies transitions should be described, and either accounted for 
in analyses or discussed when interpreting the results.
8. Reporting both aggregated results (eg, mean/median) and

proportions of individuals based on predefined meaningful
categories (eg, no sick leave) should be considered.

In addition to mean and median values of continuous measures 
(such as sick leave days, level of presenteeism), also the proportion of 
patients attaining a specific meaningful (change in) outcome adds to 
insight of the WP outcome. For example, as presenteeism and absen-
teeism have often a skewed (or zero- inflated) distribution, it is infor-
mative to present also the proportion of patients that had no sick 
leave or presenteeism. Meaningful categorisation can also be based 
on what is used by the social security system (eg, proportion with 
specific number of sick leave days). For presenteeism, work has been 
done on the minimally important difference, but data do not seem 
robust and more work is needed before a generalisable threshold is 
proposed.35

9. In studies assessing costs of decreased WP, volumes of work
productivity loss (eg, days, hours) should also be reported.

Productivity costs are a relevant aspect of WP but valuing loss of 
productivity in monetary terms (ie, costing) is complex and beyond 
the expertise of this taskforce. Nevertheless, the taskforce wanted to 
highlight a basic principle that should be fulfilled when researchers 
aim to proceed towards calculating costs of productivity loss. In any 
cost study, authors should first collect/report the natural volumes of 
production loss (usually time; days/hours) before providing the cost- 
estimates. In view of poor agreement between self- reported produc-
tivity loss while at work (presenteeism) and actual productivity loss, 
presenteeism costs should be considered in sensitivity analyses only.16

Research agenda
Areas or topics that were considered important by the taskforce 
experts but for which the level of uncertainty was too high to formu-
late a PtC were included in a research agenda (table 4).

DISCUSSION
Assessment of WP as an outcome domain in clinical studies has 
specific methodological challenges. The nine PtC aim to improve the 
quality of interventional and non- interventional studies and should 
eventually contribute to improving WP for patients with IA. Specifi-
cally, adherence to these methodological considerations should lead 
to unbiased results and facilitate meta- analyses.

A clear study objective constitutes a first and critical step of any 
WP outcome study, as it determines the target population, the 
outcome domains, the study duration, the frequency with which 
outcomes should be assessed in relation to the recall of the measure-
ment instrument, and, finally, the contextual factors that should be 
accounted for. In addition, in the analysis and report the interde-
pendence (and competition) between WP outcomes should receive 
specific attention. While these individual topics seem basic epidemi-
ological knowledge, and some of them are (implicitly) part of the 
CONSORT15 36 and Strengthening the Reporting of Observational 
Studies in Epidemiology14 statements, they accumulate in work 
outcome studies and are frequently ignored in existing studies.16

Table 3 Proposal for classification of contextual factors relevant for 
studies with work participation as an outcome domain. Contextual 
factors can be facilitators or barriers

Personal contextual factors Environmental contextual factors

Health* Nature of work

 Pain  Physical/mental demands

 Fatigue  Job autonomy

 Physical function

Demographics Workplace support/barriers

 Age and gender  Assistance by coworkers

 Education   Attitude of employer

Economic need Workplace organisation

 Income needs  Team dynamics at work

 Quality of benefits  Compensation of absence (eg, 
replacement practices)

Personal appraisal of work Workplace accommodation

 Job satisfaction  Adaptive devices

  Career perspectives   Modified hours/duties

Skills and abilities Economic climate/labour regulations

 Work- efficacy  Income compensation

 Coping  Employment opportunities

Work- life balance Workplace accommodation

 Competing social roles  Adaptive devices

 Quality of leisure   Modified hours/duties

Non- workplace support/barriers

 Support from family

 Task assistance at home

*In the setting of clinical studies, health factors are relevant to interpret the study 
results and (contrary to the International Classification of Functioning, Disability 
and Health (ICF) definition) considered to represent personal contextual factors. In 
the ICF classification, contextual factors are by definition external to health factors. 
In the Outcome Measures in Rheumatology methodological definition, health 
factors can be covariates (effect modifiers, confounders).
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The taskforce identified and discussed some areas or topics where 
no consensus could be reached due to lack of evidence and placed 
these in the research agenda. In the first taskforce meeting, it was 
proposed to broaden the scope of PtC to studies with unpaid work 
as an outcome domain clearly impacted by IA. However, the absence 
of appropriate definitions and absence of evidence from both SLRs, 
led the taskforce to urgently recommend more research focus on 
unpaid work. The lack of evidence on specific methodological issues 
(eg, contextual factors, skewness or interdependence of outcomes) 
prevented more specific statements on these issues, which were also 
added to the research agenda.

The taskforce would like to emphasise that while important, 
improvement of WP, employment, reduced sick leave or presen-
teeism should never be reached at the expense of long- term health 
or even life satisfaction. Rather, the final goal should be to support 
patients in healthy and sustainable work, and days off work or 
adjustments in work productivity can be tools to reach this goal. 
Defining and measuring ‘healthy and sustainable work’ is added as a 
challenge to our research agenda. Reaching these goals will not only 
depend on efforts within the healthcare system to support patients to 
stay at work but will also require supportive employers, behavioural 
changes towards workers with a chronic disease and policies for 
healthy workplaces and support systems for persons with chronic 
diseases. This underpins the urgency of EULAR’s strategic goal to 
improve work circumstances of people with RMDs.7 Patient repre-
sentatives found it challenging to take an active role in the discourse 
of complex methodological issues, but were instrumental in rein-
forcing the discussions on unpaid work, healthy work and context, 
ensuring these aspect were included in statements or research agenda.

In conclusion, guidance is now available to improve interpretation 
and comparison of studies in IA with WP as an outcome domain. 
We expect the PtC will facilitate improved conduct of WP outcome 
studies.

Author affiliations
1Division of Rheumatology, Maastricht University Medical Centre+ Internal Medicine, 
Maastricht, The Netherlands
2Universiteit Maastricht Care and Public Health Research Institute, Maastricht, The 
Netherlands
3Rheumatologist, Leiden University Medical Center, Leiden, The Netherlands
4Rheumatology, Centro Hospitalar e Universitario de Coimbra EPE, Coimbra, Portugal

5Rheumatology Unit, University of Perugia Department of Medicine, Perugia, Italy
6Department of Rheumatology, Instituto de Investigation Sanitaria San Carlos, 
Hospital Clinico Universitario San Carlos, Madrid, Spain
7Mobility Program Clinical Research Unit, St Michael’s Hospital Li Ka Shing 
Knowledge Institute, Toronto, Ontario, Canada
8Neil Betteridge Associates, London, UK
9Pain and Rehabilitation Center, and Department of Health, Medicine and Caring 
Sciences, Linköping University, Linkoping, Sweden
10Department of Epidemiology and Data Science; Amsterdam Rheumatology and 
Immunology Center, Amsterdam University Medical Centers, Vrije Universiteit, 
Amsterdam, Amsterdam, The Netherlands
11Patients with Arthritis and Rheumatism (PARE) working group, European League 
Against Rheumatism, Zurich, Switzerland
12PEPITES teams, Pierre Louis Institute for Epidemiology and Public Health, Inserm 
UMR 1136, Paris, France
13Rheumatology Dept, Pitié Salpetriere Hospital, Sorbonne University / Assistance 
Publique- Hôpitaux de Paris, Paris, Fance
14APEMAC, Université de Lorraine, Nancy, France
15CIC Epidémiologie Clinique, CHRU Nancy, Inserm, Université de Lorraine, Nancy, 
France
16Portuguese League Against Rheumatic Diseases (LPCDR) and Comprehensive 
Health Research Centre (CHRC), Lisbon, Portugal
17People with Arthritis and Rheumatism (PARE), European League Against 
Rheumatism, Zurich, Switzerland
18Centre for Rheumatic Diseases, King’s College of London, London, UK
19Rheumatology Department, King’s College Hospital, London, UK
20Health Economics Research Center, University Research and Innovation Center, 
Óbuda University, Budapest, Hungary
21Rheumatology Department, Centro Hospitalar de Lisboa Ocidental EPE Hospital de 
Egas Moniz, Lisboa, Portugal
22NOVA Medical School, Lisboa, Portugal
23Erasmus School of Health Policy & Management and iMTA, Institute for 
Medical Technology Assessment, Erasmus University Rotterdam, Rotterdam, The 
Netherlands
24Centre for Epidemiology Versus Arthritis, Centre for Musculoskeletal Research, 
Faculty of Biology, Medicine and Health, The University of Manchester, Manchester, 
UK
25Manchester University NHS Foundation Trust, Manchester Academic Health Science 
Centre, NIHR Manchester Biomedical Research Centre, Manchester, UK
26MRC Versus Arthritis Centre for Musculoskeletal Health and Work, MRC Life course 
Epidemiology Unit, Southampton General Hospital, Southampton, UK
27Department of Clinical sciences, Lund University, Lund, Sweden
28Department of Rheumatology, Skåne University Hospital, Lund, Sweden
29Department of Epidemiology and Data Science, Amsterdam Public Health, 
Amsterdam UMC, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
30Department of Rheumatology and immunology, AI&I, Amsterdam UMC, Vrije 
Universiteit Amsterdam, Amsterdam, The Netherlands
31Dept of Rheumatology, KU Leuven University Hospitals Leuven, Leuven, Belgium

Table 4 Research agenda

Topic Questions

Unpaid work participation How can unpaid work participation as an outcome domain be defined?
Which measurement instruments are valid to assess the domain unpaid work (in IA)?

Contextual factors How to measure contextual factor domains relevant for work participation?
What is the operational definition of a ‘key’ contextual factor
(eg, if it has proven to behave consistently as:
(a) Relevant effect modifier of interventions in work outcome studies, or (b) Consistently 
relevant covariate of work outcomes
in observational studies.)?
To what extent are contextual factors specific to certain setting
(eg, specific for a certain outcome are a certain intervention)?

Interdependence and integration of the work outcome domains How to deal with interdependence or competition between work participation outcomes 
(work status, absenteeism and presenteeism)?
Can we redesign work outcome measurement that integrates work disability, 
absenteeism and presenteeism?

Analyses of skewed data What is the comparative accuracy of methods to deal with different types of skewed or 
zero- inflated data?

Decent work and healthy workplaces What is a healthy work and what is a healthy workplace?
How can we measure it?
What are the health effects of not taking sick leave and not adjusting productivity while 
at work (presenteeism)?

IA, inflammatory arthritis.
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Key messages

What is already known about this subject?
 ► Glucocorticoids are widely used as effective 
bridging therapy in rheumatoid arthritis, but 
should ideally be tapered and discontinued as 
soon as possible.

What does this study add?
 ► This study reports on the outcomes of 
protocolised discontinuation of glucocorticoids 
in two treat- to- target trials and shows that 
in about 40% of patients direct loss of 
disease control occurs despite continuation 
of conventional synthetic disease- modifying 
antirheumatic drugs (csDMARDs).

 ► Restart of glucocorticoids, although effective in 
reachieving the treatment target, was followed 
by flare on discontinuation again in 50%.

 ► Baseline patient characteristics seem 
insufficient in predicting which patient can 
successfully discontinue glucocorticoids.

How might this impact on clinical practice or 
future developments?

 ► Initial benefits of early achievement 
of treatment target may be lost after 
discontinuation of bridging with glucocorticoids 
due to poor efficacy of the remaining 
csDMARDs.

 ► Alternative effective treatment should be at the 
ready if discontinuation of glucocorticoids is 
considered.

ABSTRACT
Objectives To evaluate the success rate of 
glucocorticoid discontinuation and to study which factors 
are associated with successful discontinuation.
Methods Data from two treat- to- target studies, 
Best (target Disease activity score (Das) ≤2.4) and 
iMPROVeD (target Das <1.6), were evaluated for 
all patients initially treated with a tapered high dose 
of prednisone with conventional synthetic disease- 
modifying antirheumatic drugs. Prednisone was 
discontinued when Das ≤2.4 was maintained for 
28 weeks in Best and as soon as Das was <1.6 in 
iMPROVeD. Discontinuation was considered successful 
if the target was maintained at the next visit. logistic 
regression analyses were performed to identify predictors 
of successful discontinuation. a mixed effects logistic 
regression model was used to assess whether primary 
versus secondary discontinuation was as successful.
Results in the Best study, 40% (47 of 93) of patients 
flared after primary prednisone discontinuation, and of 
the other 60% (56 of 93), 38% had to restart later. Of 
those who restarted (secondary discontinuation), 47% 
(17 of 35) again flared. in iMPROVeD, after primary 
discontinuation 39% (158 of 400) flared, and of the 
other 61% (242 of 400), 40% had to restart later. after 
secondary discontinuation 49% (68 of 139) flared. Only 
in iMPROVeD a secondary attempt was less successful 
(Best OR 0.71, p=0.45; iMPROVeD OR 0.60, p=0.01). 
a lower Das both at baseline and stop visit and male 
gender (in iMPROVeD) were associated with successful 
primary discontinuation.
Conclusion Primary glucocorticoid discontinuation 
resulted in direct loss of disease control in approximately 
40% and secondary in 50% of patients. ’standard’ 
baseline characteristics seem insufficient to personalise 
the duration of temporary glucocorticoid bridging, but 
the Das at the time of discontinuation might provide 
guidance.

InTROduCTIOn
Rheumatoid arthritis (RA) is a chronic and disabling 
systemic disease for which currently many thera-
peutic options are available. Early recognition of 
disease,1 fast introduction of treatment and subse-
quent treatment- to- target with rapid drug escalation 
characterise the current management of RA, leading 
to successful suppression of disease activity in an 
increasing number of patients.2 3 Glucocorticoids 

(GC) are widely used as part of the (initial) treatment 
strategy for RA, as bridging therapy in combination 
with slower- acting conventional synthetic disease- 
modifying antirheumatic drugs (csDMARDs).4–6 It 
has been shown that initial treatment with a combi-
nation of csDMARDs and GCs is more successful 
than csDMARDs alone, resulting in more rapid 
clinical and functional improvement and less radio-
graphic damage progression.7–11 Given the risk of 
various negative effects of prolonged use of GC, 
current international recommendations advise 
tapering initial GC as soon as clinically feasible, 
while continuing other disease- modifying antirheu-
matic drugs (DMARDs).6 12 Therefore, as part of a 
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treat- to- target strategy, tapering GC treatment should be consid-
ered as soon as a treatment target of remission, or at least of 
low disease activity (LDA), is achieved. Currently data regarding 
the proportion of patients who maintain remission and/or LDA 
after complete GC discontinuation are lacking. Moreover, 
when GC therapy is restarted due to a disease flare, it is unclear 
whether a second attempt to taper and stop GC therapy is likely 
to be successful, nor is it clear whether there are predictors for 
successful discontinuation.

Therefore the objective of the current study was to assess the 
rate of successful GC discontinuation (oral prednisone) at the 
first or second attempt and to evaluate patient characteristics 
associated with successful discontinuation in two treat- to- target 
studies (BeSt8 and IMPROVED13).

MeTHOdS
data sources
BeSt study
In the Behandel- Strategieën, “treatment strategies” (BeSt) study 
(extensively described elsewhere8 14), 508 patients with early 
RA (according to the 1987 American College of Rheumatology 
(ACR) classification criteria) with symptom duration ≤2 years 
and active disease (≥6 of 66 swollen joints, ≥6 of 68 tender 
joints, and erythrocyte sedimentation rate ≥28 mm/hour and/
or a Visual Analogue Scale (VAS) global health (GH) score 
≥20 mm) were randomised to four treatment strategy arms. 
Disease activity was evaluated every 3 months, and patients 
were treated to target LDA (Disease Activity Score (DAS) ≤2.4). 
For the current analyses all patients in arm 3 (n=133) were 
selected. The initial treatment was methotrexate (MTX) 7.5 mg/
week, sulfasalazine (SSZ) 2000 mg/day and prednisone 60 mg/
day tapered to 7.5 mg/day in 6 weeks. If DAS remained ≤2.4, 
prednisone was tapered from week 28 to 5 mg/day and next in 
7 weeks, to zero at week 35 (primary prednisone discontinua-
tion). If treatment was initially escalated due to a DAS >2.4 (first 
increase of MTX to 25 mg/week; if DAS is still >2.4, change SSZ 
to ciclosporin), prednisone 7.5 mg/day was prolonged until for at 
least 6 consecutive months of LDA, then prednisone was tapered 
to 5 mg/day and next to zero in 7 weeks (delayed primary pred-
nisone discontinuation). If after or during prednisone discontin-
uation a flare occurred (DAS >2.4), prednisone was restarted at 
7.5 mg/day once, and discontinued the second time if LDA was 
maintained again for 6 consecutive months (secondary predni-
sone discontinuation).

IMPROVED study
In the Induction therapy with MTX and Prednisone in Rheu-
matoid Or Very Early arthritic Disease (IMPROVED) study 
(extensively described elsewhere13), 610 patients with early 
RA (symptom duration ≤2 years) fulfilling the 2010 American 
College of Rheumatology/European League Against Rheuma-
tism classification criteria or undifferentiated arthritis were 
initially treated with a combination of MTX (gradually intensi-
fied in the first 6 weeks from 7.5 mg/week to 25 mg/week) and 
prednisone 60 mg/day tapered to 7.5 mg/day in 6 weeks. Disease 
activity was evaluated every 4 months, aiming at remission (DAS 
<1.6). In patients who were in (early) remission at 4 months, 
treatment with prednisone tapered (in 3 weeks) and then stopped 
(primary prednisone discontinuation). If remission persisted at 8 
months, MTX was tapered next. In case of a disease flare after 
or during prednisone discontinuation, prednisone 7.5 mg/day 
was restarted once, and if DAS <1.6 was again maintained for 
4 months prednisone was tapered and stopped the second and 

final time (secondary prednisone discontinuation). Patients who 
did not achieve DAS <1.6 at 4 months were randomised to two 
arms: (1) MTX 25 mg/week, prednisone (continued at 7.5 mg/
day), SSZ 2000 mg/day and hydroxychloroquine 400 mg/day; 
or (2) MTX 25 mg/week plus adalimumab 40 mg/2 weeks. For 
patients in arm 1 who achieved DAS <1.6 at 8 months, predni-
sone was tapered to zero (delayed primary prednisone discon-
tinuation). If DAS increased to ≥1.6 after discontinuation, 
prednisone 7.5 mg/day was restarted once, and stopped again for 
the second and final time if DAS <1.6 was regained (secondary 
prednisone discontinuation).

Study design
In this post- hoc analyses we evaluated prednisone discontinu-
ation in BeSt (arm 3) and IMPROVED separately for patients 
discontinuing prednisone according to treatment target and 
timing of the corresponding study protocol. Successful discon-
tinuation was defined as having tapered prednisone to zero with 
maintenance of the set treatment target and without the neces-
sity to restart prednisone per immediate and/or restart or esca-
late other treatment(s). The success of a discontinuation attempt 
was evaluated at the first visit after discontinuation.

Statistical analyses
Descriptive statistics were used to determine the frequency of 
successful discontinuation. Logistic regression analyses were 
performed to identify predictors of successful discontinua-
tion. Stepwise exploratory backward (primary) and forward 
(sensitivity) logistic regression analyses were performed with 
the following possible predictors: age, gender, symptom dura-
tion in weeks, DAS, autoantibody positivity (rheumatoid factor 
positivity and/or anticitrullinated protein antibody positivity) 
all at baseline and DAS at the visit of discontinuation initiation 
(‘stop visit’). Predictors with a p value <0.20 were included in 
the final model. As a sensitivity analysis, we performed logistic 
regression analyses in patients from the IMPROVED study who 
retrospectively would have fulfilled the inclusion criteria of the 
BeSt study. Finally, a mixed effects logistic regression model 
with success of prednisone discontinuation as the dependent 
variable and primary versus secondary discontinuation attempt 
as independent variable corrected for the DAS at the stop visit 
was executed to estimate the difference in successful prednisone 
discontinuation between a primary and a secondary attempt. To 
account for the correlation between a primary and secondary 
attempt within patients, analyses were clustered by patient. 
Primary and delayed primary prednisone discontinuations were 
analysed together (‘overall primary’) as well as all secondary 
discontinuations. Missingness in the data was low (<5%) and 
therefore a complete case analysis was done.15 Because of the 
exploratory nature of this post- hoc analysis, no correction for 
multiple testing was applied. P values <0.05 were considered 
statistically significant. Statistical analyses were performed with 
Stata SE V.16.0.

ReSulTS
Prednisone discontinuation in the BeSt study
All 133 patients enrolled in arm 3 of the BeSt study initiated 
treatment with MTX, SSZ and prednisone. For the current 
post- hoc analyses, follow- up data were available for 131 patients 
(online supplemental figure 1). In 38 of 131 (29%) patients, 
prednisone discontinuation as referred to in this analysis was 
never attempted or could not be evaluated.
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Table 1 Patient characteristics for overall primary prednisone 
discontinuation in arm 3 of the BeSt study

Characteristics n
Total
n=93

no success
n=37

Success
n=56

Age, years* 93 54 (14) 52 (15) 55 (12)

Gender, female, % 93 65 78 55

Symptom duration 
BL, weeks†

93 23 (15–58) 23 (17–51) 24 (14–59)

DAS at BL* 93 4.3 (0.9) 4.3 (0.8) 4.2 (0.9)

SJC at BL* 93 14 (6) 15 (6) 14 (6)

RAI at BL* 93 14 (6) 14 (7) 13 (6)

ESR at BL* 93 35 (22) 32 (20) 36 (23)

VAS GH at BL* 93 49 (22) 45 (20) 51 (23)

DAS at stop visit* 93 1.6 (0.6) 2.0 (0.3) 1.4 (0.6)

RF, positive, % 93 66 59 70

ACPA, positive, % 90 53 61 48

Erosions, present at 
BL, %

91 74 76 72

*Mean (±SD).
†Median (IQR).
ACPA, anticitrullinated protein antibodies; BL, baseline; DAS, Disease Activity Score; 
ESR, erythrocyte sedimentation rate; GH, global health; RAI, Ritchie articular index 
(0–78); RF, rheumatoid factor; SJC, swollen joint count (0–44); VAS, Visual Analogue 
Scale (0–100).

Table 2 Logistic univariable and multivariable logistic regression analyses evaluating which factors are associated with overall successful primary 
prednisone discontinuation in arm 3 of the BeSt study

Variable

univariable model
Final multivariable model*
n=91, R2=0.2390

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

Age, year 1.02 (0.98 to 1.05) 0.32

Gender, female 0.34 (0.13 to 0.88) 0.03

Symptom duration BL, weeks 1.00 (0.99 to 1.01) 0.94

DAS at BL 0.91 (0.56 to 1.47) 0.69

DAS at stop visit 0.05 (0.01 to 0.21) <0.01 0.05 (0.01 to 0.22) <0.01

Autoantibody, positive 0.89 (0.34 to 2.32) 0.81

*The final multivariable logistic regression model was based on a stepwise backward selection of predictors (see online supplemental file 1).
BL, baseline; DAS, Disease Activity Score.

Primary prednisone discontinuation
After 28 weeks, 78 of 131 (60%) patients initiated prednisone, 
tapering to zero, and 15 of 131 (16%) more patients tapered 
and discontinued prednisone later in the disease course. Overall 
primary prednisone discontinuation was successful in 60% (56 
of 93), and 35 of 93 (38%) flared immediately and 2 of 93 (2%) 
were not able to discontinue prednisone. Successful primary 
discontinuation occurred more often in male patients (45% vs 
22%) and if the DAS at the stop visit was lower (1.4, SD 0.9 
vs 2.0, SD 0.3) (table 1, online supplemental table 1). This was 
confirmed in the univariable logistic regression (table 2). In the 
final multivariable model, a lower DAS at the stop visit (p<0.01) 
was associated with successful primary prednisone discontinu-
ation (table 2, online supplemental tables 2 and 3). Restart of 
prednisone following a ‘prednisone free period’ after initial 
successful discontinuation occurred in 36 of 56 (64%) (38% of 
all the patients attempting primary discontinuation and 27% of 
the whole cohort).

Secondary prednisone discontinuation
Thirty- five patients attempted to discontinue prednisone the 
second time (secondary prednisone discontinuation), which was 

successful in 19 of 35 (54%). No differences were found in char-
acteristics between patients with successful versus unsuccessful 
secondary discontinuation, confirmed by univariable and multi-
variable logistic regression analyses (online supplemental tables 
4 and 5).

Prednisone discontinuation in the IMPROVed study
In the IMPROVED study, in 210 of 610 (34%) patients, pred-
nisone discontinuation as referred to in this analysis was never 
attempted or could not be studied.

Primary prednisone discontinuation
Primary prednisone discontinuation occurred in 372 patients 
who were in remission at 4 months and an additional 28 patients 
who attempted delayed primary prednisone discontinuation. 
Overall primary prednisone discontinuation was successful in 
61% (242 of 400) of patients. Of 400 patients, 35 (8%) were 
not able to discontinue prednisone and 123 (31%) flared imme-
diately after discontinuation. Primary prednisone discontinua-
tion was more often successful in male patients (43% vs 28%), 
in patients with lower DAS at baseline (2.9, SD 0.8 vs 3.2, SD 
0.9), and in those with corresponding lower baseline tender 
and swollen joint counts and lower VAS GH (table 3). Also, 
the DAS at the stop visit was lower in patients who successfully 
discontinued (0.9, SD 0.4 vs 1.1, SD 0.4) (table 3). This was 
confirmed by univariable logistic regression analysis (table 4). In 
the multivariable analyses, male gender (p=0.03), lower DAS 
at baseline (p=0.02) and lower DAS at the stop visit (p<0.01) 
were significantly associated with successful primary prednisone 
discontinuation (table 4, online supplemental tables 7 and 8). 
Restart of prednisone following a ‘prednisone free period’ after 
initial successful discontinuation occurred in 98 of 242 (40%). A 
second prednisone course after initial discontinuation (indepen-
dent of the primary stop reason) occurred in 209 of 610 (34%) 
patients.

Secondary prednisone discontinuation
In total 139 patients attempted secondary prednisone discontin-
uation when remission was reached again, which was successful 
in 71 of 139 (51%) patients. The DAS at the stop visit was 
lower in patients with successful secondary prednisone discon-
tinuation after unsuccessful primary discontinuation. Patients 
with successful secondary discontinuation who had flared 
after successful primary discontinuation had older age, shorter 
symptom duration at baseline and lower DAS at the stop visit 
(online supplemental table 9). In the overall univariable and 
multivariable logistic regression analyses, a lower DAS at the 
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Table 3 Patient characteristics for overall primary prednisone 
discontinuation in the IMPROVED study

Characteristics n
Total
n=400

no success
n=158

Success
n=242

Age, years* 400 52 (14) 52 (13) 52 (14)

Gender, female, % 400 63 72 57

Symptom duration 
BL, weeks†

394 16 (8–30) 16 (8–32) 16 (9–30)

DAS at BL* 398 3.0 (0.8) 3.2 (0.9) 2.9 (0.8)

SJC at BL* 399 7 (6) 8 (6) 6 (6)

RAI at BL* 399 6 (4) 7 (4) 6 (4)

ESR at BL* 400 29 (24) 31 (25) 28 (23)

VAS GH at BL* 398 42.6 (23.2) 47.2 (21.6) 39.7 (23.8)

DAS at stop visit* 400 1.0 (0.4) 1.1 (0.4) 0.9 (0.4)

RF, positive, % 386 60 63 58

ACPA, positive, % 391 60 57 62

Erosions, present at 
BL, %

391 15 16 15

*Mean (±SD).
†Median (IQR).
ACPA, anticitrullinated protein antibodies; BL, baseline; DAS, Disease Activity Score; 
ESR, erythrocyte sedimentation rate; GH, global health; RAI, Ritchie articular index 
(0–78); RF, rheumatoid factor; SJC, swollen joint count (0–44); VAS, Visual Analogue 
Scale (0–100).

Table 4 Logistic univariable and multivariable logistic regression analyses evaluating which factors are associated with overall successful primary 
prednisone discontinuation in the IMPROVED study

Variable

univariable model
Final model*
n=380, R2=0.0828

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

Age, year 0.99 (0.99 to 1.01) 0.99

Gender, female 0.52 (0.34 to 0.80) <0.01 0.59 (0.37 to 0.94) 0.03

Symptom duration BL, weeks 1.00 (0.99 to 1.01) 0.96

DAS at BL 0.66 (0.52 to 0.85) <0.01 0.72 (0.55 to 0.94) 0.02

DAS at stop visit 0.23 (0.13 to 0.41) <0.01 0.22 (0.12 to 0.41) <0.01

Autoantibody, positive 0.83 (0.52 to 1.31) 0.41

*The final multivariable logistic regression model was based on a stepwise backward selection of predictors (see online supplemental file).
BL, baseline; DAS, Disease Activity Score.

stop visit was found to be associated with successful discontinu-
ation (online supplemental table 10).

In the sensitivity analyses in 175 IMPROVED patients who 
would have met the inclusion criteria for the BeSt study, primary 
prednisone discontinuation was successful in 46% (47 of 102), 
followed by immediate flare in 55 of 102 (54%). In 73 of 175 
(41%) patients, discontinuation of GCs as referred to in this study 
was not attempted. Secondary discontinuation was successful 
in 18 of 39 (54%). In both univariable and multivariable anal-
yses, a lower DAS at the stop visit was associated with successful 
primary (OR 0.12, 95% CI 0.03 to 0.39, p<0.01) and secondary 
(OR 0.04, 95% CI 0.003 to 0.50, p=0.01) discontinuation.

Success of primary versus secondary discontinuation 
attempts
When comparing the success of primary and secondary pred-
nisone discontinuation, the odds of successful discontinuation 
were lower in secondary versus primary attempts in both studies, 
but only significantly so in the IMPROVED study (BeSt OR 
0.71, p=0.45; IMPROVED OR 0.60, p=0.01).

dISCuSSIOn
Compared with slow- acting csDMARDs alone, a combination 
with GCs as part of the initial treatment in early RA has proven 
to be more effective in rapidly suppressing disease activity, which 
is important for improvement of functional ability and preven-
tion of damage.8 16 International recommendations state that 
‘glucocorticoids should primarily be used as bridging therapy 
until csDMARDs exhibit their efficacy’ and ‘tapered as rapidly 
as clinically feasible’.6 12 In the current post- hoc analysis of two 
studies, where a tapered high dose of prednisone was part of the 
initial treatment, we evaluated how often, and in which patients, 
initial GCs could successfully be stopped while csDMARD(s) 
were continued. We found that, regardless of whether discontin-
uation was based on having achieved LDA after 28 weeks (arm 
3 of BeSt) or remission after 4 months (IMPROVED), in about 
40% of patients GCs were not discontinued or the treatment 
target was not maintained at the next visit on csDMARDs alone. 
A further 25% in the IMPROVED and 38% in BeSt restarted 
prednisone later in time after an initial successful discontinu-
ation. Independent of the reason for initial discontinuation, 
restart of prednisone was needed in 27% of the BeSt and 36% of 
the IMPROVED patients. Some patients never met the treatment 
target to discontinue prednisone and had to proceed to other 
treatment steps.

After initial GC discontinuation, 27% of patients in the BeSt 
study and 34% of patients in the IMPROVED study had to 
restart prednisone due to a disease flare, which was allowed only 
once before the protocol dictated other treatment steps to be 
taken. If the treatment target was met again, prednisone had to 
be discontinued the second time (‘secondary discontinuation’). 
In about 50% of patients a second attempt to discontinue GCs 
was successful without a disease flare. Thus, there was a circa 
10% difference in success between a primary and a secondary 
discontinuation, but this difference was only significant in the 
IMPROVED study.

Direct comparison with other trials with protocolised GC 
discontinuation from the initial therapy is difficult due to differ-
ences in patient population, tapering protocol, treatment target 
and reported outcomes. The Combinatietherapie Bij Reuma-
toide Artritis (COBRA) trial, including similar patients and using 
the treatment scheme that was copied in arm 3 of the BeSt study, 
tapered prednisone from week 28 and discontinued by week 35. 
Increasing or restarting prednisone was only allowed if there was 
a joint count increase of five active joints or an increase from 
zero to three active joints. The study reports 21 of 76 (28%) 
patients being in (probable) remission by week 28 and ‘almost 
all’ losing remission after prednisone was discontinued.11 In the 
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COBRA light study, including patients with slightly earlier and 
milder RA than the original COBRA trial, the COBRA treat-
ment scheme was compared with a scheme with a lower dose of 
prednisone (initiating 30 mg/day and tapering to 7.5 mg/day in 
9 weeks in combination with MTX without SSZ). At week 26, 
49% of patients in the original COBRA arm and 41% of patients 
in the COBRA light arm were in remission and stopped pred-
nisone at week 35.17 At either week 26 or 39, 59% of patients 
in the original COBRA arm and 75% in the COBRA light arm 
were not in remission, and 38% vs 49% were not in LDA (ie, 
unable/unsuccessful prednisone discontinuation).18 Restart of 
prednisone was not allowed in this study. The Care in early RA 
(CareRA) trial, with almost similar patients as the COBRA light 
study, also used the original COBRA treatment scheme and the 
COBRA light scheme (but tapered over 6 weeks), both discon-
tinuing prednisone at week 35. No data on early success of pred-
nisone stopping are published, but at week 52, regardless of the 
initial prednisone scheme, percentages of patients not in remis-
sion were similar (circa 38%) as were percentages of patients not 
in LDA (circa 23%).5 Several cohort studies have reported on 
large percentages of patients who continue on or come back to 
GCs for long periods of time.19–21 This reluctance or failure to 
stop GCs may be due to various conditions and circumstances, 
but insufficient benefit from available DMARDs and lack of 
access to more effective (expensive) medication are likely to be 
the most significant.22 In our studies, as in the Dutch routine 
practice, access to subsequent treatment options was guaran-
teed. Nevertheless, protocol violations occurred in both trials, 
although we have no details on specific reasons.23

We found that a lower DAS at the stop visit was a stable and 
reproducible factor associated with maintenance of disease 
control after GC discontinuation. Baseline characteristics that 
were found to be associated with successful GC discontinuation 
in the BeSt study could not be confirmed in the IMPROVED 
study, or vice versa, although male patients seem to fare some-
what better than female patients. In light of the differences in 
patient population between the two trials, a sensitivity analysis 
was performed selecting only those patients in the IMPROVED 
study that in retrospect would have met the BeSt inclusion 
criteria with similar results on associated factors for successful 
discontinuation. Future studies may try to explore prediction 
models including not only clinical data but also genomic data 
or biomarkers.

This post- hoc study has some limitations. There were a limited 
number of patients in the regression analyses, particularly with 
regard to secondary discontinuation. This limited the power 
to identify predictors, and the overall predictive ability of the 
models was low. Since different variable selection strategies 
have different limitations,24 we performed both backward and 
forward multivariable analyses and chose a p value <0.20 as a 
cut- off to include to lower the chance of missing potentially rele-
vant predictors. Data were derived from two clinical trials with a 
(strict) treat- to- target protocol. Therefore high- quality data were 
available from a large number of variables with little missing 
data. Nevertheless, results of clinical trials may, due to the selec-
tion of patients fulfilling specific inclusion and exclusion criteria 
and the choice of treatment, not be directly generalisable to daily 
practice. It should be considered that the initial therapy in arm 
3 of the BeSt trial included SSZ, next to MTX and prednisone, 
and patients with undifferentiated arthritis were included in the 
IMPROVED study. Both might lead to an overestimation of the 
percentages of successful GC discontinuation. We evaluated the 
result of GC discontinuation at the next available study visit, 3 
or 4 months after GC discontinuation. This provides valuable 

information on whether a rapid treatment adjustment is needed 
after trying to stop GC, according to a treat- to- target strategy. 
Late flares could not solely be related to GC discontinuation, 
since in both studies, as long as the treatment target was met, 
subsequent tapering and discontinuation steps of the remaining 
drugs were required, which in turn may have triggered flares 
after initially stopping GCs.

To conclude, our results show that, despite the rapid clinical 
improvement achieved by GCs, once discontinued the efficacy 
of MTX up to 25 mg/week (in IMPROVED) with additional 
SSZ 2000 mg/day (in BeSt) proved immediately insufficient to 
maintain the achieved level of disease control in about 40% 
of our patients. Approximately 30% of patients experienced a 
flare sometime after GC discontinuation and had to temporarily 
restart. Of those patients, 50% could successfully discontinue in 
a second instance. Characteristics identifying patients who can 
discontinue GC bridging without significant impact on disease 
activity could not explicitly be identified, although a lower DAS 
at the stop visit was associated with successful discontinuation. 
Our results suggest that, to avoid deterioration or prolonged use 
of GCs, patients with insufficient disease control on csDMARDs 
alone require timely change to more effective antirheumatic 
drugs.
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ABSTRACT
Objectives The differences of efficacy between each 
Janus kinase (JAK) inhibitors have not been clarified in 
the patients with rheumatoid arthritis (RA) in clinical 
practice. Here, we compared the efficacy between 
tofacitinib (TOFA) and baricitinib (BARI) in clinical 
practice.
Methods The efficacy of TOFA (n=156) in patients with 
RA was compared with BARI (n=138). Selection bias 
was reduced to a minimum using propensity score- 
based inverse probability of treatment weighting (IPTW). 
The Clinical Disease Activity Index (CDAI) trajectory for 
patients who started TOFA or BARI was analysed using 
growth mixture modelling (GMM).
Results No significant difference was observed in 
patient characteristics between the TOFA and BARI 
groups in after adjustment by propensity score- based 
IPTW. The BARI group had a significantly higher rate of 
CDAI remission at week 24 after the introduction of JAK 
inhibitors than the TOFA group. The treatment- resistant 
group defined by GMM, comprising patients who did 
not achieve low disease activity at week 24, was more 
likely to include those who had received many biological 
disease- modifying antirheumatic drugs (bDMARDs) 
before the introduction of JAK inhibitors and those who 
received TOFA. Among patients with RA who received 
TOFA, those who had received ≥4 bDMARDs before the 
introduction of TOFA were more likely to be classified 
into the treatment- resistant group.
Conclusions BARI showed a similar safety profile and 
better clinical outcome when compared with TOFA after 
reduction to a minimum of selection bias. However, these 
were observed in a small population. Accordingly, further 
investigation is required in an accurately powered head- 
to- head trial.

INTRODUCTION
Rheumatoid arthritis (RA) is a systemic inflam-
matory disease that causes progressive bone and 
joint destruction and irreversible physical dysfunc-
tion.1–3 In the last 20 years, a paradigm shift has 
occurred in the treatment of RA with the advent 
of biological disease- modifying antirheumatic 
drugs (bDMARDs).4 However, owing to their high 
molecular weight, bDMARDs can be administered 
only via the parenteral route and are associated 
with secondary failure.5 To address these issues, 
Janus kinase (JAK) inhibitors, which are orally 

administered low molecular weight compounds, 
have been used. Among the JAK inhibitors currently 
available, tofacitinib (TOFA) and baricitinib (BARI) 
have been widely used in many regions for RA treat-
ment. TOFA is a selective inhibitor of JAK1 and 
JAK3, and its inhibitory effect on JAK2 and tyrosine 
kinase (TYK) 2 is limited.6 BARI is a selective inhib-
itor of JAK1 and JAK2 and exhibits a moderate 
inhibitory activity against TYK2, while its inhibi-
tory activity against JAK3 is limited.7 Randomised 

Key messages

What is already known about this subject?
 ► Randomised controlled trials have confirmed 
the efficacy of tofacitinib (TOFA) and baricitinib 
(BARI) monotherapies in patients with 
rheumatoid arthritis (RA) who are methotrexate 
(MTX) naïve and those who achieve MTX- 
inadequate response (IR), tumour necrosis 
factor inhibitor- IR and biological disease- 
modifying antirheumatic drug (bDMARD) IR.

What does this study add?
 ► When the Clinical Disease Activity Index (CDAI) 
after 24 weeks of treatment was compared 
between TOFA or BARI after reduction of the 
selection bias to a minimum and adjustment 
for patient characteristics by propensity 
score- based inverse probability of treatment 
weighting, BARI was more effective.

 ► Trajectory analysis of the changes in CDAI for 
TOFA and BARI divided the patients into three 
trajectory groups.

 ► Among the three groups was a treatment- 
resistant group that did not achieve low disease 
activity at week 24 after the introduction of 
Janus kinase inhibitors and was more likely 
to include patients with RA treated with 
TOFA, particularly those resistant to multiple 
bDMARDs.

How might this impact on clinical practice or 
future developments?

 ► Results suggest that TOFA may be less effective 
in patients resistant to multiple bDMARDs, 
while BARI may be more effective after 24 
weeks of treatment.
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controlled trials have shown that TOFA and BARI monother-
apies are effective in patients with RA who are methotrexate 
(MTX) naïve8 9 or have MTX- inadequate response (IR),10 11 
tumour necrosis factor inhibitor- IR12 13 and bDMARDs- IR.14 
In vitro studies have revealed variations in the pharmacological 
effects of JAK inhibitors at the cellular level.15 16 However, such 
variations have not been investigated in real- world clinical prac-
tice. Therefore, the selection of JAK inhibitor for RA treatment 
based on patient type remains a major concern.

In the present study, we compared the efficacy and safety of 
TOFA and BARI in real- world clinical practice after reduction 
to a minimum of the selection bias, using propensity score- based 
inverse probability of treatment weighting (IPTW) and adjust-
ment for confounding patient characteristics. Growth mixture 
modelling (GMM) is a method of analysis to identify trajectory 
groups into which longitudinal changes in factors can be classi-
fied.17 This method allows the identification of characteristics of 
each trajectory group and analysis of factors affecting trajecto-
ries. We analysed the trajectories of changes in disease activity 
in patients receiving TOFA or BARI using GMM and evaluated 
clinical characteristics of their responses to both the drugs.

MATERIALS AND METHODS
Patients and study design
Patients were recruited from the FIRST registry, a registry study 
of patients with RA receiving molecularly targeting antirheu-
matic drugs at multiple institutions affiliated to our university 
hospital, the key station.18–20 RA was diagnosed when patients 
met the 2010 American College of Rheumatology (ACR)/Euro-
pean League Against Rheumatism classification criteria or the 
1987 ACR classification criteria.21 22 The observation period of 
the study was 24 weeks.

Treatment with JAK inhibitors
TOFA or BARI was administered to patients with RA in whom 
disease activity could not be controlled by standard doses of 
MTX or conventional synthetic DMARDs (csDMARDs) or in 
patients with RA for whom csDMARDs, including MTX, could 
not be used. There was no major difference observed in the 
proportion of patients who were allocated to TOFA or BARI 
at each site; no major difference was noted in the selection of 
JAK inhibitors at each site. Dose of JAK inhibitor was shown in 
online supplemental material.

Clinical efficacy and outcome
The primary outcome was rate of remission at week 24 in 
each group, measured by the Clinical Disease Activity Index 
(CDAI).23 24 CDAI remission was defined as a score of ≤2.8 and 
low disease activity (LDA) was defined as a score of ≤10.0. 
Additional secondary outcomes included disease activity, reten-
tion rate and safety at week 24. The analyses were performed by 
the last observation carried forward (LOCF) and non- responder 
imputation (NRI) was also used to evaluate CDAI, Simplified 
Disease Activity Index (SDAI) and Health Assessment Question-
naire (HAQ) remission rates.

Safety
The incidence and severity of all adverse events were recorded. 
The National Institutes of Health Common Terminology Criteria 
for Adverse Events (V.3.0) were used to describe adverse events 
and laboratory abnormalities.

Propensity score-based IPTW
To adjust for baseline patient characteristics between the two 
groups, the calculated propensity scores were weighted using the 
‘ratio of patients receiving BARI to all patients/propensity score’ 
in the BARI group and the ‘ratio of patients receiving TOFA to 
all patients/1 propensity score’ in patients treated with TOFA as 
the weighting coefficient on stability. Details of the procedure of 
calculating propensity score are shown in online supplemental 
material.

Growth mixture modelling
To understand patient response patterns after receiving TOFA 
and BARI, GMM was applied to classify patients into different 
subgroups based on CDAI trajectories.25 GMM was performed 
with STATA V.16.0 (StataCorp LLC, College Station, Texas, 
USA).17 Details of the procedure of GMM are shown in online 
supplemental material.

Other statistical analyses
Patient characteristics are expressed as mean±SD, median (IQR) 
or number (%) of patients. Kaplan- Meier method was used to 
assess the retention rates, and the differences between the TOFA 
and BARI groups were analysed by the log- rank test. Student’s 
t- test, Mann- Whitney’s U test or one- way analysis of variance 
(ANOVA) were used for between- group comparisons, and the 
Pearson’s χ2 test was used for the comparison of categorical vari-
ables. All reported p values are two- sided and were not adjusted 
for multiple testing. The level of significance was p<0.05. All 
analyses were conducted using JMP V.14.0 (SAS Institute, Cary, 
North Carolina, USA) and SPSS software V.25.0.

Table 1 Safety and laboratory data, weeks 0–24

Variables TOFA, n=156 BARI, n=138 P value

Safety data

Serious adverse events, n (%) 10 (6.4%) 4 (2.9%) 0.15

Any adverse event after start of 
therapy, n (%)

56 (35.9%) 31 (22.5%) 0.04

Infection, n (%) 37 (23.7%) 23 (16.7%) 0.13

Herpes zoster, n (%) 2 (1.3%) 5 (3.6%) 0.18

Serious infection, n (%) 2 (1.3%) 2 (1.5%) 0.90

Cancer, n (%) 0 (0.0%) 0 (0.0%) 1.00

Major adverse cardiovascular 
event, n (%)

0 (0.0%) 0 (0.0%) 1.00

Venous thromboembolism, 
n (%)

0 (0.0%) 0 (0.0%) 1.00

Laboratory data—median 
change from baseline

Haemoglobin (g/L) 1.5 (−4.0–8.8) 0.5 (−7.0–8.0) 0.21

Neutrophils (/μL) −857 (−2057–268) −817 (−2170–47) 0.67

Lymphocytes (/μL) 111 (−172–458) 232 (−134–621) 0.10

Alanine aminotransferase (IU/L) 2 (−4–9) 5 (−1–10) 0.09

Creatinine (mg/dL) 0.06 (0.00–0.12) 0.08 (0.03–0.13) 0.11

Creatine phosphokinase (IU/L) 30 (4–65) 39 (4–70) 0.51

Adverse events, infection or laboratory abnormalities leading to permanent 
discontinuation of the JAK inhibitor are designated as serious adverse events.
The data shown are numbers and percentages of patients with adverse events.
Laboratory values are reported as the least- squares- mean change from baseline at 
week 24.
BARI, baricitinib; CDAI, Clinical Disease Activity Index; JAK, Janus kinase; TOFA, 
tofacitinib.
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RESULTS
Comparison of the efficacy and safety of TOFA and BARI
Totally, 156 patients with RA who were followed- up for ≥6 
months after the introduction of TOFA and 138 patients who 
were followed up for ≥6 months after the introduction of 
BARI between August 2014 and May 2020 were included. 
Online supplemental figure S1A shows the retention rates 
over 24 weeks after the introduction of JAK inhibitors in both 
the groups. There was no significant difference in the reten-
tion rate between the two groups (TOFA vs BARI=87.8% vs 
91.3%, p=0.31). Table 1 shows the observed adverse events. 
Although the incidence of ≤grade 2 adverse events, as spec-
ified by the National Institutes of Health Common Termi-
nology Criteria for Adverse Events (V.3.0), was significantly 
lower in the BARI group, there was no difference between the 
two groups in the incidence of serious infections or adverse 
events that could lead to discontinuation of JAK inhibitors. 
Laboratory data showed significant decrease in neutrophil 
count and significant increase in lymphocyte count, creatinine 
level and creatinine phosphokinase level in both the groups. A 

comparison of the changes in laboratory data between the two 
groups showed no significant differences.

Comparison of the efficacy of TOFA and BARI for 24 weeks 
after treatment introduction showed that the BARI group 
had a significantly lower CDAI (TOFA vs BARI=8.2 vs 6.2, 
p=0.04) and a significantly higher rate of CDAI- LDA (TOFA 
vs BARI=69.2% vs 81.2%, p=0.02) at week 24 after treat-
ment introduction (online supplemental figure S1B, S1C). No 
difference was observed in CDAI remission.

Patient characteristics in the TOFA and BARI groups after 
adjustment by propensity score-based IPTW
Table 2 (left- hand side) shows the patient characteristics before 
adjustment. The rate of concomitant glucocorticoid (GC) use was 
significantly lower in the TOFA group than in the BARI group. 
The TOFA group also included more bDMARDs- naïve patients 
than the BARI group. Next, we calculated the IPTW using the 
propensity scores to reduce the selection bias to a minimum and 
adjusted the patient characteristics. The adjusted patient char-
acteristics are shown in table 2 (right- hand side). No significant 

Table 2 Patient characteristics in the TOFA and BARI groups before and after IPTW

Variables

Before IPTW After IPTW

TOFA, n=156 BARI, n=138 P value TOFA, n=153* BARI, n=141* P value

Age (years) 58.9±13.2 57.2±13.6 0.25 58.2±13.4 58.2±13.3 0.96

Sex, n (% female) 129 (82.7) 109 (79.0) 0.16 126 (82.4) 115 (81.6) 0.86

Disease duration (month) 96 (35–192) 77 (24–158) 0.16 118.5±103.7 122.3±120.0 0.77

Treatment history

MTX use at baseline, n (%) 117 (75.0) 94 (68.1) 0.20 112 (73.2) 103 (73.1) 0.53

Dose, mg/w 12.3±3.5 11.7±3.7 0.18 12.2±3.5 12.0±3.6 0.68

Glucocorticoid use at baseline, n (%) 20 (12.8) 33 (23.9) 0.02 25 (16.3) 24 (17.0) 0.88

Dose, mg/day 5.0 (2.5–7.5) 7.5 (5.0–10.0) 0.14 5 (2.5–6.4) 7.5 (2.5–10.0) 0.26

bDMARD naïve, n (%) 37 (23.7) 45 (32.6) 0.09 43 (28.1) 40 (28.4) 0.52

Number of previous bDMARDs use, n
1/2/3/4/≥5

38/30/26/19/6 37/22/17/8/9 0.24 36/27/25/17/5 38/24/20/9/10 0.60

JAK inhibitor dose, n (%) 10 mg=140 (89.7) 4 mg=122 (88.4) 10 mg=135 (90.8) 4 mg=122 (86.5)

5 mg=16 (10.3) 2 mg=16 (11.6) 5 mg=10 (9.2) 2 mg=19 (13.5)

28- tender joint count 9.2±6.1 9.2±6.7 0.98 9.2±6.2 9.0±6.5 0.72

28- swollen joint count 7.0±4.6 7.8±5.8 0.21 7.3±4.6 7.3±5.3 0.89

GH, VAS 0–100 mm 53.3±24.1 52.8±24.6 0.86 52.9±23.3 52.7±24.3 0.95

EGA, VAS 0–100 mm 44.9±20.8 47.4±22.0 0.31 45.9±20.7 45.6±21.4 0.92

Pain VAS 0–100 mm 52.4±24.6 51.1±26.6 0.67 52.2±24.0 51.8±25.6 0.91

DAS28- ESR 5.3±1.3 5.2±1.3 0.34 5.4±1.3 5.2±1.3 0.29

SDAI 27.6±12.9 27.5±13.3 0.94 27.8±12.8 26.9±12.6 0.53

CDAI 25.8±11.7 26.1±12.7 0.88 26.3±11.7 25.4±11.9 0.81

HAQ- DI 1.3±0.8 1.2±0.8 0.12 1.3±0.8 1.2±0.7 0.90

EQ- 5D 0.6±0.1 0.6±0.1 0.43 0.6±0.1 0.6±0.1 0.86

CRP (mg/dL) 0.4 (0.1–1.8) 0.4 (0.1–1.3) 0.64 0.4 (0.1–1.7) 0.4 (0.1–1.6) 0.76

ESR (mm/hour) 39.4±30.1 38.2±30.1 0.73 40.4±31.5 39.4±30.9 0.80

Rheumatoid factor positive, n (%) 121 (77.6) 107 (77.5) 1.00 118 (77.1) 107 (75.9) 0.89

Rheumatoid factor (U/mL) 69.2 (18.6–157.9) 51.4 (13.7–150.7) 0.39 70.3 (18.1–170.4) 46.5 (11.4–121.9) 0.85

Anti- CCP antibody, n (%) 118 (75.6) 98 (71.0) 0.43 115 (75.2) 99 (70.2) 0.36

Anti- CCP antibody (U/mL) 41.7 (5.2–265.8) 76.2 (2.6–397.1) 0.56 45.2 (5.3–272.1) 70.6 (1.9–386.4) 0.78

MMP-3 (ng/mL) 93 (55–264) 118 (51–229) 0.82 86 (53–252) 111 (50–234) 0.80

Data are mean±SD, median (IQR) or number (%) of patients.
*The number of subjects changed after IPTW in the calculation; however, the actual number of subjects did not change.
BARI, baricitinib; bDMARDs, biological disease- modifying antirheumatic drugs; CCP, cyclic citrullinated peptide; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; 
DAS, Disease Activity Score; EGA VAS, Evaluator Global Assessment of Disease Activity Visual Analogue Scale; EQ- 5D, EuroQol 5 dimension; ESR, erythrocyte sedimentation 
rate; HAQ- DI, Health Assessment Questionnaire- Disability Index; IPTW, inverse probability of treatment weighting; JAK, Janus kinase; MMP-3, matrix metalloproteinase 3; MTX, 
methotrexate; SDAI, Simplified Disease Activity Index; TOFA, tofacitinib; GH VAS, patient’s global assessment of disease activity visual analogue scale.
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differences were observed in any patient characteristic, and the 
standardised differences were <0.1 for all the characteristics. 
The distribution of variables was well balanced.

Comparison of efficacy and safety between the TOFA and 
BARI groups after adjustment by propensity score-based 
IPTW
Figure 1 shows the retention rate and efficacy over 24 weeks 
of treatment with TOFA and BARI after adjustment by IPTW. 
The retention rates over 24 weeks did not differ between the 
TOFA and BARI groups (TOFA vs BARI=86.9% vs 91.5%, 
p=0.22) (figure 1A). Adverse events that led to discontinuation 
of JAK inhibitors are shown in online supplemental table S1. 
No difference was observed in the incidence of adverse events 
leading to discontinuation of JAK inhibitors in the TOFA and 
BARI groups. CDAI at 24 weeks after the introduction of JAK 
inhibitors was 8.0±8.9 and 6.2±7.2 in the TOFA and BARI 

groups, respectively (figure 1B). CDAI, SDAI, HAQ- DI and C 
reactive protein (CRP) level were significantly improved in both 
the groups at week 2 after the introduction of JAK inhibitors and 
further improved until week 24 (table 3).

Compared with the TOFA group using a generalised linear 
model, the BARI group showed a significantly lower CDAI 
(⊿CDAI=−1.9, 95% CI: −3.7 to −0.3, p=0.02) and a signifi-
cantly higher rate of CDAI remission (OR: 1.7, 95% CI: 1.1 to 
2.7, p=0.04) at 24 weeks (figure 1C). Similarly, at week 24, 
SDAI was significantly lower in the BARI group, and the rates 
of SDAI remission and SDAI- LDA achievement were signifi-
cantly higher in the BARI group (online supplemental figure S2). 
Furthermore, no differences were observed in HAQ- DI or rate 
of HAQ- DI- remission at week 24 (online supplemental figure 
S3).

Trajectories of changes in CDAI in the TOFA and BARI groups 
using GMM
Next, we analysed the trajectories of changes in CDAI in 294 
patients receiving TOFA or BARI and the differences in changes 
in CDAI between the TOFA and BARI groups by using GMM. 
The cubic function- based linear model of trajectory showed the 
best fit (online supplemental table S2). As for the number of 
trajectory groups, the best fit was obtained when the patients 
were divided into the following three groups (online supple-
mental table S3): group 1 comprising patients with moderate 
disease activity (MDA) at baseline who exhibited improvement 
in disease activity immediately after the introduction of JAK 
inhibitors and achieved LDA at week 24, group 2 comprising 
patients with high disease activity (HDA) at baseline who exhib-
ited improvement in disease activity immediately after the intro-
duction of JAK inhibitors and achieved LDA at week 24 and 
group 3 (treatment- resistant group) comprising patients with 
HDA at baseline who exhibited a partial or limited response to 
JAK inhibitors after introduction and did not achieve LDA at 
week 24 (figure 2A and online supplemental table S4).

When the proportion of patients in each trajectory group 
was compared between the TOFA and BARI groups, the 
proportion of patients classified as the treatment- resistant 
group was lower in the BARI group than in the TOFA group 
(TOFA:BARI=23.7%:13.0%, p=0.02) (figure 2B). No differ-
ence was observed in the proportion of patients classified as 
group 1 (TOFA:BARI=50.6%:52.9%, p=0.70) and group 2 
(TOFA:BARI=25.6%:34.1%, p=0.11).

The CDAI improvement rate was analysed, using GMM, and 
the subjects were divided into groups that followed four trajec-
tories (online supplemental figure S4 and online supplemental 
table S6- S8). Group B (CDAI improvement rates increased at 
12 weeks and maintained an increasing trend until 24 weeks) 
included a large percentage of subjects belonging to the BARI 
group. Moreover, Group C (CDAI had improved to approxi-
mately half at 24 weeks) included a large percentage of subjects 
belonging to the TOFA group. Patients who belonged to Group 
D, among the patients who had used TOFA, included a few bio- 
naïve patients and many patients who failed to respond to many 
bDMARDs.

Factors associated with treatment resistance in the TOFA and 
BARI groups
Multivariable logistic regression analysis was performed to iden-
tify factors contributing to belonging to treatment- resistance 
group (online supplemental table S5, table 4). The explanatory 
variables were age, female sex, duration of RA, concomitant 

Figure 1 Changes in disease activity over 24 weeks after the 
introduction of JAK inhibitors after adjustment by propensity score- 
based IPTW. The selection bias was adjusted by propensity score- 
based IPTW in patients with rheumatoid arthritis treated with TOFA or 
BARI. (A) Retention rates over 24 weeks after the introduction of JAK 
inhibitors (Kaplan- Meier curves). (B) Changes in CDAI over 24 weeks 
after the introduction of JAK inhibitors: comparison between the TOFA 
and BARI groups with mean±SD and p values derived from Student’s 
t- test. (C) Comparison of rates of CDAI remission (left) and CDAI- LDA 
achievement (right) between the two groups by Pearson’s χ2 test. 
Numbers represent percentages of all patients (%). BARI, baricitinib; 
CDAI, Clinical Disease Activity Index; IPTW, inverse probability of 
treatment weighting; JAK, Janus kinase; LDA, low disease activity; TOFA, 
tofacitinib.
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MTX dose, number of bDMARDs used before JAK inhibitors, 
TOFA use, HAQ- DI, CRP, matrix metalloproteinase 3, rheuma-
toid factor (RF) and anti- cyclic citrullinated peptide (CCP) anti-
body. EuroQol-5 Dimension was excluded from the explanatory 

variables because of the collinearity with HAQ- DI. Additionally, 
CDAI was excluded from the explanatory variables because 
grouping was based on the trajectories of CDAI.

For all patients receiving JAK inhibitors, the factors contrib-
uting to belonging to treatment- resistance group were: high base-
line HAQ- DI score (p=0.02) and high number of bDMARDs 
used before JAK inhibitors (p=0.002) and TOFA use (p=0.03).

When multivariable logistic regression analysis was separately 
performed for each treatment group, patients receiving more 
bDMARDs before the JAK inhibitor were more likely to belong 
to treatment- resistance group in the TOFA group (p<0.001). 
In the BARI group, multivariable logistic regression analysis did 
not identify any factors associated with belonging to treatment- 
resistance group.

DISCUSSION
In the present study, we compared the efficacy and safety at 
week 24 after the introduction of TOFA and BARI in patients 
with RA after reducing the selection bias to a minimum using the 
propensity score- based IPTW. Although the incidence of adverse 
events was comparable between the two groups, the BARI group 
showed a significantly lower CDAI and a significantly higher rate 
of CDAI remission at week 24. Although the CDAI numerical 
values displayed statistical differences, the differences in numer-
ical values were small and may not be clinically meaningful. 
Although no differences were observed in HAQ- DI, even up to 
24 weeks later, the duration of the analysis might have been too 
short for differences to be observed.

There are some reports on network meta- analysis indirectly 
comparing efficacy and safety of TOFA and BARI. Regarding 
efficacy, some reports suggested that BARI at a dose of 4 mg/
day may be more effective than TOFA at a dose of 5 mg/day,26 27 
whereas another study showed that TOFA at a dose of 10 mg/
day may be more effective than BARI at a dose of 4 mg/day.28 
In terms of safety, no consistent results have been reported 
regarding which drug is superior.26 28 29 While these reports 
describe network meta- analysis by indirectly comparing results 
of randomised controlled trials, to the best of our knowledge, 
there is no study comparing efficacy and safety in real- world 
clinical practice. The present study is the first to compare the 
efficacy of TOFA and BARI in real- world clinical practice.

In this study, patients were divided into two groups: patients 
with MDA to HDA at baseline (group 1) and patients with HDA 
at baseline than group 1 (groups 2 and 3) based on the analysis of 
the trajectories of CDAI using GMM. In groups 1 and 2, disease 
activity was improved immediately after the introduction of JAK 
inhibitors. In group 3, disease activity was partially improved, 

Table 3 Change in efficacy 2 weeks, 12 weeks and 24 weeks after the introduction of JAK inhibitors

TOFA (n=153)† BARI (n=141)†

Change from baseline Change from baseline

Week 2 Week 12 Week 24 Week 2 Week 12 Week 24

CDAI −12.3 (11.2)* −17.2 (12.6)* −18.1 (13.0)* −11.5 (11.6)* −18.3 (13.0)* −19.3 (14.1)*

SDAI −12.5 (11.6)* −17.9 (13.5)* −19.0 (14.1)* −12.3 (12.5)* −19.1 (13.8)* −20.4 (15.0)*

HAQ- DI −0.22 (0.41)* −0.41 (0.53)* −0.45 (0.61)* −0.15 (0.38)* −0.31 (0.55)* −0.39 (0.65)*

CRP, mg/dL −0.06 (-0.92–0.00)* −0.05 (–1.30–0.02)* −0.11 (–1.30–0.00)* −0.07 (–0.70–0.00)* −0.05 (–1.11–0.00)* −0.13 (–1.55–0.02)*

ESR, mm/hour −5.46 (14.21)* −7.66 (21.9)* −10.78 (26.7)* −6.48 (14.66)* −10.23 (22.77)* −12.84 (33.39)*

Change from baseline data is mean (SD) and median (IQR).
*P≤0.001 from within- group mean change from baseline.
†The number of subjects changed after IPTW in the calculation; however, the actual number of subjects did not change.
BARI, baricitinib; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; HAQ- DI, Health Assessment Questionnaire- Disability Index; 
JAK, Janus kinase; SDAI, Simplified Disease Activity Index; TOFA, tofacitinib.

Figure 2 Patient CDAI responses and locally estimated scatterplot 
smoothing trajectory group modelling for patients receiving TOFA and 
BARI. (A) Lines are locally estimated scatterplot smoothing trajectories 
for the three patient trajectory groups. (B) Changes in CDAI in all 
patients receiving JAK inhibitors (TOFA (left) and BARI (right)) and the 
proportions of patients in each trajectory group. Group 1: black line, 
Group 2: blue line and group 3: red line. BARI, baricitinib; CDAI, Clinical 
Disease Activity Index; JAK, Janus kinase; TOFA, tofacitinib.
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and LDA was not achieved at week 24 after the introduction of 
JAK inhibitors. The patients in group 3 were resistant to treat-
ment. We also performed multivariable logistic regression anal-
ysis separately in the TOFA and BARI groups to analyse factors 
contributing to treatment resistance (group 3). In the TOFA 
group, patients who had received more bDMARDs before the 
JAK inhibitor were more likely to be resistant to treatment. We 
performed logistic regression analysis with the classification of 
group 3 as the dependent variable and the number of bDMARDs 
used before JAK inhibitors as the explanatory variable. Even 
though we similarly analysed the trajectory of CDAI improve-
ment rates using GMM, we found that the subjects using TOFA 
belonging to the group with the lowest improvement rate included 
a large percentage of patients who had failed to respond to many 
bDMARDs. Then, we constructed receiver operating character-
istic (ROC) curves to calculate the cut- off value. Results showed 
that patients receiving ≥4 bDMARDs were more likely to be 
resistant to treatment (sensitivity=0.62, specificity=0.86 and 
area under the curve=0.77) (data not shown). This suggested 
that TOFA might be partially effective in patients who received 
≥4 bDMARDs. In the BARI group, high levels of HAQ- DI and 
anti- CCP antibody were extracted through univariable analysis 
as factors likely to belong to the treatment- resistance group, 
whereas no such factors were extracted following multivariable 
analysis.

Patients receiving many bDMARDs before JAK inhibitors and 
those receiving TOFA were more likely to be classified into the 
treatment resistant group in which CDAI changed, as observed 
in group 3. Because TOFA was partially effective in patients 
who did not respond to ≥4 bDMARDs, results from the present 
study might suggest that the efficacy of TOFA differs from that 
of BARI.

The present study has several limitations. First, this analysis 
was performed in a small number of Japanese patients, and 
hence, our findings may not be applicable to all patients with 
RA. Second, although propensity score- based IPTW was used to 
reduce the selection bias to a minimum and to adjust patient char-
acteristics, not all confounding factors were adjusted. There may 
be unknown confounding factors. Third, there is the possibility 
that bias was introduced because of the use of LOCF. However, 
missing values were found in only seven patients, and no differ-
ences were seen in the results, even after sensitivity analyses 

were performed. Moreover, when NRI was used to evaluate 
the CDAI, SDAI and HAQ remission rates, the BARI group had 
significantly higher CDAI, SDAI and HAQ remission rates than 
the TOFA group. Fourth, because the observation period was 
just 24 weeks, long- term variation in efficacy of TOFA and BARI 
is not known; particularly, whether the difference revealed in the 
present study affect bone destruction was unclear. Fifth, because 
of the small number of patients resistant to treatment with 
BARI in GMM, we might have been unable to identify factors 
contributing to treatment resistance by performing multivari-
able logistic regression analysis. However, univariable analysis 
also showed that the number of bDMARDs used before BARI 
was not associated with treatment resistance. In other words, 
the difference in efficacy due to the number of bDMARDs used 
before JAK inhibitors might have contributed to the difference 
in efficacy between TOFA and BARI. As the treatment- resistant 
group was identified by the analysis using GMM, a model with 
better fit may be developed by conducting long- term studies. 
Fifth, in Japan, sales of TOFA began 4 years earlier than BARI, 
which might have led to a selection bias. However, even if we 
conducted a similar comparison of efficacy between patients to 
whom TOFA had been introduced after the date when the use 
of BARI was allowed in Japan, and patients who had used BARI, 
we found that the BARI group had higher efficacy (data not 
shown). Finally, there is no definitive basic study that supports 
the difference in efficacy between TOFA and BARI. Because the 
safety and efficacy features identified by basic analysis of signal 
transduction are not necessarily consistent with those observed 
in clinical practice, the efficacy of the drugs might have differed 
in the present study. Thus, further investigation is needed in this 
regard.

In summary, even if IPTW is used, there is a possibility that 
the selection bias cannot be removed entirely, and that there are 
confounding factors that have not been measured. TOFA may 
be partially effective in patients resistant to many bDMARDs. 
Consequently, efficacy may differ between TOFA and BARI. 
TOFA is likely to be less effective in patients with RA resistant 
to numerous bDMARDs. These results were observed in a rela-
tively small group of patients and were obtained on hypothesis 
testing; accordingly, they need to be investigated in an accurately 
powered head- to- head trial.

Table 4 Factors for belonging to treatment- resistance group identified by univariable and multivariable logistic regression analyses by treatment 
group

TOFA (n=156) BARI (n=138)

Univariable 
analysis Multivariable analysis Univariable analysis Multivariable analysis

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

Age 1.03 (0.99–1.06) 0.05 1.01 (0.98–1.05) 0.49 1.02 (0.98–1.06) 0.38

Sex (female) 0.87 (0.33–2.24) 0.77 0.92 (0.28–3.04) 0.89

RA duration 1.00 (0.99–1.01) 0.50 1.00 (0.99–1.01) 0.11 1.00 (0.99–1.00) 0.85 1.00 (0.99–1.01) 0.24

MTX dose 0.94 (0.89–0.99) 0.04 0.97 (0.90–1.04) 0.40 1.00 (0.92–1.07) 0.84

Number of previous bDMARDs used 1.60 (1.20–2.07) <0.001 1.77 (1.26–2.48) <0.001 1.31 (0.97–1.78) 0.08 1.41 (0.95–2.10) 0.09

HAQ- DI 2.26 (1.36–3.77) 0.001 1.86 (1.02–3.39) 0.04 2.34 (1.19–4.59) 0.01

CRP 1.13 (1.01–1.27) 0.04 1.10 (0.97–1.26) 0.15 1.11 (0.97–1.27) 0.13

MMP-3 1.00 (0.99–1.00) 0.14 1.00 (0.99–1.00) 0.26

Rheumatoid factor titre 1.00 (0.99–1.00) 0.63 1.00 (0.99–1.00) 0.31

Anti- CCP antibody titre 1.00 (0.99–1.00) 0.96 1.00 (0.99–1.01) 0.23 1.01 (1.00–1.02) 0.03 1.00 (0.99–1.01) 0.09

BARI, baricitinib; bDMARDs, biological disease- modifying antirheumatic drugs; CCP, cyclic citrullinated peptide; CRP, C reactive protein; HAQ- DI, Health Assessment Questionnaire 
Disability Index; MMP-3, matrix metalloproteinase 3; MTX, methotrexate; RA, rheumatoid arthritis; TOFA, tofacitinib.
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ABSTRACT
Objective To investigate baseline use of biologic or 
targeted synthetic (b/ts) disease- modifying antirheumatic 
drugs (DMARDs) and COVID-19 outcomes in rheumatoid 
arthritis (RA).
Methods We analysed the COVID-19 Global 
Rheumatology Alliance physician registry (from 24 March 
2020 to 12 April 2021). We investigated b/tsDMARD 
use for RA at the clinical onset of COVID-19 (baseline): 
abatacept (ABA), rituximab (RTX), Janus kinase inhibitors 
(JAKi), interleukin 6 inhibitors (IL- 6i) or tumour necrosis 
factor inhibitors (TNFi, reference group). The ordinal 
COVID-19 severity outcome was (1) no hospitalisation, 
(2) hospitalisation without oxygen, (3) hospitalisation 
with oxygen/ventilation or (4) death. We used ordinal 
logistic regression to estimate the OR (odds of being one 
level higher on the ordinal outcome) for each drug class 
compared with TNFi, adjusting for potential baseline 
confounders.
Results Of 2869 people with RA (mean age 56.7 years, 
80.8% female) on b/tsDMARD at the onset of COVID-19, 
there were 237 on ABA, 364 on RTX, 317 on IL- 6i, 563 
on JAKi and 1388 on TNFi. Overall, 613 (21%) were 
hospitalised and 157 (5.5%) died. RTX (OR 4.15, 95% CI 
3.16 to 5.44) and JAKi (OR 2.06, 95% CI 1.60 to 2.65) 

were each associated with worse COVID-19 severity 
compared with TNFi. There were no associations between 
ABA or IL6i and COVID-19 severity.
Conclusions People with RA treated with RTX or 
JAKi had worse COVID-19 severity than those on TNFi. 
The strong association of RTX and JAKi use with poor 
COVID-19 outcomes highlights prioritisation of risk 
mitigation strategies for these people.

INTRODUCTION
The ongoing COVID-19 pandemic has had a signif-
icant impact on people with rheumatoid arthritis 
(RA), many of whom are treated with biologic or 
targeted synthetic disease- modifying antirheu-
matic drugs (b/tsDMARDs).1 While b/tsDMARDs 
are important for controlling RA disease activity, 
their influence on COVID-19 outcomes in people 
with RA remains unclear. This uncertainty has led 
to anxiety, social isolation due to shielding prac-
tices and b/tsDMARD discontinuation, which may 
contribute to RA flares.2–4 Addressing the knowl-
edge gaps around the influence of b/tsDMARDs on 
COVID-19 outcomes is a priority for people with 
RA and their providers.
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The impact of b/tsDMARDs on COVID-19 outcomes is of 
particular interest since some of these medications, such as tocili-
zumab and baricitinib, have been studied as repurposed treat-
ments for COVID-19. Some evidence suggests that baseline use 
of certain b/tsDMARDs, like tumour necrosis factor inhibitors 
(TNFi), for inflammatory disorders may be associated with less 
severe COVID-19 outcomes.5 In addition, among patients with 
COVID-19, treatment with interleukin 6 inhibitors (IL- 6i) and 
baricitinib led to improved outcomes in some clinical trials.6–9 
However, there are also concerns that baseline use of certain b/
tsDMARDs, such as rituximab or abatacept, may be associated 
with worse COVID-19 outcomes due to impaired viral immune 
defences.10 11

Due to sample size limitations, previous studies of b/tsDMARD 
use and COVID-19 outcomes have combined heterogeneous 
rheumatic diseases and medications and/or investigated a single 
outcome, such as hospitalisation.5 12 Therefore, we used the 
COVID-19 Global Rheumatology Alliance (C19- GRA) physi-
cian registry to evaluate the associations of different classes of 
b/tsDMARDs with a range of COVID-19 outcomes in people 
with RA.

METHODS
Data source and study sample assembly
People with rheumatic disease and COVID-19 from the C19- 
GRA registry and the European Alliance of Associations for 
Rheumatology (EULAR) COVID-19 database were included in 
the analyses. We included cases entered between 24 March 2020 
and 12 April 2021. The C19- GRA and EULAR databases include 
people with rheumatic diseases diagnosed with COVID-19, as 

reported by rheumatology providers via two international data 
entry portals. The details of these registries have been previously 
reported.5 12–17 We analysed people with RA on b/tsDMARD at 
the time of COVID-19 clinical onset. As of 12 April 2021, a total 
of 15 127 people with rheumatic diseases and COVID-19 have 
been reported. We included people with RA who were taking one 
of the following medication classes: Cytotoxic T lymphocyte- 
associated antigen immunoglobulin (CTLA4- Ig: abatacept), anti- 
CD20 (rituximab), IL- 6i (tocilizumab, sarilumab), Janus kinase 
inhibitors (JAKi: tofacitinib, baricitinib or upadacitinib) or 
TNFi (infliximab, etanercept, adalimumab, certolizumab pegol 
and golimumab). The drug class of b/tsDMARD was collected, 
rather than individual drugs. We did not include IL-1 inhibitors 
since these were infrequently used for RA. Prior studies using the 
C19- GRA and EULAR databases have included some patients 
also reported in this study, but the analyses included in this study 
and observations reported are novel. In addition, follow- up for 
this study is more current than previous publications using these 
data.

Data quality was assessed by the University of California, San 
Francisco and the University of Manchester, UK, which both 
confirmed that there were no duplicates in the data entries.

Baseline b/tsDMARD exposures
The exposure of interest was baseline use of a b/tsDMARD 
at the time of COVID-19 clinical onset. As in previous C19- 
GRA investigations, we included confirmed and presumptive 
cases of COVID-19.5 12 14 We limited this analysis to users of 
abatacept, rituximab, IL- 6i, JAKi or TNFi to limit the cohort to 
people with similar RA disease severity and minimise the impact 
of confounding by indication. We included b/tsDMARD users 
regardless of whether they also used a conventional synthetic 
(cs) DMARD or glucocorticoids, but did not include people on 
csDMARDs (eg, hydroxychloroquine, methotrexate, sulfasala-
zine, leflunomide) monotherapy, as monotherapy may indicate 
less severe RA or be due to care access barriers or socioeconomic 
factors. TNFi users were the reference group since TNFis are 
the most frequently used b/tsDMARD in RA. People with RA 
who were reported to be on more than one b/tsDMARD were 
excluded from the analysis.

COVID-19 outcomes
The primary outcome of interest was a mutually exclusive 
ordinal COVID-19 severity outcome: (1) no hospitalisation, (2) 
hospitalisation with no oxygenation, (3) hospitalisation with any 
oxygenation or mechanical ventilation, and (4) death. We chose 
this primary outcome to estimate the association of b/tsDMARD 
exposure with general odds of worse COVID-19 severity rather 
than a single outcome. A similar outcome was developed by the 
WHO to capture the spectrum of disease and is used in clin-
ical trials evaluating COVID-19 therapeutics.18 If a patient met 
multiple levels of the outcome, they were only included at the 
highest level. At the time of analysis, all patients were required 
to have a resolved clinical course.

Covariates
Details regarding demographics, including age, race/ethnicity 
and continent, and patient characteristics, including obesity, 
smoking, comorbidities (interstitial lung disease (ILD), history 
of cancer, hypertension, cardiovascular disease, chronic kidney 
disease/end- stage kidney disease, diabetes, non- ILD pulmonary 
disease), RA disease activity (as judged by the reporting physi-
cian), glucocorticoid dose for RA at the time of COVID-19 onset 

Key messages

What is already known about this subject?
 ► A previous international registry study of the COVID-19 
Global Rheumatology Alliance (C19- GRA) suggested that 
people with systemic rheumatic diseases on biologic or 
targeted synthetic (b/ts) disease- modifying antirheumatic 
drugs (DMARDs) had lower odds of hospitalisation than 
those not using DMARDs.

 ► Previous studies reported that people with systemic 
rheumatic diseases using rituximab had higher odds of 
COVID-19- related mortality than those using alternative 
DMARDs such as methotrexate.

What does this study add?
 ► Using the C19- GRA, we analysed people with rheumatoid 
arthritis (RA) using b/tsDMARD (to limit the potential for 
confounding) at the time of COVID-19 onset and investigated 
an ordinal outcome that encompassed a range of COVID-19 
outcomes.

 ► People with RA using rituximab or Janus kinase (JAK) 
inhibitors at COVID-19 onset were more likely to experience 
poor COVID-19 outcomes, ranging from hospitalisation 
to death, compared with use of tumour necrosis factor 
inhibitors.

How might this impact on clinical practice or future 
developments?

 ► People using rituximab or JAK inhibitors for RA are more 
likely to experience poor COVID-19 outcomes and should be 
prioritised for risk mitigation strategies.

http://ard.bmj.com/
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and use of concomitant csDMARD (methotrexate, sulfasalazine, 
hydroxychloroquine), were by physician report. For glucocorti-
coid dose, the amount of prednisone- equivalent glucocorticoid 
prescribed was treated as a categorical variable (none, >0–5 mg/
day, 6–9 mg/day and ≥10 mg/day). Hypertension and cardio-
vascular disease were collapsed as a single comorbidity due to 
collinearity.

Statistical analysis
We reported baseline characteristics and outcomes across the 
exposure categories of baseline b/tsDMARD use with descriptive 
statistics.

Ordinal logistic regression models were used to assess the 
association between each b/tsDMARD compared with TNFi use 
and the severity of COVID-19 on an ordinal scale in unadjusted 
and multivariable analyses to estimate ORs and 95% CIs. The 
effect size of the ordinal outcome can be interpreted as the odds 
of being one level higher on the ordinal COVID-19 severity scale 
than the reference group. We assessed the proportional odds 
assumption for the ordinal regression model using the Brant 
test.19 Models in which the proportional odds assumption was 
not met were refitted using the partial proportional odds model 
which relaxes the assumption of proportionality for offending 
predictors.20 We considered potential confounders known to be 
associated with either b/tsDMARD use or COVID-19 severity. 
Covariates included in multivariable models included sociode-
mographic features (age, sex), obesity, smoking status (ever vs 
never), concomitant csDMARD use (methotrexate, hydroxy-
chloroquine, sulfasalazine, or leflunomide), categorical gluco-
corticoid use/dose, categorical comorbidity count (0, 1, 2 of the 
following: chronic kidney insufficiency/end- stage kidney disease, 
diabetes, non- ILD pulmonary disease), other key comorbidities 
as individual variables (hypertension/cardiovascular disease, ILD 
and cancer), disease activity (moderate/high vs remission/low), 
continent (Europe, North America, South America, other) and 
calendar time (January–15 June 2020 vs 16 June 2020–12 April 
2021).21 These time periods were selected based on the initial 
publication of the RECOVERY trial, which reported a survival 
benefit associated with dexamethasone and influenced subse-
quent practice.22 We assumed that missing data were ‘missing at 
random’. We then performed multiple imputation five times to 
get pooled estimates to impute missing values for disease activity, 
race/ethnicity, glucocorticoid dose, smoking, hypertension/
cardiovascular disease and comorbidity count. After imputation, 
we compared the distribution of imputed values with the distri-
bution of variables before imputation to confirm that distribu-
tions were similar before and after imputation.

To confirm the robustness of our findings, we performed 
several sensitivity analyses. First, we excluded patients with ILD 
or cancer from the analysis since rituximab is commonly used in 
these patients, who may also be susceptible to poor COVID-19 
outcomes. Second, given data showing a strong association 
between race/ethnicity and COVID-19 outcomes in the USA, 
we performed an analysis adjusting for this variable among US 
patients in the registry. The race/ethnicity variable was cate-
gorised as white, black, Hispanic, Asian or other/mixed race. 
However, for the model with IL- 6i, there were few outcomes 
within the race/ethnicity variable so we were unable to perform 
the model. Third, we used propensity score matching to further 
address potential confounding by indication. We estimated 
propensity scores for b/tsDMARD use based on age, sex, obesity, 
smoking, concomitant csDMARDs, glucocorticoid use/dose, 
number of comorbidities, disease activity, region and calendar 

time. Covariate balance between each b/tsDMARD drug class 
and TNFi was assessed using Love plots (online supplemental 
figures 1–4), which showed that most of the covariates were 
matched with an absolute standardised mean difference less 
than 0.1, denoting sufficient matching performance.23 Ordinal 
logistic regression was then performed after matching. Fourth, 
we repeated our primary analysis after excluding patients with 
a presumptive diagnosis of COVID-19. Presumptive cases were 
those that lacked one of the following: positive PCR or antigen 
test for SARS- CoV-2 or typical chest imaging findings. Fifth, 
we repeated the analysis but stratified by calendar time (before 
or after 15 June 2020 when RECOVERY trial’s results were 
announced) and by continent (North America or Europe) in case 
calendar time and geography may have influenced the results. 
Sixth, we used a revised version of the ordinal COVID-19 
severity outcome that considered mechanical ventilation as its 
own category.

We then repeated our primary analyses using dichotomised 
outcomes rather than the ordinal COVID-19 severity scale to 
investigate whether there were particular outcomes driving the 
associations we observed. For example, we investigated whether 
each b/tsDMARD was associated with hospitalisation (yes/no) 
compared with TNFi use.

We used the Brant test to assess whether the observed devi-
ations from the ordinal logistic regression are larger than 
what could be attributed to chance alone. If the p values 
are greater than the alpha level of 0.05, then the covari-
ates satisfy the proportional odds assumption. This assump-
tion states that the estimate between each pair of outcomes 
across the response levels regardless of the partition that 
we consider. For abatacept and JAKis, both age and gluco-
corticoid dose violated the assumption, and for IL- 6is and 
rituximab, age, gender and glucocorticoid dose violated the 
assumption. In order to address the lack of proportionality 
for these covariates, partial proportional odds models were 
run to relax this assumption for the respective covariates 
for each medication category (online supplemental table 1). 
We found that the estimates were similar when comparing 
the proportional odds models and the non- proportional 
odds model, so we reported the model without relaxing the 
assumption.

Results were considered statistically significant at two- sided 
p<0.05. Analyses were conducted in R V.4.0.2.

RESULTS
Study sample and baseline characteristics
From a total of 6132 RA cases reported to the registry, we 
identified 2869 who were on abatacept (n=237), rituximab 
(n=364), IL- 6i (n=317), JAKi (n=563) or TNFi (n=1388) 
at the time of clinical COVID-19 onset. The baseline clinical 
characteristics are shown in table 1. The sample was predom-
inantly female (80.8%) and the mean age was 56.7 years (SD 
13.4). Most patients were from Europe (51.8%) and North 
America (35.0%). Overall, 354 (12.3%) were obese, 582 
(20.3%) were ever smokers, 810 (28.2%) were on glucocor-
ticoids, 1409 (49.1%) were on concomitant csDMARDs, and 
510 (17.8%) had moderate/high RA disease activity. Among b/
tsDMARD users, rituximab users were more likely than TNFi 
users to have ILD (11.0% vs 1.4%) or a history of cancer (7.4% 
vs 0.9%); JAKi users were slightly more likely than TNFi users 
to be obese (15.1% vs 10.3%).

https://dx.doi.org/10.1136/annrheumdis-2021-220418
https://dx.doi.org/10.1136/annrheumdis-2021-220418
https://dx.doi.org/10.1136/annrheumdis-2021-220418
http://ard.bmj.com/
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COVID-19 outcomes
Outcomes according to the COVID-19 severity scale are shown 
in table 2. The majority of patients (78.6%) were not hospi-
talised, 137 (4.8%) were hospitalised without oxygenation, 

319 (11.1%) were hospitalised with any oxygen or ventila-
tion requirement, and 157 (5.5%) died. Among rituximab 
users, 80 (22.0%) required hospitalisation with any oxygen or 
ventilation and 54 (14.8%) died compared with 103 (7.4%) 

Table 1 Baseline characteristics according to use of biologic or targeted synthetic disease- modifying antirheumatic drugs for rheumatoid arthritis 
at the time of COVID-19 onset

Overall
N=2869

Abatacept
n=237

Rituximab
n=364

IL-6 inhibitors
n=317

JAK inhibitors
n=563

TNF inhibitors
n=1388

Demographics

Mean age (years), SD 56.7 (13.4) 61.4 (14.0) 58.0 (12.9) 56.4 (12.0) 58.0 (12.3) 55.2 (14.0)

Female 2316 (80.8) 188 (79.3) 299 (82.1) 257 (81.3) 470 (83.5) 1102 (79.4)

Race/ethnicity

 White 1670 (69.0) 78 (69.5) 187 (64.5) 169 (67.9) 360 (73.2) 829 (69.3)

 Black 113 (4.7) 5 (3.2) 14 (4.8) 11 (4.4) 22 (4.5) 60 (5.0)

 Hispanic 472 (19.5) 32 (20.8) 66 (22.8) 46 (18.5) 79 (16.1) 233 (19.5)

 East Asian 81 (3.3) 8 (5.2) 10 (3.4) 12 (4.8) 10 (2.0) 37 (3.1)

 Other 85 (3.3) 2 (1.3) 13 (4.5) 11 (4.4) 21 (4.3) 38 (3.2)

Continent

 Europe 1486 (51.8) 103 (43.5) 218 (59.9) 183 (57.7) 283 (50.3) 699 (50.4)

 North America 1005 (35.0) 105 (44.3) 111 (30.5) 83 (26.2) 208 (36.9) 498 (35.9)

 South America 276 (9.6) 20 (8.4) 23 (6.3) 33 (10.4) 55 (9.8) 145 (10.4)

 Other 302 (10.5) 9 (3.8) 12 (3.3) 18 (5.7) 17 (3.0) 46 (3.3)

Comorbidity count*

 0 1494 (52.1) 113 (47.7) 161 (44.2) 161 (50.8) 270 (48.0) 789 (56.8)

 1 837 (29.2) 70 (29.5) 119 (32.7) 99 (31.2) 176 (31.3) 373 (26.9)

 2 538 (18.8) 54 (22.8) 84 (23.1) 57 (18.0) 117 (20.8) 226 (16.3)

Individual comorbidities

 Hypertension 983 (34.3) 91 (38.4) 121 (33.2) 108 (34.1) 221 (39.3) 442 (31.8)

 Cardiovascular disease 247 (8.6) 29 (12.2) 36 (9.9) 32 (10.1) 51 (9.1) 99 (7.1)

 Diabetes 356 (12.5) 30 (12.8) 54 (14.9) 43 (13.6) 74 (13.2) 155 (11.3)

 Chronic kidney disease 98 (3.4) 11 (4.7) 11 (3.0) 14 (4.4) 22 (3.9) 40 (2.9)

 Lung disease† 432 (15.2) 41 (17.4) 87 (24.0) 44 (13.9) 92 (16.4) 168 (12.3)

 Interstitial lung disease 103 (3.6) 15 (6.3) 40 (11.0) 15 (4.7) 13 (2.3) 20 (1.4)

 Cancer 40 (1.5) 5 (2.5) 27 (7.4) 6 (2.2) 5 (1.0) 11 (0.9)

Obesity 354 (12.3) 31 (13.1) 52 (14.3) 43 (13.6) 85 (15.1) 143 (10.3)

Smoking status

 Ever 582 (20.3) 104 (43.9) 70 (19.2) 57 (18.0) 99 (17.6) 300 (21.6)

 Never 1369 (47.7) 56 (23.6) 142 (39.0) 152 (47.9) 262 (46.5) 694 (50.)

 Missing 918 (32.0) 77 (32.5) 137 (37.6) 107 (33.8) 202 (35.9) 394 (28.4)

Concomitant RA medications

 Any conventional synthetic DMARD 1409 (49.1) 118 (49.8) 194 (53.3) 102 (32.2) 228 (40.5) 767 (55.3)

 Methotrexate 1188 (41.4) 92 (38.8) 146 (40.1) 91 (28.7) 188 (33.4) 671 (48.3)

 Sulfasalazine 136 (4.7) 9 (3.8) 26 (7.1) 8 (2.5) 18 (3.2) 75 (5.4)

 Hydroxychloroquine 260 (9.1) 25 (10.5) 58 (15.9) 18 (5.7) 43 (7.6) 116 (8.4)

 Leflunomide 176 (10.5) 26 (11.0) 49 (13.5) 20 (6.3) 29 (5.2) 117 (8.4)

 Glucocorticoid dose, median (IQR) 5.0 (4.0–6.0) 5.0 (4.0–5.5) 5.0 (5.0–7.5) 5.0 (4.5–7.0) 5.0 (3.0–5.0) 5.0 (5.0–7.0)

Categorical glucocorticoid use/dose

 No glucocorticoid use 1756 (61.2) 120 (56.9) 186 (51.1) 173 (54.6) 320 (63.5) 957 (76.1)

 Glucocorticoid >0–5 mg/day 
prednisone equivalent

600 (20.9) 68 (32.2) 93 (25.5) 69 (21.8) 149 (29.6) 221 (17.6)

 Glucocorticoid 6–9 mg/day prednisone 
equivalent

68 (2.4) 8 (3.8) 10 (2.7) 15 (4.7) 12 (2.4) 23 (1.8)

 Glucocorticoid ≥10 mg/day prednisone 
equivalent

142 (4.9) 15 (7.1) 28 (7.7) 19 (6.0) 23 (4.6) 57 (4.5)

 Missing 303 (10.6) 26 (11.0) 47 (12.9) 41 (12.9) 59 (10.5) 130 (9.4)

RA disease activity by global physician assessment

 Remission or low 1949 (67.9) 147 (74.2) 226 (76.1) 198 (77.3) 388 (78.7) 990 (81.5)

 Moderate or high 510 (17.8) 51 (25.8) 71 (23.9) 58 (22.7) 105 (21.3) 225 (18.5)

 Missing 410 (14.3) 39 (16.5) 67 (18.4) 61 (19.2) 70 (12.4) 173 (12.5)

Confirmed COVID-19 2333 (81.3) 201 (84.8) 304 (83.5) 244 (77.0) 475 (84.4) 1109 (79.9)

n (%) presented unless otherwise specified.
*Comorbidity count included diabetes, lung disease and chronic kidney disease.
†Interstitial lung disease, chronic obstructive pulmonary disease, asthma or other lung disease.
DMARDs, disease- modifying antirheumatic drugs; IL-6, interleukin 6; JAK, Janus kinase; RA, rheumatoid arthritis; TNF, tumour necrosis factor.

http://ard.bmj.com/
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and 36 (2.6%) TNFi users, respectively. Among JAKi users, 
86 (15.3%) were hospitalised with oxygen/ventilation and 40 
(7.1%) died. Only 9 (2.8%) patients on baseline IL- 6i died.

Associations of b/tsDMARDs with COVID-19 severity
The multivariable ordinal logistic regression model is shown in 
table 3. Compared with TNFi users, rituximab users had 4.15 
(95% CI 3.40 to 3.80) greater odds of worse COVID-19 severity 
as compared with patients taking TNFi, while JAKi users had 
2.06 (95% CI 1.60 to 2.65) greater odds of worse COVID-19 
severity. No significant associations were found with respect to 
abatacept or IL- 6i compared with TNFi in the primary analysis.

Sensitivity analyses
Sensitivity analyses of the drug class comparisons are shown in 
table 3. After excluding patients with ILD or cancer, the associ-
ation between rituximab with poor COVID-19 outcomes when 
compared with TNFi use remained strong (OR 4.34, 95% CI 
3.23 to 5.82). Among patients with RA in the USA, results were 
also similar when additionally adjusting for race/ethnicity. We 
also performed a propensity score- matched analysis instead 
of multivariable ordinal logistic regression. The sample for 
each propensity score- matched analysis is illustrated in online 
supplemental figure 5. Rituximab users (OR 3.36, 95% CI 2.11 
to 5.34) and JAKi users (OR 1.56, 95% CI 1.01 to 2.42) had 
increased COVID-19 severity compared with TNFi users in this 
analysis. In the propensity score- matched analysis, abatacept had 
an OR of 1.60 (95% CI 1.02 to 2.51) for the ordinal COVID-19 
severity outcome compared with TNFi. IL- 6i use was not associ-
ated with COVID-19 severity in any of the analyses. Brant tests 
indicated that the proportional odds assumption did not hold 
for propensity score models; therefore, partial proportional 
odds models were used and confirmed that the effect estimates 
remained consistent (data not shown).

When stratified by calendar time (before or after 15 June 
2020) and restricted to Europe or North America, the results 
were similar (online supplemental table 2).

Individual COVID-19 outcomes
We also performed analyses for each binary level of the 
COVID-19 severity scale (table 4). Rituximab and JAKi use 
were each associated with increased odds for each COVID-19 
outcome compared with TNFi use. For example, rituximab use 
had increased odds for hospitalisation (OR 4.53, 95% CI 3.32 to 
6.18) as well as death (OR 4.57, 95% CI 3.32 to 9.01) compared 
with TNFi use. JAKi use was associated with all outcomes consid-
ered, including hospitalisation requiring any oxygen or ventila-
tion or death (OR 1.55, 95% CI 1.04 to 2.18) and death (OR 
2.04, 95% CI 1.58 to 2.65) compared with TNFi. In these anal-
yses, there were no statistically significant associations between 

abatacept or IL- 6i use and the dichotomised outcomes when 
compared with TNFi use.

We considered a revised version of the ordinal outcome that 
included mechanical ventilation as a separate level. There were 
relatively few patients who survived after requiring mechanical 
ventilation (online supplemental table 2). Results were similar 
using this revised ordinal outcome (online supplemental tables 
3 and 4).

DISCUSSION
Among patients with RA on b/tsDMARDs at the onset of 
COVID-19, rituximab and JAKi users were at increased odds 
for worse COVID-19 outcomes compared with TNFi users. In 
contrast, we did not find an association between abatacept or 
IL- 6i use with worse COVID-19 outcomes when compared with 
TNFi users. These observations can inform decision making for 
providers and patients during the ongoing COVID-19 pandemic. 
Given the association between rituximab and JAKi use with poor 
outcomes, vaccination and public health measures such as mask 
wearing and social distancing for COVID-19 risk mitigation 
remain paramount. In addition, other specific interventions (eg, 
monoclonal antibody treatment) might be considered in these 
patients with COVID-19 exposure or early infection.24

Our observations, which use the largest sample of individuals 
with RA and COVID-19 assembled to date, regarding ritux-
imab exposure confirm findings from prior studies suggesting 
an association between baseline use of B cell depleting thera-
pies and worse COVID-19 outcomes in people with rheumatic 
diseases12 25 26 and multiple sclerosis.27 We also expand on prior 
observations using the C19- GRA and EULAR databases by eval-
uating the association of rituximab with COVID-19 severity 
rather than only mortality and by using an alternative reference 
group (TNFi rather than methotrexate) and performing propen-
sity score analyses to further address confounding by indication. 
By focusing on a single disease, we also were able to identify 
a novel association of JAKis with COVID-19 severity. Mecha-
nistically, the impact of B cell depletion on antibody produc-
tion would be expected to impair the immune system’s normal 
response to a viral infection. Indeed, the antibody response to 
COVID-19 is critical for controlling the initial infection and 
preventing reinfection.28 We lacked details regarding the timing 
of rituximab exposure in relation to the COVID-19 infection or 
the duration of B cell depletion at the time of infection, which 
may be particularly relevant when considering the risk of a poor 
outcome following rituximab exposure. It is also possible that 
glucocorticoids given as a premedication to rituximab infusions 
may have contributed to the increased risk of poor COVID-19 
outcomes in patients with RA on rituximab. While the results 
were robust to several sensitivity analyses, it is possible that the 
result could be confounded by factors such as unrecognised ILD.

Table 2 Frequencies and proportions of outcomes in the ordinal COVID-19 severity scale according to baseline use of biologic or targeted 
synthetic disease- modifying antirheumatic drug for patients with rheumatoid arthritis at the time of COVID-19 onset (N=2869)

COVID-19 severity scale

Overall
N=2869
n (%)

Abatacept
n=237
n (%)

Rituximab
n=364
n (%)

IL-6 inhibitors
n=317
n (%)

JAK inhibitors
n=563
n (%)

TNF inhibitors
n=1388
n (%)

Not hospitalised 2256 (78.6) 181 (76.4) 210 (57.7) 271 (85.5) 409 (72.6) 1185 (85.4)

Hospitalised without oxygenation 137 (4.8) 12 (5.1) 20 (5.5) 13 (4.1) 28 (5.0) 64 (4.6)

Hospitalised with any oxygen or 
ventilation

319 (11.1) 26 (11.0) 80 (22.0) 24 (7.6) 86 (15.3) 103 (7.4)

Death 157 (5.5) 18 (7.6) 54 (14.8) 9 (2.8) 40 (7.1) 36 (2.6)

IL-6, interleukin 6; JAK, Janus kinase; TNF, tumour necrosis factor.

https://dx.doi.org/10.1136/annrheumdis-2021-220418
https://dx.doi.org/10.1136/annrheumdis-2021-220418
https://dx.doi.org/10.1136/annrheumdis-2021-220418
https://dx.doi.org/10.1136/annrheumdis-2021-220418
https://dx.doi.org/10.1136/annrheumdis-2021-220418
https://dx.doi.org/10.1136/annrheumdis-2021-220418
http://ard.bmj.com/
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Our findings are of particular interest given recent clinical 
trials and observational studies suggesting that IL- 6i6–8 29–32 and 
JAKi9 may improve outcomes for patients in the general popula-
tion with COVID-19. We found no association of baseline IL- 6i 
use in RA with COVID-19 severity compared with TNFi use. 
In contrast, while baricitinib treatment may have some benefit 
on time to recovery for patients with more severe COVID-
19,9 we observed worse outcomes associated with baseline use 
of JAKi. This was also suggested in a recent population- based 
study investigating RA and other inflammatory joint diseases 
in Sweden.25 Glucocorticoids are known to have benefits when 
initiated for moderate- to- severe COVID-19, but are also associ-
ated with worse outcomes among those on baseline glucocorti-
coids at the time of infection,5 12 although this may be explained 
by residual disease activity.33 Therefore, the timing of JAKi use 
relative to the COVID-19 disease course may explain our find-
ings. Similar to glucocorticoids, baseline use of JAKi at the time 
of SARS- CoV-2 infection may enhance viral reproduction and 
dampen a healthy immune response, while JAKi initiation at 
clinical deterioration may dampen an aberrant systemic inflam-
matory response. Alternatively, there may be relevant differences 
in COVID-19 outcomes depending on the type of JAKi used 
given that JAKis like tofacitinib, baricitinib and upadacitinib 
target different Janus kinases. We were unable to perform anal-
yses of each individual JAKi since these were collected as a class. 
While the primary analysis found no association of abatacept 
with COVID-19 severity, there was a statistical association in the 
propensity score- matched analysis. Further research is needed 
on the safety of abatacept for infection risk and severity since 
its mechanism of action may impair adaptive immune response.

Our study has a number of strengths, including the interna-
tional nature of the registry and the large sample size. Addi-
tionally, we used an active comparator (TNFi), which was 
also a b/tsDMARD in a single rheumatic disease, as well as 
two different modelling approaches (multivariable logistic 
regression and propensity score matching) among other sensi-
tivity analyses to account for confounding by indication and 
to confirm the robustness of our findings. Our observations 
expand on prior general population and RA cohort studies 
that identified older age, greater comorbidity burden and 
other factors associated with worse COVID-19 and must also 
be considered when assessing an individual’s risk.

Our study also has certain limitations. First, the Global 
Rheumatology Alliance and EULAR registries are voluntary 
and require a provider to submit the details of a case, perhaps 
biasing our sample towards more severe cases. As such, the 
proportion of events reported across exposure groups may be 
an overestimate of that observed among all patients with RA in 
real- world practice and should be interpreted in that context. 
However, the effect size estimates do have clinical interpreta-
tion in potentially identifying patients with RA who could be 
susceptible to poor COVID-19 outcomes. While we designed 
the study to limit the potential impact of selection bias and 
confounding by indication by examining advanced therapies in 
a single rheumatic disease, it is possible that selective reporting 
could have varied across different b/tsDMARD classes as the 
exposure of interest. This potential bias may have caused an 
upward deflection in the effect size estimate if more severe 
cases of a particular b/tsDMARD class were systematically 
reported compared with others, and this could contribute to 
the findings that we report. We further mitigated this possi-
bility by adjusting for differences in concomitant medication 
use, disease activity and comorbidities, as well as performing 
an analysis removing patients with ILD or cancer. Our findings 

remained when we excluded presumptive cases of COVID-
19. Second, although we were able to adjust for a number of
potential confounders of our observed associations, there is 
the potential for residual unmeasured confounding. Analysing 
only patients on b/tsDMARD may have helped minimise some 
unmeasured confounding related to access to care since all 
analysed patients with RA were able to receive these targeted 
medications. In addition, the consistent results observed in 
sensitivity analyses excluding patients with ILD or cancer who 
may be more likely to receive rituximab support the robust-
ness of our results. However, we did not have data available 
on RA duration or previous RA medications (eg, previous 
TNFi use in patients on other classes of b/tsDMARDs), which 
may have affected the results. Medications were collected 
by DMARD class, so we were unable to compare individual 
medications within the same class. However, the goal of the 
study was to compare different biologic mechanisms of action 
for COVID-19 severity. Additionally, it is also possible that 
TNFi use may protect against severe COVID-19 outcomes. 
Thus, these results should be interpreted cautiously and addi-
tional studies are needed to confirm our observed associations. 
Third, while we leveraged the largest cohort of patients with 
rheumatic disease with COVID-19, a somewhat small number 
of outcomes of interest occurred in some subgroups, which 
may have limited our power to detect significant differences 
among abatacept users, in particular. In addition, we were 
unable to investigate individual JAKi or TNFi. Finally, we did 
not examine medication changes after COVID-19 onset since 
this occurred after baseline and may have mediated the rela-
tionship we report. Most of the drugs have lengthy biologic 
effects (especially rituximab), while JAKis have short half- 
lives. Some clinicians may have chosen to continue IL- 6is after 
COVID-19 onset, as suggested by the American College of 
Rheumatology.34 Future studies are needed to investigate the 
association of medication changes with COVID-19 outcomes.

In conclusion, use of rituximab or JAKi, but not abatacept 
or IL- 6i, at the time of COVID-19 infection was associated 
with worse COVID-19 outcomes compared with TNFi among 
patients with RA. Additional studies are warranted to confirm 
these observations. Strategies are needed to improve outcomes 
following COVID-19 RA on rituximab or JAKis.
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ABSTRACT
Objectives To evaluate efficacy and safety of 
the anti- interleukin- 23p19 monoclonal antibody 
tildrakizumab in patients with psoriatic arthritis (PsA).
Methods In this randomised, double- blind, 
placebo- controlled, phase IIb study, patients 
with active PsA were randomised 1:1:1:1:1 to 
tildrakizumab 200 mg every 4 weeks (Q4W); 
tildrakizumab 200, 100 or 20 mg Q12W; or placebo 
Q4W. Patients receiving tildrakizumab 20 mg or 
placebo switched to tildrakizumab 200 mg Q12W 
at W24; treatment continued to W52. The primary 
efficacy endpoint was proportion of patients with 
ACR20 response (≥20% improvement by American 
College of Rheumatology criteria) at W24. Secondary 
efficacy endpoints were assessed without adjustment 
for multiplicity. Safety was evaluated from 
treatment- emergent adverse events (TEAEs).
Results 391/500 patients screened were 
randomised and treated. At W24, 71.4%–79.5% 
of tildrakizumab- treated versus 50.6% of placebo- 
treated patients achieved ACR20 (all p<0.01). 
Patients receiving tildrakizumab versus placebo 
generally achieved higher rates of ACR50, Disease 
Activity Score in 28 joints with C reactive protein 
<3.2, minimal disease activity and 75%/90%/100% 
improvement from baseline Psoriasis Area and 
Severity Index responses at W24 and through W52. 
Improvement in dactylitis and enthesitis was not 
observed; results were mixed for other outcomes. 
Responses in patients switched to tildrakizumab 200 
mg at W24 were consistent with treatment from 
baseline. TEAEs and serious TEAEs occurred in 64.5% 
and 3.3%, respectively, of all patients through W52 
and were comparable among treatment arms.
Conclusions Tildrakizumab treatment significantly 
improved joint and skin manifestations of PsA 
other than dactylitis and enthesitis. Treatment was 
generally well tolerated through W52.  Clinicaltrials. 
gov NCT02980692.

INTRODUCTION
Psoriatic arthritis (PsA) is a chronic, progressive, 
inflammatory arthritis with estimated global 
prevalence of 0.2%–0.3%.1–4 Manifestations of 
PsA include musculoskeletal and skin disease 

activity; pain; fatigue; systemic inflammation 
and their effects on physical function, activi-
ties of daily living and health- related quality of 
life (QoL).3 5 6 Chronic joint inflammation and 

Key messages

What is already known about this subject?
 ► There is an unmet need for psoriatic arthritis 
(PsA) therapies that maximally address all 
clinical manifestations of the disease and 
improve patient quality of life.

 ► Interleukin (IL)-23 is a key regulatory cytokine 
in the pathogenesis of PsA, and the p19 subunit 
of IL-23 is an effective therapeutic target for 
PsA in clinical studies; tildrakizumab is a high- 
affinity anti- IL- 23p19 monoclonal antibody 
approved in the USA, Europe, Australia and 
Japan for treatment of plaque psoriasis.

What does this study add?
 ► This study demonstrates that tildrakizumab 
was superior to placebo in achieving ACR20 
(≥20% improvement by American College of 
Rheumatology criteria) and ACR50 responses, 
minimal disease activity; Disease Activity Score 
in 28 joints with C reactive protein <3.2 and 
≥75% improvement from baseline Psoriasis 
Area and Severity Index (PASI 75), PASI 90 and 
PASI 100 responses at week 24; response rates 
were sustained through week 52. Improvement 
in dactylitis and enthesitis was not observed, 
and results for other outcomes were mixed 
among patients receiving different doses of 
tildrakizumab.

 ► Tildrakizumab was generally well tolerated with 
no reports of uveitis, systemic fungal infections, 
inflammatory bowel disease, major adverse 
cardiac events or deaths through week 52.

How might this impact on clinical practice or 
future developments?

 ► These findings support the efficacy and safety 
of tildrakizumab in patients with PsA and the 
planned dosing schedules in the ongoing phase 
III clinical programme.
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potential joint damage from PsA can impose considerable 
economic burden.5 There is an unmet need for therapies 
that address all clinical manifestations of PsA and improve 
patient QoL.

Treatments for PsA include non- pharmacological thera-
pies, non- steroidal anti- inflammatory drugs, conventional 
systemic disease modifying antirheumatic drugs (csDMARDs; 
including methotrexate, sulfasalazine and leflunomide), biolog-
ical DMARDs (bDMARDs) and targeted synthetic DMARDs 
(including Janus- associated kinase and phosphodiesterase inhib-
itors).7–9 Treatment guidelines recommend csDMARDs before 
other therapies,8 bDMARDs targeting tumour necrosis factor α 
(TNFα) before csDMARDs,9 or either approach.7

Interleukin (IL)-23 is a key regulatory cytokine in PsA patho-
genesis.10 11 Targeting the IL-23/IL-12 p40 subunit with usteki-
numab was effective and generally well tolerated in PsA clinical 
trials.12 13 The anti- IL- 23p19 subunit antibody guselkumab, 
which targets IL-23 alone, was also effective and is approved in 
the USA for treatment of signs and symptoms of PsA.14–17 Neither 
agent provided incremental improvement over TNFα inhibitors. 
Tildrakizumab, a high- affinity anti- IL- 23p19 monoclonal anti-
body, is approved in the USA, Europe, Australia and Japan for 
treatment of plaque psoriasis.18–24 This phase IIb study evaluated 
tildrakizumab efficacy and safety in patients with PsA at week 24 
and through week 52 ( clinicaltrials. gov NCT02980692).

METHODS
Study design
This phase IIb, randomised, double- blind, multidose, placebo- 
controlled, multicentre study was conducted at 74 sites 
(including hospital dermatology units, specialty clinics, private 
practices and research sites) in 8 countries. All patients provided 
written informed consent. In part 1 (weeks 0–24), patients were 
randomised 1:1:1:1:1 to receive subcutaneous tildrakizumab 
200 mg every 4 weeks (Q4W); tildrakizumab 200, 100 or 20 

mg every 12 weeks (Q12W) or placebo Q4W (online supple-
mental figure S1). At week 24, patients receiving tildrakizumab 
20 mg or placebo switched to tildrakizumab 200 mg Q12W. 
All treatments continued in part 2 (weeks 25–52, double- blind 
follow- up), followed by a 20- week washout period (to week 
72) or rollover to the long- term extension ( clinicaltrials. gov
NCT03552276). This publication reports efficacy and safety 
outcomes for patients on treatment (through week 52).

All patients received study drug or placebo Q4W to maintain 
the blind through week 52; placebo was administered between 
tildrakizumab doses for patients receiving Q12W dosing. 
Randomised patients were stratified by prior anti- TNFα therapy 
use (yes/no; prior anti- TNFα use capped at 30% of total patients) 
and baseline body weight (≤90 kg/>90 kg). Randomisation was 
computer generated before the study; patients were allocated 
to treatment arms using an interactive voice recognition service 
(ICON Clinical Research, Dublin, Ireland). Patients without 
minimal response to treatment (<10% improvement from base-
line swollen joint count in 66 joints (SJC66) and tender joint 
count in 68 joints (TJC68)) at week 16 could adjust background 
medications per maximum permitted dosing.

Patients
Eligible patients were ≥18 years old, with a diagnosis of PsA by 
the Classification Criteria for Psoriatic Arthritis for ≥6 months25 
and had TJC68 ≥3 and SJC66 ≥3 according to an independent 
assessor. Allowed and prohibited medications are described in 
online supplemental methods.

Efficacy assessments
The primary efficacy endpoint was proportion of patients 
with an ACR20 response (≥20% improvement by Amer-
ican College of Rheumatology criteria) at week 24. 
Prespecified secondary endpoints included proportions 

Figure 1 Patient status to week 52. PBO, placebo; Q4W, every 4 weeks; Q12W, every 12 weeks; W, week.

https://dx.doi.org/10.1136/annrheumdis-2020-219014
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of patients achieving ACR20 at week 52 and ACR50, 
ACR70, Disease Activity Score in 28 joints with C reactive 
protein (DAS28- CRP) <3.2 and minimal disease activity 
(MDA) at weeks 24 and 52 or requiring background medi-
cation adjustment at week 24; and change from baseline 
in individual ACR components, Leeds Dactylitis Index 
(LDI; in patients with baseline LDI ≥1), Leeds Enthesitis 
Index (LEI; in patients with baseline LEI ≥1) and Health 
Assessment Questionnaire- Disability Index (HAQ- DI) at 
weeks 24 and 52. Patients achieved MDA if they met 5 
of 7 criteria—TJC68 ≤1, SJC66 ≤1, Psoriasis Area and 
Severity Index (PASI) ≤1 or body surface area (BSA) ≤3%, 
patient pain visual analogue scale (VAS) ≤15, patient 
global disease activity VAS ≤20, HAQ- DI ≤0.5 and tender 
entheseal points ≤1. Proportions of patients achieving 
75%/90%/100% improvement from baseline PASI (PASI 

75/90/100) for patients with measurable psoriasis (baseline 
affected BSA ≥3%) and PsA Impact of Disease (PsAID)26 
change from baseline at weeks 24 and 52 were exploratory 
efficacy endpoints. Post hoc analyses (online supplemental 
methods) included proportions of patients achieving very 
low disease activity (VLDA), Psoriatic Arthritis Disease 
Activity Score (PASDAS) <3.2, Disease Activity in Psoriatic 
Arthritis (DAPSA) remission (score 0–4), complete LDI/LEI 
resolution and minimum clinically important difference 
(MCID) change from baseline HAQ- DI (≥0.35) and PsAID 
(≥3) at weeks 24 and 52; DAPSA/PASDAS change from 
baseline; and median LDI/LEI.27 The TJC, SJC, LDI/LEI 
and PASI assessments were performed by an independent 
assessor. Other assessment details are summarised in online 
supplemental methods.

Table 1 Demographics and baseline clinical disease characteristics

TIL 200 mg
Q4W (n=78)

TIL 200 mg
Q12W (n=79)

TIL 100 mg
Q12W (n=77)

TIL 20→200 mg
Q12W (n=78)

PBO Q4W→TIL 200 
mg
Q12W (n=79)

Demographics

Age, years 50.1±13.3 49.3±11.2 49.2±11.9 47.2±13.4 48.1±13.3

Female, n (%) 46 (59.0) 37 (46.8) 47 (61.0) 41 (52.6) 44 (55.7)

Race, n (%)

 White 76 (97.4) 78 (98.7) 75 (97.4) 75 (96.2) 74 (93.7)

 Black or African American 0 0 1 (1.3) 1 (1.3) 3 (3.8)

 Other 2 (2.6) 1 (1.3) 1 (1.3) 2 (2.6) 2 (2.5)

Weight, kg 85.1±19.7 87.2±19.5 83.7±18.9 85.2±18.1 85.3±20.2

BMI, kg/m2 30.1±6.5 30.2±6.5 29.5±6.8 29.4±5.2 29.5±6.0

Baseline disease characteristics

Duration of PsA, years 7.5±8.5 6.2±7.2 7.0±6.6 6.6±6.7 6.3±6.1

Prior anti- TNFα therapy, n (%)* 18 (22.8) 17 (21.8) 19 (23.8) 19 (24.4) 18 (23.7)

Concomitant antirheumatic medications, n (%)

 Methotrexate† 44 (56.4) 47 (59.5) 49 (63.6) 42 (53.8) 47 (59.5)

   Dose, mg 16.5±5.3 15.0±3.8 14.3±4.8 16.7±5.5 16.9±5.0

 Leflunomide 2 (2.6) 3 (3.8) 2 (2.6) 5 (6.4) 3 (3.8)

 Leflunomide+prednisone/prednisolone 0 0 0 0 1 (1.3)

 Sulfasalazine 0 0 1 (1.3) 0 0

 Prednisolone 0 1 (1.3) 0 1 (1.3) 0

 Sulfasalazine+leflunomide 0 1 (1.3) 0 0 0

Swollen joint count 10.4±7.4 10.0±8.0 11.0±8.2 9.4±6.4 11.8±9.8

Tender joint count 16.6±11.9 19.5±13.9 21.3±14.8 19.0±13.0 19.7±14.7

PtGA 57.8±18.3 61.1±20.7 60.3±20.2 61.9±17.4 65.2±18.1

PGA 54.0±16.1 55.4±16.2 57.3±17.3 59.4±14.4 59.5±15.6

Patient pain assessment 55.4±19.1 59.6±23.5 59.2±22.1 60.9±19.7 64.2±20.4

HAQ- DI score 1.0±0.6 1.0±0.6 1.0±0.7 1.1±0.6 1.2±0.6

hsCRP, mg/dL 7.8±18.6 10.5±14.4 10.6±20.0 10.7±14.0 13.0±20.8

DAS28- CRP <3.2, n (%) 6 (7.7) 6 (7.6) 4 (5.2) 1 (1.3) 6 (7.6)

DAPSA 39.2±20.2 42.6±22.1 45.3±22.4 41.8±17.8 45.7±23.5

PASDAS 5.2±0.86 5.2±0.78 5.3±0.89 5.3±0.85 5.4±0.89

LEI‡ 3.1±1.7 2.8±1.7 3.2±1.8 3.1±1.7 2.8±1.8

LDI‡ 32.8±32.9 61.3±73.5 93.8±146.5 71.4±118.5 99.6±170.7

BSA, (%)§ 11.9±16.0 9.0±12.4 13.1±16.0 10.4±14.1 8.2±12.2

BSA ≥3%, n (%)§ 53 (67.9) 44 (55.7) 55 (71.4) 41 (52.6) 42 (53.2)

PASI¶ 7.6±9.8 6.2±7.4 8.8±9.5 6.6±7.0 5.0±6.5

PsAID score 5.1±1.8 5.3±2.1 5.5±2.1 5.6±1.9 5.7±1.6

Shown for randomised patients who received ≥1 dose of study drug; data shown as mean±SD unless otherwise noted.
*For prior anti- TNFα therapy, total patients analysed (N)=79, 78, 80, 78 and 76 for TIL 200 mg Q4W, TIL 200 mg Q12W, TIL 100 mg, TIL 20 mg and PBO, respectively.
†Patients receiving weekly oral methotrexate at baseline. No patients received concomitant methotrexate in combination with prednisone or prednisolone.
‡For patients with baseline scores ≥1; N=48, 43, 51, 55 and 43 for LEI; N=27, 21, 21, 19 and 25 for LDI.
§Body surface area with psoriasis lesions; BSA ≥3% indicates active psoriasis.
¶For analysis of baseline PASI, all patients were analysed, regardless of % BSA involved; N=75, 79, 76, 75 and 75 for TIL 200 mg Q4W, TIL 200 mg Q12W, TIL 100 mg, TIL 20 mg and PBO.
BMI, body mass index; BSA, body surface area; DAS28- CRP, Disease Activity Score in 28 joints with C reactive protein; HAQ- DI, Health Assessment Questionnaire- Disability Index; hsCRP, high sensitivity C reactive protein; 
LDI, Leeds Dactylitis Index; LEI, Leeds Enthesitis Index; PASI, Psoriasis Area and Severity Index; PBO, placebo; PGA, physician global assessment of disease activity; PsA, psoriatic arthritis; PsAID, PsA impact of disease; 
PtGA, patient global assessment of disease activity; Q4W, every 4 weeks; Q12W, every 12 weeks; TIL, tildrakizumab; TNF, tumour necrosis factor.

https://dx.doi.org/10.1136/annrheumdis-2020-219014
https://dx.doi.org/10.1136/annrheumdis-2020-219014
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https://dx.doi.org/10.1136/annrheumdis-2020-219014
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Safety assessments
Safety endpoints included treatment- emergent adverse 
events (TEAEs), serious TEAEs and TEAEs of special and 
clinical interest. TEAEs were coded by Medical Dictionary 
of Regulatory Activities V.20.1 and defined as any AE occur-
ring or worsening on/after the day of first dose of study drug 
up to week 52 or on/before last dosing date if the patient 
discontinued treatment. TEAEs of special interest were 

severe infection, malignancy (including non- melanoma and 
melanoma skin cancer), confirmed major adverse cardiovas-
cular event (MACE) or drug- related hypersensitivity reac-
tion (details in online supplemental methods). TEAEs of 
clinical interest included any non- serious TEAE considered 
of special interest and reported to the sponsor similarly to 
a serious TEAE (details in online supplemental methods). 
Routine laboratory investigations and physical examinations 
were performed, and vital signs were monitored at screening 
and throughout the study. To ensure patient safety, an inde-
pendent data safety monitoring board routinely reviewed 
data and provided the sponsor with recommendations.

Statistical analyses
The number of patients enrolled was based on assumed ACR20 
response rates of 30%, 35% and 50% for placebo, tildrakizumab 
20 mg, and higher doses of tildrakizumab, respectively; a one- 
sided alpha=0.05; 80.7% power and a 5% dropout rate. All 
analyses were performed using SAS V.9.4 or later.28 Efficacy and 
safety analyses included all randomised patients who received 
≥1 dose of study drug or placebo (full analysis set). Statis-
tical comparison of ACR20/50/70, PASI 75/90/100 and MDA 
response rates between tildrakizumab arms versus placebo used 
the Cochran- Mantel- Haenszel test, stratified by prior anti- TNFα 
therapy use and baseline body weight. Two- sided 95% CIs and 
p values were calculated for each tildrakizumab treatment arm 
versus placebo. Non- response imputation (NRI) was used for 
patients who withdrew from the study or had incomplete data 
at week 52 unless otherwise specified. Patients who required 
adjustments to background medications were counted as non- 
responders for the primary analysis. Continuous endpoints were 
analysed by mixed- model repeated measure analysis with fixed 
effects of treatment, visit, treatment by visit interaction, prior 
anti- TNFα therapy use (yes/no), baseline bodyweight (≤90 
kg/>90 kg) and baseline value; missing data were imputed using 
NRI. For the primary endpoint of ACR20 response at week 24, 
Type I error was controlled using the Simes testing procedure 
(online supplemental methods); there was no multiplicity adjust-
ment for secondary endpoints. No formal hypothesis testing was 
performed for post hoc analyses.

Patient and public involvement
Patients and the public were not involved in study design, 
recruitment or dissemination of results, and patients were not 
asked to assess the burden of study participation.

RESULTS
Patients
From 19 April 2017, to 25 April 2018, 500 patients were 
screened, of whom 391 were randomised to tildrakizumab 
200 mg Q4W (n=78), tildrakizumab 200 mg Q12W (n=79), 
tildrakizumab 100 mg Q12W (n=77), tildrakizumab 20→200 
mg Q12W (n=78) and placebo Q4W→tildrakizumab 200 
mg Q12W (n=79) (figure 1). Overall, 331 (84.7%) patients 
completed part 1 and 315 (80.6%) completed part 2. By week 
52, 76 (19.4%) patients discontinued, most commonly due to 
lack of efficacy (9.5%) or withdrawn consent (3.3%). The last 
follow- up was on 5 October 2019.

Demographics were comparable between treatment arms 
(table 1). Of patients analysed, 91 (23.3%) were anti- TNFα 
therapy- experienced. Across treatment arms, mean duration 
of PsA was 6–7.5 years, 53%–71% of patients had moderate- 
to- severe psoriasis (BSA ≥3%) and >60% of patients were 

Figure 2 Response rates for (A) ACR20, (B) ACR50 and (C) ACR70 
through week 52. Supporting values shown in online supplemental 
table S3. Missing responses were imputed as non- responses. Shown for 
randomised patients who received ≥1 dose of study drug. TIL 200 mg 
Q4W, n=78; TIL 200 mg Q12W, n=79; TIL 100 mg Q12W, n=77; TIL 20 
mg Q12W→200 mg Q12W, n=78; PBO Q4W→TIL 200 mg Q12W, n=79. 
*p<0.05; †p<0.001; ‡p<0.0001 versus PBO; not adjusted for multiplicity, 
except ACR20 at week 24. P values were not analysed beyond week 24. 
ACR, American College of Rheumatology; PBO, placebo; Q4W, every 4 
weeks; Q12W, every 12 weeks; TIL, tildrakizumab.

https://dx.doi.org/10.1136/annrheumdis-2020-219014
https://dx.doi.org/10.1136/annrheumdis-2020-219014
https://dx.doi.org/10.1136/annrheumdis-2020-219014
https://dx.doi.org/10.1136/annrheumdis-2020-219014
https://dx.doi.org/10.1136/annrheumdis-2020-219014
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receiving csDMARDs with or without corticosteroids at base-
line (table 1). Baseline TJC68, patient global assessment (PtGA), 
physician global assessment (PGA) and patient pain assessment 
were lower among patients receiving tildrakizumab 200 mg 
Q4W versus other treatments. Less than half of patients had 
measurable dactylitis at baseline, and baseline LDI was higher 
among patients receiving tildrakizumab 100 mg Q12W and 
placebo Q4W→tildrakizumab 200 mg Q12W, and lower among 
patients receiving tildrakizumab 200 mg Q4W, compared with 
other treatments.

Efficacy
At week 24, a significantly higher proportion of patients 
receiving any dose of tildrakizumab achieved ACR20 (71.4%–
79.5%) relative to placebo- treated patients (50.6%) (figure 2A, 
table 2, all p≤0.0125), with more responders to tildrakizumab 

200 mg Q4W and 100 mg Q12W by week 8—after one dose of 
study medication.

The secondary endpoints, subgroup analyses and explor-
atory efficacy endpoints were not multiplicity controlled; 
nominal p values are provided for information only. At 
week 24, patients receiving tildrakizumab 200 mg (Q4W 
or Q12W) achieved higher rates of ACR50/70, DAS28- CRP 
<3.2 and MDA and greater improvement in PtGA, PGA, 
patient pain assessment and high- sensitivity CRP (hsCRP) 
level relative to placebo- treated patients (nominal p<0.05; 
table 2; figure 2B,C; figure 3A,B; proportions of patients 
with ≥20% improvement in ACR components over time 
online supplemental figure S2; change in patient pain assess-
ment over time online supplemental figure S3). Improvement 
in SJC66 was greater for patients receiving tildrakizumab 
200 mg Q4W but not Q12W, and improvements in TJC68 

Table 2 Efficacy outcomes at week 24
TIL 200 mg
Q4W (n=78)

TIL 200 mg
Q12W (n=79)

TIL 100 mg
Q12W (n=77)

TIL 20 mg
Q12W (n=78)

PBO
Q4W (n=79)

Primary efficacy endpoint

ACR20 79.5±4.6 (0.0001)* 77.2±4.7 (0.0006)* 71.4±5.2 (0.0088)* 73.1±5.0 (0.0041)* 50.6±5.6

Secondary efficacy endpoints and related analyses

 ACR50 52.6±5.7 (0.0002) 50.6±5.6 (0.0006) 45.5±5.7 (0.0059) 39.7±5.5 (0.0364) 24.1±4.8

 ACR70 28.2±5.1 (0.0040) 29.1±5.1 (0.0033) 22.1±4.7 (0.0550) 16.7±4.2 (0.2495) 10.1±3.4

ACR components

 TJC68, LSM CFB±SE −10.8±1.1 (0.1704) −11.8±1.1 (0.0448) −12.4±1.1 (0.0174) −10.7±1.1 (0.2037) −8.8±1.1

 SJC66, LSM CFB±SE −7.6±0.56 (0.0476) −7.2±0.56 (0.1149) −7.9±0.57 (0.0153) −6.8±0.56 (0.2916) −6.0±0.56

 PtGA, LSM CFB±SE –31.3±2.3 (0.0005) –30.9±2.3 (0.0007) –31.1±2.4 (0.0006) –26.9±2.3 (0.0321) –20.0±2.3

 PGA, LSM CFB±SE –32.7±2.1 (0.0002) –36.2±2.0 (<0.0001) –35.4±2.1 (<0.0001) –32.5±2.1 (0.0002) –21.9±2.1

 Patient pain assessment, LSM CFB±SE −31.7±2.7 (0.0029) −30.4±2.6 (0.0080) −30.3±2.7 (0.0091) −25.7±2.7 (0.1672) −20.6±2.6

 HAQ- DI, LSM CFB±SE –0.3±0.05 (0.1829) –0.3±0.05 (0.0420) –0.3±0.05 (0.0467) –0.2±0.05 (0.7267) –0.2±0.05

   Improvement ≥0.35†‡ 5.9±2.9 5.9±2.9 1.7±1.7 7.4±3.2 5.6±2.7

 hsCRP, mg/L, LSM CFB±SE§ −4.4±1.1 (0.0003) −2.8±1.0 (0.0098) −3.6±1.0 (0.0019) −2.4±1.1 (0.0245) 0.79±1.0

 DAS28- CRP <3.2 59.0±5.6 (0.0003) 64.6±5.4 (<0.0001) 58.4±5.6 (0.0005) 53.9±5.6 (0.0034) 30.4±5.2

 MDA 33.3±5.3 (<0.0001) 34.2±5.3 (<0.0001) 28.6±5.2 (0.0004) 19.2±4.5 (0.0172) 6.3±2.7

 Tender joint count ≤1 30.8±5.2 (0.0107) 30.4±5.2 (0.0152) 18.2±4.4 (0.4556) 20.5±4.6 (0.2939) 13.9±3.9

 Swollen joint count ≤1 53.9±5.6 (0.0006) 55.7±5.6 (0.0002) 57.1±5.6 (0.0002) 50.0±5.7 (0.0030) 26.6±5.0

 VLDA† 15.4±4.1 16.5±4.2 6.5±2.8 6.4±2.8 1.3±1.3

 LDI, LSM CFB±SE¶ −46.7±6.5 (0.1983) −45.4±7.3 (0.1750) −45.2±7.2 (0.1692) −45.6±7.7 (0.1950) −58.5±6.8

 LDI, median (Q1, Q3)†, ¶ 16.6 (3.1, 28.6) 21.5 (0, 28.3) 19.4 (6.0, 32.1) 10.5 (0.03, 33.8) 3.6 (0, 26.3)

 LEI, LSM CFB±SE** −1.8±0.23 (0.1196) −1.6±0.25 (0.3496) −1.8±0.23 (0.1541) −1.6±0.22 (0.4778) −1.3±0.25

 LEI, median (Q1, Q3)†, ** 0 (0, 2.0) 0 (0, 2.0) 1.0 (0, 2.0) 1.0 (0, 3.0) 1.0 (0, 2.0)

   LDI/LEI=0†, †† – 11.1±10.5 14.3±9.4 12.5±8.3 17.7±9.3

  Background medication adjustment required, n (%) 1 (1.3) 0 0 0 1 (1.3)

Other exploratory and post hoc analyses

 DAPSA, LSM CFB±SE† –25.1±1.8 –25.5±1.8 –27.0±1.8 –23.1±1.8 –19.3±1.8

 PASDAS, LSM CFB±SE† –1.5±0.1 –1.5±0.1 –1.5±0.1 –1.4±0.1 –1.0±0.1

 PsAID, LSM CFB±SE –2.1±0.2 (0.0048) –2.3±0.2 (0.0002) –2.2±0.2 (0.0010) –2.0±0.2 (0.0131) –1.3±0.2

 Decrease by ≥3† 30.8±5.2 31.7±5.2 32.5±5.3 37.2±5.5 29.1±5.1

Data are shown as response rate (%)±SE unless otherwise noted; numbers in parentheses indicate p values unless otherwise noted. Missing responses were imputed as non- responses.
Some post hoc analyses are grouped with the related secondary endpoint for ease of reading.
*Statistically significant. P values for other comparisons are not multiplicity- controlled and are presented for informational purposes only.
†Post hoc analysis; no formal hypothesis testing was performed.
‡Improvement in HAQ- DI scores was assessed in patients with baseline HAQ- DI score ≥0.35; tildrakizumab 200 mg Q4W, n=68; tildrakizumab 200 mg Q12W, n=68; tildrakizumab 100 mg Q12W, n=58; tildrakizumab 
20 mg Q12W, n=68; placebo Q4W, n=72.
§hsCRP change from baseline reported for tildrakizumab 200 mg Q4W, n=71; tildrakizumab 200 mg Q12W, n=76; tildrakizumab 100 mg Q12W, n=73; tildrakizumab 20 mg Q12W, n=71; placebo Q4W, n=74.
¶LDI change from baseline is reported in patients with baseline LDI ≥1; tildrakizumab 200 mg Q4W, n=27; tildrakizumab 200 mg Q12W, n=21; tildrakizumab 100 mg Q12W, n=21; tildrakizumab 20 mg Q12W, n=19; 
placebo Q4W, n=25.
**LEI change from baseline is reported in patients with baseline LEI ≥1; tildrakizumab 200 mg Q4W, n=48; tildrakizumab 200 mg Q12W, n=43; tildrakizumab 100 mg Q12W, n=51; tildrakizumab 20 mg Q12W, n=55; 
placebo Q4W, n=43.
††Complete resolution for both LDI and LEI is reported in patients with both LDI and LEI ≥1 at baseline; tildrakizumab 200 mg Q4W, n=0; tildrakizumab 200 mg Q12W, n=9; tildrakizumab 100 mg Q12W, n=14; 
tildrakizumab 20 mg Q12W, n=16; placebo Q4W, n=17.
ACR, American College of Rheumatology response criteria; DAPSA, disease activity in psoriatic arthritis; DAS28- CRP, Disease Activity Score in 28 joints with C reactive protein; HAQ- DI, Health Assessment Questionnaire- 
Disability Index; LDI, Leeds Dactylitis Index; LEI, Leeds Enthesitis Index; LSM, least squares mean; MDA, minimal disease activity; PASDAS, psoriatic arthritis disease activity score; PBO, placebo; PGA, physician’s global 
assessment; PsAID, psoriatic arthritis impact of disease; PtGA, patient’s general assessment; Q1, 25th percentile; Q3, 75th percentile; Q4W, every 4 weeks; Q12W, every 12 weeks; SJC66, swollen joint count in 66 joints; 
TIL, tildrakizumab; TJC68, tender joint count in 68 joints; VLDA, very low disease activity.
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and HAQ- DI were greater for patients receiving tildraki-
zumab 200 mg Q12W but not Q4W, relative to placebo- 
treated patients (nominal p<0.05). Patients receiving 
tildrakizumab 100 mg Q12W versus placebo achieved higher 
rates or greater improvement in the same outcomes except 
ACR70; patients receiving tildrakizumab 20 mg Q12W 
achieved higher rates of ACR50, DAS28- CRP <3.2 and 
MDA and greater improvement in PtGA, PGA and hsCRP 
level, but not other measures, relative to placebo- treated 
patients (nominal p<0.05). Responses were maintained 
through week 52, and patients who switched from placebo 
or tildrakizumab 20 mg to tildrakizumab 200 mg Q12W 
at week 24 had similar responses as patients treated from 
baseline (figures 2–3, online supplemental table S1, online 
supplemental figure S3). Improvement in LDI and LEI at 
week 24 was not observed following any dose of tildraki-
zumab versus placebo (table 2, online supplemental figure 
S4). Only two patients required adjustment of background 
medication (table 2).

Subgroup analysis by prior anti- TNFα therapy experi-
ence was performed for ACR20/50/70 response rates. Week 
24 response rates were numerically lower in anti- TNFα-
experienced versus anti- TNFα-naïve patients within each 
treatment arm, but the ACR20/50/70 treatment response 
pattern was generally similar regardless of prior anti- TNFα 
therapy (online supplemental figure S5). ACR20 response 
rates by country are shown in online supplemental table S2; 
lower proportions of patients receiving tildrakizumab 200 
mg or placebo achieved ACR20 response in the USA and 
Spain relative to other countries.

In exploratory and post hoc analyses, greater proportions 
of patients with measurable psoriasis at baseline (BSA ≥3%) 
achieved PASI 75/90/100 at week 24 following treatment 
with tildrakizumab (any dose) versus placebo, with sustained 
response through week 52 (figure 4). Impact of PsA on 
patients’ lives, assessed via PsAID, decreased for patients 
receiving tildrakizumab (all doses) versus placebo (table 2); 
improvement was sustained through week 52 (online supple-
mental table S1). The proportion of patients with VLDA was 
numerically greater for tildrakizumab 200 mg Q4W and 
Q12W versus placebo by week 24 (figure 3C, table 2); no 
hypothesis testing was performed. Tildrakizumab treatment 
did not increase combined LDI/LEI resolution (table 2) rela-
tive to placebo at week 24. At week 52, ≥50% of patients 
with baseline LEI ≥1 had LEI resolution (online supplemental 
table S1). DAPSA and PASDAS scores numerically decreased 
and proportions of patients achieving DAPSA remission and 
PASDAS <3.2 were numerically larger following treatment 
with tildrakizumab versus placebo at week 24 and through 
week 52 (table 2, figure 5, online supplemental table S1); no 
hypothesis testing was performed. Proportions of patients 
achieving MCID from baseline HAQ- DI and PsAID at week 
24 appeared similar among treatment arms (table 2).

Safety
There were no deaths through study week 52. Of 391 patients 
analysed, 1 (0.3%) patient discontinued due to a TEAE (hyper-
tension, tildrakizumab 200 mg Q12W). Across all treatment 
arms, 252 (64.5%) patients had a TEAE, most frequently 
nasopharyngitis (8.4%) and upper respiratory tract infection 
(6.4%) (table 3). Two (0.5%) patients had a fungal skin infec-
tion (candida, both tildrakizumab 200 mg Q4W). Most TEAEs, 
including infections, were mild and comparable among treatment 

arms. During weeks 25–52, one patient (0.3%) was diagnosed 
with malignancy (intraductal proliferative breast lesion, tildraki-
zumab 20→200 mg Q12W).

Serious TEAEs were observed in nine (3.3%) patients. One 
serious infection (chronic tonsillitis) was reported during the 
first 24 weeks (tildrakizumab 20 mg Q12W). One case each 

Figure 3 MDA responders (A) over time, (B) responders for each MDA 
subcomponent at week 24 and (C) VLDA responders by treatment and 
time point. Supporting values shown in online supplemental table S4. 
Shown for randomised patients who received ≥1 dose of study drug. 
Error bars represent 95% CI. Missing responses were imputed as non- 
responses. Proportion of responders shown as % in (B). TIL 200 mg 
Q4W, n=78; TIL 200 mg Q12W, n=79; TIL 100 mg Q12W, n=77; TIL 20 
mg Q12W→200 mg Q12W, n=78; PBO Q4W→TIL 200 mg Q12W, n=79 
except for tender entheseal points ≤1 in (B) (TIL 200 mg Q4W, n=76; TIL 
100 mg Q12W, n=76; PBO Q4W→TIL 200 mg Q12W, n=78).*p<0.05; 
†p<0.001; ‡p<0.0001 versus PBO; not adjusted for multiplicity. P values 
were not analysed beyond week 24. BSA, body surface area; HAQ- DI, 
Health Assessment Questionnaire- Disability Index; MDA, Minimum 
Disease Activity; PASI, Psoriasis Area and Severity Index; PBO, placebo; 
PtGA, patients global assessment; Q4W, every 4 weeks; Q12W, every 12 
weeks; TIL, tildrakizumab; VAS, visual analogue scale; VLDA, very low 
disease activity.
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of pyelonephritis and urinary tract infection were reported as 
TEAEs of special interest in the same patient (tildrakizumab 100 
mg Q12W) (table 3). There were no reports of systemic candi-
diasis, uveitis, inflammatory bowel disease, MACE, suicidality 
or deaths, and no changes in laboratory parameters considered 
serious TEAEs, from baseline through week 24 or week 25 
through 52.

DISCUSSION
Significantly greater proportions of patients receiving all tildraki-
zumab doses versus placebo achieved the primary endpoint 
of ACR20 at week 24. Among patients with prior anti- TNFα 
therapy, ACR20/50/70 treatment difference versus placebo was 
not apparent for all tildrakizumab dose arms, although there 
were relatively few such patients (n=17–19 per treatment arm). 
At week 24, PASI 75, 90 and 100 response rates were higher 
following treatment with all tildrakizumab doses versus placebo.

Definitive comparisons between the present results and other 
clinical studies cannot be made due to differences in trial design, 
study population and placebo response rates. However, propor-
tions of ACR20/50/70 responders among patients receiving 
tildrakizumab 200 mg (Q4W and Q12W) were also numeri-
cally higher compared with previous trials of biologicals for PsA 
treatment.12–16 29–33 PASI 75/90/100 response rates were consis-
tent with those reported in previous trials for tildrakizumab in 
psoriasis.22

MDA responses assess efficacy across the spectrum of PsA 
manifestations and are strongly associated with significant 
improvements in health- related QoL and productivity, making 
MDA an increasingly important treatment target in randomised 
PsA trials.34 In this study, significantly more patients receiving 
tildrakizumab versus placebo achieved MDA by week 24. 
PASDAS and DAPSA—additional established composite indices 
for measuring PsA disease activity27 35 36—were added as post 
hoc efficacy measures based on increasing recognition of their 

Figure 4 Response rates for (A) PASI 75, (B) PASI 90 and (C) PASI 100 
through week 52 across treatment and time point. Supporting values 
shown in online supplemental table S6. Response rates were calculated 
in randomised patients who received ≥1 dose of study drug with BSA 
≥3% at baseline. Error bars represent 95% CI. Missing responses were 
imputed as non- responses. TIL 200 mg Q4W, n=53; TIL 200 mg Q12W, 
n=44; TIL 100 mg Q12W, n=55; TIL 20 mg Q12W→200 mg Q12W, 
n=41; PBO Q4W→TIL 200 mg Q12W, n=42. P values are based on 
Cochran- Mantel- Haenszel test (with prior anti- TNF use and baseline 
weight as stratification factors). *p<0.05; †p<0.001; ‡p<0.0001 versus 
PBO; not adjusted for multiplicity. P values were not analysed beyond 
week 24. BSA, body surface area; PASI, Psoriasis Area and Severity 
Index; PBO, placebo; Q4W, every 4 weeks; Q12W, every 12 weeks; TIL, 
tildrakizumab; TNF, tumour necrosis factor.

Figure 5 Proportion of patients in remission based on (A) DAPSA, 
proportion of patients with PASDAS <3.2 (B), and change from 
baseline DAPSA (C) and PASDAS (D). Supporting values shown in 
online supplemental table S5. Missing responses were imputed as non- 
responses. DAPSA remission was defined as a score between 0 and 4. 
TIL 200 mg Q4W, n=78; TIL 200 mg Q12W, n=79; TIL 100 mg Q12W, 
n=77; TIL 20 mg Q12W→200 mg Q12W, n=78; PBO Q4W→TIL 200 mg 
Q12W, n=79. P values not analysed. DAPSA, Disease Activity in Psoriatic 
Arthritis; LS, least squares; PASDAS, Psoriatic Arthritis Disease Activity 
Score; PBO, placebo; Q4W, every 4 weeks; Q12W, every 12 weeks; TIL, 
tildrakizumab.
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utility. Although statistical significance was not assessed for 
post hoc analyses, proportions of tildrakizumab- treated patients 
achieving DAPSA remission and PASDAS <3.2 at week 24 were 
higher relative to placebo- treated patients.

Tildrakizumab was generally well tolerated through week 
52. Overall, safety findings were similar to the safety profile in
phase III trials of tildrakizumab for treatment of plaque psori-
asis (reSURFACE 1 and reSURFACE 2).22 There were no deaths 
or reports of systemic candidiasis, inflammatory bowel disease, 
MACE, or significantly increased liver enzymes through week 
52.

Aberrant activation of the IL-23/IL-17 cytokine system 
is critical in the pathogenesis of PsA.37 IL-23 is thought to 
promote joint degeneration by inducing osteoclastogenesis 
and osteoclast- mediated activation of nuclear factor of acti-
vated T cells that regulate expression of genes facilitating 
pathological bone resorption (eg, matrix metallopeptidase 
9).38 39 The efficacy and safety findings reported here may 
be attributed to selective antagonism of IL-23 by tildraki-
zumab. A plausible mechanism of action of tildrakizumab 
is inhibition of the IL-23- induced kinase signalling system 
resulting in reduced Th17 cell proliferation and downreg-
ulation of the Th17 cell- secreted inflammatory cytokines 
such as IL-17 and IL-22.10 37 39–41 By selectively targeting 
IL- 23p19, tildrakizumab blocks IL-23- mediated signal-
ling10 11 40 without targeting the p40 subunit common to 
both IL-23 and IL-12 (eg, ustekinumab). Tildrakizumab may 
thus circumvent potential adverse effects on cell immunity 
by sparing IL-12 function.22 42 43

Study limitations included high placebo response rates, 
confounding interpretation of results. Due to small numbers 
of patients in each subgroup, post hoc analyses detected no 
meaningful relationship between ACR20 placebo response 
at week 24 and patient baseline characteristics, background 
medication use, or country; however, placebo response 
rates were numerically lower in the USA and Spain relative 
to other countries. Per recent analyses, placebo response 
rates have increased over time in clinical trials across 
several disease states including rheumatoid arthritis, with 
no definitive explanation44–46; speculated causes in the 
rheumatoid arthritis study included expectation bias; ther-
apeutic improvements resulting in a limited pool of eligible 
patients, possibly leading to recruitment during transient 
disease flares; and greater recruitment in resource- poor 
countries.44 Although placebo response was higher than 
expected, treatment difference and, therefore, statistical 
power were preserved. Relatively few patients with dactylitis 
or enthesitis were included, and baseline dactylitis in partic-
ular was not balanced among treatment arms, so the study 
was not powered to detect statistically significant differences 
in related endpoints. This is planned for attention in the 
phase III programme. The study was also not powered to 
differentiate tildrakizumab 100 and 200 mg doses. Mixed 
dose effects were observed. Patients treated with tildraki-
zumab 20 mg Q12W achieved greater improvement rela-
tive to placebo- treated patients for some efficacy measures, 
although response rates and improvement were smaller 
compared with patients receiving higher doses. Among 
patients receiving tildrakizumab 200 mg, Q4W dosing was 
not consistently superior to Q12W dosing. Patients receiving 
tildrakizumab 100 mg had numerically lower rates of ACR 
responses but numerically greater improvement in some 
component measures relative to those treated with tildraki-
zumab 200 mg. These findings were generally consistent 
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with the small numbers of patients and the expected tildraki-
zumab dose–response relationship. Optimal dosing of 
tildrakizumab in patients with PsA is planned for investiga-
tion in the phase III programme.

CONCLUSION
These findings demonstrate that treatment with tildraki-
zumab 200 or 100 mg was more effective than placebo for 
rates of ACR20/50, DAS28- CRP, MDA and PASI 75/90/100 
responses as well as improvement in physical function; 
effects were smaller for tildrakizumab 20 mg relative to 
higher doses. Tildrakizumab was well tolerated through 52 
weeks of treatment. These results support tildrakizumab 
phase III clinical development in PsA.
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ABSTRACT
Objectives Although causality remains to be 
established, targeting dysbiosis of the intestinal 
microbiota by faecal microbiota transplantation 
(FMT) has been proposed as a novel treatment for 
inflammatory diseases. In this exploratory, proof- of- 
concept study, we evaluated the safety and efficacy of 
FMT in psoriatic arthritis (PsA).
Methods In this double- blind, parallel- group, placebo- 
controlled, superiority trial, we randomly allocated (1:1) 
adults with active peripheral PsA (≥3 swollen joints) 
despite ongoing treatment with methotrexate to one 
gastroscopic- guided FMT or sham transplantation into 
the duodenum. Safety was monitored throughout the 
trial. The primary efficacy endpoint was the proportion of 
participants experiencing treatment failure (ie, needing 
treatment intensification) through 26 weeks. Key 
secondary endpoints were change in Health Assessment 
Questionnaire Disability Index (HAQ- DI) and American 
College of Rheumatology (ACR20) response at week 26.
Results Of 97 screened, 31 (32%) underwent 
randomisation (15 allocated to FMT) and 30 (97%) 
completed the 26- week clinical evaluation. No serious 
adverse events were observed. Treatment failure occurred 
more frequently in the FMT group than in the sham 
group (9 (60%) vs 3 (19%); risk ratio, 3.20; 95% CI 
1.06 to 9.62; p=0.018). Improvement in HAQ- DI differed 
between groups (0.07 vs 0.30) by 0.23 points (95% CI 
0.02 to 0.44; p=0.031) in favour of sham. There was 
no difference in the proportion of ACR20 responders 
between groups (7 of 15 (47%) vs 8 of 16 (50%)).
Conclusions In this first preliminary, interventional 
randomised controlled trial of FMT in immune- mediated 
arthritis, we did not observe any serious adverse events. 
Overall, FMT appeared to be inferior to sham in treating 
active peripheral PsA.
Trial registration number NCT03058900.

INTRODUCTION
For a century, the link between enteric infections 
and reactive arthritis1 has motivated investiga-
tion into the proposed gut–joint axis implicating 
intestinal micro- organisms in the aetiology of 

immune- mediated arthritic disease.2 Recently, this 
theory has gained renewed interest due to accu-
mulating evidence of disease- related imbalance 
(dysbiosis) in the composition and function of 
the intestinal microbiota in chronic disorders.3–5 
Among these, psoriatic arthritis (PsA)6 has been 
associated with decreased intestinal bacterial diver-
sity, displaying both disease- specific patterns7 and 
microbial abnormalities similar to those seen in 
other subtypes of spondyloarthritis, rheumatoid 
arthritis and inflammatory bowel disease (IBD).8 
These findings have encouraged research into the 
host–microbiota interplay in the dysregulated 

Key messages

What is already known about this subject?
 ► Psoriatic arthritis (PsA) is a systemic immune- 
mediated disease associated with subclinical 
gut inflammation and dysbiosis of the intestinal 
microbiota.

 ► Faecal microbiota transplantation (FMT) has 
demonstrated local therapeutic immune- 
modulating abilities in patients with chronic 
inflammatory bowel disease.

What does this study add?
 ► In this first preliminary, randomised controlled 
trial of FMT in immune- mediated arthritis, 
transfer of donor microbiota was safe, but 
appeared inferior to sham in reducing disease 
activity in patients with active peripheral PsA 
concomitantly treated with methotrexate.

How might this impact on clinical practice or 
future developments?

 ► Whether microbial dysbiosis or specific bacteria 
are common or decisive mediators of disease 
activity in PsA and whether this proposed 
relation can be modified without exacerbating 
the disease will be crucial to clarify to 
determine the future role of microbiota- targeted 
interventions in the management of PsA.
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immunological cascade underlying immune- mediated arthritis 
and the prospects of microbiota- targeted therapies.9

Faecal microbiota transplantation (FMT) is currently consid-
ered the most efficient method to restore a healthy diversity 
of the gastrointestinal microbiota.10 11 Indeed, the transfer 
of faeces containing minimally manipulated communities of 
micro- organisms from a donor to a recipient has revolutionised 
the treatment of Clostridioides difficile infection.12 FMT may 
also induce beneficial responses in patients with IBD, thereby 
demonstrating local therapeutic immune- modulating abilities.13 
However, whether manipulation of the intestinal microbiota can 
treat extraintestinal, immune- mediated disorders remains to be 
established.14 This is the first exploratory, randomised trial to 
assess the safety and efficacy of FMT in patients with active, 
peripheral PsA.

METHODS
Trial design
This is a proof- of- concept, 26- week, 1:1 randomised, parallel- 
group, double- blind, placebo- controlled, single- centre superi-
ority trial. In 2015, the Regional Committees on Health Research 
Ethics for Southern Denmark (DK- S-20150080) and the Danish 
Data Protection Agency (15/41684) approved the trial protocol 
(see online supplemental appendices S1 and S1A). Although not 
required by the Danish Health and Medicines Authority, we 
fulfilled the requirements of documentation, monitoring and 
reporting according to the principles of Good Clinical Practice. 
We registered the trial with  ClinicalTrials. gov. Our trial protocol 
paper was published in 2018.15 The study was conducted at 
one Danish tertiary referral hospital with nationwide inclusion. 
All participants gave written informed consent. The trial was 
temporarily suspended from March to May 2020 due to the 
COVID-19 pandemic (see online supplemental appendix S4). A 
statistical analysis plan (see online supplemental appendix S2) 
was developed with subsequent closure (2 April 2020) before 
unmasking and analysis (10 June 2020).

Participants
We included adults who were between 18 and 75 years of age, 
fulfilled the Classification for Psoriatic Arthritis criteria,16 and 
had active peripheral disease, defined as three or more swollen 
joints, despite ongoing treatment with methotrexate at the 
maximal tolerable dose (≥15 mg/week) for at least 3 months 
prior to study inclusion. A washout period of 12 weeks (26 
weeks for biologic agents) was required in patients previously 
treated with intra- articular or systemic glucocorticoids, and 
non- methotrexate conventional synthetic and biologic disease- 
modifying antirheumatic drugs. Key exclusion criteria were 
immune- mediated arthritis other than PsA, IBD, cancer, severe 
chronic infection, and history of food allergy, severe food intol-
erance or coeliac disease.15

Donor selection and stool preparation
The transplants were obtained from four healthy stool donors 
recruited from a non- profit, public stool bank located at the 
local blood and tissue transplant service.17 Every step of the 
donation process and the laboratory handling were in agree-
ment with the requirements of the European Union’s regulative 
directives on human cells and tissues (2004/23/EC). Donors 
did not receive any compensation and had to pass an exten-
sive screening programme (see online supplemental table S3) 
before and after the 30- day donation cycle.15 Stool donations 
were transported to the stool bank facility within 1 hour after 

defaecation in an airtight container placed in a cooling bag. The 
donation was processed at normal room temperature within 2 
hours of delivery under aerobic conditions, including 10–15 s 
of blending, before storage at −80°C (median storage time: 20 
months; range: 2.5–30).18

Interventions
The transplant consisted of a single stool donation (50 g) mixed 
with saline (0.9%) and glycerol (10%) to a total volume of 250 
mL. Before transplantation, we thawed the material to 36°C. 
The sham transplant consisted of 250 mL saline (0.9%) mixed 
with three drops of food colouring (E150c). We performed the 
allocated treatment within 14 days of the baseline visit. Treat-
ment preparation included a 6- hour fast and one dose of oral 
proton- pump inhibitor. The transplant suspension was trans-
ferred into the third part of the duodenum via a closed system of 
tubes under gastroscopic guidance.

Outcomes
Safety was monitored by open assessment of adverse events 
(AEs) and evaluated before unmasking. The National Cancer 
Institute Common Terminology Criteria for Adverse Events 
version 5.0 was used to grade the severity.19 We evaluated 
causality for expected AEs of grade 2 and above and for all unex-
pected AEs regardless of severity. The primary efficacy endpoint 
was a composite outcome on the proportion of participants who 
experienced treatment failure through 26 weeks, defined as need 
for at least one of the following: more than one intra- articular 
glucocorticoid injection, and non- methotrexate conventional 
synthetic and/or biologic disease- modifying antirheumatic drugs. 
This endpoint covered disease activity and shared decision- 
making between the patient and the rheumatologist in accor-
dance with the European PsA recommendations.20 Three key 
secondary endpoints were evaluated at week 26: change from 
baseline in Health Assessment Questionnaire Disability Index 
(HAQ- DI),21 proportion of participants fulfilling the American 
College of Rheumatology (ACR20) response22 and change from 
baseline in the Spondyloarthritis Research Consortium of Canada 
(SPARCC) Enthesitis Index.23 Additional secondary outcomes 
addressed all essential domains in the PsA core outcome set24 
(see table 1).

Randomisation and masking
We assigned participants to FMT or sham transplantation using 
permuted blocks with varying sizes of four and six, according to 
computer- generated random numbers. These lists were gener-
ated by the trial statistician and uploaded to a concealed area of 
a password- protected trial database (REDCap25) by an indepen-
dent and otherwise trial agnostic data manager.15 The trial coor-
dinator implemented the randomisation. The randomisation 
record and the signed transfusion journals were stored in the 
database with restricted access separate from the patient record 
and other study data so the participants and the treating rheu-
matologists (ie, care providers and outcome assessors) remained 
unaware of treatment allocation and treatment.

Sample size and power considerations
Conceptually guided by the idea that at least twice as many 
participants in the sham group would be treatment failures, 
compared with the FMT group if the procedure should poten-
tially be considered clinically relevant, we wanted to randomly 
assign 80 patients with PsA to two groups (40 patients to each), 
providing a good statistical power (90%) to detect a difference 
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between two proportions (35% vs 70%) with a significance level 
of 5% (see further details in online supplemental appendices 
S1 and S2). In April 2019, we decided to stop recruitment by 
31 December 2019, thereby adhering to the original planned 
trial completion date of 1 July 2020 (see online supplemental 
appendix S3). The main reason for this was that essential funding 
would stop following this date. Due to a slower than expected 
recruitment rate, only 31 participants were enrolled.

Patient involvement
Patients were directly involved in the design, funding, recruit-
ment, conduct, reporting and dissemination of the study (see 
description at the end of the manuscript).

Statistical analysis
Analyses were based on the intention- to- treat (ITT) popu-
lation including all randomised individuals, independent of 

subsequent adherence to the trial protocol. To assess the effect 
of FMT on the risk of treatment failure during the 26- week 
trial, we compared groups using risk ratios with 95% CIs based 
on an unadjusted (crude) model. Time- to- treatment failure was 
analysed based on a Kaplan- Meier plot from baseline to week 
26 using Cox regression to estimate the HR with 95% CI and p 
value. Primary analyses in the ITT population at week 26 were 
based on a conservative treatment failure imputation default 
option for binary outcomes and a mixed- effects repeated 
measures model for continuous variables. For continuous 
outcome measures, we modelled between- group differences in 
outcomes at 0, 1, 2, 3, 4, 12 and 26 weeks with mixed- effects 
models, using time and group as categorical fixed- effect factors, 
interactions between time and group, random intercepts, and 
an unstructured covariance matrix; these models are reported 
as least squares means (and the difference between them) with 
95% CIs.

Table 1 Comparison of efficacy endpoints at week 26

Endpoint FMT (n=15) Sham (n=16)
Difference between groups
(95% CI)

Primary efficacy endpoint

Treatment failure (primary endpoint), n (%)†‡ 9 (60)* 3 (19) 3.20 (1.06 to 9.62)

Components of failure

Total patients receiving >1 IA glucocorticoid injection, n (%)‡ 2 (13) 1 (6) 2.13 (0.22 to 21.17)

Total patients starting non- methotrexate conventional synthetic DMARD(s), n 
(%)‡

0 (0) 1 (6) 0 (NA)

Total patients starting biologic DMARD(s), n (%)‡ 8 (53) 3 (19) 2.84 (0.92 to 8.76)

Key secondary efficacy endpoints

Change from baseline in HAQ- DI score§¶ −0.07 (−0.22 to 0.09)* −0.30 (−0.44 to −0.15) 0.23 (0.02 to 0.44)

ACR20 response, n (%)‡** 7 (47) 8 (50) 0.93 (0.45 to 1.94)

Change from baseline in SPARCC Enthesitis Index score††‡‡ −1.9 (−3.5 to −0.3) −4.3 (−5.8 to −2.8) 2.3 (0.1 to 4.5)

Other secondary efficacy endpoints

Modified PsARC response n (%)‡§§ 11 (73) 13 (81) 0.90 (0.61 to 1.33)

Change from baseline in DLQI score¶,¶¶*** −1.5 (−3.5 to 0.5) 0.8 (−0.9 to 2.4) −2.2 (−4.9 to 0.4)

Change from baseline in PASI score‡‡***††† 0.1 (−3.7 to 3.9) 0.3 (−2.4 to 2.9) −0.2 (−4.8 to 4.5)

Change from baseline in the number of digits affected with dactylitis‡‡*** −1.2 (−2.1 to −0.2) −1.5 (−2.7 to −0.4) 0.3 (−1.2 to 1.8)

ACR50 response, n (%)‡** 3 (20) 8 (50) 0.40 (0.13 to 1.23)

ACR70 response, n (%)‡** 1 (7) 6 (38) 0.18 (0.02 to 1.31)

Change from baseline in patient’s global assessment, VAS¶‡‡‡ −4.3 (−14.8 to 6.3) −25.6 (−35.4 to −15.7) 21.3 (6.9 to 35.7)

Change from baseline in arthritis pain, VAS¶‡‡‡ −8.8 (−19.1 to 1.6) −24.8 (−34.6 to −15.0) 16.0 (1.8 to 30.3)

Change from baseline in fatigue, VAS¶‡‡‡ −0.0 (−11.5 to 11.5) −18.1 (−29.0 to −7.2) 18.0 (2.2 to 33.9)

Change from baseline in tender joint count‡‡ −5.2 (−9.8 to −0.6) −9.9 (−14.2 to −5.5) 4.72 (−1.6 to 11.0)

Change from baseline in C reactive protein§§§ 0.4 (−1.0 to 1.7) −1.0 (−2.3 to 0.2) 1.4 (−0.4 to 3.2)

All analyses were performed according to the intention- to- treat principle.
*P<0.05 for comparison with sham. Statistical testing was stopped following ACR20 in accordance with the predefined testing hierarchy.
†Treatment failure was defined as need for at least one of the following: more than one intra- articular glucocorticoid injection, and non- methotrexate conventional synthetic 
and/or biologic disease- modifying antirheumatic drugs.
‡Comparison was calculated as risk ratios based on crude relative risk.
§HAQ- DI score ranges from 0 to 3, with higher scores indicating greater disability.
¶Comparison was calculated as least squares means based on repeated measures linear mixed model across time points (baseline and weeks 1, 2, 3, 4, 12 and 26).
**ACR20/50/70 response (≥20%/50%/70% improvement from baseline in the number of tender and swollen joints and in at least 3 of 5 other specified domains).
††SPARCC Enthesitis Index score ranges from 0 to 16, with higher scores indicating more severe disease.
‡‡Comparison was calculated as least squares means based on repeated measures linear mixed model across time points (baseline and weeks 12 and 26).
§§Modified PsARC response (two of the following, one of which has to be a tender (68) and swollen (66) joint count, and no worsening of any measure: tender or swollen joint 
count improvement of 30% and/or patient global or physician global improvement of at least 1 point on the 5- point Likert scale).
¶¶DLQI score ranges from 0 to 30, with higher scores indicating more severe disease.
***PASI score, DLQI score and dactylitis count only in patients with baseline value >0.
†††PASI score ranges from 0 to 72, with higher scores indicating more severe disease.
‡‡‡VAS of 0–100, with higher scores indicating greater disease activity or pain.
§§§Comparison was calculated as least squares means based on repeated measures linear mixed model across time points (baseline and weeks 4, 12 and 26).
ACR, American College of Rheumatology; DLQI, Dermatology Life Quality Index; DMARD, disease- modifying antirheumatic drug; FMT, faecal microbiota transplantation; HAQ- DI, 
Health Assessment Questionnaire Disability Index; IA, intra- articular; NA, not available; PASI, Psoriasis Area Severity Index; PsARC, Psoriatic Arthritis Response Criteria; SPARCC, 
Spondyloarthritis Research Consortium of Canada; VAS, Visual Analogue Scale.
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All p values and 95% CIs were two- sided. We did not apply 
adjustments for multiplicity, rather we analysed the three key 
secondary outcomes in a prioritised order with a gatekeeping 
rule for serial testing. The other secondary outcomes are 
presented without conducting any formal statistical testing. 
Safety data are summarised descriptively in the full analysis set. 
In addition, we conducted a per- protocol analysis (see online 
supplemental table S1 and online supplemental figure S1) which 
included participants in whom the assigned transplant was 
successfully transferred into the third part of the duodenum. In 
addition, participants were excluded (censored) from the anal-
ysis following the day where they were categorised as treatment 
failures. Results of additional sensitivity analyses (including anal-
yses based on the ITT population with missing data handled with 
multiple imputation) are presented in online supplemental table 
S2. We performed analyses using StataSE-64 V.16.1.

RESULTS
Participants
We enrolled participants to the trial between 16 May 2017 
and 11 December 2019 at one Danish tertiary referral hospital 
(nationwide recruitment) with 26- week follow- up until 2 June 
2020. Of 97 patients screened, 31 (32%) fulfilled the study 
requirements and were randomised to FMT or sham transplan-
tation. All received the assigned intervention and 30 (97%) 
completed the clinical evaluation at week 26 (figure 1). Demo-
graphics and clinical characteristics of the two groups were 
comparable at baseline (table 2), except for some imbalance in 
sex and disease duration. Of the 31 participants, 27 (87%) had a 
personal history of skin psoriasis. A complete list of medication 
is presented in online supplemental table 4.

Safety
We observed no serious AEs or deaths in any of the groups. 
Forty- seven AEs occurred in 14 participants (93%) receiving 
FMT, and 53 AEs occurred in 14 participants (88%) receiving 
sham. No participants withdrew from the trial due to AEs. In 
the FMT group, AEs were mainly related to the gastrointestinal 
tract and included abdominal discomfort, flatulence, nausea 
and vomiting. One case of diverticulitis was deemed unrelated 
to FMT because the participant had a history of diverticulitis 
before trial enrolment and the episode occurred 24 weeks after 
FMT.

Three AEs were deemed related to the gastroscopic proce-
dure. Of those, facial capillary rupture and uncontrolled defae-
cation both occurred within an hour of the procedure. The third 
procedure- related AE was exacerbation of known asthmatic 
disease (grade 2) 3 days after the procedure. This participant 
vomited during the gastroscopy. We did not suspect pulmonary 
aspiration, and the clinical evaluation (including measures of C 
reactive protein) performed by the participant’s general prac-
titioner 4 and 7 days after the procedure did not suggest an 
underlying bacterial aetiology. A complete list of AEs, routine 
laboratory findings and metabolic changes is presented in table 3.

Efficacy
During the entire 26 weeks of observation, the rate of the 
primary outcome (treatment failure) was significantly higher 
in the FMT than in the sham group (HR, 4.87 (95% CI 1.31 
to 18.18); p=0.018) (see figure 2). After 26 weeks, treatment 
had failed in more FMT- treated participants (9 of 15, 60%) 
than sham- treated participants (3 of 16, 19%) (crude rela-
tive risk, 3.20 (95% CI 1.06 to 9.62); p=0.018) (see table 1). 

Starting biologic disease- modifying antirheumatic drug was 
the main reason for being categorised as treatment failure 
(8 of 15 (53%) vs 3 of 16 (19%)). In the FMT group, eight 
patients (53%) had initiated biologic therapy at the 12- week 
visit compared with two (13%) in the sham group. The median 
time from trial intervention to starting biologics was 32 days 
(IQR 23–64) in the FMT group and 99 days (IQR 60–175) 
in the sham group. The median time from starting biologics 
to evaluation at week 26 was 155 days (IQR 118–173; total 
group exposure time, 995 days) in the FMT group and 70 
days (IQR 0–126; total group exposure time, 196 days) in the 
sham group.

The HAQ- DI decreased more (indicating better physical func-
tion) in the sham group than in the FMT group (least squares 
means, −0.30 (95% CI −0.44 to −0.15) vs −0.07 (95% CI 
−0.22 to 0.09), difference 0.23 (0.02 to 0.44); p=0.031). The 
trajectories for HAQ- DI by treatment group from baseline to 
week 26 are presented in figure 3. Hierarchical statistical testing 
failed with regard to the proportion of ACR20 responders when 
comparing the FMT group with sham (7 of 15 (47%) vs 8 of 16 
(50%); crude relative risk, 0.93 (0.45 to 1.94)).

Figure 1 Patient disposition. Reasons for not meeting study criteria 
(n=48): not diagnosed with psoriatic arthritis (n=5), not ≥3 swollen 
joints (n=11), treated with other csDMARD (n=2) or bDMARD (n=5), 
methotrexate (≥15 mg/week) toxicity (n=6), age below or above limit 
(n=3), systemic inflammatory comorbidity (n=1), living abroad (n=14) 
and closed inclusion 2 days after initial contact (n=1). bDMARD, 
biologic disease- modifying antirheumatic drug; csDMARD, conventional 
synthetic disease- modifying antirheumatic drug; FMT, faecal microbiota 
transplantation; ITT, intention- to- treat.
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Table 2 Baseline demographics and disease characteristics

Characteristics FMT (n=15) Sham (n=16) Total (N=31)

Female sex, n (%) 8 (53) 12 (75) 20 (65)

Age, years 48.9 (16.1) 52.4 (11.0) 50.7 (13.6)

Height, cm 175.2 (7.0) 169.8 (8.6) 172.4 (8.2)

Weight, kg 93.6 (15.4) 92.4 (24.8) 93.0 (20.5)

Time since diagnosis, years* 2.6 (0.3–5.8) 5.6 (0.5–8.8) 3.7 (0.5–8.3)

Rheumatoid factor IgM negative, n (%)† 13 (93) 15 (94) 28 (93)

Anticitrullinated peptide antibody negative, n (%)† 14 (100) 16 (100) 30 (100)

HLA-B27 negative, n (%) 15 (100) 13 (81) 28 (90)

C reactive protein, mg/L 4.98 (7.18) 5.54 (5.87) 5.27 (6.43)

HAQ- DI‡ 0.89 (0.51) 0.78 (0.50) 0.83 (0.50)

Swollen joint 66 count 7.5 (3.0) 6.7 (2.7) 7.1 (2.8)

Tender joint 68 count 14.9 (8.9) 17.3 (8.8) 16.1 (8.8)

SPARCC Enthesitis Index§

 Score ≥1, n (%) 13 (87) 15 (94) 28 (90)

  Score in patients with a score ≥1 8.1 (4.3) 7.2 (3.3) 7.6 (3.8)

Dactylitis

 Affected digit(s) ≥1, n (%) 6 (40) 4 (25) 10 (32)

 Digits affected in patients with affected digit(s) 
≥1

1.5 (0.5) 1.5 (0.6) 1.5 (0.5)

Physician’s global assessment of disease activity, 
VAS¶

35.1 (15.8) 31.4 (13.0) 33.2 (14.3)

Patient’s global assessment of disease activity, 
VAS¶

56.1 (22.3) 56.0 (23.7) 56.0 (22.7)

Arthritis pain, VAS¶ 54.1 (23.3) 48.8 (19.9) 51.9 (21.3)

Fatigue, VAS¶ 56.5 (26.2) 57.4 (26.4) 57.0 (25.9)

Presence of nail disease, n (%) 12 (80) 10 (63) 22 (71)

PASI**

 Score >0, n (%) 4 (27) 6 (38) 10 (32)

  Score in patients with a score of more than 0 1.07 (2.09) 1.39 (2.17) 1.24 (2.11)

DLQI score††

 Score >0, n (%) 9 (60) 12 (75) 21 (68)

 Score in patients with a score of more than 0 2.1 (3.9) 1.8 (1.7) 1.9 (2.9)

Methotrexate

 Oral administration route, n (%) 2 (13) 4 (25) 6 (19)

 Oral dose, mg/week 15.0 (0.0) 20.0 (4.1) 18.3 (4.1)

 Subcutaneous administration route, n (%) 13 (87) 12 (75) 25 (81)

 Subcutaneous dose, mg/week 20.0 (4.1) 20.0 (3.7) 20.0 (3.8)

Previous use of biologic DMARD, n (%) 2 (13) 3 (19) 5 (16)

Previous use of non- methotrexate conventional 
synthetic DMARD, n (%)

4 (27) 3 (19) 7 (23)

Antibiotics within 1 year of inclusion, n (%) 4 (27) 6 (38) 10 (32)

Positive IgG serology‡‡

  Yersinia, n (%) 0 (0) 1 (6) 1 (3)

  Campylobacter, n (%) 0 (0) 0 (0) 0 (0)

  Salmonella, n (%) 0 (0) 1 (6) 1 (3)

Faecal calprotectin, mg/kg§§ 29 (17–63) 27 (15–72) 28 (15–68)

Stool frequency per week 10.4 (3.7) 10.7 (4.3) 10.6 (4.0)

Bristol Stool Scale score¶¶ 4.3 (1.3) 3.6 (1.3) 4.0 (1.3)

Presence of gastrointestinal symptoms within the 
last week

 Abdominal pain¶ 14.1 (14.7) 23.9 (23.4) 19.2 (20.0)

 Pyrosis, n (%) 2 (13) 2 (13) 4 (13)

 Nausea, n (%) 6 (40) 3 (19) 9 (29)

 Vomiting, n (%) 1 (7) 0 (0) 1 (3)

 Mucus in the stool, n (%) 3 (20) 1 (6) 4 (13)

 Blood in the stool, n (%) 1 (7) 0 (0) 1 (3)

Smoking status

 Current, n (%) 5 (33) 4 (25) 9 (29)

Continued
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DISCUSSION
Modification of the immunogenic, intestinal microbial 
communities and their metabolites associated with immune- 
mediated diseases has been highlighted as a possible way to 
either directly or indirectly modulate a dysregulated immune 
response in the recipient. In this first FMT trial in PsA, we 
performed one upper, single- donor FMT to evaluate safety 
and efficacy in patients with active, peripheral PsA treated with 
steady state dose methotrexate (≥15 mg/week). Most impor-
tantly, one FMT appeared to be safe in this patient population. 
Contrary to our hypothesis, the rate of treatment failure (ie, 
patients needing treatment intensification) was significantly 
higher in the FMT group than in the sham group. Likewise, 
the HAQ- DI improved more in sham- treated (indicating better 
physical function) than in FMT- treated patients.26 The event 
curve (figure 2) demonstrates that treatment failure occurred 
very quickly after the procedure in patients receiving FMT. 
Because of the comparable disease activity between groups at 
baseline, our findings suggest that FMT from selected donors 
can worsen the symptoms of PsA. This contrasts a case report 
of a patient with PsA where FMT seemed to assert beneficial 
effects on the arthritic disease.27

FMT for other immune- mediated conditions such as IBD 
has demonstrated local therapeutic immune- modulating abili-
ties, and disease flares following FMT seem to occur in similar 
rates among control group patients.13 Although transient 
increase in C reactive protein and self- limiting fever are well- 
known side effects associated with an immunological response 
in patients receiving FMT for C. difficile infection and/or 
IBD,28 based on the existing evidence, thoroughly screened 
stool for FMT is in general considered safe and has not been 
related to severe immune responses. Hence, our findings add 
to the growing body of evidence suggesting a gut–joint axis in 
the pathogenesis of PsA.29 30

A strength of our study is that we designed the trial to provide 
results relevant to clinical practice. This included the use of 
FMT products from routine treatment of recurrent C. difficile 
infections, the timing of the intervention, the long follow- up, 
the allowance of antibiotics and other medication during 
follow- up (except for non- methotrexate disease- modifying 
antirheumatic drugs), and the lack of diet restrictions. Due to 
the randomised design, allocation concealment, masking of 
patients and treating rheumatologists/outcome assessors, high 
treatment adherence, low attrition, no missing data on the 

primary outcome, and only few cases of protocol violations 
(see online supplemental text S1), we deem the risk of bias 
to be low. Furthermore, because our decision to stop the trial 
before reaching 80 patients was made independently of the 
trial findings, we do not expect that this decision has biased 
the results.31 Nevertheless, the small study population did 
affect the precision of the trial estimates, making the conclu-
sions less robust.

Limitations include the initiation of additional disease- 
modifying antirheumatic drugs in patients experiencing 
treatment failure, which may likely have exerted positive 
effects on the secondary outcomes (HAQ- DI, ACR20 and 
SPARCC Enthesitis Index) evaluated at week 26. Although 
this may especially be true for the FMT group, where the 
majority of participants received biologics within the first 12 
weeks of the trial, this explanation is not valid in the sham 
group, where less than one in five received additional treat-
ment. Hence, the significant clinical improvement observed 
in this group suggests the presence of trial participation 
effects.32 Findings from a qualitative study nested within 
the trial support this notion.33 Nevertheless, based on the 
double- blind, randomised design and the fairly comparable 
demographics and disease characteristics of FMT- treated 
and sham- treated patients at baseline, we have no reason to 
believe that exposure, intensity and susceptibility of these 
effects differed between groups.34

The compositional nature of the primary endpoint 
combining both the patient’s values, preferences and needs in 
relation to the outcome domains that were important to him/
her (eg, pain, physical function, fatigue and social participa-
tion) with the physician’s assessment of disease (eg, muscu-
loskeletal disease activity and systemic inflammation), in 
addition to the very high ACR50/70 response in the sham 
group, complicated the interpretation of the trial results. For 
example, we cannot rule out that parts of patients’ percep-
tions of the disease, and the resulting motivation for receiving 
additional treatment, could have been affected by elements of 
the disease not related to active inflammation (which was our 
hypothesised target of the FMT) such as central sensitisation 
and structural damage. In addition, while measures of disease 
activity appeared comparable between groups at baseline, the 
(random) imbalance in sex and disease duration could hypo-
thetically have had an effect on the between- group differences 
in the primary and secondary outcomes.

Characteristics FMT (n=15) Sham (n=16) Total (N=31)

 Previous, n (%) 4 (27) 8 (50) 12 (39)

  Never, n (%) 6 (40) 4 (25) 10 (32)

Alcohol consumption, units per week 0.9 (0.9) 0.8 (0.6) 0.8 (0.7)

Data are mean (SD) or n (%) unless otherwise stated.
*Time since diagnosis of psoriatic arthritis is presented as median and IQR.
†Presence of rheumatoid factor (IgM) and anticitrullinated peptide antibody was not accessed in one patient from the FMT group.
‡HAQ- DI scores range from 0 to 3, with higher scores indicating greater disability.
§SPARCC Enthesitis Index scores range from 0 to 16, with higher scores indicating more severe disease.
¶This evaluation is based on a VAS of 0–100, with higher scores indicating greater disease activity or pain.
**PASI scores range from 0 to 72, with higher scores indicating more severe disease.
††DLQI scores range from 0 to 30, with higher scores indicating more severe disease.
‡‡Serology specification: Salmonella enteritidis and S. typhimurium, Yersinia enterocolitica, and Campylobacter coli and C. jejuni.
§§Median (IQR). Lower detectable limit of faecal calprotectin is 15 mg/g.
¶¶Bristol Stool Scale scores range from 1 to 7, with types 1 and 2 indicating constipation, types 3 and 4 normal, and types 5–7 tending towards diarrhoea (loose to watery stool).
DLQI, Dermatology Life Quality Index; DMARD, disease- modifying antirheumatic drug; FMT, faecal microbiota transplantation; HAQ- DI, Health Assessment Questionnaire 
Disability Index; HLA- B27, human leukocyte antigen- B27; PASI, Psoriasis Area Severity Index; SPARCC, Spondyloarthritis Research Consortium of Canada; VAS, Visual Analogue 
Scale.

Table 2 Continued
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Furthermore, the participants of our trial constituted 
primarily adults with active, polyarticular PsA, which is a 
relatively rare condition in clinical practice.20 Consequently, 
although the spectrum of patients with PsA that are enrolled 
in pharmacological trials is skewed towards this study popu-
lation, the ability to generalise our findings to the majority of 
patients with PsA is limited. Moreover, because only 10 partic-
ipants (32%) had active skin psoriasis at the time of inclu-
sion, this trial was not suited for assessment of the potential 
of microbiota modulation in cutaneous inflammation. Finally, 
our study was neither large enough nor long enough to eval-
uate uncommon serious AEs and long- term risks.35

Previous findings in patients with ulcerative colitis indicate 
that one FMT regimen performed within 1 week is insufficient 
to maintain long- lasting (12 months) local anti- inflammatory 
response in the majority of patients with a beneficial response 
after 8 weeks.36 Hence, we could have missed early clinical 
significant changes in the secondary outcomes that abated 
before the 26- week evaluation. In addition, pooled donor 
batches and high- intensity induction of FMT followed by 
frequent administration of donor transplant seem to enhance 
the chances for clinical remission in ulcerative colitis.36–38 
Perhaps as importantly, previous successes of FMT in IBD 
appear to have been driven by ‘super- donors’ characterised 
by the presence or absence of specific bacteria species.36 39 To 
further complicate this picture, matching of donor and recip-
ient could be another important factor to consider.

Table 3 Adverse events through 26 weeks

AE events*
FMT (n=15)
PYRS=7.4

Sham (n=16)
PYRS=8.5

Total AEs, n 57 53

Total patients with AE, n (%) 14 (93) 14 (88)

Total SAEs, n 0 0

Total patients with SAE, 
n (%)

0 0

Withdrawal due to any AE, 
n (%)

0 0

Withdrawal due to any SAE, 
n (%)

0 0

Death, n (%) 0 0

AEs of special interest†

Change from baseline in 
abdominal pain, VAS‡§

8.8 (1.9 to 15.7) −18.0 (−24.5 to −11.4)

Change from baseline in 
Bristol Stool Scale score, 
types 1–7§¶

−0.2 (−0.7 to 0.3) 0.0 (−0.5 to 0.5)

Change from baseline in 
faecal calprotectin, mg/kg**

86 (−60 to 324) 16 (−36 to 69)

Total episodes of patient- 
reported fever, n

13 12

Patients treated with 
antibiotics, n (%)

2 (13) 5 (31)

Nausea, n (%) 9 (60) 7 (44)

Reflux, n (%) 8 (53) 8 (50)

Vomiting, n (%) 6 (40) 1 (6)

Blood in the stool, n (%) 0 (0) 1 (6)

Mucus in the stool, n (%) 4 (27) 0 (0)

Elevated plasma alanine 
aminotransferase (men >70 
U/L; women >45 U/L), n (%)

2 (13) 5 (31)

Abnormal white cell count

 Low (<3.50×109/L), n (%) 0 (0) 0 (0)

  High (>8.80×109/L), n (%) 5 (33) 6 (38)

Abnormal platelet count

 Low (men <145×109/L; 
women <165×109/L), 
n (%)

0 (0) 1 (6)

 High (men >350×109/L; 
women >400×109/L), 
n (%)

1 (7) 2 (13)

Low level of haemoglobin 
(men < 134 g/L; women < 
118 g/L), n (%)

3 (20) 1 (6)

Change in weight, kg†† 0.9 (−0.6 to 2.3) −0.1 (−1.5 to 1.2)

Change in haemoglobin A1c 
level, mmol/mol††

1.43 (0.35 to 2.52) 0.31 (−0.70 to 1.33)

Change in plasma cholesterol 
level, mmol/L††

0.23 (−0.03 to 0.49) −0.08 (−0.31 to 0.16)

Change in plasma low- 
density lipoprotein 
cholesterol level, mmol/L††

0.13 (−0.08 to 0.34) −0.14 (−0.33 to 0.05)

Change in plasma high- 
density lipoprotein 
cholesterol level, mmol/L††

0.05 (−0.05 to 0.15) −0.01 (−0.10 to 0.08)

Change in plasma triglyceride 
level, mmol/L††

−0.01 (−0.37 to 0.34) 0.15 (−0.17 to 0.47)

Other reported AEs, n (%)†

Pneumonia 1 (7) 1 (6)

Gastroenteritis 0 (0) 1 (6)

Sinusitis 0 (0) 1 (6)

Continued

AE events*
FMT (n=15)
PYRS=7.4

Sham (n=16)
PYRS=8.5

Wound infection 0 (0) 1 (6)

Cystitis 1 (7) 1 (6)

Conjunctivitis 0 (0) 1 (6)

Diverticulitis 1 (7) 0 (0)

Influenza symptoms 0 (0) 1 (6)

Bronchial asthma 
exacerbation

1 (7) 0 (0)

Benign paroxysmal positional 
vertigo

0 (0) 1 (6)

Flatulence 1 (7) 0 (0)

Uncontrolled defaecation 1 (7) 0 (0)

Facial capillary rupture 0 (0) 1 (6)

Full analysis set: all patients who were randomly assigned to a study group and had 
exposure to the intervention (FMT or sham) independent of group.
*Any AEs: data are number of events or number of patients (%). Treatment with 
antibiotics was not counted as a separate AE.
†AEs of special interest and other reported AEs: dichotomous data are number of 
patients with at least one episode (%) unless otherwise specified.
‡VAS of 0–100, with higher scores indicating greater disease activity or pain.
§Abdominal pain and Bristol Stool Scale score are reported as the main effect 
of group based on a repeated measures linear mixed model across time points 
(baseline, week 1, week 2, week 3, week 4, week 12 and week 26).
¶Bristol Stool Scale score ranges from 1 to 7, with types 1 and 2 indicating 
constipation, types 3 and 4 normal, and types 5–7 tending towards diarrhoea (loose 
to watery stool).
**Faecal calprotectin is reported as the main effect of group based on a repeated 
measures linear mixed model (bootstrap SE) across time points (baseline, week 4, 
week 12 and week 26).
††The metabolic markers (weight, haemoglobin A1c, cholesterol and triglyceride) 
are evaluated as change from baseline to week 26. Positive values signify an 
increase, whereas negative values signify a decrease.
AE, adverse event; FMT, faecal microbiota transplantation; PYRS, person years at 
risk; SAE, serious adverse event; VAS, Visual Analogue Scale.

Table 3 Continued
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In conclusion, further investigation is needed to explore 
whether extrinsic factors related to the FMT method, such 
as single versus multiple donor batches, fresh versus frozen 
products, aerobic versus anaerobic environment, type of 
stool preparation protocol, storage time, freeze–thaw cycles, 
pretreatment preparation such as bowel lavage and antibi-
otics, delivery form, and overall treatment strategy (dose and 
frequency), may influence the outcome of FMT in PsA.40 Future 
FMT trials could pursue an approach that is similar to the 
ones used in IBD studies.41 Moreover, evaluation of dysbiosis 
in patients (or donors) prior to trial entry could hypothetically 

enhance FMT efficiency. Other mechanisms that should be 
thoroughly investigated in future studies include the degree 
and durability of donor microbiota engraftment, changes in 
patients’ microbiota following FMT and comparator inter-
vention, and characterisation of ‘good’ and ‘bad’ donations. 
Indeed, the lack of comprehensive microbiota analyses is a 
limitation of the current study.

In this preliminary randomised controlled trial with focus 
on safety, we did not observe any serious AEs. Although no 
firm conclusions can be drawn from this small trial and despite 
the similar proportions of ACR20 responders between groups 
at 26 weeks, our findings indicate that FMT may lead to 
worsening of PsA, suggesting a role of the intestinal micro-
biota in downstream immune effects of this disease. Larger, 
randomised trials of FMT where a sufficient amount of partic-
ipants will be included combined with exploration of immu-
nological effects and indepth analyses of the composition and 
functional potential of the microbiota in donor and recipients 
should be undertaken to further investigate the safety and 
potential benefits of therapeutic targeting of the gut–joint axis 
in immune- mediated arthritis.

Patient and public involvement
Patients and the public played an important part in all elements 
of the research process beyond the conception of the trial. In 
the design phase, we asked patients who attended the outpa-
tient clinic to provide input on ethical challenges and trial logis-
tics, especially regarding donor selection and method of FMT 
administration. Patients also gave feedback to the wording and 
design of patient information material and recruitment flyers. 
During the undertaking of the trial, we asked patient organisa-
tion and the public to assist the refinement of our recruitment 
strategy and to help with publicity and funding. Following the 
last trial visit and before unmasking, we interviewed 10 partic-
ipants about their trial experiences, which provided insight 
into their motivation for participation, impact on everyday 
life, FMT acceptability, and factors related to the trial that 
may have promoted trial participation effects (the results of 
this qualitative study will be presented elsewhere). In the 
dissemination phase of the trial, we invited a patient research 
partner (MW), who did not participate in the trial, to become 
coauthor. He made valuable suggestions for improving the 
reporting of the study and helped us clarify the main findings 
as seen from a patient’s perspective. Finally, we disseminated 
the results of the trial in a letter to all study participants and 
invited them to attend an online meeting, where we further 
explained and discussed the findings of the trial.
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ABSTRACT
Objective We sought to test the hypothesis that Polygenic 
Risk Scores (PRSs) have strong capacity to discriminate cases 
of ankylosing spondylitis (AS) from healthy controls and 
individuals in the community with chronic back pain.
Methods PRSs were developed and validated in 
individuals of European and East Asian ethnicity, using 
data from genome- wide association studies in 15 585 
AS cases and 20 452 controls. The discriminatory values 
of PRSs in these populations were compared with other 
widely used diagnostic tests, including C- reactive protein 
(CRP), HLA- B27 and sacroiliac MRI.
Results In people of European descent, PRS had high 
discriminatory capacity with area under the curve (AUC) 
in receiver operator characteristic analysis of 0.924. This 
was significantly better than for HLA- B27 testing alone 
(AUC=0.869), MRI (AUC=0.885) or C- reactive protein 
(AUC=0.700). PRS developed and validated in individuals 
of East Asian descent performed similarly (AUC=0.948). 
Assuming a prior probability of AS of 10% such as in patients 
with chronic back pain under 45 years of age, compared with 
HLA- B27 testing alone, PRS provides higher positive values 
for 35% of patients and negative predictive values for 67.5% 
of patients. For PRS, in people of European descent, the 
maximum positive predictive value was 78.2% and negative 
predictive value was 100%, whereas for HLA- B27, these 
values were 51.9% and 97.9%, respectively.
Conclusions PRS have higher discriminatory capacity 
for AS than CRP, sacroiliac MRI or HLA- B27 status alone. 
For optimal performance, PRS should be developed for 
use in the specific ethnic groups to which they are to be 
applied.

INTRODUCTION
Ankylosing spondylitis (AS) affects approximately 
0.2%–0.6% of individuals of European descent and 
Chinese.1 2 Early treatment with biologic therapies 

in those with more severe forms of the disease 
achieves more effective clinical responses3 and 
probably reduces the rate joint fusion in the long 
term.4 However, other causes of chronic back pain 
are common in the community, and AS is respon-
sible for only a minority of these cases. It can be 
difficult to distinguish AS from other causes of back 
pain, particularly early in the disease with the conse-
quence that the diagnosis of AS is often significantly 
delayed; many surveys undertaken in a variety of 
different health systems suggest an average delay 
of 6–10 years.5–7 A recent North American survey 
reported that fewer than half (37.1%) of patients 
with AS reported that they were correctly diag-
nosed within 1 year of seeking medical attention, 
and 32.8% waited more than a decade to receive 
the diagnosis.7 Population surveys suggest that as 
many as 80% of cases in the community remain 

Key messages

What is already known about this subject?
 ► HLA- B27 testing is widely used in the diagnostic 
pathway in ankylosing spondylitis (AS), but only 
captures a moderate proportion (~20%) of the 
overall genetic risk for the disease.

What does this study add?
 ► Polygenic Risk Scores (PRSs) for AS perform 
better than HLA- B27 testing and other standard 
diagnostic tests employed in AS including 
C- reactive protein measurement and MRI 
scanning.

How might this impact on clinical practice or 
future developments?

 ► PRS for AS should be used to assist diagnosing 
AS among patients with chronic back pain.
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undiagnosed8 and therefore may not receive appropriate effec-
tive treatment. There is thus a great need for improved testing to 
improve early accurate diagnosis.

Currently, the most widely used tests for AS in those with 
chronic back pain are measurements of acute phase reactants, 
such as erythrocyte sedimentation rate and C- reactive protein 
(CRP), genetic testing for HLA- B27 and imaging—either plain 
radiographs or MRI of the sacroiliac joints.9 However, each of 
these tests has limitations. In brief, acute phase reactants and 
MRI are only positive after disease develops and are therefore 
not useful for predicting disease risk. Acute phase reactants 
have only moderate sensitivity and specificity, particularly in 
early disease. MRI is expensive and is not universally avail-
able. Genetic factors are the major determinants of the risk of 
developing AS, with heritability assessed in twins of >90%.10 11 
Although HLA- B27 alone contributes 20% of the variation in 
disease risk,12 the remainder of the genetic risk is determined by 
thousands of common genetic variants, each of which has only 
a very small effect. Polygenic Risk Scores (PRS) use combina-
tions of hundreds to thousands of genetic variants to quantify 
an individual’s genetic risk of disease. Unlike HLA- B27 testing 
which is categorical or dichotomous in outcome, PRS are contin-
uous measures. They are of particularly strong predictive value 
for low- frequency diseases with high heritability,13 such as AS. 
Here, we describe the development and validation of PRS for AS 
in two different ethnic groups and compare its performance to 
standard screening or diagnostic tests.

METHODS
Study population
AS was defined according to the modified New York criteria.14 
Following genotyping quality control, there were 8244 cases 
and 14 274 controls of western European descent; 6001 cases 
and 4493 controls of East Asian (Chinese) descent; and 1340 
cases and 1685 controls of Turkish and Iranian origin, respec-
tively. Written informed consent was obtained from all cases, 
with approval from the relevant research ethics authorities at 
each participating centre. Cohort details are provided in online 
supplemental table S1.

Genetic data
Samples were genotyped using the Illumina Core- Exome SNP 
genotyping microarray, according to the manufacturer’s recom-
mendations (chip versions used per cohort are provided in online 
supplemental table S1). Bead intensity data were processed 
and normalised for each sample, and genotypes called, using 
Genome Studio V.2.0 software (GenomeStudio Software Down-
loads ( illumina. com)). Standard quality control measures as 
outlined in the Supplementary Methods were applied including 
identification and exclusion of cryptic- related samples, exclu-
sion of samples with an outlying heterozygosity rate (3 SD from 
the mean in each cohort) or excess missingness (>5%). Single 
nucleotide polymorphisms (SNPs) with genotyping missing rate 
>2%, p value of Hardy- Weinberg equilibrium test <1×10-6, or 
with allele frequency <1% were removed. Population stratifi-
cation was accessed using Shellfish (http://www. stats. ox. ac. uk/~ 
davison/ software/ shellfish/ shellfish. php). PRS analyses were 
performed with and without inclusion of principal components 
and gender as covariates. Results including principal compo-
nents and gender as covariates are reported in online supple-
mental table S2 and are very similar to the results not including 
these covariates.

HLA- B27 imputation was performed using SNP2HLA, using 
a deep sequencing Chinese reference panel (n=10 689)15 for 
East Asian samples and Type 1 Diabetes Genetics Consortium 
(n=5225) panel of combined HLA types and MHC SNP geno-
types for all other subjects.16

PRS were calculated for each individual using the adaptive 
MultiBLUP algorithm (implemented in the software LDAK 
V.5.0).17 LDAK first divides the genetic data into chunks of size 
75 000 bp and then performs association test for all the chunks 
and thinned out SNPs in strong linkage disequilibrium. The 
significant chunks with p value <1×10-5 and all adjacent chunks 
with p value <0.01 are merged into regions. Then the variance 
components and effect size of SNPs are estimated, and the effect 
size of the SNPs used to calculate the PRS. A 10- fold cross- 
validation analysis was performed as internal validation; a sepa-
rate external validation was performed in the British and North 
American subjects, as well as through comparison of perfor-
mance of PRS trained in either European descent or East Asian 
subjects, then validated in a separate ethnic group. In regard to 
cross- validation studies, the case–control cohort being studied 
is divided into 10 equal folds randomly with same case–control 
ratio. Nine folds of samples were used as a training set and the 
remaining fold of samples was retained as the validation data 
for testing the model generated by the training set. The process 
was repeated 10 times, with each of the 10- folds used only 
once as the validation data. The out- of- fold predictions based 
on the effect sizes of the selected SNPs were obtained for the 
test fold. All the predictions of 10 test folds were merged, after 
which statistical analysis was performed using all out- of- fold 
test set predictions to maximise sample size for internal testing. 
The resulting weighted predictors were then applied to the test 
cohort to obtain per sample scores from which the area under 
the curve (AUC) was obtained using receiver operator character-
istic (ROC) analysis. R package pROC was used to calculate the 
95% CI of the AUC and also compare AUCs from two models.18 
Positive (PPV) and negative predictive values (NPV) were then 
calculated for PRS centiles, assuming different prior probabil-
ities of AS. The continuous net reclassification improvement 
(NRI),19 a statistic that aims to quantify differences in classifica-
tion performance of different models, was calculated using the 
R package PredictABEL20 and used to compare accuracy of diag-
nostic assignment by HLA- B27 testing and PRS.

RESULTS
ROC analyses of test discriminatory capacity are summarised in 
table 1. In 10- fold cross- validation in this case–control cohort, 
the PRS had AUC of 0.924 (95% CI 0.920 to 0.928) (figure 1). 
The AUC of HLA- B27 testing alone was 0.869 (95% CI 0.865 
to 0.874), which was statistically significantly less discrimina-
tory than the PRS (p<2.2×10-16). Additionally, the NRI was 
positive (0.717, 95% CI 0.692 to 0.743), confirming that the 
PRS is an improvement on HLA- B27 alone. A PRS including 
only non- MHC SNPs performed less well (AUC 0.782), as did 
a PRS including only 103 (genotyped or imputed) loci previ-
ously reported to have achieved genome- wide significance in 
AS (AUC=0.659).21 MRI has a reported sensitivity of 85% and 
specificity of 92% in AS,22 which correlates with an AUC of 
0.885. CRP has a reported sensitivity of 50% and specificity of 
80% for the disease (AUC=0.7).23

To test the performance of the PRS using external valida-
tion, the European descent cases were divided into British 
and North American cohorts, and controls divided in the 
same proportion as the two case cohorts. PRS was then 
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developed in the British training set (n=6499 cases, 12 163 
controls) and externally validated in the North American 
case–control cohort (n=1128 cases, 2111 controls). The 
PRS in the North American cohort had AUC of 0.928 (95% 
CI 0.918 to 0.939), significantly higher than HLA- B27 
alone (0.895, 95% CI 0.883 to 0.906, p=1.73×10-5) (online 
supplemental figure S1). These findings are very similar to 
the cross- validation analysis of the overall dataset reported 
above.

The PRS developed in all the European descent subjects, 
with 3994 SNPs (including 2244 major histocompatibility 
complex (MHC) SNPs), had moderate discriminatory 
capacity in East Asian, Iranian and Turkish cases and controls 
(AUC=0.788, 0.852 and 0.854, respectively), better than the 
performance of HLA- B27 alone in the Iranian and Turkish 
cohorts, but not in East Asians. In contrast, the PRS devel-
oped in East Asian subjects, then tested by cross- validation 
(i.e. also in East Asian subjects), had much better discrim-
inatory capacity (AUC=0.948, 95% CI 0.943 to 0.952) 

than did the PRS developed in European descent subjects 
when tested in East Asian subjects. The PRS involving 8659 
SNPs (including 2417 MHC SNPs) developed with all the 
East Asian subjects also performed well in European descent 
subjects (AUC=0.880, online supplemental figure S2), better 
than the discriminatory performance of HLA- B27 in each of 
the other three populations tested.

In clinical practice, the utility of all such tests depends 
on the prior probability of the disease concerned. The PPV 
and NPV of the PRS and HLA- B27 in European subjects are 
presented in figure 2 in the setting of a patient under 45 
years of age, attending a physician with a history of back 
pain for 3 months or more. Published studies report that 
in this setting the prior probability of AS is ~30%,24–26 but 
as this may vary according to referral patterns, we have 
additionally provided findings for prior probabilities of 
10% and 20% (online supplemental figures S5 and S6; East 
Asian specific findings are presented in online supplemental 
figures S7- S9). Assuming a prior probability for AS of 30%, 

Table 1 ROC analysis findings (AUC) of genetic risk scores in different populations

Predictors

Population tested in

European East Asian Iranian Turkish

HLA- B27 alone 0.869 (0.865–0.874) 0.901 (0.895–0.906) 0.831 (0.807–0.854) 0.821 (0.804–0.838)

European non- MHC PRS 0.782 (0.776–0.788)* 0.594 (0.539–0.560) 0.534 (0.500–0.569) 0.568 (0.542–0.595)

European overall PRS 0.924 (0.920–0.928)* 0.788 (0.779–0.796) 0.852 (0.826–0.879) 0.854 (0.836–0.872)

East Asian non- MHC PRS 0.555 (0.547–0.563) 0.731 (0.722–0.741)* 0.565 (0.531–0.598) 0.554 (0.528–0.581)

East Asian overall PRS 0.880 (0.875–0.887) 0.948 (0.943–0.952)* 0.872 (0.848–0.895) 0.840 (0.821–0.860)

MRI EUR 0.885

MRI CH41 0.62

CRP 0.7

*10- fold cross- validation. All other PRS AUC values are external validation statistics.
AUC, area under the curve; CRP, C- reactive protein; PRS, Polygenic Risk Score; ROC, receiver operator characteristic .

Figure 1 Receiver operating characteristic curve plot of performance of Polygenic Risk Scores (PRS) (purple dashes, area under the curve 
(AUC)=0.924), HLA- B27 (aqua dashes, AUC=0.869), PRS less major histocompatibility complex (MHC) (green line, AUC=0.782) and genome- wide 
significant loci only (red line, AUC=0.659).
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an HLA- B27 test will be positive in 31% of those tested with 
a PPV of 80.6%, and in the 69% of those with a negative test, 
the NPV is 92.4%. Using the PRS, the PPV is >80.6% for 
top 35% of those screened, and achieves a higher maximum 
value (93.3%) than does HLA- B27 (80.6%) (figure 2). The 
PRS NPV will be >92.4% for 65% of those screened, and 
also achieves a higher maximum value (99.6%) than does 
HLA- B27 (92.4%). Considering the situation where only 
10% of screened patients have AS, then HLA- B27 will be 
positive in 16% of those tested. In this group, HLA- B27 
positivity has a PPV of 51.9%, and a negative result (seen 
in 84% of screened patients) has an NPV of 97.9%. Using 
the PRS, the PPV is >51.9% for 35% of patients and has a 
much higher maximum value (78.2% vs 51.9%). The NPV 
for the PRS is >97.9% for 65% of patients and achieves a 
slightly higher maximum value than HLA- B27 testing (100% 
vs 97.9%).

Considering general population screening, at least 8% 
of the European population carry HLA- B27,27 yet only 
5% of carriers of this allele will develop AS28; as such, no 
higher PPV can be achieved using HLA- B27 testing alone. In 
contrast, for the PRS, the PPV for the top 8% of the popula-
tion is three times higher (15.1%), and it is higher than 5% 
for the top 35% of the population. The NPV for HLA- B27- 
negative status is 99.9%, which is exceeded by the PRS for 
62.5% of the population.

DISCUSSION
Distinguishing AS from other causes of chronic back pain 
remains an important issue in rheumatology. HLA- B27 
testing can have a valuable PPV for AS, particularly in clin-
ical settings where the pretest probability of the disease is 
relatively high compared with the general population. It is 
therefore included in the Assessment of Spondyloarthritis 

International Study Group (ASAS) axial spondyloarthritis 
(axSpA) classification criteria and is an essential criterion 
for those with no available imaging evidence of disease. 
HLA- B27 testing has also been recommended for screening 
patients with chronic back pain to identify those at higher 
risk of AS or the related group of diseases axSpA, for 
referral to specialist services.23 25 However, HLA- B27 only 
contributes ~20% of the overall heritability of AS, which is 
estimated to be ≥90% overall, indicating a substantial non- 
MHC component.29 This suggests that PRS, which capture 
the common- variant component of heritability, are likely to 
be much more informative than HLA- B27 tests alone. Our 
study confirms this, with the PRS performing better than 
HLA- B27 testing in both AUC and continuous NRI analyses, 
irrespective of the prevalence of AS among those being tested. 
We confirm these findings both by internal cross- validation 
and by external validation. For 35% of the population, the 
PPV is higher for the PRS than for HLA- B27 testing, and 
the NPV is higher for >65%. In particular, the peak PPV 
is substantially higher for the PRS than for HLA- B27 and is 
informative for a far higher proportion of patients, as it is a 
continuous variable whereas HLA- B27 is dichotomous. PRS 
testing also has higher discriminatory capacity for AS than 
MRI, and far higher than CRP. Accurate interpretation of 
MRI scans is known to be dependent on training and expe-
rience, and particularly in inexperienced, untrained hands 
may perform worse than the average reported performance, 
in which setting PRS may be particularly valuable.

Chronic back pain of >3 months’ duration has previ-
ously been shown to have very low heritability attributable 
to common genetic variants (minor allele frequency >0.01) 
such as those included in our AS PRS (common variant 
heritability=6.43%30–7.6%31) and not to be genetically 
correlated with AS. Therefore, it is unlikely that the AS 

Figure 2 Positive (PPV) and negative predictive values (NPV) of Polygenic Risk Scores (PRS) and HLA- B27 for ankylosing spondylitis (AS), assuming 
prior probability of AS of 30%, among Europeans. Centiles refer to the population distribution of the PRS.
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PRS will prove less discriminatory in practice in the clinical 
setting of patients presenting with chronic back pain than 
the estimates presented here. A limitation of this study is 
that the performance of the PRS has not been formally tested 
in this setting, where it will require further evaluation.

axSpA refers to a spectrum of diseases. Patients with 
radiographic sacroiliitis are classified as having AS, whereas 
those without X- ray changes are classified as having non- 
radiographic (nr)- axSpA. The current PRS may have prog-
nostic value in distinguishing the 16%–24% of nr- axSpA 
cases that are likely to go on to develop AS.32 33 Whether 
the PRS we report here will prove more informative than 
HLA- B27 testing alone in patients with nr- axSpA itself is 
unknown. The ASAS have previously demonstrated that 
patients meeting the ASAS classification criteria for axSpA 
who do not yet have AS have a much lower average genetic 
risk score than patients with AS, using only genome- wide 
significant AS loci.34 Whether this is because nr- axSpA 
is actually genetically distinct from AS, or reflects the 
greater clinical and likely aetiopathogenic heterogeneity of 
nr- axSpA,35 will require further study.

As with the use of PRS in the screening of individuals with chronic 
back pain, its performance in nr- axSpA will also require further 
study. Similarly, the performance of the PRS in males compared with 
females, in subjects with environmental risk factors for the disease 
such as cigarette smoking,36 and in subsets of patients such as those 
with extraskeletal manifestations of AS requires further study. In that 
regard, the excellent performance of a PRS in patients with acute 
anterior uveitis complicating AS (AUC=0.96; 95% CI 0.955 to 
0.966) suggests that at least in some AS subsets the performance of 
the PRS will be even better than reported here.37

PRS testing can be performed using data from any dense 
SNP microarray. Indeed, the performance of the PRS reported 
here was high despite our use of a relatively low density SNP 
microarray—the Illumina Core- Exome chip (>520 000 variants, 
including many rare and non- polymorphic variants that do not 
contribute to the PRS). The performance of PRS testing would 
be likely to improve further with use of microarrays with better 
SNP coverage, or with whole genome sequencing. It has been esti-
mated that up to 12 million Americans have had SNP microarray 
testing performed by commercial services such as 23andMe and 
Ancestry.38 At little additional cost, these data would probably 
prove suitable for the calculation of the AS PRS we report, as 
well as enabling PRS for many other diseases in which they have 
been shown to be informative. The cost- effectiveness of the PRS 
we report here needs to be confirmed in further studies. As the 
genetic profile of AS becomes better understood, the discrimina-
tory capacity of these tests is also likely to increase. For example, 
it is likely that many of the SNPs included in the PRS at present 
are not truly associated with AS, but just add noise to the test.

As there is no preventive therapy yet for AS, general popula-
tion screening to identify patients at high risk of the disease is 
not recommended except, perhaps, for those at increased risk, 
such as the relatives of those with AS (given the high sibling 
recurrence risk of 8.2%).39 PRS performs significantly better 
than HLA- B27 testing alone in the general population, with the 
PPV of the ~8% of the general population who carry HLA- B27 
being 5%, compared with the peak PPV of the PRS of 15.1%. 
Similarly, the NPV for the PRS exceeds that of HLA- B27 testing 
for most of the population. Although the PPV for PRS testing for 
general population screening is modest, the test performs well 
compared with other widely used screening tests. For example, 
the PPVs for 10- year risk of coronary heart disease of a high 
total cholesterol (≥240 mg/dL)—a threshold above which many 

patients will be prescribed cholesterol- lowering therapy—are 
10.3% in women and 18.6% in men,40 similar to the top 20% 
of PPVs of PRS for AS in general population screening. Among 
those who have already had SNP microarray testing performed, 
knowledge of a high AS- PRS even in the absence of symptoms 
may heighten clinician awareness of the possible diagnosis, 
reduce delay and assist with earlier appropriate and effective 
treatment, given the current long diagnostic delays.

Our study shows that the performance of the PRS varies 
between ethnic groups, although it remains moderately high 
even when a PRS developed in subjects of (western) European 
descent is tested in eastern European/west Asian subjects such 
as Turks and Iranians. The PRS developed specifically for East 
Asians performed far better in that population than did the 
European PRS, indicating that at least for populations that are 
remotely related, ethnic- specific PRSs are preferable.

We conclude that PRS testing for AS has greater discrimi-
natory capacity than HLA- B27 testing, MRI scanning or CRP 
testing, either alone or in combination. PRS could be used to 
screen patients with chronic back pain to identify subjects at 
increased risk of the disease for referral to secondary care and to 
assist in diagnosing the condition.
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ABSTRACT
Background Quality of care is receiving increased attention 
in systemic lupus erythematosus (SLE). We developed 
quality indicators (QIs) for SLE based on the 2019 update of 
European League Against Rheumatism recommendations.
Methods A total of 44 candidate QIs corresponding to 
diagnosis, monitoring and treatment, were independently 
rated for validity and feasibility by 12 experts and 
analysed by a modified Research and Development 
Corporation/University of California Los Angeles model. 
Adherence to the final set of QIs and correlation with 
disease outcomes (flares, hospitalisations and organ 
damage) was tested in a cohort of 220 SLE patients with 
a median monitoring of 2 years (IQR 2–4).
Results The panel selected a total of 18 QIs as valid and 
feasible. On average, SLE patients received 54% (95% CI 
52.3% to 56.2%) of recommended care, with adherence 
ranging from 44.7% (95% CI 40.8% to 48.6%) for 
diagnosis- related QIs to 84.3% (95% CI 80.6% to 87.5%) 
for treatment- related QIs. Sustained remission or low disease 
activity were achieved in 26.8% (95% CI 21.1% to 33.2%). 
Tapering of prednisone dose to less than 7.5 mg/day was 
achieved in 93.6% (95% CI 88.2% to 97.0%) while 73.5% 
(95% CI 66.6% to 79.6%) received the recommended 
hydroxychloroquine dose. Higher adherence to monitoring- 
related QIs was associated with reduced risk for a composite 
adverse outcome (flare, hospitalisation or damage accrual) 
during the last year of observation (OR 0.97 per 1% 
adherence rate, 95% CI 0.96 to 0.99).
Conclusion We developed QIs for assessing and improving 
the care of SLE patients. Initial real- life data suggest face 
validity, but a variable degree of adherence and a need for 
further improvement.

INTRODUCTION
Quality of healthcare is defined as ‘the degree to 
which health services for individuals and popu-
lations increase the likelihood of desired health 
outcomes and are consistent with current profes-
sional knowledge’ (Institute of Medicine 1999).1 
The definition applies both to healthcare practi-
tioners and to all settings of care (hospitals, nursing 
homes and physicians’ offices). Measurement of 

quality can help to identify problems caused by 
overuse, underuse or misuse of health resources.

Quality indicators (QIs) is a popular tool to 
measure the degree of quality of care received by 
patients. QIs are quantitative measures related to 

Key messages

What is already known about this subject?
 ► Systemic lupus erythematosus (SLE) is a 
multisystem disease with considerable 
morbidity whose care is complicated by its 
extreme clinical heterogeneity. The European 
League Against Rheumatism (EULAR) has 
developed evidence- based and expert opinion- 
based recommendations for the management 
of various aspects of SLE. Quality indicators 
(QIs), a popular tool to measure the degree of 
quality of care received by patients, have been 
proposed for SLE, but for the most part they 
were not based on a comprehensive systematic 
literature review (SLR).

What does this study add?
 ► This is the first comprehensive set of QIs in 
SLE based on an extensive SLR of the various 
aspects of SLE, performed as part of the EULAR 
recommendations for SLE. This study further 
capitalises on this work by developing QIs to 
detect potential gaps in SLE care and facilitate 
the implementation of the guidelines. Initial 
real- life data suggest a variable degree of 
adherence to the recommendations and identify 
areas for further improvement.

How might this impact on clinical practice or 
future developments?

 ► These QIs can be used towards assessing and 
improving patient care. QIs may facilitate the 
implementation of the EULAR recommendations 
by creating a checklist to be used towards 
detecting gaps in lupus care and facilitating 
efforts towards closing them.
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the structures, processes or outcomes of care,2 3 derived from 
guidelines, systematic literature reviews (SLR) or expert panel 
consensus, through the use of a systematic approach repre-
senting the current standard of care. In contrast to most guide-
lines or recommendations, QIs pertain to measurable aspects of 
healthcare, describing exactly what to do, when to do it and who 
is responsible for doing it, with respect to disease management 
and monitoring.4 5

Systemic lupus erythematosus (SLE) is a multisystem disease 
with considerable morbidity due to both the disease per se and 
the complications of chronic treatment.6 Care in SLE is compli-
cated by the profound clinical heterogeneity and differences 
among individual patients. During the last two decades, the 
European League Against Rheumatism (EULAR) has developed 
evidence- based and expert opinion- based recommendations for 
the management of various aspects of SLE, including general 
SLE, renal and neuropsychiatric disease, and women’s health 
including fertility and pregnancy.7–9 These recommendations 
were recently updated.10–12 In addition to these recommenda-
tions, other initiatives such as the treat- to- target in SLE have 
also highlighted the importance of a multifaceted care targeting 
remission or low disease activity.13

Towards improving patient care, detect potential gaps in 
SLE care, and facilitate the implementation of the guidelines, 
herein we sought to develop QIs based on the 2019 update of 
the EULAR recommendations for SLE, and perform an initial 
validation in one academic centre.

METHODS
Overview of the development of preliminary criteria and 
selection of the final set
QIs were developed using an adaptation of the Research and 
Development Corporation (RAND)/University of California Los 
Angeles (UCLA) modified Delphi method, a structured system-
atic approach that combines the best available evidence from an 
SLR with the collective expert opinion that has been shown to 
be valid in similar applications.14–16 During a two- round process, 
a panel of experts assessed the validity and feasibility of the 
proposed indicators. The final set of QIs was used to evaluate the 
quality of care in an SLE cohort of 220 patients and to explore 
possible associations with disease outcomes (figure 1).

Identification of potential indicators and rounds of voting
An inventory of candidate QIs was developed based on the 
2019 EULAR recommendations for SLE and the corresponding 
SLR.7–12 17 A preliminary set of 44 QIs, which addressed seven 
distinct clinical domains and was graded according to the 
existing level of evidence, was evaluated by a panel of experts 
(nine rheumatologists and three nephrologists from five Euro-
pean countries) and one patient representative (see online 
supplemental appendix and online supplemental table 1). Every 
panel member was asked to rate each QI item for validity and 
feasibility, using a 9- point scale, with 9 representing the highest 
possible rating (definitions for validity and feasibility and voting 
instructions provided in online supplemental appendix). Panel 
members were also asked to comment on the draft QIs and 
suggest amendments as required. Following round 1 ratings, an 
analysis of the candidate QIs was performed, as described in the 
RAND/UCLA Method.14 15 For each candidate QI, the median 
rating, median absolute deviation, lower and upper limit inter- 
percentile range, were calculated. The Disagreement Index (DI) 
was calculated using the equations provided in online supple-
mental appendix. Median validity/feasibility scores of ≤ six were 

used to exclude QIs. The other measurements (deviation, agree-
ment/disagreement) were used as additional information for the 
selection of the QIs for round 2 (online supplemental table 2). 
The moderator (DTB) and two other panel members (GB and 
AF) convened to discuss the results and revise the initial set, 
based on the ratings from round 1 (online supplemental table 
3). Candidate QIs were modified, merged or eliminated accord-
ingly, and the revised set was sent to the expert panel for round 
2 of ratings. Experts were asked to rerate the QIs for validity and 
feasibility based on the same 9- point scale. Results were analysed 
and finalised based on the same principles used during round 1, 
reaching the final set of QIs (table 1).

Validation
To perform an initial validation of the proposed QIs, we used 
patients from the ‘Attikon’ lupus cohort, based in the largest 
tertiary hospital of western Attica and considered as a referral 
centre for patients with SLE.18 Patients from the cohort were 
included if they (1) fulfilled the EULAR/American College of 
Rheumatology (ACR) 2019 and/or 2012 Systemic Lupus Inter-
national Collaborating Clinics (SLICC) classification criteria,19 20 
(2) had at least 1 year of follow- up and (3) had at least four 
visits over the last year. Included patients were derived from an 

Figure 1 Overview of the development of preliminary criteria and 
selection of the final set of quality indicators. EULAR, European League 
Against Rheumatism; QIs, quality indicators; RAND, Research and 
Development Corporation; SLE, systemic lupus erythematosus; UCLA, 
University of California Los Angeles.
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inception cohort (patients followed from January 2016 (year 
of establishment of the Attikon cohort) to date—60%) and a 
prevalent cohort (patients with SLE diagnosis before January 
2016–40%)].

Chart review and patient interviews were performed retrospec-
tively to assess patient eligibility for each QI (eg, only smokers 
were eligible for the corresponding QI regarding counselling for 

smoking cessation), adherence to each QI item, and to docu-
ment disease outcomes of interest, specifically flares, SLICC/ACR 
damage index (SDI) and hospitalisations (due to cardiovascular 
events, infections and flares). Patient interviews were performed 
by physicians (KC, OG), with the completion of a patient- reported 
questionnaire, for measures that were not universally available in 
medical records (eg, counselling for fertility and sun protection).

Table 1 Final set of quality indicators (QIs) and rating during the second round of voting
Validity Feasibility

Median
Mean absolute 
deviation Median

Mean absolute 
deviation

Screening- diagnostic QIs

1 If a patient has SLE
then routine laboratory tests (CBC, serum creatinine and urine analysis) and serological tests (ANA, C3/C4, dsDNA and aPL) should 
be performed at diagnosis.

9 0 9 0

2 If a patient has lupus nephritis or is at high risk for nephritis (young, clinical and/or serologic activity)
then follow- up tests with CBC, UPr, urine analysis, serum creatinine and lupus serology (C3/C4 and anti- dsDNA) should be performed 
every 3–6 months

9 0 9 0

3 If a patient with SLE has persistent proteinuria ≥500 mg and/or an unexplained decrease in glomerular filtration rate 
and/or active urine sediment
then kidney biopsy is recommended

9 0 8.5 0.7

4 If a patient has SLE
then stratification of CVD risk should be performed annually with assessment of both traditional* and disease- related† risk factors 
and management of modifiable risk factors including smoking

9 0 8 1.5

5 If a patient has SLE
then osteoporosis risk factors (age, sex, steroid use‡, smoking, low vitamin D, low BMI, family history) should be evaluated and 
fracture risk§ (high, moderate, low) should be assessed and managed accordingly

9 0 8.5 0.7

Treatment QIs

6 If a patient has SLE and is treated with hydroxychloroquine (HCQ)
then the HCQ dose should be ≤5 mg/kg (actual body weight) and be monitored for retinal toxicity with baseline ophthalmologic 
evaluation (by visual fields and optical coherence tomography (OCT)) and annual follow- up 5 years after the initiation of HCQ- 
provided that risk factors for HCQ- induced retinopathy¶ are not present

8 1.5 8.5 0.7

7 If a patient with SLE, receives prednisone ≥7.5 mg for ≥3 months
then prednisone reduction should be attempted to the lowest possible dose

9 0 8 1.5

8 If a patient with SLE has lupus nephritis III (±V) or IV (±V)
then immunosuppressive agents in combination with glucocorticoids are recommended

9 0 9 0

9 If a patient with lupus nephritis has proteinuria ≥300–500 mg
then ACE inhibitors or ARB are recommended

9 0 9 0

10 If a woman with SLE wishes for pregnancy and has traditional risk factors for pre- eclampsia (kidney disease including 
lupus nephritis, BMI ≥35, age >40, diabetes mellitus, hypertension, nulliparity)
then, low- dose aspirin is recommended during pregnancy

8 0.7 9 0

Monitoring QIs

11 If a patient has SLE
then assessment of disease activity, including SLEDAI and PGA, should be recorded in every visit

9 0 8.5 0.7

12 If a patient has SLE
then the SLICC/ACR damage index should be monitored annually

9 0 9 0

13 If a patient has SLE
then management should aim at clinical remission or- if remission cannot be achieved- at low disease activity with acceptable dose of 
steroids and well tolerated immunosuppressive agents at maintenance doses

9 0 8.5 0.7

14 If a patient has SLE
then baseline tests at drug initiation and monitoring for drug toxicity should be performed

9 0 9 0

15 If a patient has SLE
then sunscreen protection is recommended

9 0 9 0

16 If a patient has SLE
then in patients with stable/inactive disease, non- live vaccines such as influenza, pneumococcal and HPV vaccines are recommended 
while attenuated vaccines (such as HZV vaccine) may be considered

8.5 0.7 8.5 0.7

17 If a premenopausal woman has SLE
then reproductive health and fertility counselling should be provided including the pitfalls of oestrogen use for contraception in SLE

9 0 9 0

18 If a woman of reproductive age has SLE and wishes pregnancy
then counselling about pregnancy (eg, stable/inactive disease for at least 6–12 months) should be provided and baseline tests (eg, 
anti- Ro/La, aPL), should be performed and documented

9 0 9 0

*Traditional risk factors: family history of premature CVD, primary hypercholesterolaemia, metabolic syndrome, premature menopause, dyslipidaemia and/or elevated hsCRP.
†SLE- related risk factors: persistently active or flaring disease, kidney involvement/CKD, moderate- high aPL titres, organ damage, use of GCs >5 mg/day, no use of HCQ.
‡Steroid use: with prednisone ≥2.5 mg for ≥3 months, calcium (1000–1200 mg/day) and vitamin D (600–800 IU/day) should be administered.
§Fracture Risk:High Fracture Risk(Previous Fragility Fracture, T- score ≤−2.5, FRAX score for major osteoporotic or hip fracture, beyond different thresholds according to different countries, very high GC doses) 
:Antiresorptive treatment with calcium (1000–1200 mg/day) and vitamin D (600–800 IU/day) should be administered. Moderate fracture risk(FRAX score for major osteoporotic or hip fracture beyond different 
thresholds according to different countries, prednisone ≥7.5 mg for ≥6 months AND: Z- score-3 OR rapid bone loss ≥10% at hip or spine over 1 year):Calcium (1000–1200 mg/day) and vitamin D (600–800 IU/day) 
should be administered and antiresorptive treatment should be considered. Low fracture risk(FRAX score for major osteoporotic or hip fracture beyond different thresholds according to different countries):No need for 
antiresorptive treatment. Calcium (1000–1200 mg/day) and vitamin D (600–800 IU/day) should be considered.GC doses: low dose <2.5 mg, medium 2.5–7.5 mg, high >7.5 mg, very high: prednizone ≥30 mg/day or >5 
g accumulative dose in the previous year. In high GC doses, FRAX adjustment: multiplication of major osteoporotic fracture risk value (x1.15) and hip fracture value (x1.2).
¶Major risk factors for retinopathy: chronic kidney disease with GFR <60 mL/min, pre- existing retinal or macular disease, use of tamoxifen.
ACE, angiotensin- converting enzyme; ANA, antinuclear antibodies; anti- dsDNA, anti- double stranded DNA antibody; aPL, antiphospholipid antibodies; ARB, angiotensin receptor blocker; BMI, body mass index; CBC, 
complete blood count; CVD, cardiovascular disease; GC, glucocorticoid; HPV, human papilloma virus; hsCRP, high- sensitivity C- reactive protein; HZV, herpes zoster virus; PGA, Physician Global Assessment; QI, quality 
indicator; SLE, Systemic Lupus Erythematosus; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; SLICC/ACR, Systemic Lupus International Collaborating Clinics/American College of Rheumatology; UPr, urine 
protein.
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Definitions
Performance for each QI was assessed as ‘fulfilled’, ‘not fulfilled’ 
or ‘missing’, in order to assess the grade of adherence. Because 
most QIs consisted of more than one individual component, 
‘fulfilled’ denoted that all components were met, ‘not fulfilled’ 
that at least one component of the corresponding QI was not 
met, and ‘missing’ that data were not recorded in the chart. As 
an example, QI1 would be labelled as ‘fulfilled’ if all recom-
mended laboratory and serological tests were obtained at diag-
nosis (see QI1, table 2). By contrast, QI1 would be labelled as 
‘not fulfilled’, if at least one of the recommended tests was not 
obtained at diagnosis.

Outcomes
Disease- related outcomes were recorded in all patients. Recorded 
outcomes included (1) flares, (including major flares), defined as 
a measurable increase in disease activity leading to therapeutic 
intervention,21 (2) SDI increase (an increase in the SDI score 
during the observation period), (3) adverse outcomes related 
to glucocorticoids (GC, that is, GC- related complications), (4) 
cardiovascular events or serious infections necessitating hospi-
talisation and (5) a composite adverse outcome (CAO), defined 
as occurrence of at least one of the following: flares, hospital-
isations or SDI progression. The phenotype of SLE was catego-
rised as mild, moderate or severe according to the British Isles 

Table 2 Adherence to 18 selected quality indicators (QIs)

Function of care

Eligible patients Fulfilled

N (%) n (%)

Screening- diagnostic QIs

1 If a patient has SLE
then routine laboratory tests (CBC, serum creatinine and urine analysis) and serological tests (ANA, C3/C4, dsDNA and aPL) should be performed at 
diagnosis.

132 (60) 64 (48.5)

2 If a patient has lupus nephritis or is at high risk for nephritis (young, clinical and/or serologic activity)
then follow- up tests with CBC, UPr, urine analysis, serum creatinine and lupus serology (C3/C4 and dsDNA) should be performed every 3–6 months

68 (31) 33 (48.5)

3 If a patient with SLE has persistent proteinuria≥500 mg and/or an unexplained decrease in glomerular filtration rate and/or active 
urine sediment
then kidney biopsy is recommended

44 (20) 38 (86.4)

4 If a patient has SLE
then stratification of CVD risk should be performed annually with assessment of both traditional and disease- related risk factors and management of 
modifiable risk factors including smoking

220 (100) 89 (40.5)

5 If a patient has SLE
then osteoporosis risk factors (age, sex, steroid use, smoking, low vitamin D, low BMI, family history) should be evaluated and fracture risk (high, 
moderate, low) should be assessed and managed accordingly

220 (100) 100 (45.5)

Treatment QIs

6 If a patient has SLE and is treated with hydroxychloroquine (HCQ)
then the HCQ dose should be ≤5 mg/kg (actual body weight) and be monitored for retinal toxicity with baseline ophthalmological evaluation (by 
visual fields and optical coherence tomography (OCT)) and annual follow- up 5 years after the initiation of HCQ provided that risk factors for HCQ- 
induced retinopathy are not present

189 (86) 139 (73.5)

7 If a patient with SLE, receives prednisone ≥7.5 mg for ≥3 months
then prednisone reduction should be attempted to the lowest possible dose

141 (64) 132 (93.6)

8 If a patient with SLE has lupus nephritis III (±V) or IV (±V)
then immunosuppressive agents in combination with glucocorticoids are recommended

41 (18.6) 41 (100)

9 If a patient with lupus nephritis has proteinuria ≥300–500 mg
then ACE inhibitors or ARBs are recommended

25 (11.3) 22 (88)

10 If a woman with SLE wishes for pregnancy and has traditional risk factors for pre- eclampsia (Kidney disease including lupus nephritis, 
BMI ≥35, age >40, diabetes mellitus, hypertension, nulliparity)
then low- dose aspirin is recommended during pregnancy

7 (3) 5 (71.4)

Monitoring QIs

11 If a patient has SLE
then assessment of disease activity, including SLEDAI and PGA, should be recorded in every visit

220 (100) 31 (14.1)

12 If a patient has SLE
then the SLICC/ACR damage index should be monitored annually

220 (100) 63 (28.6)

13 If a patient has SLE
then management should aim at clinical remission or- if remission cannot be achieved- at low disease activity with acceptable dose of steroids and 
well tolerated immunosuppressive agents at maintenance doses

220 (100) 59 (26.8)

14 If a patient has SLE
then baseline tests at drug initiation and monitoring for drug toxicity should be performed

193 (87.7) 186 (96.4)

15 If a patient has SLE
then sunscreen protection is recommended

220 (100) 201 (91.4)

16 If a patient has SLE
then in patients with stable/inactive disease, non- live vaccines such as influenza, pneumococcal and HPV vaccines are recommended while 
attenuated vaccines (such as HZV vaccine) may be considered

220 (100) 105 (47.7)

17 If a premenopausal woman has SLE
then reproductive health and fertility counselling should be provided including the pitfalls of oestrogen use for contraception in SLE

74 (33.6) 37 (50)

18 If a woman of reproductive age has SLE and wishes pregnancy
then counselling about pregnancy (eg, stable/inactive disease for at least 6–12 months) should be provided and baseline tests (eg, anti- Ro/La, aPL), 
should be performed and documented

71 (32.2) 44 (62)

ACE, angiotensin- converting enzyme; ANA, antinuclear antibodies; anti- dsDNA, antidouble stranded DNA antibody; aPL, antiphospholipid antibodies; ARB, angiotensin receptor blocker; BMI, body 
mass index; CBC, complete blood count; CVD, cardiovascular disease; HPV, human papilloma virus; HZV, herpes zoster virus; PGA, Physician Global Assessment; QI, quality indicator; SLE, Systemic 
Lupus Erythematosus; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; SLICC/ACR, Systemic Lupus International Collaborating Clinics/American College of Rheumatology; UPr, urine 
protein.
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Lupus Assessment Group 2004 classification of manifestations,22 
combined with expert physician judgement (DTB and AF), as 
previously described.18

Statistical analysis
Descriptive statistics were used for continuous variables and 
mean/SD or median/IQR values were calculated as appropriate. 
Adherence to each QI was calculated as the number of patients 
who received the designated care (numerator) divided by the 
number of eligible patients for this particular QI (denominator). 
In addition, a patient- specific mean score was calculated as the 
number of QIs ‘fulfilled’ divided by the number of QIs eligible 
for each patient. Accordingly, the average delivered care for each 
domain was calculated as a composite score from the cases in 
which recommended care was successfully delivered divided by 
the number of eligibility events within each domain.

To detect potential differences in adherence between patient 
subgroups, we applied three criteria: (1) disease duration (<2 
years vs ≥2 years from diagnosis), (2) severity pattern (mild vs 
moderate vs severe disease) and (3) origin of cohort (inception 
vs prevalent). A separate analysis was performed to compare 
the adherence between various QI domains (diagnostic, treat-
ment, monitoring). To compare mean values or the equality of 
distribution between different categories the one- way analysis 
of variance and the non- parametric Kruskal- Wallis test were 
used accordingly. Logistic regression models were performed to 
estimate the association between adherence to QIs and adverse 
disease outcomes that occurred in two different time frames 
(during the total duration of follow- up and during the last year 
of follow- up). All models were adjusted for age and disease 
duration. All tests were two tailed and p values less than 0.05 
were considered statistically significant. Data management and 
statistical analyses were performed using STATA/MP V.13.1 
(StataCorp).

RESULTS
Final set of QIs
Out of 44 initial candidate QIs (online supplemental table 3), 
three were removed due to a low median validity/feasibility 
score. For the remaining, agreement was reached in 31 QIs and 
disagreement in 10. In the former set, minor edits and discussion 
based on experts’ comments resulted in 4 QIs being included 
without change, 4 being retained with edits, 17 being merged to 
7 separate QIs and 6 being rejected. Of the 10 QIs for which there 
was disagreement, one was retained without changes, two were 
retained with edits, four were excluded and three were merged 
with two previously formed QIs. This resulted in a revised set 
of 18 candidate QIs, which was available for Round 2 of rating 
(table 1). The 18 finally selected QIs were further divided into 
three categories: (1) Screening/diagnosis- related (QIs 1–5), (2) 
Treatment- related (QIs 6–10) and 3) Monitoring (QIs 11–18). 
More specifically, selected individual QIs pertain to diagnosis, 
monitoring, therapy and its targets, fertility and pregnancy and 
adjunct therapy, including prevention of cardiovascular disease 
(CVD) and osteoporosis, vaccination, counselling for smoking 
and sunscreen protection.

Adherence to QIs
The final set of 18 QIs was tested for adherence in all eligible 
patients of our cohort (N=220)(table 2). Characteristics of the 
cohort are shown in online supplemental table 4. On average, 
patients received 54% (95% CI 52.30% to 56.25%) of the 
indicated care. Complete laboratory work- up at diagnosis was 
performed in 48.5% (95% CI 39.8% to 57.1%), with antiphos-
pholipid antibodies being the most frequently missed component 
(68.9%). Disease activity evaluation in at least three out of four 
visits and annual assessment of organ damage were completed in 
only 14.1% (95% CI 9.4% to 18.7%) and 28.6% (95% CI 22.6% 
to 34.6%), respectively. By contrast, lupus nephritis related QIs 
had excellent overall adherence (88%, 95% CI 66.7% to 96.4% 
for the use of ACE inhibitor/angiotensin receptor blocker, 100% 
for the use of immunosuppressive treatment), except for labo-
ratory monitoring (48.5%, 95% CI 36.6% to 60.6%). Overall 
adherence rate was 50% (95% CI 38.5% to 61.5%) for repro-
ductive health counselling, 62% (95% CI 49.9% to 72.7%) for 
pregnancy counselling and 91.4% (95% CI 86.8% to 94.4%) 
for sunscreen protection. Notably, preventive measures for 
comorbidities had generally low to moderate adherence. More 
specifically, overall adherence rates for cardiovascular risk modi-
fication and vaccination QIs (at least one of the available pneu-
mococcal vaccines in combination with influenza vaccine) were 
40.5% (95% CI 34.1% to 47.1%) and 47.7% (95% CI 41.2% 
to 54.4%), respectively. Regarding osteoporosis prevention and 
treatment, the corresponding QI was fulfilled in 45.5% (95% CI 
38.9% to 52.1%) of patients. A total of 73% of eligible patients 
had bone mineral density measurement performed at baseline 
and 58.6% at follow- up (every 2 years), while 60% of patients 

Table 3 Adherence to quality indicators (QI) in subgroups of 
patients

No of patients
Mean* 
eligible QIs

Mean 
adherence, % P value

Severity pattern 0.006

 Mild 56 10.7 49.3

 Moderate 60 11.1 53.9

 Severe 104 12.1 57.2

Cohort 0.13

 Inception 132 9.8 49.5

 Prevalent 88 10.4 52.8

Disease duration 0.02

 <2 years 61 10.2 54.8

 ≥2 years 159 9.9 49.3

*Mean number of QIs for which the patients of each group were eligible.

Table 4 Adherence to quality indicators (QIs) grouped according to function of care

Function of care No of QIs No of times eligible QIs were assessed No of times recommended care was delivered Adherence, % P value

0.03

Screening- diagnosis* 4 640 286 44.68

Treatment† 6 447 377 84.34

Monitoring‡ 8 1438 726 50.48

*QI 1–5.
†QI 6–10.
‡QI 11–18.

https://dx.doi.org/10.1136/annrheumdis-2021-220438
https://dx.doi.org/10.1136/annrheumdis-2021-220438
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belonging in the high fracture risk group received antiresorptive 
treatment; almost 75% (74.3%) received calcium and vitamin D. 
Of note, 63.8% of patients on GC received calcium and vitamin 
D protection.

In a subgroup analysis, patients with severe disease were 
more likely to receive the indicated care (57.2%) compared 
with patients with moderate (53.9%) or mild (49.3%) disease 
(p=0.006). Similarly, higher adherence rates were observed in 
patients with short (<2 years) vs longer (≥2 years) disease dura-
tion (54.8% and 49.3% respectively, p=0.02). No significant 
differences were observed between the inception and the preva-
lent cohort (table 3).

In a separate analysis according to the function of care, 
treatment- related QIs were met in significantly more eligible 
patients (84.3%) followed by monitoring (50.5%) and diag-
nostic (44.6%) QIs (p=0.03) (table 4).

Outcomes
Disease- related outcomes are summarised in online supple-
mental table 5. Patients were followed up for a median of 2 years 
(IQR 2–4). SDI progression was observed in 22.3% of patients 
incidence rate (IR)=13/100 patient- years (pys). A total of 310 
flares were captured over the follow- up corresponding to 0.58 
per py. The IR of hospitalisations was 15.4/100 py, attributed 
mainly to major flares (7.8/100 py), serious infections (6.1/100 
py) and cardiovascular events (1.5/100 py).

Overall, QI adherence did not differ among patients experi-
encing CAO and patients without CAO throughout the obser-
vation period (54.0% vs 54.7%, p=0.71). However, patients 
with CAO during the last year of follow- up had lower adherence 
rates in monitoring QIs when compared with patients without 
a CAO (47.6% vs 53.9%, p=0.02) (online supplemental table 
6). We also explored possible associations between adherence 
to specific QIs and outcomes. Patients who achieved sustained 
remission or Lupus Low Disease Activity State (LLDAS) (QI13), 
patients who fulfilled QI16 regarding vaccination and patients 
who received low- dose GC (QI7) had lower odds of experi-
encing a flare during the observation period (OR 0.15, 95% CI 
0.07 to 0.31 OR 0.46, 95% CI 0.21 to 0.98 and OR 0.23, 95% 
CI 0.05 to 0.94, respectively). A lower risk of CAO during the 
last year of follow- up was also found in patients who met QI13 
on remission/LLDAS and QI16 on vaccination (OR 0.09, 95% CI 
0.04 to 0.18 and OR 0.52, 95% CI 0.28 to 0.99 respectively). As 
expected, patients who achieved sustained remission or LLDAS 
(QI13) had lower odds of damage accrual during the observation 
period (OR 0.35, 95% CI 0.14 to 0.84). Patients assessed for 
SDI accrual (QI12) and CVD risk stratification (QI4) had higher 

probability to exhibit any CAO (OR 2.62, 95% CI 1.18 to 5.71 
and OR 1.77, 95% CI 1.01 to 3.12, respectively) (table 5).

DISCUSSION
SLE is notorious for its clinical heterogeneity, which may in 
turn increase the risk of inconsistency and variations in the care 
received by patients. To ensure improved and more homoge-
neous care, EULAR has developed evidence- based and expert 
opinion- based recommendations for the management of various 
aspects of the disease.9–12 Nonetheless, since management recom-
mendations are often followed incompletely in real- life settings, 
efforts have been made to create tools which can transform 
them into easily applicable, ‘user friendly’ instructions for daily 
practice. In this regard, QIs can be useful instruments for the 
quantification of gaps and shortcomings in medical care. Herein, 
we created a set of QIs based on the EULAR recommendations 
for SLE, using a validated, systematic methodology supported 
by expert opinion. In addition, we examined the adherence to 
the proposed QIs in 220 patients of the ‘Attikon’ lupus cohort, 
a readily available patient cohort, to take an initial ‘glimpse’ on 
potential gaps of care in daily practice and assess their impact on 
disease outcomes.

QIs have been previously proposed for SLE,5 23 but for the 
most part they were not based on a comprehensive SLR. This 
is the first set of QIs based on such a comprehensive SLR of the 
various aspects of SLE (ie, diagnosis, monitoring and therapy), 
which was performed in the context of the updated EULAR 
recommendations. The credibility of the proposed QI set is 
reinforced by the robust methodology of the procedure (ie, the 
RAND/UCLA modified Delphi method), which involved assess-
ment of a large number of initial candidate QIs for validity and 
feasibility, followed by two rounds of voting, all performed by a 
panel of experts with expertise in SLE.

Our initial findings suggest moderate adherence (54%) with 
great variability in certain types of QIs. The low rates of CVD 
protection and reproductive health counselling are consistent 
with data from previous studies;24 25 rates for sunscreen protec-
tion and individual components for osteoporosis and vaccination 
(influenza, pneumococcal) QIs are also consistent with published 
data.25 Looking for potential explanations, in the case of CVD- 
related QIs, the complexity of prescribing statins by rheumatol-
ogists in some countries and, in case of osteoporosis prophylaxis 
the plethora of recommendations by various scientific societies, 
may account at least in part for these low adherence rates. In our 
view, this reality highlights the need to actively involve nurse 
specialists in the care of SLE patients, especially in the settings 
of expert SLE referral centres. Such nurse practitioners could 

Table 5 Risk of adverse events associated with the delivered care in an SLE cohort of 220 patients

Quality indicator (QI) Adverse event OR P value

QI12 (If a patient has SLE then the SLICC/ACR damage index should be monitored annually) CAO 2.6 0.01

QI13 (If a patient has SLE then management should aim at clinical remission or- if remission cannot be achieved—at low- disease 
activity with acceptable dose of steroids and well tolerated immunosuppressive agents at maintenance doses)

SDI progression 0.4 0.02

Flares 0.2 <0.001

CAO* 0.1 <0.001

QI4 (If a patient has SLE then stratification of CVD risk should be performed annually with assessment of both traditional and 
disease- related risk factors and management of modifiable risk factors including smoking

CAO* 1.8 0.04

QI16 (If a patient has SLE then in patients with stable/inactive disease, non- live vaccines such as influenza, pneumococcal and HPV 
vaccines are recommended while attenuated vaccines (such as HZV vaccine) may be considered

Flares 0.5 0.04

CAO* 0.5 0.04

*CAO during the last year of follow- up.
CAO, composite adverse outcome; CVD, cardiovascular disease; HPV, human papilloma virus; HZV, herpes zoster virus; OR, odds ratio; SDI, SLICC/ACR Damage Index; SLE, 
systemic lupus erythematosus.

https://dx.doi.org/10.1136/annrheumdis-2021-220438
https://dx.doi.org/10.1136/annrheumdis-2021-220438
https://dx.doi.org/10.1136/annrheumdis-2021-220438
https://dx.doi.org/10.1136/annrheumdis-2021-220438
http://ard.bmj.com/
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monitor the assessment and fulfilment of these QIs, which may 
not be a priority in a busy physician outpatient clinic.

In reference to potential causes related to better performance in 
certain indicators, we found that QI adherence rates were higher 
in patients with disease duration shorter than 2 years and in 
patients with severe disease. These observations may reflect the fact 
that physicians are more likely to adhere early after diagnosis to 
ensure better disease control, and in patients who are more likely 
to develop irreversible organ damage, respectively. Despite variable 
rates of adherence, we did not find strong associations between 
non- adherence to QIs and adverse outcomes, except that patients 
who were in a low disease activity state had lower rates of flares 
and damage progression. A possible explanation is that the adher-
ence to a single QI may not suffice to provide a clinically favourable 
outcome, if not combined with consistent and adequate care. Thus, 
in a study by Yazdany et al, patients who met ≥85% of the eligible 
QIs had lower odds of damage accrual, however, the difference was 
not significant for any of the individual QIs alone.26 The modest 
associations between quality of care and outcomes in our study may 
also reflect the relatively short follow- up, especially because many 
SLE outcomes develop within years, and longer observation time 
is needed to detect any association. To further address this issue, 
prospective long- term follow- up studies evaluating a combination 
set instead of single indicators with varied settings and outcomes 
are needed.

Our study has several limitations. The duration of follow- up 
was modest and data represent the experience of a single academic 
centre. Consequently, our results may not be representative of other 
clinical settings and in non- academic centres, gaps in patient care 
may be even greater. Conversely, a tertiary care hospital that serves 
as a referral centre may follow patients with a higher burden of 
the disease and higher risk of progression.27 28 Risk- adjusted and 
casemix models would help to account for differences in patient- 
level and hospital- level risk, however, the relatively small study 
sample, limited access to administrative data and the absence of 
electronic health record systems prevented us from performing this 
methodology. Yet, development of the current QIs was based on 
an extensive systematic review and panels of experts working for 
over one decade to develop recommendations for SLE. To this end, 
longitudinal and nationwide population- based studies are warranted 
to validate these QIs in various time and clinical settings.

In summary, we have developed a set of EULAR recommendations- 
based QIs for SLE patient care, following a comprehensive SLR and 
supported by expert opinion. Initial real- life data suggest a variable 
degree of adherence and areas for further improvement. Neverthe-
less, these QIs may be used as a ‘checklist’ to be fulfilled in an outpa-
tient setting, in order to improve SLE patient care by facilitating the 
implementation of the EULAR recommendations.

Author affiliations
1Rheumatology and Clinical Immunology, Medical School, National and 
Kapodistrian University of Athens, "Attikon" University Hospital of Athens, Athens, 
Greece
2Department of Nephrology, “G. Gennimatas” General Hospital, Athens, Greece
3Department of Rheumatology, "Asklepieion" General Hospital, Voula, Athens, 
Greece
4Department of Clinical and Experimental Sciences, University of Brescia, Brescia, 
Italy
5Unit of Rheumatology and Clinical Immunology, Spedali Civili, Brescia, Italy
6Division of Rheumatology, Department of Medicine III, University Medical Center & 
Faculty of Medicine Carl Gustav Carus at the TU Dresden, Dresden, Germany
7Nephrology Department and Renal Transplantation Unit, “Laikon” Hospital, National 
and Kapodistrian University of Athens, Medical School, Athens, Greece
8Rheumatology Unit, Department of Medicine, University of Padova, Padova, Italy
9Cliniques Universitaires Saint- Luc, Université catholique de Louvain, Brussels, 
Belgium
10Department of Medicine, University of Cambridge, Cambridge, UK

11Rheumatology Unit, Department of Clinical and Experimental Medicine, University 
of Pisa, Pisa, Italy
12Division of Rheumatology, Department of Medicine Solna, Karolinska Institutet, 
Karolinska University Hospital, Stockholm, Sweden
13Rheumatology, Clinical Immunology and Allergy, University Hospital of Heraklion, 
Heraklion, Crete, Greece
14Laboratory of Autoimmunity and Inflammation, Biomedical Research Foundation of 
the Academy of Athens, Athens, Greece

Twitter Dimitrios T Boumpas @none

Acknowledgements We are thankful to the staff physicians and nurses of the 
Rheumatology and Clinical Immunology Unit of ’Attikon’ University Hospital for 
providing care to the patients with SLE and other rheumatologic diseases.

Contributors KC and OG collected data from patient medical charts and KC 
drafted the manuscript. MK performed statistical analyses and edited the manuscript. 
DN edited the manuscript. KT assessed patient medical charts for eligibility in the 
study. LA, MA, JB, AD, FAH, DJ, MM, ES and AT evaluated the quality indicators, 
provided voting and critically reviewed the manuscript. GB and AF supervised the 
study and edited the manuscript. DTB conceived and supervised the study and edited 
the manuscript.

Funding DTB was supported by the European Research Council (ERC) under 
the European Union’s Horizon 2020 research and innovation programme (grant 
agreement no. 742390). DJ was supported by the NIHR Cambridge Biomedical 
Research Centre (BRC-1215 20014).

Competing interests DTB is an Editorial Board member in the Annals of the 
Rheumatic Diseases. The remaining authors declare no competing interests relevant 
to this work.

Patient consent for publication Not required.

Ethics approval The study was approved by the Ethics Committee of ’Attikon’ 
University Hospital of Athens.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as online supplemental information.

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), and 
is not responsible for any error and/or omissions arising from translation and 
adaptation or otherwise.

ORCID iDs
Katerina Chavatza http:// orcid. org/ 0000- 0002- 1274- 0909
Dionysis Nikolopoulos http:// orcid. org/ 0000- 0002- 9894- 6966
Martin Aringer http:// orcid. org/ 0000- 0003- 4471- 8375
Andrea Doria http:// orcid. org/ 0000- 0003- 0548- 4983
Frederic A Houssiau http:// orcid. org/ 0000- 0003- 1451- 083X
Elisabet Svenungsson http:// orcid. org/ 0000- 0003- 3396- 3244
Antonis Fanouriakis http:// orcid. org/ 0000- 0003- 2696- 031X
Dimitrios T Boumpas http:// orcid. org/ 0000- 0002- 9812- 4671

REFERENCES
 1 Institute of Medicine (US) Committee on Quality of Health Care in America. Crossing 

the quality chasm: a new health system for the 21st century. Washington (DC), 2001.
 2 Donabedian A. Evaluating the quality of medical care. 1966. Milbank Q 

2005;83:691–729.
 3 Donabedian A. The quality of care. How can it be assessed? JAMA 1988;260:1743–8.
 4 Saag KG, Yazdany J, Alexander C, et al. Defining quality of care in rheumatology: the 

American College of rheumatology white paper on quality measurement. Arthritis 
Care Res 2011;63:2–9.

 5 Mosca M, Tani C, Aringer M, et al. Development of quality indicators to evaluate 
the monitoring of SLE patients in routine clinical practice. Autoimmun Rev 
2011;10:383–8.

 6 Fanouriakis A, Tziolos N, Bertsias G, et al. Update οn the diagnosis and management 
of systemic lupus erythematosus. Ann Rheum Dis 2021;80:14–25.

 7 Bertsias GK, Ioannidis JPA, Aringer M, et al. EULAR recommendations for the 
management of systemic lupus erythematosus with neuropsychiatric manifestations: 
report of a task force of the EULAR standing Committee for clinical Affairs. Ann 
Rheum Dis 2010;69:2074–82.

 8 Bertsias G, Ioannidis JPA, Boletis J, et al. EULAR recommendations for the 
management of systemic lupus erythematosus. Report of a task force of the EULAR 

https://twitter.com/none
http://orcid.org/0000-0002-1274-0909
http://orcid.org/0000-0002-9894-6966
http://orcid.org/0000-0003-4471-8375
http://orcid.org/0000-0003-0548-4983
http://orcid.org/0000-0003-1451-083X
http://orcid.org/0000-0003-3396-3244
http://orcid.org/0000-0003-2696-031X
http://orcid.org/0000-0002-9812-4671
http://dx.doi.org/10.1111/j.1468-0009.2005.00397.x
http://dx.doi.org/10.1001/jama.260.12.1743
http://dx.doi.org/10.1002/acr.20369
http://dx.doi.org/10.1002/acr.20369
http://dx.doi.org/10.1016/j.autrev.2010.12.008
http://dx.doi.org/10.1136/annrheumdis-2020-218272
http://dx.doi.org/10.1136/ard.2010.130476
http://dx.doi.org/10.1136/ard.2010.130476
http://ard.bmj.com/


1182 Chavatza K, et al. Ann Rheum Dis 2021;80:1175–1182. doi:10.1136/annrheumdis-2021-220438

Systemic lupus erythematosus

standing Committee for international clinical studies including therapeutics. Ann 
Rheum Dis 2008;67:195–205.

 9 Andreoli L, Bertsias GK, Agmon- Levin N, et al. EULAR recommendations for women’s 
health and the management of family planning, assisted reproduction, pregnancy and 
menopause in patients with systemic lupus erythematosus and/or antiphospholipid 
syndrome. Ann Rheum Dis 2017;76:476–85.

 10 Furer V, Rondaan C, Heijstek MW, et al. 2019 update of EULAR recommendations for 
vaccination in adult patients with autoimmune inflammatory rheumatic diseases. Ann 
Rheum Dis 2020;79:39–52.

 11 Fanouriakis A, Kostopoulou M, Cheema K, et al. 2019 update of the joint European 
League against rheumatism and European renal Association- European dialysis and 
transplant association (EULAR/ERA- EDTA) recommendations for the management of 
lupus nephritis. Ann Rheum Dis 2020;79:713–23.

 12 Fanouriakis A, Kostopoulou M, Alunno A, et al. 2019 update of the EULAR 
recommendations for the management of systemic lupus erythematosus. Ann Rheum 
Dis 2019;78:736–45.

 13 van Vollenhoven RF, Mosca M, Bertsias G, et al. Treat- to- target in systemic lupus 
erythematosus: recommendations from an international Task force. Ann Rheum Dis 
2014;73:958–67.

 14 Burnand B, Aguilar MD, Steven J, et al. The RAND/UCLA Appropriateness Method 
User’s Manual, 2001.

 15 Brook RH. The RAND/UCLA appropriateness method: Rand Corporation, 1995.
 16 Mangione- Smith R, DeCristofaro AH, Setodji CM, et al. The quality of ambulatory care 

delivered to children in the United States. N Engl J Med 2007;357:1515–23.
 17 Makras P, Anastasilakis AD, Antypas G, et al. The 2018 guidelines for the diagnosis 

and treatment of osteoporosis in Greece. Arch Osteoporos 2019;14:39.
 18 Nikolopoulos D, Kostopoulou M, Pieta A, et al. Evolving phenotype of systemic 

lupus erythematosus in Caucasians: low incidence of lupus nephritis, high burden 

of neuropsychiatric disease and increased rates of late- onset lupus in the ’Attikon’ 
cohort. Lupus 2020;29:514–22.

 19 Petri M, Orbai A- M, Alarcón GS, et al. Derivation and validation of the systemic 
lupus international collaborating clinics classification criteria for systemic lupus 
erythematosus. Arthritis Rheum 2012;64:2677–86.

 20 Aringer M, Costenbader K, Daikh D, et al. 2019 European League against 
Rheumatism/American College of rheumatology classification criteria for systemic 
lupus erythematosus. Arthritis Rheumatol 2019;71:1400–12.

 21 Ruperto N, Hanrahan LM, Alarcón GS, et al. International consensus for a definition of 
disease flare in lupus. Lupus 2011;20:453–62.

 22 Nikolopoulos DS, Kostopoulou M, Pieta A, et al. Transition to severe phenotype 
in systemic lupus erythematosus initially presenting with non- severe disease: 
implications for the management of early disease. Lupus Sci Med 2020;7.

 23 Yazdany J, Panopalis P, Gillis JZ, et al. A quality indicator set for systemic lupus 
erythematosus. Arthritis Rheum 2009;61:370–7.

 24 McGlynn EA, Asch SM, Adams J, et al. The quality of health care delivered to adults in 
the United States. N Engl J Med Overseas Ed 2003;348:2635–45.

 25 Yazdany J, Trupin L, Tonner C, et al. Quality of care in systemic lupus erythematosus: 
application of quality measures to understand gaps in care. J Gen Intern Med 
2012;27:1326–33.

 26 Yazdany J, Trupin L, Schmajuk G, et al. Quality of care in systemic lupus 
erythematosus: the association between process and outcome measures in the lupus 
outcomes study. BMJ Qual Saf 2014;23:659–66.

 27 Nived O, Ingvarsson RF, Jöud A, et al. Disease duration, age at diagnosis and organ 
damage are important factors for cardiovascular disease in SLE. Lupus Sci Med 
2020;7:e000398.

 28 Laustrup H, Voss A, Green A, et al. Sle disease patterns in a Danish population- based 
lupus cohort: an 8- year prospective study. Lupus 2010;19:239–46.

http://dx.doi.org/10.1136/ard.2007.070367
http://dx.doi.org/10.1136/ard.2007.070367
http://dx.doi.org/10.1136/annrheumdis-2016-209770
http://dx.doi.org/10.1136/annrheumdis-2019-215882
http://dx.doi.org/10.1136/annrheumdis-2019-215882
http://dx.doi.org/10.1136/annrheumdis-2020-216924
http://dx.doi.org/10.1136/annrheumdis-2019-215089
http://dx.doi.org/10.1136/annrheumdis-2019-215089
http://dx.doi.org/10.1136/annrheumdis-2013-205139
http://dx.doi.org/10.1056/NEJMsa064637
http://dx.doi.org/10.1007/s11657-019-0584-3
http://dx.doi.org/10.1177/0961203320908932
http://dx.doi.org/10.1002/art.34473
http://dx.doi.org/10.1002/art.40930
http://dx.doi.org/10.1177/0961203310388445
http://dx.doi.org/10.1136/lupus-2020-000394
http://dx.doi.org/10.1002/art.24356
http://dx.doi.org/10.1056/NEJMsa022615
http://dx.doi.org/10.1007/s11606-012-2071-z
http://dx.doi.org/10.1136/bmjqs-2013-002494
http://dx.doi.org/10.1136/lupus-2020-000398
http://dx.doi.org/10.1177/0961203309351033
http://ard.bmj.com/


1183Reid S, et al. Ann Rheum Dis 2021;80:1183–1189. doi:10.1136/annrheumdis-2020-219727

Systemic lupus erythematosus

CLINICAL SCIENCE

Interaction between the STAT4 rs11889341(T) risk 
allele and smoking confers increased risk of 
myocardial infarction and nephritis in patients with 
systemic lupus erythematosus
Sarah Reid    ,1 Niklas Hagberg    ,1 Johanna K Sandling    ,1 Andrei Alexsson,1 
Pascal Pucholt    ,1 Christopher Sjöwall    ,2 Karoline Lerang,3 Andreas Jönsen,4 
Iva Gunnarsson,5 Ann- Christine Syvänen,1 Anne Margrethe Troldborg,6,7 Anne Voss,8 
Anders A Bengtsson,4 Øyvind Molberg,3 Søren Jacobsen,9,10 
Elisabet Svenungsson    ,5 Lars Rönnblom    ,1 Dag Leonard1

To cite: Reid S, 
Hagberg N, Sandling JK, 
et al. Ann Rheum Dis 
2021;80:1183–1189.

Handling editor Josef S 
Smolen

 ► Additional material is 
published online only. To view, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2020- 219727).

For numbered affiliations see 
end of article.

Correspondence to
Professor Lars Rönnblom, 
Medical Sciences and Science 
for Life Laboratory, Uppsala 
University, Uppsala 751 85, 
Sweden;  
 Lars. Ronnblom@ medsci. uu. se

Received 15 December 2020
Revised 10 February 2021
Accepted 6 March 2021
Published Online First 
25 March 2021

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective To investigate how genetics influence the 
risk of smoking- related systemic lupus erythematosus 
(SLE) manifestations.
Methods Patients with SLE (ndiscovery cohort=776, 
nreplication cohort=836) were genotyped using the 200K 
Immunochip single nucleotide polymorphisms (SNP) 
Array (Illumina) and a custom array. Sixty SNPs 
with SLE association (p<5.0×10−8) were analysed. 
Signal transducer and activator of transcription 4 
(STAT4) activation was assessed in in vitro stimulated 
peripheral blood mononuclear cells from healthy 
controls (n=45).
Results In the discovery cohort, smoking was 
associated with myocardial infarction (MI) (OR 1.96 
(95% CI 1.09 to 3.55)), with a greater effect in patients 
carrying any rs11889341 STAT4 risk allele (OR 2.72 
(95% CI 1.24 to 6.00)) or two risk alleles (OR 8.27 (95% 
CI 1.48 to 46.27)).
Smokers carrying the risk allele also displayed an 
increased risk of nephritis (OR 1.47 (95% CI 1.06 to 
2.03)). In the replication cohort, the high risk of MI 
in smokers carrying the risk allele and the association 
between the STAT4 risk allele and nephritis in smokers 
were confirmed (OR 6.19 (95% CI 1.29 to 29.79) and 
1.84 (95% CI 1.05 to 3.29), respectively).
The interaction between smoking and the STAT4 risk 
allele resulted in further increase in the risk of MI (OR 
2.14 (95% CI 1.01 to 4.62)) and nephritis (OR 1.53 
(95% CI 1.08 to 2.17)), with 54% (MI) and 34% 
(nephritis) of the risk attributable to the interaction. 
Levels of interleukin-12- induced phosphorylation of 
STAT4 in CD8+ T cells were higher in smokers than in 
non- smokers (mean geometric fluorescence intensity 
1063 vs 565, p=0.0063).
Lastly, the IL12A rs564799 risk allele displayed 
association with MI in both cohorts (OR 1.53 (95% 
CI 1.01 to 2.31) and 2.15 (95% CI 1.08 to 4.26), 
respectively).
Conclusions Smoking in the presence of the STAT4 
risk gene variant appears to increase the risk of MI 
and nephritis in SLE. Our results also highlight the 
role of the IL12−STAT4 pathway in SLE- cardiovascular 
morbidity.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a disease 
characterised by loss of tolerance to self- antigens, 
formation of immune complexes and an acti-
vated type I interferon (IFN) system.1 A widely 
accepted view of the aetiology of SLE is that envi-
ronmental factors trigger the disease in genetically 
susceptible individuals. The genetic background 
is complex, with more than 100 single nucleo-
tide polymorphisms (SNPs) associated with risk 

Key messages

What is already known about this subject?
 ► Neither traditional nor systemic lupus 
erythematosus (SLE)- related risk factors can 
fully account for the excess cardiovascular 
disease risk seen in patients with SLE, but 
interactions between traditional and SLE- 
specific risk factors have been scarcely 
investigated.

What does this study add?
 ► Our results show that the signal transducer and 
activator of transcription 4 (STAT4) risk allele 
rs11889341 enhances the effect of smoking on 
the risk of myocardial infarction and nephritis 
and that smoking is associated with increased 
interleukin (IL)-12- induced phosphorylation of 
STAT4 in CD8+ T cells.

 ► We further demonstrate that the IL12A SLE 
risk variant rs564799 is associated with 
an increased risk of myocardial infarction, 
which further highlights the importance of 
the IL12- STAT4 pathway in the aetiology of 
cardiovascular morbidity in SLE.

How might this impact on clinical practice or 
future developments?

 ► Our results suggest that genetic profiling of 
patients with SLE may be useful for predicting 
comorbidities of the disease, impact of 
environmental factors and for targeted smoking 
cessation interventions.
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for SLE.2 Exposure to certain environmental factors, including 
ultraviolet radiation and viral infections, is associated with SLE 
development and flare- ups of the disease.3 4 Several studies have 
evaluated smoking as a risk factor for SLE, with the largest 
meta- analysis to date showing a modest risk increase.5 While the 
results are not confirmed in prospective studies, both Cozier and 
Barbhaiya et al observed a trend of increased risk in smokers.6 7 
The most extensive prospective study involving 286 cases with 
SLE demonstrated an association between smoking and develop-
ment of SLE with increased anti- dsDNA, but no risk of overall 
SLE.7

Although death from active SLE has decreased since the 
1950s,8 the mortality rate still exceeds that of the general popu-
lation, with cardiovascular morbidity remaining considerably 
high and a strong risk factor for premature mortality.9–11 Both 
traditional and SLE- related risk factors, such as hypertension, 
nephritis and high disease activity have been identified as risk 
factors, but cannot fully account for the excess cardiovascular 
disease (CVD) risk seen in patients with SLE.12 13 To fully explain 
the aetiology of SLE or its comorbidities such as CVD, gene–
gene or gene–environment interactions may be essential to 
consider. In rheumatoid arthritis, there is compelling evidence of 
a strong interaction between the HLA- DRB1*04 shared epitope 
and smoking on the development of anticitrullinated protein 

autoantibodies14 and a high prevalence of cardiovascular events 
(CVE).15

In SLE, a few studies have investigated the interaction between 
genetic risk factors and smoking on the development of the 
disease.16 17 Recently, Cui et al demonstrated that an additive 
interaction between smoking and the cumulative genetic risk of 
SLE increases the risk of the disease.18 However, gene–smoking 
interactions on the development of specific manifestations or 
co- morbidities of SLE have been scarcely studied. This study, 
therefore, aims to investigate the effect of smoking on the devel-
opment of specific manifestations of SLE, including CVE, end- 
stage renal disease (ESRD) and nephritis, and examine how the 
effect is modulated by the presence of genetic variants associated 
with an increased risk of SLE development.

METHODS
Patients of the discovery and replication cohort
The discovery cohort included 774 patients with SLE from 
Sweden. The replication cohort included 836 patients from 
Norway and Denmark. All subjects fulfilled ≥4 American College 
of Rheumatology (ACR)−82 and ACR-97 classification criteria 
for SLE and were of European descent. Clinical characteristics 
of the cohorts are described in table 1 and online supplemental 

Table 1 Prevalence of clinical manifestations in smokers (n=371) and non- smokers (n=387) in the discovery cohort
Smokers, n (%) Non- smokers, n (%) OR (95% CI) P value

Age at last follow- up, mean (SD) 55 (15) 50 (17) 0.000025

Disease duration, mean (SD) 17 (11) 16 (12) 0.016

Male sex 49 (13) 48 (13) 0.94 (0.61 to 1.45) 0.79

Deceased at follow- up 55 (15) 39 (11) 1.19 (0.75 to 1.88) 0.45

ACR 1982 classification criteria40

 1 Malar rash 205 (55) 211 (57) 1.00 (0.74 to 1.34) 0.97

 2 Discoid rash 83 (22) 80 (21) 0.96 (0.68 to 1.36) 0.81

 3 Photosensitivity 262 (71) 246 (65) 1.27 (0.93 to 1.74) 0.13

 4 Oral ulcer 103 (28) 96 (25) 1.20 (0.86 to 1.67) 0.27

 5 Arthritis 306 (82) 301 (81) 1.11 (0.76 to 1.61) 0.59

 6 Serositis 179 (48) 165 (45) 1.10 (0.82 to 1.47) 0.52

 7 Renal disorder 129 (35) 132 (36) 1.10 (0.80 to 1.50) 0.56

 8 Neurological disorder 33 (9) 40 (10) 0.86 (0.52 to 1.40) 0.54

 9 Haematological disorder 213 (57) 258 (70) 0.62 (0.46 to 0.84) 0.0021

 10 Immunological disorder 245 (66) 256 (69) 0.97 (0.71 to 1.33) 0.86

 Anti- dsDNA 224 (61) 231 (63) 1.02 (0.76 to 1.38) 0.88

 11 ANA 364 (98) 367 (99) 0.69 (0.19 to 2.49) 0.57

Renal variables

 WHO class I–II 12 (5) 20 (8) 0.71 (0.33 to 1.50) 0.37

 WHO class III–IV 62 (21) 71 (22) 1.13 (0.75 to 1.69) 0.57

 WHO class V 15 (6) 16 (6) 1.05 (0.50 to 2.20) 0.90

 Other* 11 (4) 6 (2) 1.24 (0.50 to 3.06) 0.65

 ESRD 14 (4) 1.41 (0.62 to 3.24) 0.42

Cardiovascular events

 MI 39 (11) 19 (5) 1.96 (1.09 to 3.55) 0.025

 ICVD 45 (12) 30 (8) 1.37 (0.84 to 2.24) 0.21

 VTE 61 (16) 52 (14) 1.14 (0.76 to 1.71) 0.52

 Clinical APS 68 (20) 61 (18) 1.08 (0.73 to 1.60) 0.68

 Anti-β2GP- I IgG 58 (19) 57 (18) 0.98 (0.69 to 1.39) 0.91

 Anti-β2GP- I IgM 8 (11) 11 (12) 0.96 (0.36 to 2.55) 0.93

 LA 62 (23) 57 (21) 1.19 (0.79 to 1.80) 0.40

 aCL- IgG 86 (26) 90 (28) 1.05 (0.70 to 1.59) 0.080

 aCL- IgM 34 (14) 33 (13) 0.96 (0.36 to 2.55) 0.93

Logistic regression models were used to assess differences between smokers and non- smokers. All analyses were adjusted for age at last follow- up and disease duration.
p<0.05 (unadjusted for multiple comparisons) in bold.
*Patients with biopsies displaying signs of nephritis but not meeting the criteria for any of the above classes were classified as other.
ACR, American College of Rheumatology;40 ANA, antinuclear antibodies; Anti-β2GP- I, anti-β2 Glycoprotein- I; ; APS, antiphospholipid syndrome; dsDNA, double- stranded DNA; ESRD, end- stage renal disease; ICVD, ischaemic cerebrovascular disease; 
LA, lupus anticoagulant; MI, myocardial infarction; VTE, venous thromboembolism.;
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table 1, respectively. Clinical data, including smoking status 
(ever- smoker, including current or a history of smoking, versus 
never- smoker), the ACR-82 classification criteria, antiphospho-
lipid syndrome diagnosis, ESRD, renal biopsy data and CVE, 
defined as myocardial infarction (MI), ischaemic cerebrovascular 
disease (ICVD) or venous thromboembolism, was collected from 
medical records. For definitions, see online supplemental file. In 
the replication cohort, data regarding ESRD were not available, 
and data on smoking were available from 503 patients.

Genotyping and selection of SNPs
Genotyping of the discovery cohort was performed using the 
Illumina 200K Immunochip SNP array, for details, see online 
supplemental file. SNPs previously associated with SLE at 
genome- wide significance in the European population2 were 
selected. For SNPs not included on the Immunochip, the SNP- 
proxy with the highest linkage disequilibrium (LD) (r2 ≥0.96) 
was selected. All SNPs were filtered for independent signals, 
removing the variant with the lowest SLE- OR for SNPs in LD (r2 
>0.2). In total, 4 HLA and 56 non- HLA SNPs were investigated 
for associations with MI (online supplemental table 2). Individ-
uals in the replication cohort were genotyped for three single 
nucleotide variants using a custom assay on the MassARRAY 
system (see online supplemental file).

Interleukin-12-induced phosphorylation of STAT4
Interleukin 12 (IL-12)- induced phosphorylation of signal trans-
ducer and activator of transcription 4 (pSTAT4) was previously 
determined in 72 healthy blood donors from Uppsala Biore-
source using flow cytometry.19 Smoking data were available from 
45 of these donors, of which 20 were past or current smokers 
and 25 were non- smokers.

Statistical analysis
To investigate associations between smoking and clinical mani-
festations, logistic regression models were used. As smoking 
was associated with longer disease duration and higher age at 
follow- up (table 1), these variables were included as covariates. 
In analysis of associations between genetic variants and MI, SNPs 
were first analysed separately. Next, all variants demonstrating a 
positive association with MI were included in a forwards condi-
tional multiple regression model. All analyses were adjusted for 
age and disease duration. Results considered statistically signif-
icant (unadjusted p<0.05) were reanalysed in the replication 
cohort using the same statistical model and covariates. Meta- 
analyses were performed on the two datasets and multiplica-
tive and additive interactions between the STAT4 risk allele and 
smoking were studied in a combined dataset through addition 

of a STAT4*smoking interaction term in the logistic models and 
by calculating the attributable proportion due to interaction, 
respectively.20 21 Differences in levels of pSTAT4 were assessed 
by Student’s t- test and by a linear regression model allowing 
adjustment for age and the STAT4 risk allele. R22 was used for 
all analyses except the meta- analyses which were performed in 
PLINK.23

RESULTS
Smoking is modestly associated with MI
Initially, we assessed the association between smoking and 
clinical manifestations (table 1). We found no evidence of any 
associations between smoking and the ACR criteria, except the 
haematological criterion, which was less prevalent in smokers 
(table 1). Elevated levels of red and white blood cells in smokers 
is a well- known phenomenon.24 Smoking was not associated 
with a history of DVT or ICVD, however, a significant associa-
tion between smoking and MI was observed (OR 1.96 (95% CI 
1.09 to 3.55), p=0.025) (table 1).

Increased risk of MI in SLE-smokers with the STAT4 risk allele
Next, we asked whether there are sub- groups of patients in 
which smoking plays a more prominent role in MI develop-
ment. We initially examined 60 SNPs with established associ-
ation with SLE (p<5.0×10−8) for association with MI (online 
supplemental table 2). We found that the Neutrophil Cytosolic 
Factor 2 (NCF2), Interleukin- 12A (IL12A) and STAT4 risk alleles 
displayed independent, positive association with MI (table 2). In 
addition, patients carrying two alleles of both the STAT4 and 
the IL12A risk variants (n=37, 4.9% of the patients) displayed a 
substantially higher prevalence of MI compared with those with 
any other allele combination (27% vs 7%) (OR 5.88 (95% CI 
2.44 to 14.17), p=7.9×10−5) (figure 1A).

Next, we stratified patients by smoking status to determine 
whether each of the three SNPs displayed stronger association 
with MI in smokers. No significant associations were found 
for the NCF2 or IL12A risk alleles (OR 1.58 (95% CI 0.89 to 
2.78), p=0.12 and OR 1.36 (95% CI 0.89 to 2.08), p=0.15, 
respectively). However, the STAT4 risk allele demonstrated 
a stronger association in smokers (OR 2.45 (95% CI 1.46 to 
4.19), p=0.00086) (figure 2A). Next, we assessed the associa-
tion between smoking and MI in patients carrying the STAT4 
risk allele and observed an almost 3−fold increase in risk for 
the smokers compared with the non- smokers (OR 2.72 (95% 
CI 1.24 to 6.00), p=0.013). In patients carrying two risk alleles, 
the risk was more than eightfold higher for smokers (OR 8.27 
(95% CI 1.48 to 46.27), p=0.016). In contrast, we could not 
demonstrate a significant association between smoking and MI 

Table 2 Associations between SLE risk SNPs and myocardial infarction in the discovery and replication cohort

SNP Gene name

Discovery cohort (n=763) Replication cohort (n=836)

HWE p

Risk allele frequency

OR P value HWE p

Risk allele frequency

OR P valueMI+ MI- MI+ MI-

rs17849502 NCF2 0.013 0.12 0.08 2.00 (1.08 to 3.68) 0.027 8.80×10-7 0.18 0.11 1.94 (0.94 to 4.04) 0.075

rs11889341 STAT4 0.81 0.44 0.34 1.76 (1.18 to 2.63) 0.0054 0.53 0.40 0.31 1.81 (0.94 to 3.47) 0.075

rs564799 IL12A 0.29 0.68 0.59 1.53 (1.01 to 2.31) 0.042 1.00 0.74 0.61 2.15 (1.08 to 4.26) 0.029

Using a forward conditional multiple logistic regression model, 60 genetic variants with previously established association with SLE (p<5×10−8, online supplemental table 2) 
were analysed for associations with myocardial infarction in the discovery cohort. The table shows SNPs included in the final model. These SNPs were subsequently analysed in 
the replication cohort. Age at follow- up and disease duration were included as covariates. P<0.05 (unadjusted for multiple comparisons) in bold. HWE was tested on all patients 
in the discovery and replication cohorts, respectively.
HWE, Hardy- Weinberg equilibrium; IL12a, Interleukin12A; ; MI, myocardial infarction; NCF2, neutrophil cytosolic factor 2; ; SLE, systemic lupus erythematosus; SNPs, single- 
nucleotide polymorphisms; STAT4, signal transducer and activator of transcription 4.
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in patients without the risk allele (OR 1.20 (95% CI 0.49 to 
2.96) p=0.55).

As patients with nephritis have previously been shown to have 
a higher prevalence of both MI and the STAT4 risk allele.25–27 we 
hypothesised that the results would be similar if using nephritis, 
rather than MI, as the outcome variable. Without stratifying 
for smoking, the association between the STAT4 risk allele and 
nephritis reached suggestive significance (OR 1.23 (95% CI 
0.98 to 1.54), p=0.072). The effect was more pronounced in 
the smokers only (OR 1.47 (95% CI 1.06 to 2.03), p=0.020). 
In addition, we found moderate evidence that patients with 
nephritis carrying the STAT4 risk allele were at a greater risk of 
developing ESRD (OR 1.85 (95% CI 0.96 to 3.59), p=0.068), 
and this risk was enhanced in smokers (OR 2.52 (95% CI 1.04 to 
6.10). p=0.040) (figure 2B). Of note, despite the non- smoking 
group including more patients with nephritis (n=140 vs n=129), 
no evidence of an association between the STAT4 risk allele and 
nephritis or ESRD could be demonstrated in this group (OR 
1.07 (95% CI 0.77 to 1.46), p=0.70 and OR 1.10 (95% CI 0.38 
to 3.16), p=0.86, respectively).

To validate our significant findings, we performed the same 
analyses in an independent cohort of patients with SLE (online 
supplemental table 1). Analysis of the genetic variants demon-
strated that the IL12A risk allele was the only gene variant signifi-
cantly associated with MI when not accounting for smoking 

(table 2). Patients with two risk alleles of both STAT4 and IL12A 
(n=28, 3.2% of the patients) were found to have a significantly 
higher prevalence of MI than patients without this combina-
tion of risk alleles (OR 7.21 (95% CI 1.36 to 38.27, p=0.020) 
(figure 1B). Similar to in the discovery cohort, we found a 
significant association between the STAT4 risk allele and MI in 
smokers (OR 2.11 (95% CI 1.04 to 4.26), p=0.038). In addi-
tion, smoking was associated with MI in patients carrying the 
STAT4 risk allele (OR 6.19 (95% CI 1.29 to 29.79), p=0.023). 
No evidence of these associations could be observed in the 
non- smoking group (OR 0.58 (95% CI 0.09 to 3.90), p=0.58 
and OR 1.32 (95% CI 0.23 to 7.34), p=0.75, respectively). In 
patients carrying two risk alleles (n=51), the logistic regression 
could not be performed due to a ‘perfect separation’ between 
groups, with 9% of smokers having had a MI compared with 0% 
of never- smokers. As in the discovery cohort, we found an asso-
ciation between the STAT4 risk allele and nephritis in smokers 
(OR 1.84 (95% CI 1.05 to 3.29), p=0.035), whereas the effect 
size was non- significant in non- smokers (OR 0.78 (95% CI 0.41 
to 1.45), p=0.44).

Meta- analysis of the two cohorts showed the risk of MI to 
more than double with each additional STAT4 risk allele in 
smokers (OR 2.28, p=0.00010). In contrast, no association 
could be detected in the never- smoker group (OR 0.80, p=0.52). 
Similarly, in meta- analysis of patients with 2 STAT4 risk alleles 
(n=282, 22%), smoking was found to be a strong risk factor for 
MI (OR 8.27, p=0.016). For nephritis, each STAT4 risk allele 
increased the risk by ~50% in smokers (OR 1.52, p=0.00051), 
whereas no increase in risk was found in the non- smoker group 
(OR 0.82, p=0.33).

Interaction between STAT4 risk allele and smoking results in 
a higher risk of MI and nephritis
We subsequently performed interaction analyses on all patients 
and found a significant multiplicative interaction between the 
STAT4 risk allele and smoking on the development of MI (OR 
2.14 (95% CI 1.01 to 4.62), p=0.049) as well as nephritis (OR 
1.53 (95% CI 1.08 to 2.17), p=0.020) (online supplemental 
table 3). Next, we examined additive interaction and observed 
an attributable proportion due to interaction of 0.54 (95% CI 
0.24 to 0.83, p=0.00019) and 0.34 (95% CI 0.080 to 0.61, 
p=0.0051) for MI and nephritis, respectively.

To determine whether the effect of the STAT4 risk allele on 
nephritis in smokers could explain the association with MI, we 
performed stratification of the combined dataset and investi-
gated the association between the STAT4 risk allele and MI in 
smokers and non- smokers without nephritis. In the smokers, 
the association between the STAT4 risk allele and MI remained 
significant (n=428, OR 2.43 (95% CI 1.40 to 4.27), p=0.0017) 
(figure 3). Similarly, the association between the STAT4 risk allele 
and nephritis in smokers remained significant after excluding 
patients with MI from the analysis (n=623, OR 1.54 (95% CI 
1.20 to 1.98), p=0.00076).

Lastly, as both SLE risk alleles in STAT4 and smoking have 
shown association with the development of aPL in previous 
studies,28 29 we assessed the association between the STAT4 risk 
allele and aPL in smokers, however, it was not significant (OR 
1.56 (95% CI 0.71 to 3.72, p=0.26). Next, we performed a 
multiple regression model in the smoking group including the 
STAT4 risk allele, any aPL, nephritis, age at follow- up, and 
disease duration as covariates. We found the association between 
the STAT4 risk allele and MI to remain significant (OR 3.26 
(95% CI 1.15 to 9.20), p=0.026), whereas neither aPL nor 
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nephritis displayed significant association with MI (p=0.87 and 
p=0.50, respectively), (online supplemental table 4).

Levels of activated STAT4 are increased in smokers
The STAT4 risk allele is associated with higher levels of pSTAT4 
in CD8+ T cells from SLE patients on stimulation with IL-12.19 
Furthermore, higher levels of STAT4 expression have demon-
strated association with increased cardiovascular damage in 
patients with SLE.30 To investigate whether smoking also 
increases the levels of pSTAT4, we analysed IL-12 stimulated 
CD8+ T cells from healthy blood donors who were smokers 
(n=20) or never- smokers (n=25). We found the levels of 
pSTAT4 to be higher in smokers (p=0.0063), with a mean 
value of 1063 compared with 565 in non- smokers (figure 4). 
When adjusting for age and the STAT4 risk allele, which is in 
LD (r2=1.00) with a STAT4 risk variant previously shown to 
influence levels of pSTAT4 in these individuals,19 31 the associa-
tion between smoking and levels of pSTAT4 remained significant 
(β=396, p=0.023).

DISCUSSION
In the present study, we demonstrate that smoking substantially 
increases the risk of MI in a subset of patients with SLE carrying 
a variant of the STAT4 SLE- risk gene. In both the discovery and 
replication cohorts, the effect size increased with an increasing 
number of STAT4 risk alleles, with smoking giving rise to a more 
than 8- fold risk of MI in homozygous individuals. We believe 
that our results add important knowledge in the understanding 
of how SLE- risk alleles can modulate the effect of traditional 
risk factors.

The prevalence of MI is higher in SLE patients with nephritis 
than patients without renal manifestations26 32 and SLE- risk 
alleles in STAT4 have previously been linked to both nephritis 
and severe renal insufficiency.25 27 We, therefore, speculated that 
the smoking-STAT4 risk allele interaction did not directly affect 
MI, but rather, was a consequence of an interaction between the 
STAT4 risk allele and smoking on the development of nephritis. 
Indeed, we found that this gene- environment combination also 
results in a higher risk of nephritis, as well as ESRD. Interest-
ingly, however, the STAT4 risk allele/smoking effect on MI did 
not decrease when adjusting the model for nephritis or when 
completely removing the patients with nephritis from the anal-
ysis. Similarly, the effect of the STAT4 risk allele/smoking on 
nephritis remained significant after excluding all patients with 
MI from the analysis, indicating that the associations were 
independent.

Based on these results, we hypothesised that the increased risk 
in individuals who smoke and carry the risk allele is connected 
with the levels of activated STAT4 in these individuals. Hagberg 
et al have shown that the rs7574865 STAT4 risk allele—which 
is in perfect LD (r2=1.00) with the SNP used in this study31—
is associated with increased levels of pSTAT4 in activated CD8 
+T cells of SLE patients.19 Therefore, we assessed whether 
smoking elevates pSTAT4 in this cell type and found that the 
levels were almost twofold higher in smokers. This observa-
tion is in line with previous findings by Di Stefano et al, who 
demonstrated higher levels of pSTAT4 in bronchial T cells from 
healthy smokers compared with non- smokers.33 When STAT4 
is activated and phosphorylated, it homodimerises and translo-
cates to the nucleus where it induces expression of hundreds of 
genes, resulting in production of IFN-γ, T- helper type 1 and 17 
differentiation and activation of monocytes.34 Increased STAT4 
mRNA expression is associated with increased cardiovascular 
damage in patients with SLE,30 and several studies on animal 
models indicate a link between STAT4 and the development 
of atherosclerosis.35 The mechanism of how smoking leads to 
increased levels of activated STAT4 is unclear, however, we 
speculate that epigenetics may constitute the bridge between 
smoking, genetics and SLE. It is well known that smoking affects 
both overall DNA methylation and specific gene promotors.36 37 
Epigenetic regulation is further believed to play an important 
role both in cardiovascular biology and in SLE development.36 38 
Whether smoking is associated with epigenetic changes in SLE- 
specific genes, and if such changes are associated with specific 
manifestations of SLE, deserves further studies.

The analyses of individual SLE risk alleles identified the SLE- 
risk SNP IL12A to be associated with an increased risk of MI, 
and that patients in the discovery and replication cohort carrying 
two alleles of both the IL12A and STAT4 risk SNPs had a more 
than fivefold and eightfold risk of MI, respectively. The IL12A 
SNP is located within the fourth intron of the IL12A gene, which 
encodes the p35 subunit of the IL-12 protein. On binding to 
its receptor, IL-12 induces phosphorylation of STAT4.34 We 
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believe that the association of the IL12A risk allele, in addition 
to the STAT4 risk allele, with MI points to the importance of 
this pathway in the development of the comorbidity. Previous 
work has demonstrated that JAK- inhibitors efficiently block the 
increase in pSTAT4 levels, and ameliorate murine lupus as well 
as its associated vascular dysfunction.19 39 Due to the potential 
therapeutic strategy of JAK- inhibitors for patients with SLE 
displaying an altered activity in this particular pathway, we 
believe that further studies of the effect of this pathway on devel-
opment of CVE are warranted.

This study’s strength is the large, well- characterised 
discovery cohort, that results were validated in a second 
large cohort, and the analysis of healthy control cells, which 
confirmed that pSTAT4 levels are higher in smokers. In addi-
tion, the quality control of genetic data was rigorous, and the 
patients’ long mean follow- up time of 17 years allowed for 
many outcome variables such as MI to be recorded. There 
are, however, some limitations. First, our study is based on 
retrospective data and we lacked data on the year of smoking 
cessations. As patients who were past smokers at the last 
follow- up may have been active smokers at the time of their 
CVE, we could not analyse previous and current smoking 
separately. Second, we did not have data on number of pack- 
years, which may have generated more precise results. Third, 
the study includes only Scandinavian patients with SLE, and 
whether the associations are generalisable to patients of other 
ethnicities needs further investigation.

CONCLUSION
We demonstrate that smokers carrying the STAT4 risk allele 
are at an increased risk of MI and nephritis and that the IL12- 
STAT4 pathway may be important for the development of 
MI. Our results stress the importance of smoking cessation 
in SLE and particularly among those carrying this risk allele.
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ABSTRACT
Objective While the contribution of B- cells to SLE 
is well established, its role in chronic cutaneous lupus 
erythematosus (CCLE) remains unclear. Here, we compare 
B- cell and serum auto- antibody profiles between patients 
with systemic lupus erythematosus (SLE), CCLE, and 
overlap conditions.
Methods B- cells were compared by flow cytometry 
amongst healthy controls, CCLE without systemic 
lupus (CCLE+/SLE−) and SLE patients with (SLE+/
CCLE+) or without CCLE (SLE+/CCLE−). Serum was 
analyed for autoreactive 9G4+, anti- double- stranded 
DNA, anti- chromatin and anti- RNA antibodies by ELISA 
and for anti- RNA binding proteins (RBP) by luciferase 
immunoprecipitation.
Results Patients with CCLE+/SLE− share B- cell 
abnormalities with SLE including decreased unswitched 
memory and increased effector B- cells albeit at a lower 
level than SLE patients. Similarly, both SLE and CCLE+/
SLE- patients have elevated 9G4+ IgG autoantibodies 
despite lower levels of anti- nucleic acid and anti- RBP 
antibodies in CCLE+/SLE−. CCLE+/SLE− patients could 
be stratified into those with SLE- like B- cell profiles and 
a separate group with normal B- cell profiles. The former 
group was more serologically active and more likely to 
have disseminated skin lesions.
Conclusion CCLE displays perturbations in B- cell 
homeostasis and partial B- cell tolerance breakdown. Our 
study demonstrates that this entity is immunologically 
heterogeneous and includes a disease segment whose 
B- cell compartment resembles SLE and is clinically 
associated with enhanced serological activity and more 
extensive skin disease. This picture suggests that SLE- 
like B- cell changes in primary CCLE may help identify 
patients at risk for subsequent development of SLE. 
B- cell profiling in CCLE might also indentify candidates 
who would benefit from B- cell targeted therapies.

INTRODUCTION
Systemic lupus erythematosus (SLE) is an autoim-
mune disease characterised by heterogeneous clin-
ical manifestations and the production of diverse 
autoantibodies resulting from defective B cell toler-
ance and B cell hyper- responsiveness to stimula-
tion.1 While skin involvement is common in SLE,2 
it may also be present in patients with ‘primary’ 
chronic cutaneous lupus erythematosus (CCLE), 
in the absence of systemic involvement. CCLE 

includes discoid lupus erythematosus (DLE) and 
other conditions that often lead to permanent skin 
scarring,3 and up to 20% of these patients develop 
SLE over several years.3–5 However, the presence 
of DLE in patients with SLE has been found to 
reduce the risk of severe systemic manifestations, 
including lupus nephritis.6 These findings suggest 
potential immunopathogenic differences across 
lupus categories.

Key messages

What is already known about this subject?
 ► While the contribution of B cells to systemic 
lupus erythematosus (SLE) pathogenesis 
is apparent, their role in primary chronic 
cutaneous lupus erythematosus (CCLE) is 
less clear. Although CCLE is characterised by 
low serological activity, some patients with 
this condition can produce autoantibodies 
and potentially develop systemic phenotypes. 
However, little is known about B cell phenotype 
and B cell tolerance in CCLE.

What does this study add?
 ► B cell phenotypes were found to be 
heterogeneous in primary CCLE, with some 
patients resembling healthy donors and others 
showing an expansion in effector B cells 
resembling that seen in SLE.

 ► Patients with a SLE- like B cell phenotype were 
more likely to have generalised lesions and 
were more serologically active, with a high 
prevalence of nucleic acid and RNA- binding 
protein- specific antibodies.

 ► Autoreactive VH4.34 9G4+ IgG antibodies were 
elevated in patients with CCLE; however, these 
antibodies were not associated with antinucleic 
acid IgG as typically occurs in SLE.

How might this impact on clinical practice or 
future developments?

 ► The heterogeneity in B cell phenotype may 
reflect fundamentally different disease 
processes in CCLE. B cell phenotype should be 
examined as a potential prognostic marker for 
patients with CCLE that may develop systemic 
disease.
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In SLE, B cell hyperactivity is illustrated by the diversity and 
abundance of autoantibodies,7 the concentration of risk alleles 
on B cell signalling pathways,8 and the clinical benefit imparted 
by anti- B cell therapies.9 10 In contrast, limited autoantibody 
production and poor response to B cell depletion in CCLE (rela-
tive to the dermatological improvement observed in SLE), have 
called into question the pathogenic role of B cells in this condi-
tion.11 12

Multiple B cell abnormalities have been consistently docu-
mented in SLE including the expansion of plasmablasts 
(PB), transitional and pregerminal centre cells13 14; increased 
IgD−CD27− double negative (DN) B cells,15 16 owing to the pref-
erential expansion of the effector DN2 compartment,17–19 and 
the contraction of IgD+CD27+ USM B cells.19 Moreover, SLE 
is characterised by profound defects in the censoring of auto-
reactive B cells both centrally (antinuclear reactivity),20 21 and 
peripherally, as illustrated by autoreactive VH4.34 antibodies 
that are recognised by the rat anti- human idiotypic antibody 9G4 
(9G4+),22 whose expansion is promoted by defective germinal 
centre censoring.23 These defects lead to the accumulation of 
high levels of serum 9G4+ IgG in 45%–70% of patients with 
SLE with very high disease specificity (>90%).24 These autoan-
tibodies are associated with higher renal, neurological, haemato-
logical and cardiovascular activity, but not skin manifestations.22 
9G4+ IgG antibodies also correlate with anti- double- stranded 
DNA (dsDNA) IgG and contribute a substantial proportion of 
anti- dsDNA antibodies and a majority of autoantibodies recog-
nising apoptotic cells, a major immunogenic source in SLE.22 25

In contrast to SLE, little is known about the regulation and 
potential role of B cells in CCLE. Similarly, little information 
is available regarding B cell tolerance in this condition. In this 
study, we compared B cell and autoantibody profiles between 
patients with primary CCLE and patients with SLE with and 
without CCLE. Our results demonstrate CCLE heterogeneity 
with SLE- like abnormalities in a significant fraction of patients. 
This profile was associated with selective breakdown of B cell 
tolerance and the expression of autoantibodies. We postulate 
that B cell profiling may help identify patients with CCLE likely 
to progress to SLE and more likely to respond to B cell therapies.

PATIENTS AND METHODS
Patient samples
We collected blood samples among participants of the Georgia 
Organized Against Lupus (GOAL), a population- based cohort 
of individuals with a validated diagnosis of either SLE or 
primary CCLE. GOAL recruitment and data collection are 
described in the online supplemental methods and published 
elsewhere.26 Medical records review, physician assessment and 
picture review were conducted to validate the lupus diagnosis. 
Cases with a dermatologist- documented diagnosis of either 
DLE, lupus erythematosus panniculitis (LEP), lupus erythema-
tosus tumidus (LET) or chilblain lupus erythematosus (ChLE) 
were classified as CCLE. The 1997 Revised American College 
of Rheumatology Classification Criteria for SLE,27 and the 
attending rheumatologist/dermatologist judgement were used 
to classify cases into three categories: primary CCLE (CCLE+/
SLE−), SLE associated with CCLE (SLE+/CCLE+) and SLE 
without CCLE (SLE+/CCLE−). The Cutaneous Lupus Erythe-
matosus Disease Area and Severity Index (CLASI) scores28 
were assessed within 14 days of the blood draw in a subset of 
participants. No patients were being treated with B cell deple-
tion therapy. Thirty- nine additional patients with SLE were 
assessed for serological studies. Additionally, we utilised 46 

health control donors for flow cytometry and 69 for serolog-
ical studies.

Patient and public involvement
We have convened a diverse group of GOAL participants into 
the Lupus Patient Advisory Research Council (L- PARC). L- PARC 
members meet at least once a year with researchers to provide 
feedback on study measures and advice on recruitment, reten-
tion and dissemination of findings.

B cell phenotyping by flow cytometry
Blood was collected from patients in BD Vacutainer CPT tubes 
and peripheral blood mononuclear cells (PBMCs) were isolated 
and banked in liquid nitrogen until use. For flow cytometry anal-
ysis of the B cell subsets, PBMCs were stained at 4°C for 30 min 
in phopsphate buffered saline (PBS) plus 2% fetal bovine serum 
with fluorochrome- conjugated antibodies against the markers 
described in online supplemental table 1 and washed. Cells were 
then stained with Fixable Viability Dye eFluor506 (eBioscience) 
and fixed with 0.5% formaldehyde in PBS followed by washing 
and acquisition on a LSRII Flow Cytometer (BD Bioscience). 
Flowjo (BD Bioscience) software was used for analysis. Clus-
tering analysis is described in the online supplemental methods.

Apoptotic cells binding assay
Apoptosis was induced in CD45- negative Jurkat cells (J45.1; 
American Type Culture Collection), which were then incubated 
with patient serum as described previously,25 and in the online 
supplemental methods.

Serological assays
9G4+ IgG, IgM and IgA antibodies were assayed by ELISA as 
described in the online supplemental methods. Anti- dsDNA 
IgG and antichromatin IgG levels were tested by QUANTA 
Lite dsDNA ELISA and Chromatin ELISA kits (INOVA Diag-
nostics). Anti- RNA was quantified by ELISA,19 and anti- RNA- 
binding protein antibodies by luciferase immunoprecipitation 
assay as described previously,29 30 and in the online supplemental 
methods.

Statistical analysis
Statistical analysis was done using Graphpad Prism V.8. Mann- 
Whitney U test was used to compare differences between two 
groups and Kruskal- Wallis test with Dunn’s multiple comparison 
test to compare multiple groups. Fischer’s exact test was used for 
contingency testing of distribution in two categories and χ2 test 
for more than two categories. Correlation was determined by 
Pearson correlation coefficient or Spearman’s rank correlation 
coefficient.

RESULTS
Description of patients
We obtained blood samples of 207 patients: 69 CCLE+/SLE−, 
53 CCLE+/SLE+ and 85 SLE+/CCLE. Among the CCLE+/
SLE− and CCLE+/SLE+ cases, 65 (94%) and 52 (98%) had 
a diagnosis of DLE, respectively. Of those, 9/65 and 3/52 had 
DLE associated with LEP or ChLE. The non- DLE cases were 
diagnosed with LEP (three in the CCLE+/SLE− and one in 
the CCLE+/SLE+ groups) and one in the CCLE+/SLE− had 
LET. Table 1 depicts demographic and disease characteristics by 
group; patients who were CCLE+/SLE− were significantly older 
and had shorter disease duration than the two other groups.
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https://dx.doi.org/10.1136/annrheumdis-2021-220349
https://dx.doi.org/10.1136/annrheumdis-2021-220349
https://dx.doi.org/10.1136/annrheumdis-2021-220349
https://dx.doi.org/10.1136/annrheumdis-2021-220349
https://dx.doi.org/10.1136/annrheumdis-2021-220349
https://dx.doi.org/10.1136/annrheumdis-2021-220349
https://dx.doi.org/10.1136/annrheumdis-2021-220349
http://ard.bmj.com/


1192 Jenks SA, et al. Ann Rheum Dis 2021;80:1190–1200. doi:10.1136/annrheumdis-2021-220349

Systemic lupus erythematosus

B cell homeostasis in CCLE
Canonical human CD19+ B cell subsets were defined by the 
expression of IgD, CD27 and CD38 as combined naive and tran-
sitional (N+T; unswitched memory (USM); isotype switched 
memory (SWM); DN; and PB (figure 1A)).31 The expression of 
CD11c and CD21 further discriminated DN1, DN2 and DN3 
among DN cells and resting naive (rNAV) and activated naive 
(aNAV). CD24 expression identified transitional populations 
(T1+T2) in the N+T compartment (figure 1B).32–34

All three lupus groups shared characteristic perturbations 
of normal B cell homeostasis consisting of loss of USM cells 
and expansion of PB (figure 1C). DN cells were expanded 
in all lupus groups, but with higher values in SLE+/CCLE− 
than in CCLE+/SLE−. Notably, within patients with SLE, the 
presence of CCLE correlated with DN expansion of lower 
magnitude (figure 1C), a feature consistent with both, the 
association between DN2 and LN in SLE and the decreased 
incidence of LN in SLE+/CCLE+. Consistent with our 
previous findings in SLE and severe COVID-19 infections,35 
DN expansions were accounted for in all groups by increases 
of effectors DN2 and DN3 cells with concomitant reversal of 
the normal predominance of DN1 cells, a population transcrip-
tionally linked to resting SWM cells (figure 1D,E).19 Similarly, 
aNAV, representing DN2 progenitors, were also expanded in 
SLE+/CCLE− and SLE+/CCLE+, relative to CCLE+/SLE− 
(figure 1F). Immature T1/T2 were expanded in CCLE relative 
to HCD and SLE+/CCLE− (figure 1G). As further illustrated 
below, however, all lupus groups were heterogeneous for these 
populations and included a significant fraction of patients with 
values above the upper limit of healthy individuals. This was 
particularly true for SWM and a substantial fraction of patients 

with SLE+/CCLE− (17%), SLE+/CCLE+ (19%) and CCLE+/
SLE− (16%) had a frequency of SWM more than 2SD over the 
HCD mean.

B cell fingerprinting and disease heterogeneity
Multivariant analysis of B cell profiles revealed significant 
heterogeneity within patients with lupus (figure 2A). Overall, 
the combined cohort of HCD and all lupus subsets could be 
clustered into five separate groups defined by the relative 
frequencies of three B cell types: (1) early B cell (rNAV, early 
T1+T2); (2) memory (USM, SWM and DN1); and effector 
(aNAV, DN2, DN3 and PB). HCD could be separated into 
two clusters (III/IV) defined by higher frequencies of USM and 
rN+T3 subsets (figure 2A). In contrast, patients with SLE were 
concentrated within three clusters with only small fractions 
(15%–16%), expressing HCD- like B cell profiles. SLE clusters 
I/II were characterised by a more activated B cell profiles with 
high frequencies of effector B cells including aN, DN2, DN3 and 
PB (figure 2A–C), which were most pronounced in cluster II. In 
turn, SLE cluster V was characterised by the coordinated expan-
sion of T1/T2 and rN/T3 cells in combination with the largest 
decrease of USM cells (figure 2C). Patients with CCLE+/SLE− 
displayed the largest degree of B cell heterogeneity of all groups 
with significant representation within all clusters (figure 2A,B). 
Overall, while a small majority (58%), expressed SLE- like 
profiles (I,II,V), 42% had HCD- like B cells. Within the CCLE+/
SLE− that clustered with patients with SLE, 64% belonged in 
clusters I/II with cluster II contributing 12% of all patients with 
CCLE.

Table 1 Descriptive characteristics of patient samples

Characteristics CCLE+/SLE− (n=69) SLE+/CCLE+ (n=53) SLE+/CCLE− (n=85) P value

Age, mean±SD 51.2±13.7 43.0±12.7 47.6±13.6 0.0047

Disease duration, mean±SD 9.9±9.5 10.1±9.1 14.0±9.7 0.013

Gender, n (%)

 Male 11 (15.9) 6 (11.3) 6 (7.1) 0.22

  Female 58 (84.1) 47 (88.7) 79 (92.9)

Race*, n (%)

 Black or African American 63 (92.6) 48 (90.6) 80 (94.1) 0.74

 White 5 (7.4) 5 (9.4) 5 (5.9)

Family history of lupus, n (%)

 No 53 (80.3) 37 (71.2) 65 (76.5) 0.51

  Yes 13 (19.7) 15 (28.8) 20 (23.5)

DLE location†, n (%) 0.034

 Above the neck 40 (61.5) 20 (38.5) NA

 Below the neck 1 (1.5) 3 (5.7) NA

 Above and below the neck 24 (36.9) 29 (55.8) NA

SLE outcomes

Disease activity, SLAQ score mean±SD NA 19.5±7.8 16.7±8.7 0.077

Organ damage, n (%)

 No damage (SA- BILD score=0) NA 4 (9.1) 9 (10.7) 0.4

 Mild damage (SA- BILD score=1–2) NA 20 (45.5) 28 (33.3)

 Severe damage (SA- BILD score≥3) NA 20 (45.5) 47 (56.0)

Immunosuppressive drugs‡, n(%) 7 (10.6) 10 (27.0) 34 (40.5) 0.0002

*One participant who self- reported ‘other race’ is not listed.
†DLE cases per group are n=65 within CCLE+/SLE− and n=52 within CCLE+/SLE+.
‡Comprise any or a combination of azathioprine, cyclophosphamide, cyclosporine,methotrexate and mofetil mycophenolate; there were 3 missing data for CCLE+/SLE−, 16 for 
SLE+/CCLE+ and 1 for SLE+/CCLE−.
CCLE, chronic cutaneous lupus erythematosus; DLE, discoid lupus erythematosus; SA- BILD, self- administered Brief Index of Lupus Damage ; SLAQ, Systemic Lupus Activity 
Questionnaire; SLE, systemic lupus erythematosus.
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Serological autoimmunity in CCLE
Given that subsets of patients with CCLE+/SLE− shared SLE B 
cell abnormalities, we examined whether tolerance was similarly 

compromised using serological autoreactivity as a readout. We 
found that class switched 9G4+ IgG (figure 3A) and 9G4+ IgA 
(figure 3B) antibodies were elevated in all lupus groups, which 
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shared similar frequencies (48%–57%) and median values of 
9G4+ IgG and IgA antibodies. Only minor differences were 
observed in 9G4+ IgM (figure 3C).

The canonical autoreactivity of 9G4 antibodies is imparted by 
its germline sequence and results in binding to the B220 epitope 
expressed on B cells which results in the majority of naive B cells 
becoming 9G4+.36 In addition, 9G4 antibodies also mediate high 
reactivity against apoptotic cells in patients with SLE through 
HCDR3- determined binding.25 37 Of interest, a much larger 
fraction of 9G4+ antibodies in patients with CCLE+SLE− 
were autoreactive against apoptotic cell antigens (48% posi-
tive) (figure 3D) with a significantly lower level of anti- B cell 
autoreactivity (17% of samples with serum 9G4+ antibodies) 
(figure 3E). Anti- dsDNA and anti- chromatin antibodies were 
present in patients with CCLE+/SLE− but a lower frequency 
than in SLE (figure 4A,B; anti- dsDNA: 33% of SLE+/CCLE+ 
and 44% of SLE+/CCLE− compared with only 13% of CCLE+/
SLE−) and anti- chromatin antibodies were similar. Anti- dsDNA 
and anti- chromatin were positively correlated in both groups of 
patients with SLE (figure 4C). Consistent with previous find-
ings, 9G4+ IgG positively correlated with anti- dsDNA and anti- 
chromatin IgG in the SLE+ groups (figure 4D,E). In contrast, no 
correlation was found in patients with CCLE+/SLE−. Instead, 
anti- dsDNA and anti- chromatin antibodies were both sharply 
uncoupled from 9G4+ IgG even in patients with elevated values 
of both types of autoantibodies.

Anti- RNA antibodies are commonly found in SLE and we 
have shown that this association is particularly strong in patients 
with expanded effector B cells.19 Anti- RNA antibodies were 
elevated in all three lupus groups including in 46% of patients 
with CCLE+/SLE− compared with 72% of patients with SLE+/
CCLE− and 56% of patients with SLE+/CCLE+. As shown in 
figure 4F, anti- RNA titers were lower in patients with CCLE+/
SLE− than in patients with SLE+/CCLE−.

We used a sensitive and highly quantitative luciferase immuno-
precipitation assay to quantify serum anti- RNA- binding protein 
(RBP) antibodies (Sm, RNP, Ro52 and Ro60).29 30 In all, RBP 
autoantibodies were more common in SLE groups. Consistent 
with our previous findings, the frequency of anti- Sm antibodies 
(71%), was significantly higher than that commonly encoun-
tered in cohorts with lower representation of African American 
patients.19 38 RBP autoantibodies were also present in patients 
with CCLE+/SLE− although at a significantly lower frequency. 
Nonetheless, detectable levels of anti- Sm, were present in 38%, 
a rate consistent with SLE cohorts with lower representations of 
African American patients . Anti- RNP (17%), anti- Ro52 (19%) 
and anti- Ro60 (49%), while substantial, were also lower than 
observed in SLE+/CCLE− and SLE+/CCLE+ (figure 5A). In 
patients with CCLE+/SLE−, only anti- Ro52 and anti- Sm titers 
were higher than HCD and titers for each antigen were higher in 
patients with SLE+/CCLE− and SLE+/CCLE+ than in patients 
with CCLE+/SLE− (figure 5B).

Figure 2 B cell fingerprint of patients with CCLE+/SLE−, SLE+/CCLE+ and SLE+/CCLE−. (A) Hierarchical clustering of samples by B cell subset 
frequency. Patients are clustered on the top and diagnosis is indicated by colour underneath. B cell subsets are clustered on the right. Patients were 
divided into five groups as indicated by Roman numeral (I–V). (B) Group distribution for different diagnostic categories, the distribution of patients 
with CCLE+/SLE− significantly differed from that of SLE+/CCLE+ and SLE+/CCLE−. The majority of SLE+/CCLE+ and SLE+/CCLE− samples were in 
groups I and II, while HCD samples were only found in groups III and IV. More patients with CCLE+/SLE− were in the HCD- enriched groups III and IV 
and fewer in SLE- enriched groups I and II. χ2 test was used to compare frequencies, because no HCD clustered in I,II and V χ2 tests comparing HCD to 
patients with lupus were not performed. (C) Principal component plot with cluster group indicated by colour and loading vectors for each B cell subset 
indicated. X2 test: **p<0.001. CCLE, chronic cutaneous lupus erythematosus; HCD, healthy controls; SLE, systemic lupus erythematosus
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Hierarchical clustering demonstrated a strong association 
between anti- Ro52 and anti- Ro60 reactivity and between 
anti- Sm and anti- RNP autoantibodies (figure 5C). The vast 
majority (95%) of HCD did not have reactivity to any of the 
tested antigens. In contrast, only 33% of patients with CCLE+/
SLE− lacked autoreactivity but only 16% had reactivity against 
multiple autoantigens compared with 44% and 24% of patients 
with SLE+/CCLE− and SLE+/CCLE+, respectively (figure 5D). 
Anti- Sm and anti- RNP were highly correlated in patients with 
SLE but dissociated in patients with CCLE+/SLE− (figure 5E).

Clinical and immunological associations of B cell 
heterogeneity in CCLE
As previously indicated (figure 2), patients with CCLE+/SLE− 
displayed a high degree of B cell heterogeneity which can be 
more precisely evaluated by restricted analysis of this clinical 
group. Hence, we determined potential clinical and immuno-
logical associations of the two major clusters of CCLE through 
a comparison of patients with SLE- like and HCD- like B cell 
phenotypes. Patients with CCLE with a SLE- like B cell pheno-
type were more likely to have generalised lesions (58%) and less 
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likely to be males (8%) than those with a HCD- like B cell pheno-
type (15% generalised lesions; 31% males) (figure 6A). Disease 
duration did not differ between the two groups (online supple-
mental figure 1). CLASI scores were measured in 32 patients 
with CCLE+/SLE− and skin activity did not differ between 
the groups. However, there was a trend towards greater skin 
damage in patients with a SLE- like phenotype (online supple-
mental figure 2). The group with SLE- like B cells also had more 
historical serological autoreactivity including ANA, anti- dsDNA, 
anti- Ro and anti- La (figure 6B,C), as well as more contempora-
neous anti- dsDNA and antichromatin reactivity (figure 6D) and 
higher titers of anti- RNP and anti- Ro52 (figure 6E). Interest-
ingly, patients with CCLE with expanded transitional cells also 
had more anti- RNP antibodies, particularly anti- Ro60 (data not 
shown).

DISCUSSION
Our study represents the first systematic B cells description 
across the spectrum of clinical CCLE phenotypes, spanning 
from primary CCLE without systemic disease to SLE with 
or without a CCLE component. Our data establish that a 
subset of patients with CCLE share B cell abnormalities 
characteristic of SLE, including contraction of USM B cells 
and expansion of effector B cell subsets. Why the former 
population is depleted remains unclear. A similar decrease 
is observed in Sjögren’s syndrome,39 rheumatoid arthritis,40 

vasculitis41 and other autoinflammatory diseases including 
inflammatory bowel disease, in which it may be restored 
by tumour necrosis factor inhibition.42 Of note, USM loss 
is an early feature of Sjögren’s syndrome correlated with 
serological autoimmunity and disease progression.39 This 
change may represent the loss of a MZ- equivalent endowed 
with protective functions such as apoptotic clearance,43 
Interleukin-10- mediated B regulatory activity,44 and dilution 
of autoreactivity.45 Moreover, as in Sjogren’s Syndrome,39 
this B cell feature might identify patients with primary CCLE 
who might be at risk for progression to SLE. In addition to 
the loss of putatively protective B cells, primary CCLE also 
shared with other lupus groups an enhancement of effector 
aN and DN2 B cells and PB, although of lower magnitude. 
In SLE, effector DN2 and plasma cells localise to the kidney 
and likely directly contribute to pathology.18 Similarly, B 
cells and plasma cells infiltrate the skin in CCLE, particu-
larly in established scarred lesions.46 Whether the pheno-
type of skin- infiltrating B cells in CCLE corresponds to that 
of circulating and kidney- infiltrating B cells remain to be 
elucidated.

Our findings demonstrate high B cell heterogeneity 
in lupus, with normal B cell signature in 48% of primary 
CCLE and 15% of SLE. This data suggest that patients with 
primary CCLE are more likely to have a B- cell- independent 
disease, which in turn might identify those with lower risk of 

Figure 4 Antinucleic acid antibodies are decreased in patients with CCLE+SLE− relative to patients with SLE and are not correlated with 9G4+ 
IgG. (A) Anti- dsDNA IgG is decreased in CCLE+/SLE− relative to SLE+/CCLE− and patients with SLE+/CCLE+. (B) Antichromatin IgG is also decreased 
in CCLE+/SLE− relative to SLE. (C) Anti- dsDNA IgG and antichromatin IgG are correlated in both patients with CCLE+/SLE− (left) and SLE (right). 
(D) 9G4+ IgG is highly correlated with anti- dsDNA IgG in patients with SLE+CCLE and SLE+CCLE+ but not patients with CCLE+/SLE−. (E) Similarly, 
antichromatin IgG is correlated with 9G4+ IgG only in patients with SLE. (F) Anti- RNA IgG is increased in patients with CCLE+/SLE−, SLE+/CCLE− 
and SLE+/CCLE+ but is significantly higher in SLE+/CCLE− and SLE+/CCLE+ than CCLE+/SLE−. Kruskal- Wallis test followed by Dunn’s multiple 
comparisons test: p<0.05 (green), p<0.01 (blue), p<0.001 (red), p<0.0001 (dark purple); Pearson correlation coefficient r and p are shown. CCLE, 
chronic cutaneous lupus erythematosus; dsDNA, double- stranded DNA; SLE, systemic lupus erythematosus.
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SLE progression. Conversely, 38% of patients with primary 
CCLE exhibit a highly activated SLE- like B cell profile. This 
group of patients is clinically and serologically distinct with 
more generalised skin lesions and higher autoantibody loads; 
features that have been reported to increase the risk of SLE 
among those with primary DLE.47–51 Our findings suggest 
that the expansion of effector B cells may identify a distinct 
CCLE group with higher risk of systemic progression. Long- 
term longitudinal analysis are warranted to demonstrate the 
predictive value of B cell phenotype in the development of 
SLE among patients with primary CCLE.

Also of note, patients with SLE without CCLE lesions had 
higher proportion of DN2 cells and multiple autoantibodies, 

features that we previously found to be associated with lupus 
nephritis.19 Patients with SLE and DLE are less likely to 
develop renal disease,6 and we have shown that SLE B cells 
are driven by disease- associated epigenetic programmes that 
promote effector DN2 and PB differentiation.34 It is there-
fore possible that CCLE- associated B cells may be regulated 
by distinct differentiation and effector programmes, resulting 
in a less pathogenic phenotype, whether in primary CCLE 
or in the context of SLE. Finally, a subset of patients with 
CCLE+SLE− clustered together with a group of patients 
with SLE through their shared frequency of transitional B 
cells. Patients with SLE may display expanded transitional 
B cells with increased TLR7 and interferon- regulated gene 

Figure 5 Anti- RNA- binding protein antibodies are elevated in patients with SLE relative to CCLE+/SLE−. (A) The frequency of positive samples 
for each of the indicated antigen specificities as determined by LIPS for HCD and each patient group. Samples were considered positive if they 
were higher than the mean value of HCD+3SD. (B) Anti- Sm, anti- RNP, anti- Ro52 and anti- Ro60 levels as assayed by LIPS and expressed as arbitrary 
units, median values are indicated by the red line, the Kruskal- Wallis test was used to compare each group, p values>0.05 are indicated by colour 
lines underneath for each comparison. The dashed line indicates the threshold that was considered positive. (C) Hierarchical clustering of luciferase 
immunoprecipitation system (LIPS) assay values, samples are clustered by patient on top and antigen on the left, diagnosis is indicated by colour 
underneath. Samples can be grouped into four patterns of reactivity as indicated by letter. (D) Distribution of patients and HCD across the four groups 
from C above. Differences in distribution between the three patient groups were analysed using the χ2 test. (E) Anti- Sm and anti- RNP plotted for 
CCLE+/SLE− (left) or SLE+/CCLE+ and SLE+/CCLE− (right). Kruskal- Wallis test followed by Dunn’s multiple comparisons test: p<0.05 (green), p<0.01 
(blue), p<0.001 (red), p<0.0001 (dark purple); Spearman correlation coefficient r and p is shown; X2 test: *p<0.05, **p<0.001, ***p<0.0001. CCLE, 
chronic cutaneous lupus erythematosus; HCD, healthy controls; SLE, systemic lupus erythematosus.
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expression.32 It remains to be determined if patients with 
primary CCLE and transitional B cell expansion represent a 
distinct disease group and what are the clinical implications 
of this phenotype. Similarly, an association between any of 
the B cell profiles demonstrated in our work in CCLE and 
the interferon signature reported in a fraction of patients 
with CCLE remains to be investigated.52

This study also provides original information regarding 
the breakdown of B cell tolerance in primary CCLE. Such 
a defect is demonstrated by the increase in a fraction of 
patients with one or more SLE- associated autoantibodies 
including dsDNA, chromatin, RNA and some anti- RNA- 
binding protein antibodies. Moreover, a significant fraction 
of primary CCLE also displayed defective tolerance in the 
autoreactive 9G4 B cell compartment, a feature character-
istic of SLE.23 53 However, meaningful differences were also 
observed between CCLE and SLE. Thus, unlike patients with 
SLE, increased class- switched 9G4+ antibodies were uncou-
pled in CCLE from anti- DNA/chromatin autoantibodies 
and the autoreactivity of these antibodies was much more 
pronounced against self- antigens expressed by apoptotic 
cells than B cells.

Combined, our observations suggest that primary CCLE is 
characterised by limited breakdown of tolerance that has not 
yet disseminated to other antigens. This mechanistic scenario 
is also supported by the dissociation between anti- Sm and 

U1RNP reactivity in CCLE but not in SLE. This observation 
has important implications for the development and progres-
sion of these diseases. Indeed, these findings are consistent 
with the notion that concurrent development of antibodies 
against multiple autoimmune targets is an important compo-
nent of disease progression, as demonstrated by the progres-
sive development of different autoantibodies during the 
preclinical phase of SLE prior to full- blown disease and 
diagnosis.54 55 Longitudinal studies of epitope spreading in 
CCLE B cells could represent an informative approach to 
understand the nature of the triggering antigens responsible 
for the initial breakdown of tolerance, and of late- target 
antigens that might be responsible for disease dissemination 
and SLE development.

Our study has limitations. First, the cross- sectional design 
does not allow to infer cause–effect. Second, the wide range 
of disease duration of our sample might impact the results. 
However, we did not find significant differences between 
patients with a HCD- like and SLE- like B cell phenotype 
by disease duration. Third, skin activity and damage were 
examined in a subset of participants, and we cannot gener-
alise those results to the full sample. Four, findings of this 
study are best generalised to individuals in the Southeastern 
USA, where a large majority of patients with lupus are black.

In summary, we demonstrate that CCLE is a heterogeneous 
condition clinically, serologically and immunologically. B 

A

C

B

D

RNP U1 SLE

RNP U1 HCD

Ro52 SLE

Ro52 HCD
Sm SLE

Sm HCD

Ro60 SLE

Ro60 HCD
100

101

102

103

104

105

106

107

AU

***

SLE cluster HCD cluster
0

5

10

15

20

25

nu
m

be
r o

f p
at

ie
nt

s

ANA+
ANA-

p=0.0041

75%

25%

0
5

10
15
20
25
30

dsDNA+
dsDNA-

p=0.041

23%
3%

SLE cluster HCD cluster
0

5

10

15

20

25

nu
be

r o
f  

pa
tie

nt
s 

dsDNA+
dsDNA-

25%

p=0.0096

SLE cluster HCD cluster
0
5

10
15
20
25
30

nu
m

be
r o

f p
at

ie
nt

s

Chrom+
Chrom-

p=0.0346

31% 7%

SLE cluster HCD cluster
0

5

10

15

20

25

nu
m

be
r o

f p
at

ie
nt

s

male
female

p=0.0169

31%8%

SLE cluster HCD cluster
0

5

10

15

20

25

nu
m

be
r o

f p
at

ie
nt

s

Ro+
Ro-

p=0.0230

45%
13%

SLE cluster HCD cluster
0

5

10

15

20

25

nu
m

be
r o

f p
at

ie
nt

s

Generalize
Localized

p=0.0034

15%
58%

SLE cluster HCD cluster
0

5

10

15

20

25

nu
m

be
r o

f p
at

ie
nt

s

La+
La-

p=0.049

18%

E

SLE cluster HCD cluster

nu
m

be
r o

f p
at

ie
nt

s

Historical Historical Historical

Historical

Figure 6 Patients with primary CCLE with a SLE- like B cell subset composition are serologically and clinically distinct from patients with CCLE that 
resemble HCD. (A) Primary CCLE from clusters III and IV (figure 2A) that resemble patients with SLE (red) are less likely than those from clusters I 
and II that resemble HCD (blue) to be male (left) and more likely to have generalised skin lesions above and below the neck (right). (B) Frequency 
of historical anti- nuclear antibody (ANA) reactivity in patients with primary CCLE with a SLE- like (red) or HCD- like B cell subset composition (blue). 
(C) Frequency of historical anti- dsDNA, anti- Ro and anti- La reactivity in patients with primary CCLE with a lupus- like (red) or HCD- like B cell subset 
composition (blue). (D) Frequency of anti- dsDNA and antichromatin reactivity at the time of flow analysis for patients with primary CCLE with a lupus- 
like (red) or HCD- like B cell subset composition (blue). (E) Anti- RNA protein- binding reactivity as assayed by LIPS in patients with primary CCLE with 
a lupus- like (red) or HCD- like B cell subset composition (blue) at the time of flow analysis. The Mann- Whitney test was used to compare distributions; 
(*p<0.05; **p<0.005). Fischer’s exact test was used to analyse differences in frequencies as indicated by the p value. CCLE, chronic cutaneous lupus 
erythematosus; dsDNA, double- stranded DNA; HCD, healthy controls; SLE, systemic lupus erythematosus.
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cell heterogeneity is indicated by both phenotypic and sero-
logical diversity with the latter suggesting an early and/or 
limited breakdown of tolerance. A deeper understanding of 
these findings should improve our understanding of disease 
pathogenesis, enhance prognostic power for SLE develop-
ment, and lead to the development of more precise and 
effective therapies.
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ABSTRACT
Objectives To investigate whether autoimmunity to 
transcriptional intermediary factor 1 (TIF1)γ, a ubiquitous 
nuclear autoantigen for myositis- specific autoantibodies 
detected in patients with dermatomyositis (DM) is 
pathogenetic for inflammatory myopathy.
Methods Wild- type, β2- microglobulin- null, perforin- null, 
Igμ‐null and interferon α/β receptor (IFNAR)- null mice 
were immunised with recombinant human TIF1γ whole 
protein. A thymidine incorporation assay was performed 
using lymph node T cells from TIF1γ-immunised mice. 
Plasma was analysed using immunoprecipitation 
followed by western blot analysis and enzyme- 
linked immunosorbent assays. Femoral muscles were 
histologically and immunohistochemically evaluated. 
CD8+ or CD4+ T cells isolated from lymph node T cells 
or IgG purified from plasma were adoptively transferred 
to naïve mice. TIF1γ-immunised mice were treated with 
anti- CD8 depleting antibody and a Janus kinase inhibitor, 
tofacitinib.
Results Immunisation with TIF1γ-induced experimental 
myositis presenting with necrosis/atrophy of muscle 
fibres accompanied by CD8+ T cell infiltration successfully 
in wild- type mice, in which TIF1γ-specific T cells and 
antihuman and murine TIF1γ IgG antibodies were 
detected. The incidence and severity of myositis were 
significantly lower in β₂-microglobulin- null, perforin- null, 
CD8- depleted or IFNAR- null mice, while Igμ‐null mice 
developed myositis normally. Adoptive transfer of CD8+ 
T cells induced myositis in recipients, while transfer of 
CD4+ T cells or IgG did not. Treatment with tofacitinib 
inhibited TIF1γ-induced myositis.
Conclusions Here we show that TIF1γ is immunogenic 
enough to cause experimental myositis, in which CD8+ T 
cells and type I interferons, but not CD4+ T cells, B cells 
or antibodies, are required. This murine model would be 
a tool for understanding the pathologies of DM.

INTRODUCTION
Idiopathic inflammatory myopathies (IIMs) include 
dermatomyositis (DM), polymyositis, immune- 
mediated necrotising myopathy (IMNM), inclusion 
body myositis and antisynthetase syndrome (ASS), 
characterised by inflammation of muscles and other 
organs.1 2 Autoimmunity mediates these diseases, as 
a number of myositis- specific autoantibodies have 
been identified3–6 and are associated with distinct 

clinical features.7 In DM, five autoantibodies 
have been identified: anti- Mi-2, antimelanoma 
differentiation- associated gene 5, antitranscrip-
tional intermediary factor 1 (TIF1),8 9 antinuclear 

Key messages

What is already known about this subject?
 ► A number of autoantibodies have 
been identified in sera of patients with 
dermatomyositis (DM), which are not only 
highly disease specific but are associated with 
distinct clinical features.

 ► One of the autoantigens for the myositis- 
specific autoantibodies, transcriptional 
intermediary factor 1 (TIF1) γ, is a ubiquitous 
intracellular molecule that is often mutated 
or overexpressed in tumours and triggers the 
development of anti- TIF1γ antibody- positive 
DM.

 ► Previously established murine models of 
experimental autoimmune myositis are 
dependent on immune responses against 
muscle tissue- specific antigens.

What does this study add?
 ► Autoimmunity against TIF1γ results in 
experimental myositis.

 ► The initiation of the experimental myositis is 
completely dependent on autoreactive TIF1γ-
specific CD8+ T cells, but not on CD4+ T cells or 
IgG.

 ► The type I interferon pathway is partially 
involved in the pathogenesis of myositis caused 
by autoimmunity against TIF1γ.

How might this impact on clinical practice or 
future developments?

 ► Autoimmunity to TIF1γ is not only a diagnostic 
marker for a subset of human DM and may play 
a role in the pathogenesis of the DM seen in 
patients with these autoantibodies.

 ► This new murine model of experimental 
myositis might be a useful tool to investigate 
pathologic mechanisms of, and to develop 
specific treatments for, human anti- TIF1γ 
antibody- positive DM.
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matrix protein 2 and antismall ubiquitin- like modifier activating 
enzyme.

While autoantibodies against various nuclear/cytoplasmic 
components serve as diagnostic tools for systemic autoimmune 
diseases, a direct causative role for most of them has been 
questioned. TIF1γ, a major antigen of anti- TIF1 antibodies, 

is a 155 kDa nuclear protein belonging to the tripartite motif 
superfamily.8 9 Anti- TIF1γ antibody is present in a quarter of 
adult/juvenile patients with DM10 11 and is associated with an 
increased risk of malignancies in elderly patients.12–14 TIF1γ was 
found to be overexpressed not only in tumours15 but also in 
muscle tissues, especially in regenerating atrophic perifascicular 

Figure 1 Development of experimental myositis dependent on the immune response to transcriptional intermediary factor 1 (TIF1)γ. (A) Sodium 
dodecyl sulphate- polyacrylamide gel electrophoresis (second lane) followed by a western blotting assay using anti- TIF1γ antibodies (third lane) 
revealed that the purified protein has a molecular weight (MW) of about 150 kDa, which is consistent with TIF1γ whole protein. MW markers are 
shown in first lane. (B) The upper panel shows our immunisation protocols. Mice received intraperitoneal injection (i.p.) of pertussis toxin (PT), 
and intradermal injection of an emulsion of complete Freund’s adjuvant with/without TIF1γ protein at the back and foot pads. The graph shows 
histological scores for experimental myositis in the hamstrings and quadriceps of mice immunised once (n=8) and four times (n=10) with TIF1γ 
whole protein, and mice immunised with adjuvant only four times (n=6). Dots and bars represent individuals and medians with interquartile ranges 
(IRs), respectively. *p<0.05 by Kruskal- Wallis test with Dunn’s multiple comparisons test. (C–E) Representative myositis (yellow arrows) with muscle 
fibre atrophy (C) or necrosis (D), and perifascicular atrophy (E) observed in H&E- stained sections of muscle tissues from TIF1γ-immunised mice. Bars 
represent 50 µm. (F) 3H thymidine incorporation (cpm) in T cells from regional lymph nodes of TIF1γ-immunised mice (n=3) co- cultured with bone 
marrow- derived dendritic cells (BMDCs) presenting TIF1γ. T cells from mice immunised BMDCs pulsed with adjuvant only (n=3) or without antigen 
were used as control T cells and control BMDCs, respectively. Bars represent means with SE of the mean (SEM). *p<0.05, and **p<0.01 by two- way 
ANOVA with Tukey’s multiple comparisons test. (G) IgGs binding TIF1γ antigens from K562 and EL-4 cell lysates, the MWs of which were between 
150 and 250 kDa, were detected in the plasma of TIF1γ-immunised mice (n=4), but not in plasma from mice immunised with adjuvant only (n=3). (H) 
Enzyme- linked immunosorbent assay conducted with plasma from TIF1γ-immunised mice (n=10) and mice immunised with adjuvant only (n=7). The 
titre index calculation method is detailed in online supplemental materials and methods. Dots and bars represent individuals and means with SEM, 
respectively. ***p<0.001 by Student’s t- test. Data are representative of two independent experiments.
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myofibers and in skin.16 17 Our observations revealed that preg-
nancy might trigger the development of anti- TIF1γ antibody- 
positive DM,18 which would be related to overexpression of 
TIF1γ antigen in the embryo and mammary epithelial cells 
during pregnancy.19 20 While this evidence suggests the aetiologic 
roles of TIF1γ, it remains unknown whether autoimmunity to 
TIF1γ is directly involved in disease pathogenesis. Here we show 
that experimental myositis can develop following immunisation 
with recombinant TIF1γ protein.

METHODS
Mice
Female C57BL/6 (B6) mice 8–10 weeks of age were purchased 
from Charles River. Beta2- microglobulin (β2MG)- null, perforin- 
null and Igμ-null (μMT) B6 mice and interferon α/β receptor 
(IFNAR)- null B6 mice21 were purchased from The Jackson 
Laboratory and B&K Universal. All experiments were carried 
out under specific pathogen- free conditions in accordance with 
the University of Tsukuba’s ethics and safety guidelines for 
animal experiments.

Recombinant human TIF1γ protein
A full- length human TIF1γ gene (GenBank accession number: 
AF119043) was His- tagged at its 3’ end and inserted into 
pFastBac1 vector for baculovirus expression (invitrogen). 
The detailed protocol for the expression and purification of 

recombinant TIF1γ protein is described in online supplemental 
materials and methods. Human TIF1γ whole protein is 93.3% 
homologous with the murine protein.

Induction of experimental myositis
Mice were immunised intradermally with 200 µg of TIF1γ protein 
emulsified in complete Freund’s adjuvant (CFA) containing 
100 µg of heat‐killed Mycobacterium butyricum (Difco) once in 
the back and in foot pads along with an intraperitoneal injec-
tion of 250 ng of pertussis toxin (PT, Wako Junyaku). Other 
mice were immunised intradermally with the CFA emulsion 
containing TIF1γ protein four times weekly at multiple sites of 
the back and foot pads. The same time as the last (fourth) intra-
dermal injection of the emulsion, 250 ng of PT was once injected 
intraperitoneally. Mice treated with CFA (weekly, 4 times) and 
PT were used as controls. These immunisation protocols are 
presented in figure 1B. Following the evaluation method for C 
protein- induced myositis (CIM),22 three H&E- stained sections 
from the hamstring and quadricep each were blinded to the 
intervention and examined histologically for necrosis/atrophy of 
muscle fibres accompanied by mononuclear cell infiltration. The 
scoring system is detailed in online supplemental materials and 
methods.

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
and western blotting assay and immunoprecipitation 
followed by western blot assay
Fifty microliters of mouse plasma were combined with 50 µL of 
Protein G Sepharose 4 Fast Flow (GE Healthcare) for 2 hours 
at room temperature. Antibody- bound sepharose beads were 
washed with immunoprecipitation (IPP) buffer (10 mM tris- HCl, 
pH 8.0; 50 mM NaCl and 0.1% 4- nonylphenyl- polyethylene 
glycol (BioVision)) and incubated with extracts from 1×107 K562 
human cells and EL-4 murine cells (American Type Culture 
Collection (ATCC)), respectively, for 2 hours at 4℃. Purified 
recombinant TIF1γ protein, K562- precipitated protein and 
EL-4- precipitated protein were fractionated by sodium dodecyl 
sulphate- polyacrylamide gel electrophoresis (SDS- PAGE) using 

Figure 2 Infiltration of inflammatory cells and upregulation of 
major histocompatibility complex (MHC) class I molecules in muscle 
tissues. (A–D) Immunohistochemical (IHC) analyses of CD8 (A), CD4 
(B), CD11b (C) and B220 (D) on the mononuclear cells infiltrating into 
the endomysium areas of the muscle tissues of TIF1γ-immunised mice. 
(E–G) IHC analyses of MHC class I molecules on the cell membranes 
of the muscle fibres in control adjuvant- treated mice (E) and in TIF1γ-
immunised mice (F), compared with the isotype- control antibody- 
stained samples from TIF1γ-immunised mice (G) Data are representative 
of three independent experiments.

Figure 3 TIF1γ-specific B cell linages and antibodies are not required 
for the development of TIF1γ-induced myositis. (A) Histologic scores 
for experimental myositis in hamstrings and quadriceps of μMT mice 
immunised with TIF1γ whole protein (n=9) were equal to TIF1γ-
immunised wild- type (WT) mice (n=12). Dots and bars represent 
individuals and medians with IRs, respectively. (B) Histologic scores for 
experimental myositis in the hamstrings and quadriceps of recipient 
mice (n=12) with adoptive intravenous transfer of IgGs purified from 
pooled plasma of TIF1γ-immunised mice or control recipients (n=10) of 
IgGs from pooled plasma of mice immunised with adjuvant only. Dots 
and bars represent individuals and medians with IRs, respectively. Data 
are representative of two independent experiments. IRs, interquartile 
ranges.

https://dx.doi.org/10.1136/annrheumdis-2020-218661
https://dx.doi.org/10.1136/annrheumdis-2020-218661
https://dx.doi.org/10.1136/annrheumdis-2020-218661
https://dx.doi.org/10.1136/annrheumdis-2020-218661
http://ard.bmj.com/


1204 Okiyama N, et al. Ann Rheum Dis 2021;80:1201–1208. doi:10.1136/annrheumdis-2020-218661

Myositis

10% polyacrylamide gels, applied to Mini- PROTEANTGX 
precast gels (4%–15%, Bio- Rad Laboratories). The gel on 
which recombinant TIF1γ protein was applied was stained with 
Bio- Safe Coomassie Stain (Bio- Rad Laboratories). For western 
blotting (WB) assay, proteins were transferred onto nitrocel-
lulose membranes using a wet transfer apparatus (Mini Trans- 
Blot Cell, Bio- Rad Laboratories) from the gels. The membranes 
were blocked with 5% skim milk and incubated with rabbit 
antihuman/murine TIF1γ polyclonal antibody (NB100-57498, 
Novus Biologicals), antihuman TIF1γ polyclonal antibodies 
(LS- C408048, LifeSpan Biosciences) and antimurine TIF1γ 
polyclonal antibodies (ab47062; Abcam), respectively, over-
night at 4℃. They were washed with tris- buffered saline with 
Tween 20, incubated with peroxidase- labelled goat antirabbit 
IgG polyclonal antibodies (sc-2004, Santa Cruz Biotechnology) 
and then visualised using SuperSignal West Pico (Thermo Fisher 
Scientific).

Enzyme-linked immunosorbent assay
The plasma samples collected from immunised mice 2 weeks 
after the last immunisation were evaluated in our established 
enzyme- linked immunosorbent assay (ELISA) system (online 
supplemental materials and methods).

Immunohistochemical analyses
CD8, CD4, CD11b and B220- positive cells and upregulation of 
H‐2Kb molecules were detected on sections from muscle tissue 
samples (online supplemental materials and methods).

In vivo depletion of CD8+ T cells
To deplete CD8+T cells, mice were intraperitoneally injected 
with purified rat anti- CD8α depleting monoclonal antibody 
(53.67.2) in the protocol as shown previously22 and as described 
in online supplemental materials and methods.

Adoptive transfer of T cells or IgG
T cells were purified from the inguinal and popliteal lymph 
node (LN) cells of immunised mice 2 weeks after the fourth 
immunisation using CD3 T cell enrichment columns (R&D 
systems). Three million T cells were cultured with 1.5×105 
TIF1γ-pulsed mature bone marrow- derived dendritic cells 
(BMDCs, generated in the protocol shown in online supple-
mental materials) and 100 U/mL recombinant murine IL-2 
(PeproTec) in 2 mL RPMI1640 with 10% fetal bovine serum 
(FBS) for 72 hours using 24- well culture plates. CD8‐positive 
or CD4‐positive T cells were sorted with MACS magnetic 
beads (Miltenyi Biotech). Flow cytometric analyses showed 
that the purities of the sorted CD8+ and CD4+ T cells were 
>95%, and that CD11c- positive DCs were absent. IgG was 
purified from the plasma of immunised mice 2 weeks after 
the fourth immunisation using protein G columns (Ab- Rapid 
SPiN Ex, ProteNova). One million whole T cells, 4×105 
CD8- positive or CD4- positive T cells or 500 µg of IgG were 
intravenously injected into recipient mice that had been 
pretreated with CFA.23 The muscles of the hind legs were 
evaluated histologically 2 weeks after transfer.

Figure 4 TIF1γ-specific CD8+ T cells are critical for the development of TIF1γ-induced myositis. (A) Histological scores for experimental myositis 
in the hamstrings and quadriceps of WT mice (n=11), β2- microgloblin (β2MG)- null mice (n=8), and perforin- null mice (n=10) 2 weeks after fourth
immunisation with TIF1γ whole protein. Dots and bars represent individuals and medians with IRs, respectively. *p<0.05, and **p<0.01 by Kruskal- 
Wallis test with Dunn’s multiple comparisons test. (B) Histological scores for experimental myositis of TIF1γ-immunised mice treated with anti- CD8 
depleting antibody (n=7) compared with those treated with control antibody (n=7). Dots and bars represent individuals and medians with IRs, 
respectively. **p<0.01 by Mann- Whitney U test. (C) Histological scores for experimental myositis in the hamstrings and quadriceps of recipient mice 
(n=10) following adoptive intravenous transfer of TIF1γ-activated T cells originally purified from pooled lymph node cells of TIF1γ-immunised mice 
compared with TIF1γ-activated T cells originally from pooled lymph node cells of mice immunised with adjuvant only (n=10). Dots and bars represent 
individuals and medians with IRs, respectively. *p<0.05 by Mann- Whitney U test. (D) Representative myositis (yellow arrows) in HE- stained sections 
of muscle tissues from TIF1γ-specific T cell- recipients. Bars represent 50 µm. (E) Histological scores for experimental myositis in hamstrings and 
quadriceps of TIF1γ-CD8 recipient mice (n=10) following adoptive intravenous transfer of CD8+ T cells purified from TIF1γ-specific T cells compared 
with transfer of TIF1γ-CD4 recipient mice (n=8) with adoptive intravenous transfer of CD4+ T cells purified from TIF1γ-specific T cells and control CD8 
recipients (n=5) following adoptive intravenous transfer of CD8+ T cells purified from T cells of mice immunised with adjuvant only. Lack of myositis in 
control CD4 recipients (n=2) following adoptive intravenous transfer of CD4+ T cells purified from T cells of mice immunised with adjuvant only. Dots 
and bars represent individuals and medians with IRs, respectively. **p<0.01 by Kruskal- Wallis test with Dunn’s multiple comparisons test. Data are 
representative of two independent experiments. IRs, interquartile ranges.
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Real-time quantitative polymerase chain reaction analyses
As shown in online supplemental materials and methods and 
online supplemental table 1), real- time quantitative poly-
merase chain reaction (RT- qPCR) analyses were performed 
on total RNA extracted from the muscle tissue samples.

Treatment with the Janus kinase inhibitor tofacitinib
In accordance with a previous report,24 tofacitinib (MedChe-
mExpress) in 0.5% methylcellulose/0.025% Tween 20 was 
orally administrated to mice at 12.5 or 50 mg/kg Twice daily 
from the day of fourth immunisation of TIF1γ.

Statistical analysis
Data were analysed with Prism 8 (GraphPad Software). P 
values less than 0.05 were considered significant.

RESULTS
TIF1γ-immunised mice develop experimental myositis
SDS- PAGE and WB revealed that the purified recombinant 
human whole TIF1γ protein contained few contaminants 
(figure 1A). Wild- type (WT) B6 mice immunised with the 
TIF1γ protein four times weekly developed myositis 2 
weeks after the fourth immunisations in their hamstrings 
and quadriceps as assessed histologically. The incidence 
rate and the median ((IQRs) of histologic scores were 
70% and 0.5 (0–0.5), while none of the mice treated only 
with adjuvant was affected (p=0.0143; figure 1B). The 
mice immunised once with TIF1γ rarely did (12.5% and 
0 [0–0]; figure 1B) as well as the mice treated only with 
adjuvant (p>0.9999). No mice exhibited significant weight 
loss during the observation period. Histologic analysis of 
muscles from the mice immunised with TIF1γ four times 
showed atrophy and necrosis of muscle fibres accompa-
nied by infiltrating mononuclear cells in the perifascicular 
and endomysial sites of the muscle tissue (figure 1C,D), 
sometimes (in one per five samples) typical perifascicular 
atrophy (figure 1E). Myositis was still observed in 60% of 
the immunised mice 3 weeks after the fourth immunisation 
(incidence rate, 60%; median (IQRs) of histologic score, 

0.500 (0–1.250); n=5), and some mice also presented 
myositis 1 week later (60%, 0.500 (0–0.625); n=5). No 
inflammation was observed in other organs, including skin, 
cardiac muscles and lungs.

Thymidine incorporation assay was performed as shown 
in online supplemental materials and methods. T cells 
from mice with TIF1γ-induced myositis (TIM) proliferated 
significantly more than T cells from control mice treated 
only with adjuvants when cocultured with TIF1γ-presenting 
BMDCs (the means±SEMs of 3H thymidine incorporation 
were 35899±7411 and 3940±2086 (cpm), respectively; 
p=0.0022). T cells from TIM or control mice did not prolif-
erate when cocultured with BMDCs presenting no specific 
antigen (11055±3156 and 3600±1782 (cpm), respectively, 
p=0.6218; figure 1F). IPP- WB analysis demonstrated the 
existence of not only antihuman TIF1γ antibodies reacting 
to the human cell (K562) lysate but also antimurine TIF1γ 
autoantibodies reacting to the murine cell (EL-4) lysate in 
the plasma from TIM mice, but not in that from CFA- treated 
control mice (figure 1G). Our ELISA system demonstrated 
higher titers of anti- TIF1γ antibodies in TIM mice (the 
mean±SEM of titre index was 82.8±2.2) compared with 
control mice (0.1±0.5, p=0.0005; figure 1H).

CD8+ T cells predominantly adhere to muscle fibres, which 
upregulate major histocompatibility complex class I 
molecules, in the muscle tissues of TIM mice
Immunohistochemical analyses of the muscle tissues of 
TIM mice revealed that CD8+ cells predominantly infil-
trated into the endomysium areas and adhered to the muscle 
fibres (figure 2A). On the other hand, only a few CD4+ cells 
(figure 2B), CD11b+ macrophages (figure 2C), and B220+ 
B cells (figure 2D) infiltrated into the endomysium areas. 
Moreover, major histocompatibility complex (MHC) class 
I molecules were upregulated on the cell membranes of the 
muscle fibres in TIM mice (figure 2F) compared with those 
in control adjuvant- treated mice (figure 2E) and the isotype- 
control antibody- stained TIM samples (figure 2G).

Figure 5 Type I interferon (IFN) signalling in the pathogenesis of TIF1γ-induced myositis. (A) Fold changes in mRNA levels of type I IFN- related 
genes, Mx1, Isg15, Osa1 and Osa3, which were normalised against β-actin mRNA levels, in muscle tissues from naïve, adjuvant- treated, and TIF1γ-
immunised mice 2 weeks after fourth immunisation. n=2–6 in each group. Bars represent the means with SEMs. *p<0.05, and **p<0.01 by ordinary 
one- way analysis of variance. (B) Histological scores for experimental myositis in the hamstrings and quadriceps of wild- type (n=5) and IFN α/β 
receptor- null mice (n=6) 2 weeks after the fourth TIF1γ immunisation. Dots and bars represent individuals and the medians with IRs, respectively. 
*p<0.05 by Mann- Whitney U test.
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TIF1γ-specific B cell linages and antibodies are not required 
for the initiation of TIM
μMT mice, which completely lack B cell lineages, developed 
myositis (the incidence and the median±IQR of histologic 
scores were 67% and 1.000 (0–1.250)) at a similar incidence and 
severity as observed in WT mice (83% and 0.625 (0.500–1.000), 
p=0.9014) when immunised with TIF1γ emulsion (figure 3A). 
Moreover, intravenous adoptive transfer of the IgG purified 
from pooled plasma of TIM mice did not induce myositis in 
recipient mice (figure 3B).

TIF1γ-specific CD8+ T cells are involved in the initiation of TIM
β2MG- null mice lacking MHC class I expression and perforin- 
null mice rarely developed TIM (figure 4A). While the incidence 
rate and the median histologic score with IQRs for TIM were 
82% and 1.000 (0.500–1.500) in WT mice, they were 29% and 
0 (0–0.375) in β2MG- null and 40% and 0 (0–0.500) in perforin- 
null mice (p=0.0054 and p=0.0123 vs WT mice, respectively). 
Mice treated with anti- CD8 depleting antibody rarely presented 
TIM (the incidence rate and the median histologic score with 
IQRs, 71.4% and 0.500 (0–0.500)) compared with control mice 
(100% and 1.250 (1.250–1.500), p=0.0006; figure 4B).

Moreover, adoptive transfer of enriched TIF1γ-specific T 
cells derived from TIM mice- induced TIM- like myositis with an 
incidence of 50% in naïve recipient mice (the median (IQRs) of 

histologic scores was 0.250 (0–0.500)), while transfer of CFA- 
treated mouse- derived T cells stimulated by TIF1γ-presenting 
BMDCs did not (p=0.0325, figure 4C,D). Adoptive transfer 
of CD8+ T cells from TIM mice- induced myositis with a high 
incidence (90%) as well as muscle damage (the median (IRs) of 
histologic scores was 0.750 (0.500–1.063)); however, transfer of 
CD4+ T cells from TIM mice did not (p=0.0010) nor did CD8+ 
T cells from CFA- treated control mice (p=0.0067, figure 4E).

Type I interferon partially mediates the pathogenesis of TIM
Our RT- qPCR analyses revealed that the mRNA expression 
of type I interferon (IFN)- related genes, Mx1 and Osa3, was 
significantly upregulated in the muscle tissues of the TIM mice 
(the mean±SEM, 11.3±4.49 and 3.66±0.11) compared with 
those of naïve mice (0.86±0.14 and 0.95±0.11; p=0.0205 and 
0.0063, respectively); however, Osa3 mRNA expression was 
also upregulated in adjuvant- treated control mice (5.96±1.00, 
p=0.0019 vs naïve mice, figure 5A). Upregulation of mRNA 
expression for other type I IFN- related genes, Isg15 and Oas1, 
was not observed in the muscle tissues of TIM mice or control 
mice (figure 5A). IFNAR- null mice developed milder myositis 
(the medians (IQRs) of the histological scores, 1.250 (0.750–
1.500)) than WT mice after TIF1γ immunisations (2.000 
(2.250–1.500), p=0.0433, figure 5B).

Figure 6 Inhibitory effect of tofacitinib on TIF1γ-induced myositis. (A) Histological scores for experimental myositis in the hamstrings and 
quadriceps of TIF1γ-immunised mice treated with low dose (12.5 mg/kg, two times per day; n=7) or high dose (50 mg/kg, two times per day; n=7) 
tofacitinib from the fourth day of TIF1γ immunisation compared with control vehicle- treated TIF1γ-immunised mice (n=6) and control vehicle- treated 
mice immunised with adjuvant alone. Dots and bars represent individuals and medians with IRs, respectively. *p<0.05, and **p<0.01 by Kruskal- 
Wallis test with Dunn’s multiple comparisons test. (B–E) Representative H&E- stained sections of muscle tissues from TIF1γ-immunised mice treated 
with control vehicle (B) low- dose tofacitinib, (C) high- dose tofacitinib and (D) control vehicle- treated mice immunised without any antigens (E). 
Yellow arrows show myositis and bars represent 50 µm. (F) Total T cells in the regional lymph nodes per mouse. TIF1γ-immunised treated vehicle 
control (n=5), low- dose tofacitinib (n=5) and high- dose tofacitinib (n=5), and vehicle control- treated mice immunised without any antigens (n=3), 
were counted after T cell purification. Dots/squares/triangles and bars represent medians and interquartile ranges, respectively. (G) Proliferation of 
purified T cells from TIF1γ-immunised mice treated with vehicle, low- dose tofacitinib, and high- dose tofacitinib compared with those from control 
vehicle- treated mice immunised without any antigens when co- cultured with bone marrow- derived dendritic cells presenting TIF1γ (DC- TIF1γ) or with 
dendritic cells lacking antigen. Bars represent means with SEMs. ***p<0.001, and ****p<0.0001 by two- way analysis of variance (ANOVA) with 
Tukey’s multiple comparisons test. (H) ELISA of plasma from TIF1γ-immunised mice treated with control vehicle, low- dose tofacitinib, or high- dose 
tofacitinib (n=6–7, each) compared with mice immunised with adjuvant alone (n=3). Dots and bars represent individuals and means with SEMs, 
respectively. **p<0.05, **p<0.01, and ***p<0.0001 by ordinary one- way ANOVA.
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Treatment with a JAK inhibitor, tofacitinib, inhibits the 
development of TIM
TIF1γ-immunised mice treated with high dose (50 mg/kg, two 
times per day) or low dose (12.5 mg/kg, two times per day) of 
tofacitinib starting on the fourth day of TIF1γ immunisation 
developed milder myositis (the medians (IQRs) of histologic 
scores were 0.500 (0–0.500) and 0.500 (0–0.7500), respec-
tively) at a lower incidence rate (57% and 57%, respectively) 
than vehicle control- treated mice (1.500 (0.938–1.563); 
p=0.0075 and 0.0873, respectively; 100% incidence; figure). 
T cell counts in regional LNs of mice treated with low/high- 
dose tofacitinib did not differ from those of vehicle- treated 
mice (the medians (IRs) of T cell counts were 72 [45 – 110] 
and 43 [36 – 52] vs 68 [59 – 75] [×105], p>0.9999 and 
p=0.0909, figure 6F). Moreover, there was no inhibition of 
ex vivo proliferation of T cells purified from regional LNs 
of tofacitinib- treated TIF1γ-immunised mice when cocul-
tured with TIF1γ-presenting BMDCs (figure 6G). This effect 
was significant when compared with that of mice immunised 
with adjuvant alone (p=0.0002, 0.0007 and 0.0009 for 
TIF1γ-immunised mice treated with vehicle, low- dose and 
high- dose tofacitinib, respectively). Index values of TIF1γ-spe-
cific antibodies in low- dose and high- dose tofacitinib- treated 
TIF1γ-immunised mice (the means±SEMs were 84.7±15.3 and 
131.0±17.1, respectively) were also equal to those in vehicle- 
treated TIF1γ-immunised mice (110.5±7.6; p=0.3713 and 
0.3713, respectively; figure 6H).

DISCUSSION
Our findings indicate that immunity to TIF1γ can contribute 
to the development of myositis in mice. This is the first study 
to demonstrate the immune response to a DM- specific autoan-
tigen that can induce myositis. Therefore, this new experimental 
murine model, which we termed TIM, closely mimics human 
pathogenesis, especially in the initiation phase.

A number of animal models for IIMs have been estab-
lished, including infectious, genetic and antigen- induced 
models.25 26 While experimental autoimmune myositis27 28 and 
CIM22 29 completely depend on immune responses specific to 
muscular antigens, myosin and C protein, TIM is induced via 
autoimmunity generated in response to a ubiquitous intracel-
lular molecule, which has been identified as an autoantigen in 
humans suffering DM. In addition to a previous report showing 
that muscle and lung inflammation could be induced by immuni-
sation with purified epitopic peptides derived from conspecific 
histidyl- tRNA synthetase (Jo-1) as a murine model for ASS,30 
our results indicate that experimental myositis can be induced 
by immunisation with the DM- specific autoantigen. In our TIM 
model, mice immunised by xenogeneic (human) TIF1γ protein 
developed autoimmunity to conspecific TIF1γ resulting in 
experimental myositis, which might be due to epitope spreading 
to a counterpart conspecific molecule as shown in experimental 
autoimmune encephalomyelitis.31

TIM is initiated by cytotoxic CD8+ T cells, which evokes 
infiltration of CD8+ T cells and MHC class I upregulation in 
muscle fibres of patients with IIM.32–36 While it has also been 
proven that genetically modified mice with overexpression of 
MHC class I in muscle tissues naturally develop myositis via 
endoplasmic reticulum (ER) stress,34 37 our experiments showed 
that adoptive transfer of TIF1γ-specific CD8+ T cells, but not of 
TIF1γ-specific CD4+ T cells, caused myositis in recipient mice. 
This suggests that autoaggressive CD8+ T cells are indicative of 
the development of myositis.

In contrast, B cells and autoantibodies themselves are not 
required for the development of TIM. Previous clinical reports 
indicated that the titres of anti- TIF1γ antibody were related to 
the conditions of DM38 and/or the presence of internal malig-
nancies.39 40 Our findings indicate that while the immune 
response against TIF1γ is likely to mediate the induction of 
myositis, the development of anti- TIF1γ autoantibodies may be 
an epiphenomenon lacking direct pathogenic roles. In contrast, 
transfer of human IgGs from patients with IMNM, which 
contained antisignal recognition particle or anti-3- hydroxy-3- 
methylglutaryl- CoA reductase antibodies, corroborated the idea 
that complement can provoke muscle deficiency in recipient 
mice.41 The difference between our experiments and this study 
may clarify the differences in pathogenesis of DM and IMNM.

Immunohistochemistry and gene- expression analyses of 
muscle and skin biopsy samples revealed that type I IFN expres-
sion correlates with DM pathogenesis.42 43 Janus kinase (JAK)1 
mediates downstream effects of type I IFN, and it has been 
reported that ruxolitinib, a JAK1/2 inhibitor, is effective for the 
treatment of DM case, some of which were positive for anti- 
TIF1γ antibody.44–46 In addition, a report presented that treat-
ment with tofacitinib, a JAK1/3 inhibitor, also improved myositis 
in a case of anti- TIF1γ antibody- positive DM.47 Our experiments 
revealed that deficiency of IFNAR partially inhibits the develop-
ment of TIM. Treatment of myositis with tofacitinib after the 
initiation of immunity to TIF1γ was effective; however, it did 
not result in significant inhibitory effects on the TIF1γ-specific 
T cells and antibodies. The mechanism underlying these results 
could be that the activation of type I IFN pathway induces 
myotube atrophy and impairs endothelial cells angiogenesis.45

Collectively, the limitations of this murine model include 
the lack of several DM- like phenomenons (specific rash, define 
muscle weakness with persistent myositis and upregulation of 
some type I INF- related genes in the muscle) and predominant 
infiltration of CD8 T cells to muscle fibres, which is not usually 
observed in patients with DM. Nevertheless, our new model 
based on autoimmunity against the ubiqutous interacellular 
antigen, TIF1γ, provides a useful tool to investigate the patho-
logic mechanisms of anti- TIF1γ antibody- positive DM.
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ABSTRACT
Objectives Circular RNAs (circRNAs) have emerged 
as significant biological regulators. Herein, we aimed to 
elucidate the role of an unidentified circRNA (circPDE4B) 
that is reportedly downregulated in osteoarthritis (OA) 
tissues.
Methods The effects of circPDE4B were explored in 
human and mouse chondrocytes in vitro. Specifically, 
RNA pull- down (RPD)- mass spectrometry analysis (MS), 
immunoprecipitation, glutathione- S- transferase (GST) 
pull- down, RNA immunoprecipitation and RPD assays 
were performed to verify the interactions between 
circPDE4B and the RIC8 guanine nucleotide exchange 
factor A (RIC8A)/midline 1 (MID1) complex. A mouse 
model of OA was also employed to confirm the role of 
circPDE4B in OA pathogenesis in vivo.
Results circPDE4B regulates chondrocyte cell viability 
and extracellular matrix metabolism. Mechanistically, FUS 
RNA binding protein (FUS) was found to promote the 
splicing of circPDE4B, while downregulation of circPDE4B 
in OA is partially caused by upstream inhibition of FUS. 
Moreover, circPDE4B facilitates the association between 
RIC8A and MID1 by acting as a scaffold to promote 
RIC8A degradation through proteasomal degradation. 
Furthermore, ubiquitination of RIC8A at K415 abrogates 
RIC8A degradation. The circPDE4B–RIC8A axis was 
observed to play an important role in regulating 
downstream p38 mitogen- activated protein kinase 
(MAPK) signalling. Furthermore, delivery of a circPDE4B 
adeno- associated virus (AAV) abrogates the breakdown 
of cartilage matrix by medial meniscus destabilisation in 
mice, whereas a RIC8A AAV induces the opposite effect.
Conclusion This work highlights the function of 
the circPDE4B–RIC8A axis in OA joints, as well as its 
regulation of MAPK- p38, suggesting this axis as a 
potential therapeutic target for OA.

INTRODUCTION
The aetiology of osteoarthritis (OA), the most 
common type of arthritis, is multifactorial and 
is associated with obesity, ageing, strain, trauma, 
congenital joint abnormalities and joint deformi-
ties.1 2 Although OA involves pathological changes 
in joint sites, including subchondral osteosclerosis, 
synovitis and osteophyte formation, destruction 
of cartilage represents its landmark.3 Considering 
that the extracellular matrix (ECM) accounts for 
90% of the dry weight of cartilage,4 changes in its 
physiology directly impact the function of carti-
lage. Moreover, as the only cell type in cartilage, 

chondrocytes play an important role in main-
taining ECM homeostasis.5 Thus, characterising the 
molecular mechanisms of chondrocytes involved 
in OA development and pathogenesis is crucial 
for improving prognosis and developing effective 
therapies.6–8

Recently, a growing number of studies have 
identified various functional non- coding RNAs, 
including circular RNAs (circRNAs), many of which 
are present in the human transcriptome.9 The 
expression of these circRNAs exhibits tissue speci-
ficity, while their heterocyclic structure makes them 
highly stable.10 Although circRNAs are believed 
to participate in cell differentiation and pluripo-
tency,11–13 their specific functions remain largely 
uncharacterised. Moreover, although most iden-
tified circRNAs are non- coding, some have been 
recently described as protein coding.14 15 CircRNAs 
also have various biological functions related to 
different diseases.16 In fact, our previous report,17 
as well as those of others,18–20 have reported a 
significant role for circRNAs in chondrocyte 

Key messages

What is already known about this subject?
 ► Circular RNAs broadly participate in normal 
physiology and disease, including functioning as 
miRNA sponges in osteoarthritis (OA).

 ► Protein post- translational modifications are 
necessary for proteins to perform physiological 
or pathological functions, including knee 
cartilage homeostasis.

What does this study add?
 ► circPDE4B serves as a scaffold to facilitate 
RIC8 guanine- nucleotide exchange factor A 
(RIC8A)–midline 1 binding, thereby decreasing 
RIC8A- dependent activation of the p38 
mitogen- activated protein kinase signalling 
pathway and regulating OA progression.

 ► The role of RIC8A is first reported in 
chondrocytes, and K415 is found as the 
most important ubiquitination site of RIC8A 
regulated by circPDE4B.

How might this impact on clinical practice or 
future developments?

 ► The circPDE4B–RIC8A axis may serve as a 
potential therapeutic target for OA.
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regulation of OA development and progression. However, these 
studies focused primarily on the function of circRNAs as miRNA 
sponges; hence, it remains unclear whether other molecular 
mechanism are also associated with the role of circRNAs in OA.

In the current study, we investigated the functions and molec-
ular mechanisms of circPDE4B in OA. We believe that our study 
paves the way for future research investigating circRNA as a 
promising therapeutic target for OA.

METHODS
Detailed experimental procedures are described in the online 
supplemental materials and methods and tables.

RESULTS
circPDE4B exhibits lower expression in OA tissue
We previously performed RNA- seq analyses on the chondrocytes 
total RNA of ribosomal RNA deletion in three clinical OA and 
three control samples (SRA accession: PRJNA516555). Among 
the 50 most abundant significantly dysregulated circRNAs, 
the expression level of circPDE4B ranked first, the expression 
of which was significantly downregulated in chondrocytes of 
patients with OA (p<0.05, online supplemental table S1). In the 
current study, collected cartilage was assigned to one of three 
groups (total n=20): normal medial, OA lateral and OA medial. 
The OA severity for each case was assessed using the preoperative 
Kellgren- Lawrence, Outerbridge and Osteoarthritis Research 
Society International (OARSI) grading systems for the region of 
interest (ROI) (figure 1A). Meanwhile, histomorphological and 
western blot analyses accompanied by fluorescence in situ hybri-
disation (FISH) staining of ROI cartilage indicated that increased 
degradation of cartilage corresponded to decreased expression 
of circPDE4B in chondrocytes (figure 1B and online supple-
mental figure S1A). These results were confirmed by quantitative 
reverse transcription PCR (RT- qPCR) analysis which detected 
downregulated circPDE4B RNA levels in the chondrocytes of 
severe OA tissues, whereas mPDE4B mRNA level remained 
relatively consistent (figure 1C). Taken together, these results 
revealed that circPDE4B expression was negatively associated 
with OA severity.

Considering that circPDE4B is conserved between humans 
and mice, we also detected circPDE4B expression in human/
mouse chondrocytes (circPDE4B in human chondrocytes 
(HCs); circPde4b in mouse chondrocytes (MCs)) and found that 
interleukin-1β (IL-1β; 10 ng/mL) and tumor necrosis factor-α 
(TNF-α; 50 ng/mL) treatment significantly decreased circPDE4B/
circPde4b expression in HCs/MCs in a time- dependent manner 
(figure 1D and online supplemental figure S1B). Moreover, 
Sanger sequencing displayed the splicing sequence of circPDE4B/
circPde4b (online supplemental figure S1C,H). Meanwhile, 
circPDE4B/circPde4b was amplified by divergent primers from 
cDNA, but not in gDNA (online supplemental figure S1D,I). 
circPDE4B/circPde4b also exhibited a remarkable resistance 
to RNase R digestion (online supplemental figure S1E,J) and 
actinomycin D treatment (online supplemental figure S1F,K). 
Besides, mPDE4B/mPde4b was amplified by random primer and 
oligo(dT) primer, whereas circPDE4B/circPde4b was only ampli-
fied using random primers (online supplemental figure S1G,L). 
Nuclear separation experiments coupled with RT- qPCR anal-
ysis and FISH revealed that circPDE4B/circPde4b is primarily 
located in the cytoplasm of HCs/MCs (figure 1E,F and online 
supplemental figure S1M,N). Cumulatively, these results indi-
cate that circPDE4B is downregulated in OA and, thus, may 
contribute to OA progression.

FUS RNA binding protein (FUS) regulates circPDE4B 
expression through direct binding to pre-mRNA
We next sought to identify circPDE4B upstream regulators. We 
first performed RNA pull- down (RPD)- MS assay of circPDE4B 
flanking sequence and found two RNA splicing related RBPs, 
including DExH- box helicase 9 and FUS (figure 1G). RT- qPCR 
results indicated that following FUS knockdown, circPDE4B 
was downregulated in HCs, while pPDE4B and mPDE4B did 
not exhibit significant changes (figure 1H and online supple-
mental figure S2A). In addition, infection with two FUS shRNA 
lentivirus served to only decrease the expression of circPDE4B 
(figure 1I and online supplemental figure S2B), whereas overex-
pressed FUS upregulated the expression of circPDE4B (figure 1I). 
Next, RNA immunoprecipitation (RIP) assays revealed that FUS 
binds to exon- adjacent sites, while remote regions elsewhere 
were negligible (figure 1J,K). We also searched for potential FUS 
response elements and found two potential motifs, A located 
upstream and B located downstream. We further engineered 
two short circPDE4B minigenes, including circPDE4B- s and 
circPDE4B- s- del (figure 1L). RIP revealed an overt interaction 
between FUS and circPDE4B- s, but not with circPDE4B- s- del 
(figure 1M), indicating that FUS requires the putative sites in 
surrounding introns for binding. We next knocked down FUS 
in circPDE4B- s/del expressed HCs and found that circPDE4B- s 
had significantly reduced circPDE4B transcripts on FUS knock-
down, compared with circPDE4B- del (figure 1N). Notably, FUS 
was downregulated by TNF-α in HCs (figure 1O). Cumulatively, 
the downregulation of circPDE4B in OA was, at least in part, 
caused by the inhibition of FUS.

circPDE4B regulates chondrocyte cell viability and ECM 
metabolism
To assess the involvement of circPDE4B/circPde4b in ECM 
metabolism, we transfected HCs/MCs with three circPDE4B/
circPde4b siRNAs, respectively (figure 2A and online supple-
mental figure S3A). Knockdown of circPDE4B/circPde4b 
expression did not affect PDE4B/Pde4b mRNA levels (online 
supplemental figure S3B,C).

We then assessed the influence of circPDE4B/circPde4b on 
chondrocytes viability using a cell counting kit-8 (CCK-8) assay. 
Results showed that knockdown of circPDE4B/circPde4b expres-
sion reduced chondrocytes viability (figure 2B and online supple-
mental figure S3D). In addition, the inhibition of circPDE4B/
circPde4b by shRNA adenovirus (online supplemental figure 
S3E,F) significantly enhanced the expression of MMP3, MMP13 
and ADAMTS4, whereas the expression of SOX9, COL2A1 (or 
COL2 protein) and aggrecan was downregulated in HCs/MCs, 
as revealed by RT- qPCR (figure 2C and online supplemental 
figure S3G) and western blot (figure 2D and online supple-
mental figure S3H). Immunofluorescence further confirmed that 
circPDE4B/circPde4b knockdown affected MMP3, MMP13, 
COL2 and aggrecan levels in HCs/MCs (figure 2E,F and online 
supplemental figure S3I,J). Meanwhile, Alcian blue staining of 
HCs/MCs revealed that circPDE4B/circPde4b inhibition led to 
a chondrocytes dysfunction with less blue- stained proteoglycan. 
(figure 2G and online supplemental figure S3K).

We then performed gain- of- function experiments (online 
supplemental figure S3L,M) and found that overexpression 
of circPDE4B/circPde4b increased the viability of chondro-
cyte cells, as revealed by a CCK-8 assay (figure 2H and online 
supplemental figure S3N). Besides, mRNA and protein levels of 
MMP3, MMP13 and ADAMTS4 were downregulated, whereas 
those of SOX9, COL2A1 (or COL2 protein) and aggrecan 
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were upregulated in circPDE4B/circPde4b- overexpressing HCs/
MCs (figure 2I–L and online supplemental figure S3O–R). 
Furthermore, Alcian blue staining of HCs/MCs indicated that 
circPDE4B/circPde4b overexpression and IL-1β cotreatment 

reduced cartilage destruction compared with IL-1β treatment 
alone (figure 2M and online supplemental figure S3S). These 
data demonstrate that circPDE4B/circPde4b in HCs/MCs can 
promote cell viability and inhibit the catabolic effect.

Figure 1 Characterisation of circPDE4B in human chondrocytes (HCs) and osteoarthritis tissues. (A) Preoperative Kellgren- Lawrence, Outerbridge 
and OARSI grading based for region of interest (ROI) cartilage (n=10 per group). *p≤0.05. (B) Histomorphological analysis and circPDE4B- labelled 
FISH staining for ROI cartilage. Scale bars, 200 μm. (C) circPDE4B and mPDE4B expression in ROI chondrocytes via RT- qPCR (n=10); *p≤0.05. (D) 
Changes in circPDE4B, mPDE4B and pPDE4B RNA levels, treated with IL-1β and TNF-α, assessed via RT- qPCR (n=9, 3 donors for three replicates); 
*p≤0.05. (E) Representative images of FISH staining for circPDE4B localisation in HCs. Scale bars, 50 µm. (F) Expression of circPDE4B assessed by RT- 
qPCR in the nuclear and cytoplasmic fractions (n=9, 3 donors for three replicates); *p≤0.05. (G) Silver staining of purified interaction proteins in the 
circPDE4B flanking sequence RPD experiment. (H) circPDE4B expression in HCs transfected with DExH- box helicase 9 and FUS siRNA or a negative 
control (n=9, 3 donors for three replicates); *p≤0.05. (I) circPDE4B, mPDE4B and pPDE4B expression after FUS inhibition or overexpression (n=9, 
3 donors for three replicates); *p≤0.05. (J) Schematic of PDE4B pre- mRNA showing the locations of the two putative sites (inverted blue triangles) 
and amplicons (P1–P5) used for the RIP assay. (K) RIP assay performed with the PCR primers indicated in the schematic on the left. (n=9, 3 donors 
for three replicates); *p≤0.05. (L) Schematic illustrating the putative FUS- binding sites on the flanking introns in the circPDE4B- s minigene. The 5′ 
terminus of the circular exons of circPDE4B was defined as position 0. Putative FUS- binding sites A and B are located in the intron at the 5′ terminus 
of the circPDE4B exon (position: −562 to −558) and on the intron at the 3′ terminus of the circPDE4B exon (position: 946–950). (M) RIP analysis of 
FUS binding to circPDE4B- s and circPDE4B- s- del minigenes in HCs (n=9, 3 donors for three replicates); *p≤0.05. (N) Expression of circPDE4B relative 
to β-actin in HCs infected with circPDE4B- s or circPDE4B- s- del lentivirus followed by transfection with FUS siRNA or control siRNA (n=9, 3 donors 
for three replicates); *p≤0.05. (O) FUS mRNA expression level in HCs after TNF-α treatment (n=9, 3 donors for three replicates); *p≤0.05. DAPI, 
4′,6- diamidino-2- phenylindole; FISH, fluorescence in situ hybridisation; FUS, FUS RNA binding protein; IL-1β, interleukin-1β; NC, negative control; RIP, 
RNA immunoprecipitation; RPD, RNA pull- down; RT- qPCR, quantitative reverse transcription PCR; TNF-α, tumour necrosis factor-α.
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RIC8 guanine-nucleotide exchange factor A (RIC8A) interacts 
with circPDE4B and participates in OA
Cytoplasm- localised circRNAs participate in translational 
regulation by acting as ceRNAs, coding RNAs or as a scaf-
fold for RBPs. AGO2 RIP assay revealed that circPDE4B 
does not bind to AGO2 (online supplemental figure S4A). 

Bioinformatics analysis of circPDE4B further revealed that it 
has an open reading frame (ORF) fragment (online supple-
mental figure S4B). Therefore, two full- length (FL) predicted 
ORFs were cloned into a eukaryotic expression vector, 
however, circPDE4B was not found to encode a protein 
(online supplemental figure S4C).

Figure 2 Targeting circPDE4B expression affects matrix- degrading and anabolic factors in human chondrocytes (HCs). (A) circPDE4B expression 
in HCs transfected with circPDE4B siRNAs or negative control siRNA (n=9, 3 donors for three replicates); *p≤0.05. (B) Viability of HCs infected with 
circPDE4B shRNA #2/#3 adenovirus or control shRNA adenovirus (n=9, 3 donors for three replicates); *p≤0.05. (C,D) mRNA and protein levels of 
MMP3, MMP13, ADAMTS4, COL2A1 (or COL2 protein), SOX9 and aggrecan in HCs infected with circPDE4B shRNA #2/#3 adenovirus or control 
shRNA adenovirus (n=9, 3 donors for three replicates); *p≤0.05. (E) Immunofluorescence analysis of MMP3, MMP13, COL2 and aggrecan. (F) 
Quantification of immunofluorescence analysis (n=9, 3 donors for three replicates); *p≤0.05. (G) Alcian blue staining of shRNA- treated HCs. (H) 
Viability of HCs infected with a circPDE4B overexpression adenovirus or control adenovirus (n=9, 3 donors for three replicates); *p≤0.05. (I,J) mRNA 
and protein levels of MMP3, MMP13, ADAMTS4, COL2A1 (or COL2 protein), SOX9 and aggrecan (n=9, 3 donors for three replicates); *p≤0.05. (K) 
Immunofluorescence of MMP3, MMP13, COL2 and aggrecan. (L) Quantification of immunofluorescence analysis (n=9, 3 donors for three replicates); 
*p≤0.05. (M) Alcian blue staining of HCs treated with IL-1β with or without circPDE4B overexpression. IL-1β, interleukin-1β; NC, negative control.
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To identify proteins that interact with circPDE4B, we 
employed RPD- MS (figure 3A and online supplemental figure 
S5A). A total of 112 proteins interacting with circPDE4B 
were identified (online supplemental table S2 and figure 3B). 

We selected five of the highest pep _score proteins and veri-
fied their role in the regulation of ECM metabolism in HCs by 
siRNA knockdown. RT- qPCR results revealed that only RIC8A 
and ENO1 had an obvious effect on regulating MMP13 and 

Figure 3 circPDE4B interacts with RIC8A and affects RIC8A ubiquitylation. (A) Schematic of RPD- MS experiments. (B) Silver staining of proteins 
binding to circPDE4B. (C) circPDE4B and RIC8A interaction in human chondrocytes (HCs) confirmed via an RNA- protein colocalisation assay. Scale 
bars, 50 µm. (D) RIC8A–circPDE4B interaction detected by GST pull- down assays. GST was used as a pull- down control. (E) Predicted binding sites of 
circPDE4B and RIC8A (catRAPID graph). (F) Binding sequence of circPDE4B for RIC8A identified by an RIP assay (n=9, 3 donors for three replicates); 
*p≤0.05. mRNA levels (G), mRNA stability (H) and protein levels (I) of RIC8A after circPDE4B knockdown and overexpression (n=9, 3 donors for
three replicates); *p≤0.05. (J) Western blot of RIC8A in HCs treated with the transcription inhibitor CHX (200 µg/mL). (K) Effect of PS341 treatment on 
RIC8A protein level alteration mediated by circPDE4B knockdown. (L) Effects of PS341 treatment on RIC8A protein expression mediated by circPDE4B 
overexpression. (M) Immunoprecipitation (IP) analysis of ubiquitinated RIC8A in HCs treated with PS341. The lysates of circPDE4B overexpression or 
knockdown cells were treated with an anti- RIC8A antibody. (N) HCs were infected with HA- UB lentivirus and then treated with PS341. The lysates 
of circPDE4B overexpression or knockdown cells were treated with an anti- HA antibody. (O) HCs were infected with Flag–RIC8A lentivirus and then 
treated with PS341. The lysates of circPDE4B overexpression or knockdown cells were treated with an anti- Flag antibody. CHX, cycloheximide; DAPI, 
4',6- Diamidino-2- Phenylindole; GST, glutathione- S- transferase; RBPs, RNA binding proteins; RIC8A, RIC8 guanine- nucleotide exchange factor A; RIP, 
RNA immunoprecipitation; UB, ubiquitination.
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COL2A1 (online supplemental figure S5B). However, the RIP 
assay indicated that only RIC8A binds to circPDE4B (online 
supplemental figure S5C). We further confirmed the binding 
of RIC8A and circPde4b by RIP assay in MCs (figure S5D). 
RNA- protein colocalisation in HCs also verified the interaction 
between RIC8A and circPDE4B (figure 3C). RPD assay showed 
that in vitro linearly transcriptional circPDE4B was able to 
pull down recombinant RIC8A (figure 3D). We then used the 
catRAPID tool to predict the interacting regions of circPDE4B 
and RIC8A (figure 3E and online supplemental figure S5E). 
To identify the predicted binding sites, we truncated the FL 
circPDE4B into three segments (S1: 1–145 nt, S2: 146–250 nt, 
S3: 251–351 nt). In line with the prediction, RIP results indi-
cated only FL and S3 were pulled down by RIC8A (figure 3F). 
Interestingly, the S3 truncation is reflected as a hairpin region 2 
loop in the predicted RNA stem- loop structure (online supple-
mental figure S5F). Taken together, these results indicate that 
circPDE4B interacts with RIC8A in HCs.

To further investigate the function of RIC8A in the ECM 
metabolism of HCs, we infected HCs with two RIC8A shRNA 
adenoviruses (online supplemental figure S6A). CCK-8 assay 
indicated that RIC8A knockdown increased HCs viability 
(online supplemental figure S6B). Moreover, RIC8A knockdown 
cells displayed a significant decrease in the expression of MMP3, 
MMP13 and ADAMTS4 and increased expression of SOX9, 
COL2A1 (or COL2 protein) and aggrecan (online supplemental 
figure S6C–F).

We also performed gain- of- function experiments (online 
supplemental figure S6G). RIC8A overexpression decreased the 
viability of chondrocytes as revealed by CCK-8 assay (online 
supplemental figure S6H). Besides, the mRNA and protein 
expression of MMP3, MMP13 and ADAMTS4 were downreg-
ulated, while SOX9, COL2A1 (or COL2 protein) and aggrecan 
were upregulated in RIC8A- overexpressing HCs (online supple-
mental figure S6I–L). We further performed western blot and 
RT- qPCR to assess the influence of mmu_RIC8A on ECM metab-
olism in MCs. RIC8A also impaired ECM anabolic processes in 
MCs (online supplemental figure S6M,N). These data collec-
tively support inhibition of cell viability and procatabolic effects 
of RIC8A in chondrocytes.

circPDE4B regulates RIC8A function through proteasome-
mediated degradation
Our further investigation indicated that circPDE4B regulates 
RIC8A protein levels, however, not mRNA levels or stability 
(figure 3G–I). We also blocked RIC8A protein synthesis and 
observed obvious differences in RIC8A protein half- life between 
sh- negative control (NC) and sh- circPDE4B HCs (figure 3J), 
suggesting that circPDE4B decreased RIC8A protein stability. 
Moreover, in MCs, circPde4b also regulated mmu_RIC8A 
protein levels (online supplemental figure S6O). To confirm 
whether circPDE4B affects RIC8A function via changes in post- 
translational modification, we introduced a proteasome inhibitor 
named PS341. Accordingly, RIC8A was observed non- changed 
in both circPDE4B overexpression and knockdown cells after 
treatment with PS341 (figure 3K,L), indicating that circPDE4B 
regulates RIC8A through proteasomal activity. Consistently, the 
polyubiquitination of RIC8A decreased following circPDE4B 
depletion and increased following circPDE4B overexpression, 
regardless of endogenous or exogenous RIC8A (figure 3M–O). 
Cumulatively, these results showed that circPDE4B post- 
translationally impacts the degradation and turnover of RIC8A 
mediated by the proteasome.

circPDE4B facilitates the formation of a ternary complex 
between RIC8A and midline 1 (MID1) that promotes RIC8A 
degradation
We next sought to identify E3 ligases involved in the protea-
somal degradation of RIC8A. Interestingly, MS results revealed 
that circPDE4B also binds two E3 ligases, including RNF2 and 
MID1. We, therefore, inferred whether circPDE4B could act as 
a scaffold for RIC8A and E3 ligases complex. However, since 
RNF2 is localised within the nucleus, we choose MID1 for 
further investigation. Indeed, MID1 was found to bind RIC8A, 
as indicated by an immunoprecipitation (IP) assay (figure 4A). 
Immunofluorescence staining of RIC8A and MID1 also proved 
their colocalisation in HCs (figure 4B).

Western blot results showed that MID1 decreased RIC8A 
protein levels (online supplemental figure S7A,B), while IP 
results indicated that MID1 knockdown effectively impaired 
the ubiquitylation of RIC8A and MID1 overexpression and 
increased RIC8A ubiquitylation (figure 4C). Co- immunoprecip-
itation (Co- IP) assay also revealed that binding of RIC8A and 
MID1 decreased in circPDE4B knockdown cells compared with 
control cells, while circPDE4B overexpression had the opposite 
effect (figure 4D). Moreover, circPDE4B did not affect MID1 
levels (figure 4E). Both RPD and sequential IP assays revealed 
that circPDE4B promotes the binding of RIC8A and MID1 
(figure 4F,G). In line with this finding, circPDE4B increased the 
association between recombinant RIC8A and MID1 proteins in 
an in vitro binding assay (figure 4H).

To further investigate these interactions, we performed domain 
truncation of RIC8A and MID1 for binding assays. The simple 
modular architecture research tool (SMART) prediction website 
indicated that RIC8A contains only a Pfam domain (online 
supplemental figure S7C). Thus, we divided the protein into 
two fragments, an N- terminal (1–153 amino acids) and C- ter-
minal (154–537 amino acids) domain. Via co- IP, as expected, 
MID1 was shown to bind to RIC8A at the N- terminal regulatory 
domain (figure 4I). In addition, we detected RIC8A functional 
sites. RIC8A was immunoprecipitated in HCs and subjected to 
MS analysis, which confirmed ubiquitylation of amino acid resi-
dues in RIC8A (figure 4J). Ten ubiquitylation sites were identi-
fied in RIC8A, K143 and K187 and were not conserved between 
humans and mice (figure 4J). We thus mutated conserved RIC8A 
sites from lysine (K) to arginine (R), to exclude ubiquitylation. 
IP results indicated that substitution of K415 greatly reduced 
RIC8A ubiquitylation compared with WT (figure 4K), identi-
fying K415 as the major ubiquitylation site of RIC8A (online 
supplemental figure S7D). Interestingly, K415 is highly conserved 
among mammals (figure 4L,M). Further, circPDE4B overexpres-
sion or inhibition no longer regulated the ubiquitylation levels 
of RIC8A following K415 mutation (figure 4N). These results 
suggest that circPDE4B serves as a scaffold to facilitate the asso-
ciation between RIC8A and MID1.

circPDE4B and RIC8A regulate the p38 signaling pathway in 
chondrocytes
To elucidate the signalling pathways downstream of RIC8A, we 
investigated the phosphorylation levels of mitogen- activated 
protein kinases (MAPKs), NF-κB and mTOR in RIC8A knock-
down HCs. The phosphorylation level of p38 was signifi-
cantly decreased by two RIC8A shRNAs (figure 5A). Next, 
HCs were pretreated with signalling molecule inhibitors, 
including PD98059 (extracellular regulated protein kinases 1/2 
(ERK1/2) inhibitor), SB203580 (p38 inhibitor) and SP600125 
(c- Jun N- terminal kinase (JNK) inhibitor), followed by RIC8A 
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overexpression. The overexpression of RIC8A pretreated with 
p38 MAPK inhibitors inhibited OA, however, it was not affected 
by ERK or JNK inhibitors (figure 5B). Moreover, after being 
infected with RIC8A shRNA or overexpression adenovirus, p38 
MAPK phosphorylation and its localisation were dysregulated 

(figure 5C–E). These results suggest that RIC8A functions 
through the p38 signalling pathway in chondrocytes.

We next investigated the role of circPDE4B in regulation of 
the p38 signalling pathway in OA. circPDE4B overexpression 
decreased while circPDE4B knockdown activated p38 MAPK 
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Figure 4 MID1 is an E3 ligase of RIC8A, and K415 is the primary ubiquitylation site of RIC8A. (A) Immunoprecipitation (IP) assay to verify whether 
E3 ligase MID1 binds to RIC8A. (B) Colocalisation in human chondrocytes (HCs) labelled with anti- RIC8A or anti- MID1 by immunofluorescence. 
Scale bars, 50 µm. (C) Effect of MID1 overexpression or knockdown on RIC8A ubiquitylation. (D) Effect of circPDE4B overexpression or knockdown 
on the interaction between RIC8A and MID1. (E) Protein expression of MID1 after circPDE4B knockdown and overexpression. (F) RPD assays using 
biotin- labelled linear circPDE4B probes in HC lysate before western blotting. (G) HEK- 293T cells were infected with Myc–MID1 or Flag–RIC8A before 
consecutive IP. Rinsing with Flag peptides at first- stage Flag IPs and then eluates were subjected to secondary IP with Myc antibodies or homotypic 
matching IgG. Western blot was then performed to detect samples. (H) GST–RIC8A and Myc–MID1 overexpressed and purified from cells. RIC8A–
MID1 interactions with or without circPDE4B were detected by GST pull- down assays. GST was used as a pull- down control. (I) Myc–MID1 and 
Flag–RIC8A WT, N- terminal domain and C- terminal domain plasmids were transfected into HEK- 293T cells, a co- IP assay was performed and Flag 
expression was examined by western blotting. (J) HCs were subjected to RIC8A IP and LC–MS/MS analysis of RIC8A ubiquitylation peptide spectra. 
Ubiquitylated sites were identified by LC–MS analysis. (K) HCs expressing Flag- tagged wild- type or mutant RIC8A KR were first exposed to PS341 
and subsequently treated with Flag IP. RIC8A ubiquitylation was analysed via western blot analysis. (L) Crystal structure of RIC8A proteins with K415. 
(M) Conservation ability of the K415 site of RIC8A. (N) Effect of circPDE4B inhibition and overexpression on the K415R RIC8A ubiquitylation level, as 
detected by an IP assay. co- IP, co-immunoprecipitation; GST, glutathione- S- transferase; HA- UB, HA- tagged ubiquitination; KR, mutation of lysine (K) to 
arginine (R); LC, liquid chromatography; MID1, midline 1; MS, mass spectrometry; RIC8A, RIC8 guanine- nucleotide exchange factor A; RPD, RNA pull- 
down.
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signalling together with p38 phosphorylation and nuclear trans-
location (figure 5F–H). We then performed rescue assays. As 
shown in figure 5I–K, RIC8A overexpression rescued the down-
regulation of the p38 signalling pathway induced by circPDE4B 
overexpression, while RIC8A inhibition rescued the activation 
of p38 signalling pathway induced by circPDE4B knockdown, 
together with p38 phosphorylation and nuclear translocation. 
Based on these findings, the circPDE4B–RIC8A axis plays an 
important role in regulating the downstream p38 MAPK signal-
ling pathway in chondrocytes.

circPde4b and RIC8A affect OA pathogenesis in mice
To corroborate the abovementioned findings, we further 
assessed the effects of circPde4b on OA in mice (online supple-
mental figure S8A). The specific adeno- associated virus (AAV) 
(approximately 1.0×1010 vg) efficiently infected the cartilage 

and synovium in the four groups (online supplemental figure 
S8B,C), but in vitro study showed that overexpressed circPde4b 
and RIC8A did not obviously promoted the inflammation of 
synovium (online supplemental figure S8D,E). Figure 6A shows 
the RNA expression of circPde4b and RIC8A after infection with 
the different AAV in the four groups. RT- qPCR and western blot 
analyses of ECM- associated proteins extracted from cartilage 
also suggested more severe OA in the medial meniscus destabi-
lisation (DMM)+vector group and DMM+circPde4 b+RIC8A 
group (figure 6B,C). Using Safranin O fast green staining 
(figure 6D), marked proteoglycan loss was observed in the 
DMM+vector group and DMM+circPde4b+RIC8A group 
compared with the SHAM+vector and DMM+circPDE4B 
groups, indicating that circPde4b AAV could rescue the OA 
progression caused by DMM, while RIC8A AAV could reverse 
this rescue. OARSI grade (figure 6E) further suggested that mice 

Figure 5 The p38 MAPK pathway is the downstream target of the circPDE4B–RIC8A axis. (A) Phosphorylation of MAPK, NF-κB and mTOR in human 
chondrocytes (HCs) infected with the vector or RIC8A shRNAs. (B) Relative mRNA expression levels of MMP3/13, ADAMTS4, SOX9, aggrecan and 
COL2A1 in HCs infected with RIC8A adenovirus and pretreated for 1 hour with PD98059 (ERK inhibitor), SB203580 (p38 MAPK inhibitor) or SP600125 
(JNK inhibitor) (n=9, 3 donors for three replicates); *p≤0.05. (C) Phosphorylation levels of p38 MAPK signalling pathway members in HCs infected 
with RIC8A shRNA or vector adenovirus. Phosphorylation levels of p38 MAPK signal pathway members (D) in HCs with overexpressed RIC8A and 
(E) associated translocation of p38. (F) Phosphorylation levels of p38 MAPK signalling pathway members in HCs infected with circPDE4B shRNA or 
vector adenovirus. (G) Phosphorylation levels of p38 MAPK signalling pathway members in HCs infected with circPDE4B adenovirus. (H) Associated 
translocation of p38 in HCs infected with circPDE4B shRNA or vector adenovirus. (I,J) Phosphorylation levels of p38 MAPK signal pathway members 
in HCs coinfected with sh circPDE4B and sh RIC8A adenovirus. (I) or circPDE4B and RIC8A overexpression adenovirus. (K) Associated translocation of 
p38 in HCs coinfected with sh circPDE4B and sh RIC8A adenovirus. ERK, extracellular regulated protein kinases; JNK, c- Jun N- terminal kinase; MAPK, 
mitogen- activated protein kinase; mTOR, mechanistic target of rapamycin kinase; NF-κB, nuclear factor kappa B; RIC8A, RIC8 guanine- nucleotide 
exchange factor A.
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in the SHAM+vector and DMM+circPde4b group displayed less 
cartilage degradation, whereas those in the DMM+vector and 
DMM+circPde4b+RIC8A exhibited the opposite. The hot 
plate test, knee extension test and electric shock stimulated 
treadmill test demonstrated more discomfort and knee pain 
in the DMM+vector group and DMM+circPde4b+RIC8A 

group than in the SHAM+vector and DMM+circPde4b groups 
(figure 6F). 3D reconstruction of the micro- CT of mouse knees 
revealed much more osteophytes in the DMM+NC group and 
DMM+circPde4b+RIC8A group than in the SHAM+vector and 
DMM+circPde4b groups (figure 6G). MMP3, MMP13, COL2 
and aggrecan expression in cartilage from the four groups was 

Figure 6 circPDE4B and RIC8A modulates osteoarthritis pathogenesis in a murine model. (A) RT- qPCR quantification of circPDE4B and RIC8A 
expression in mouse chondrocytes extracted from knee cartilage in the four groups (n=3); *p<0.05. (B) RT- qPCR quantification of MMP3, MMP13, 
COL2A1 and aggrecan expression in the four groups (n=3); *p<0.05. (C) Western blot analysis of extracellular matrix- associated proteins in the four 
groups. (D) Representative images of Safranin O fast green staining of cartilage in the four study groups. Scale bars, 500 μm. (E) OARSI grade used 
for evaluation of the cartilage degradation in the four groups (n=10); *p<0.05. (F) Hot plate test, knee extension test and electric shock- stimulated 
treadmill test used for the evaluation of knee pain (n=10); *p<0.05. (G) Left, 3D reconstruction images of micro- CT scanning of the knees and 
osteophytes (yellow arrow). Scale bars, 2 mm. Right, the number of osteophytes (n=10); *p<0.05. (H) Representative images of RIC8A and p- p38- 
labelled IHC staining. Scale bars, 1000 µm. (I) Quantitative analysis of RIC8A and p- p38 expression in the cartilage with IHC. (n=10); *p<0.05. (J) 
Graphic abstract of our study. DMM, medialmeniscus destabilisation; IHC, immunohistochemistry; MCs, mouse chondrocytes; OARSI, Osteoarthritis 
Research Society International; RIC8A, RIC8 guanine- nucleotide exchange factor A. RT- qPCR, quantitative reverse transcription PC.
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consistent with the above staining results (online supplemental 
figure S9A). Moreover, RIC8A and p- p38 labelled immuno-
histochemistry (IHC) staining in the four groups showed that 
overexpressed circPde4b downregulated the RIC8A and p- p38 
expression, therefore inhibited the OA progression caused by 
DMM operation (figure 6H,I). Together, these results indi-
cate that, in mice, circPde4b and RIC8A are involved in OA 
pathogenesis and their underlying mechanism is presented in 
figure 6J.

DISCUSSION
The OA pathogenesis is primarily underpinned by an imbal-
ance in joint metabolism, for example, when catabolism exceeds 
anabolism, leading to the degradation of the cartilage matrix.21 
Emerging evidence has suggested several key catabolic regulators 
that contribute to cartilage destruction.22 However, the mech-
anism underlying the cessation of matrix anabolism remains 
largely unknown.

Recent studies have begun to shed light on the various roles 
of circRNAs including a crucial role in the occurrence, develop-
ment, diagnosis, prognosis and treatment of diseases.23 Specifi-
cally, we previously reported that circSERPINE2 could inhibit 
the occurrence and development of OA by regulating ERG gene 
as ceRNA.17 Zhou et al19 reported a basic role for circRNA33186 
in OA development, thus providing a latent drug target for OA 
therapy. However, when it comes OA, relatively few reports 
have focused on the importance of circRNAs. Here, we reported 
that circPDE4B was the most highly expressed among differen-
tially regulated circRNAs obtained through sequencing data. We 
also observed that circPDE4B is downregulated in chondrocytes 
treated with IL-1β, as well as the cartilage of OA mice induced 
by DMM. Further, circPDE4B was inversely related to cartilage 
degeneration, suggesting that circPDE4B is likely associated with 
OA development. Further functional experiments revealed that 
circPDE4B has a key role in OA progression and could represent 
a therapeutic target.

circRNAs reportedly function through three well- established 
mechanisms: (1) regulation of parental gene expression and 
splicing events; (2) complex formation within proteins to 
perform biological functions and (3) regulating gene expres-
sion via miRNA sponging.24–26 Herein, we describe the poten-
tial mechanism by which circPDE4B can act as a scaffold for 
RIC8A–MID1 complex, thus promoting RIC8A ubiquitylation. 
Therefore, we have discovered a distinctive function through 
which circRNAs can modulate protein stability in OA.

As a guanine nucleotide exchange factor for G- protein alpha 
subunits, RIC8A was initially identified in Caenorhabditis 
elegans.27 RIC8A has been described as an essential protein for 
G- protein signalling and in centrosome movements during early 
embryogenesis in C. elegans.28–31 In mammals, RIC8A disrup-
tion in neural progenitors leads to germinal matrix haemor-
rhage,32 33 suggesting that RIC8A activation may represent a key 
event in human OA pathogenesis. The role of RIC8A in OA, 
however, remains unclear. Herein, we found that RIC8A plays 
an important role in OA pathogenesis by regulating p38 MAPK 
signalling. Previous reports have indicated that the activation of 
p38, ERK and JNK signalling pathways is strongly correlated 
with OA cartilage damage.34–36 Moreover, MAPKs serve as 
pivotal signalling molecules that participate in the production of 
matrix metalloproteinases and regulate viability and differentia-
tion of chondrocytes.37 Hence, considering that circPDE4B was 
found to function through the RIC8A–p38 axis, disruption of 
this pathway may cause dysregulation of cartilage homeostasis.

Post- translational modifications are associated with disease 
development and may influence protein function, immuno-
genicity and subcellular localisation.38–41 Ubiquitylation, a 
major post- translational modification, plays an important role 
in signal transduction, apoptosis and cell proliferation.42–44 
Herein, we demonstrated that circPDE4B could disrupt the 
protein stability of RIC8A and possibly functions by regulating 
RIC8A post- translational modification. However, such modi-
fications of RIC8A have not been previously reported. Inter-
estingly, we found that circPDE4B also binds to an E3 ligand 
protein MID1 and RIC8A is ubiquitylated by MID1, thus we 
infer that circPDE4B promotes RIC8A ubiquitylation by acting 
as a scaffold to facilitate MID1 binding to RIC8A. Besides, 
employing acetyl- deficient (K→R) mutants, K415 was identi-
fied as a major ubiquitylation site of RIC8A and circPDE4B 
overexpression or inhibition had no effect on RIC8A K415R 
ubiquitination.

In summary, our research describes a new circRNA mecha-
nism in OA. We demonstrated that circPDE4B could function 
as a scaffold for protein degradation and play a crucial role 
in the progression of OA. circPDE4B was found to regulate 
ECM metabolism and prevent cartilage matrix construction, 
validating its latent therapeutic influence on OA development 
in preclinical animal models. Mechanistically, circPDE4B 
served as a scaffold to facilitate RIC8A–MID1 binding which 
decreased RIC8A- dependent activation of p38 signal pathway, 
thus regulating OA progression. Cumulatively, the results of this 
study provide prospects for developing novel OA therapies by 
focusing on reducing the imbalance between matrix synthesis 
and degradation.
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ABSTRACT
Objectives To perform a genome- wide association 
study (GWAS) of gout cases versus asymptomatic 
hyperuricaemia (AH) controls, and gout cases versus 
normouricaemia controls, and to generate a polygenic 
risk score (PRS) to determine gout- case versus AH- 
control status.
Methods Gout cases and AH controls (serum urate 
(SU) ≥6.0 mg/dL) from the UK Biobank were divided 
into discovery (4934 cases, 56 948 controls) and 
replication (2115 cases, 24 406 controls) cohorts. GWAS 
was conducted and PRS generated using summary 
statistics in discovery cohort as the base dataset 
and the replication cohort as the target dataset. The 
predictive ability of the model was evaluated. GWAS 
were performed to identify variants associated with 
gout compared with normouricaemic controls using SU 
<6.0 mg/dL and <7.0 mg/dL thresholds, respectively.
Results Thirteen independent single nucleotide 
polymorphisms (SNPs) in ABCG2, SLC2A9, SLC22A11, 
GCKR, MEPE, PPM1K- DT, LOC105377323 and ADH1B 
reached genome- wide significance and replicated 
as predictors of AH to gout transition. Twelve of 
13 associations were novel for this transition, and 
rs1229984 (ADH1B) was identified as GWAS locus for 
gout for the first time. The best PRS model was generated 
from association data of 17 SNPs; and had predictive 
ability of 58.5% that increased to 69.2% on including 
demographic factors. Two novel SNPs rs760077(MTX1) 
and rs3800307(PRSS16) achieved GWAS significance for 
association with gout compared with normouricaemic 
controls using both SU thresholds.
Conclusion The association of urate transporters with 
gout supports the central role of hyperuricaemia in its 
pathogenesis. Larger GWAS are required to identify 
if variants in inflammatory pathways contribute to 
progression from AH to gout.

INTRODUCTION
Gout is a common form of inflammatory arthritis 
caused by the deposition of monosodium urate 
(MSU) crystals. Elevated serum urate (SU) concen-
tration is the precursor to MSU crystal deposition, 
and the onset of gout.1 However, the majority of 
people with hyperuricaemia do not develop gout. 
For instance, in the USA, the prevalence of hyper-
uricaemia (defined as SU >7.0 mg/dL) is 20%, while 

that of gout is 3.9%.2 The reason(s) why only some 
people with hyperuricaemia develop gout is poorly 
understood. Genome- wide association studies 
(GWAS) have improved the understanding of the 
pathophysiology of hyperuricaemia and gout over 
the last 10–15 years. For instance, genetic variants 
located in urate transporters such as the ABCG2, 
SLC2A9 and SLC22A11 genes have been identified 
as risk loci for both hyperuricaemia and gout.3–6 
Additional genetic variants such as GCKR and 
ALDH2 that play important roles in carbohydrate 
and alcohol metabolism respectively have been 
associated with both phenotypes.5 7–9 However, the 
genetic variants associated with progression from 
hyperuricaemia to gout remain poorly understood. 
To date, only a single GWAS (n=6009 Japanese 
adults, 2860 with gout) has examined this and 
revealed two novel loci: CNTN5 and MIR302F, 
which participate in immune and inflammatory 

Key messages

What is already known about this subject?
 ► Previous genome- wide association study 
(GWAS) identified loci in inflammatory 
genes (CNTN-5, ZNF724 and MIR302F) as 
risk factors for transition from asymptomatic 
hyperuricaemia (AH) to gout, and was 
conducted in Japanese population.

What does this study add?
 ► This is the largest GWAS of gout cases and AH 
controls, and the first in Caucasian population.

 ► Thirteen variants in urate transporters and 
metabolic genes, but none in inflammatory 
genes associated with transition from AH to 
gout.

 ► A novel GWAS- significant gout risk locus was 
identified in ADH1B gene.

 ► Genetic and demographic factors performed 
moderately well in predicting gout status in AH.

How might this impact on clinical practice or 
future developments?

 ► Adults with AH should be advised lifestyle and 
dietary interventions that lower their serum 
urate levels in order to reduce their risk of gout.

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0002-7809-7864
http://orcid.org/0000-0003-0121-4919
http://dx.doi.org/10.1136/bmjpo-2020-000755).
http://dx.doi.org/10.1136/bmjpo-2020-000755).
http://dx.doi.org/10.1136/bmjpo-2020-000755).
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2020-219796&domain=pdf&date_stamp=2021-08-10
http://ard.bmj.com/
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responses.10 However, the identified polymorphism in CNTN5 
is intronic while the SNP near MIR302F is intergenic. Further 
analyses in independent populations and larger sample sizes are 
needed to improve the understanding of the molecular mech-
anisms involved in transitioning from asymptomatic hyperuri-
caemia (AH) to gout.

Thus, the purpose of this study was to examine the genetic 
variants associated with transition from hyperuricaemia to gout. 
In order to meet this objective, we performed a GWAS using gout 
cases and (1) AH controls (SU ≥6.0 mg/dL), (2) normouricaemia 
controls with SU <6.0 mg/dL and (3) normouricaemia controls 
with SU <7.0 mg/dL derived from the UK Biobank resource. 
Genotype data were used to develop a polygenic risk score (PRS) 
to predict gout- case and AH- control status. We chose a threshold 
of ≥6.0 mg/dL to define AH as the risk of incident gout increases 
above this SU level.11

METHODS
Data source
This study was conducted using data from the UK Biobank 
resource (project ID 45987). Briefly, the UK Biobank is a 
prospective study of ~500 000 participants, aged 40–60 years 
and recruited across England, Wales and Scotland between 
the years 2006 and 2010. Data were collected on lifestyle and 
sociodemographic information, cognitive function, health status 
and family medical history. Participants had standard physical 
and functional measurements, and provided blood samples 
for genetic analyses. Details about recruitment and samples 
processing for genotyping are described elsewhere.12 13

Subjects
For this research, three phenotypes were derived from the UK 
Biobank cohort.

Gout cases
Gout was defined as present if any of the following criteria 
were met14: self- reported physician- diagnosed gout; urate- 
lowering therapy (ULT) prescription without a hospital diag-
nosis of lymphoma or leukaemia (International Classification of 
Diseases (ICD)-10 codes C81- C96) or a primary or secondary 
diagnosis of gout in hospital discharge letters using the ICD-10 
codes M10, M100- M14 and M109. Participants with self- 
reported physician- diagnosed gout were excluded if their SU was 
<6.0 mg/dL and they did not report prescription of ULT at the 
UK Biobank visit.

AH controls
Participants with SU ≥6.0 mg/dL and not classified as gout. A 
threshold of ≥6.0 mg/dL was chosen as it associates with inci-
dent gout in prospective studies.11

Normouricaemia controls
Participants with SU <6.0 mg/dL and not classified as gout14 
were considered as normouricaemia controls. Given the uncer-
tainty around definition of normal SU, for example, SU <6.0 mg/
dL being the treatment threshold for treat- to- target ULT while 
epidemiological studies use a cut- off of <7.0 mg/dL, another 
group of normouricaemia controls was ascertained with SU 
<7.0 mg/dL and not classified as gout.14

Genotyping and quality control
UK Biobank samples were genotyped by Affymetrix using two 
arrays: The UK BiLEVE Axiom array (n=49 950; 807 411 

markers), and the UK Biobank Axiom array (n=438 427; 
825 927 markers). These arrays shared 95% of content, resulting 
in >805 000 genotyped variants for 488 288 participants. For 
this study, participants with non- European ancestry were 
excluded to avoid population stratification. Thus, genotyping 
data for 409 629 European descendants were available following 
UK Biobank centrally performed quality control (QC) proce-
dures. Detailed information about genotyping and QC have 
been described previously.13 15 Further stringent QC filters were 
applied using PLINK V.1.9.16 Individuals with a kinship coef-
ficient equivalent to second- degree (or greater) relatives were 
excluded. Individuals were also excluded if they had a hetero-
zygosity ±3 SD from the mean, a call rate <90% or were iden-
tified as gender mismatches. Markers with a call rate <95%, or 
those deviating from Hardy- Weinberg equilibrium (Bonferroni- 
corrected p value threshold=6.82×10−8) were removed from 
the dataset.

Gout versus AH
A sample of 354 825 individuals with 717 091 genotyped SNPs 
were included in this analysis, from which the phenotypes of 
interest were derived. The cohort comprised 7049 cases and 
81 354 controls that were divided into two datasets: 70% 
(n=61 882) was used as the discovery dataset, and the remaining 
30% (n=26 521) was used as the replication dataset (figure 1).

Gout versus normouricaemia
Two separate GWAS were conducted, using gout cases and 
64 424 controls with SU <6.0 mg/dL, and 79 531 controls with 
SU <7.0 mg/dL, respectively.

Statistical analyses
Baseline data were summarised using mean (SD) for continuous 
variables, and number (%) for categorical variables. Independent 
sample t- test and χ2 test were used to compare continuous and 
categorical data, respectively.

Figure 1 Study design. Workflow for the discovery and replication 
analyses. GWAS, genome- wide association study; HWE, Hardy- Weinberg 
equilibrium; PC, principal component; QC, quality control; SNPs, single 
nucleotide polymorphisms.

http://ard.bmj.com/
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Gout versus AH GWAS
Discovery and replication association tests were performed using 
PLINK V.1.9. ORs and 95% CIs were computed using additive 
logistic regression. We adjusted for sex, age at recruitment and 
10 principal components (PCs). To determine the number of 
independent loci from the GWAS analysis, linkage disequilib-
rium (LD) clumping was performed using PLINK V.1.9. SNPs 
with a p value <1×10−5, r2 >0.1 and a 500 kb window from the 
index SNPs were assigned to the clump. Annotation of lead SNPs 
was conducted using the SNP2GENE tool of the Functional 
Mapping and Annotation of GWAS.17 Pairwise LD patterns 
from SNPs identified as independent, located in the same gene 
or <500 kb apart, were further analysed using the R package 
LDlinkR,18 19 which uses the 1000 Genomes Project data as the 
reference panel. HaploView was used to generate the LD plot.20 
For the discovery analysis, genome- wide significance was set at 
p=5×10−8.

For replication analysis, the 13 variants that reached 
genome- wide significance in the discovery analysis were tested 
for association with gout in the replication cohort. Logistic 
regression was adjusted for sex, age and 10 PCs. A Bonferroni- 
corrected p value of <0.004 (0.05/13) was used to determine 
significant associations in the replication analysis. The results 
from the discovery GWAS and the replication analysis were 
combined by meta- analysis using PLINK. The fixed- effects 
model was used to estimate pooled ORs and 95% CI, and 
Cochran’s Q test p values and I2 values were used to assess 
heterogeneity.

Linear regression was used to examine the effect of GWAS 
hits on SU levels. This was performed using the full cohort, and 
adjusted for sex and age at recruitment. Beta- coefficients and 
SEs, and adjusted beta- coefficients and SEs were calculated. As 
previous GWAS10 21 have used a cut- off of 7.0 mg/dL to define 
hyperuricaemia, a sensitivity analysis was conducted to evaluate 
if the association of GWAS hits and gout remained significant if 
controls had a SU ≥7.0 mg/dL.

Polygenic risk score
PRS was calculated using PRSice-2.22 The discovery GWAS 
summary statistics were used as the base dataset, while the 
replication cohort genotype- phenotype data were used as the 
target dataset. Clumping parameters in PRSice were set to an 
r2 >0.1 and a 500 kb window from the index SNPs, which 
generated a final number of 266 754 SNPs available for PRS 
calculation. ORs and p values from the GWAS summary 
statistics were used to calculate the best PRS model, which 
was generated from testing different p value thresholds. The 
best- fit model was defined by the largest Nagelkerke’s R2 
value. Logistic regression was used to estimate the effect of 
the demographic variables for inclusion into the predictive 
models using SPSS Statistics 24. The area under the receiving 
operatic characteristic curve (AUROC) was used to evaluate 
the predictive ability of the PRS, demographic characteris-
tics (age, sex and body mass index (BMI)) and combined 
models.

Gout versus normouricaemia GWAS
Two GWAS were conducted. Prior to conducting these 
analyses, both datasets underwent the same genotyping 
QC filters as described earlier. The association tests were 
performed with PLINK V.1.9, using age, sex and the first 10 
PCs as covariates.

RESULTS
Demographic characteristics
Following genotype QC filters, data for 7049 gout cases and 
81 354 AH controls were included. The entire cohort comprised 
80.77% men, and their mean (SD) age, BMI and SU were 57.87 
(7.77) years, 29.63 (4.81) kg/m2 and 6.92 (0.88) mg/dL, respec-
tively. This cohort was divided into the discovery and replication 
datasets (table 1, figure 1). The two datasets had comparable 
disease and demographic characteristics.

Gout versus AH
GWAS
An additive logistic regression was performed to test the asso-
ciation between gout and 710 030 variants. Thirty- four SNPs 
reached genome- wide significance and after filtering for tight 
LD (r2 <0.2), 13 SNPs were identified as independent associ-
ations (figure 2). These lead SNPs were selected for the repli-
cation study, where they were tested for association with gout 
in the remaining 30% of the dataset. Successful replication was 
defined if the p value was <0.004. Summary results for both the 
discovery and the replication analyses are shown in table 2. The 
SNP with the greatest effect was rs2231142 in ABCG2 gene with 
OR=1.66 (2.05×10−78) in the discovery stage, and OR=1.64 
(1.17×10−32) in the replication stage. This was followed 
by a novel locus: rs1229984 in ADH1B gene (OR=1.51, 
p=5.00×10−12; OR=1.44, p=4.77×10−5). The remaining 
SNPs were located in or near GCKR, PPM1K- DT, SLC2A9, 
MEPE, LOC105377323 and SLC22A11. Pairwise LD parame-
ters were evaluated for SNPs located within the same gene or in 
genes <500 kb apart (online supplemental figure S1).

Genetic variants and SU
All lead SNPs associated with SU, with rs2231142 (ABCG2) and 
rs16890979 (SLC2A9) showing the greatest effects: adjusted 
β=0.107 and p=1.21×10−80, and adjusted β=−0.055 and 
p=1.67×10−43, respectively (online supplemental table S1). On 
sensitivity analysis examining the association between 13 lead 
SNPs and gout, excluding AH controls with SU <7.0 mg/dL, the 
ORs diminished in magnitude but remained significant (online 
supplemental table S2).

PRS model
A PRS for all cases and controls was constructed with PRSice 
using the replication cohort as the test dataset. The best- fit p 
value threshold that gave the highest Nagelkerke’s R2 (0.016) 
was 4.0×10–6, and included 17 SNPs (online supplemental table 
S3). The mean (±SD) PRS for cases was 0.018 (±0.017), and 
0.013 (±0.016) for controls (p<0.0001). The predictive ability 
of this PRS model was evaluated using the AUROC curve, and 
compared with the demographics model (age, sex and BMI) and 
combined model (age, sex, BMI and PRS). The AUC for each 
model was 58.5%, 66.7% and 69.2%, respectively (figure 3).

Gout versus normouricaemia
We conducted two GWAS of gout versus normouricaemia using 
SU cut- off values <6.0 mg/dL and <7.0 mg/dL, respectively. The 
first GWAS identified 52 lead SNPs, while the second identi-
fied 46 lead SNPs (online supplemental table S4). Three novel 
SNPs (rs760077, rs3800307 and rs11227299 in MTX1, PRSS16 
and AP5B1 genes, respectively) associated with gout compared 
with SU <6 mg/dL with GWAS significance. Two (rs760077 
and rs3800307) remained GWAS significant when a higher SU 
threshold of <7 mg/dL was used to define normouricaemia. 

https://dx.doi.org/10.1136/annrheumdis-2020-219796
https://dx.doi.org/10.1136/annrheumdis-2020-219796
https://dx.doi.org/10.1136/annrheumdis-2020-219796
https://dx.doi.org/10.1136/annrheumdis-2020-219796
https://dx.doi.org/10.1136/annrheumdis-2020-219796
https://dx.doi.org/10.1136/annrheumdis-2020-219796
https://dx.doi.org/10.1136/annrheumdis-2020-219796
http://ard.bmj.com/
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We then plotted the OR of each lead SNP in the gout versus 
AH- control GWAS and the gout versus SU <6 mg/dL GWAS 
(figure 4A). To be consistent with our sensitivity analysis, we 
plotted the OR of the 13 lead SNPs on excluding AH controls 
with SU 6–7 mg/dL, with the gout versus SU <7 mg/dL GWAS 
(figure 4B). The same loci were responsible for transition from 
AH and normouricaemia to gout.

DISCUSSION
This is the largest GWAS to date and the first in Caucasians to 
examine the SNPs associated with transition from AH to gout. 
Using UK Biobank data, it identified 13 independent SNPs from 
8 loci that reached genome wide significance for association 
with gout versus AH, and replicated. These loci include urate 
transporters, metabolic pathway genes (eg, GCKR, ADH1B) and 
MEPE gene that regulates renal phosphate handling and skeletal 
mineralisation.23 The latter may promote progression to gout via 
pro- mineralising osteopontin- like function or via low phosphate 
levels that associates with incident hyperuricaemia.24 The identi-
fied loci in PPM1K- DT and LOC105377323 were in non- coding 
regions and their molecular mechanism is unclear.

Of the eight loci, ABCG2, SLC2A9, SLAC22A11, PPM1K- DT, 
GCKR and MEPE have previously been associated with gout or 
SU levels in different populations but never in the transition 
from AH to gout in a GWAS.5 21 25 26 This is the first such report. 
In a previous study, Tin et al generated a genetic risk score using 
variants associated with SU and examined their ability to predict 
gout cases in 334 800 UK Biobank participants not specifically 
selected for high SU levels. Ours is the first study to attempt 
to generate a PRS for predicting gout status in an AH popula-
tion that is, those with SU ≥6.0 mg/dL, and reports an AUC of 

Table 1 Demographic, life- style and comorbidities for gout cases and asymptomatic hyperuricaemia controls of the UK Biobank

All
(88 403)

Discovery GWAS Replication stage

Gout cases
(4934)

Controls
(56 948)

Gout cases
2115

Controls
24 406

Age at recruitment, years, mean (SD) 57.87 (7.77) 60.11 (6.88) 57.67 (7.82) 60.06 (6.81) 57.69 (7.80)

Male sex, n (%) 71 401 (80.77) 4529 (91.79) 45 506 (79.91) 1950 (92.20) 19 416 (79.55)

BMI, kg/m2, mean (SD) 29.63 (4.81) 30.79 (4.96) 29.53 (4.78) 30.62 (4.93) 29.53 (4.78)

Waist circumference, cm, mean (SD) 99.56 (11.74) 103.76 (12.14) 99.23 (11.64) 103.49 (12.12) 99.16 (11.64)

SU, mg/dL, mean (SD) 6.92 (0.88) 6.74 (1.78) 6.94 (0.76) 6.77 (1.74) 6.93 (0.75)

Alcohol intake, n (%)*

 Never 4397 (4.97) 221 (4.48) 2822 (4.96) 85 (4.02) 1269 (5.20)

 Special occasions 6698 (7.58) 272 (5.51) 4405 (7.74) 115 (5.44) 1906 (7.81)

 <1/week 7588 (8.58) 278 (5.63) 5006 (8.79) 128 (6.05) 2176 (8.92)

 1–2/week 21 908 (24.78) 1093 (22.15) 14 190 (24.92) 496 (23.45) 6129 (25.11)

 3–4/week 23 370 (26.44) 1351 (27.38) 15 035 (26.40) 589 (27.85) 6395 (26.20)

 Daily or almost daily 24 365 (27.56) 1710 (34.66) 15 448 (27.13) 701 (33.14) 6506 (26.66)

Smoking status, n (%)*

 Non- smoker 41 778 (47.26) 1998 (40.49) 27 243 (47.84) 862 (40.76) 11 675 (47.84)

 Ex- smoker 37 705 (42.65) 2481 (50.28) 23 871 (41.92) 1065 (50.35) 10 288 (42.15)

 Current smoker 8590 (9.72) 434 (8.80) 5613 (9.86) 183 (8.65) 2360 (9.67)

Comorbidities, n (%)†

 Metabolic syndrome, n (%) 40 049 (45.30) 2999 (60.78) 24 900 (43.72) 1325 (62.65) 10 825 (44.35)

 Diabetes mellitus 5389 (6.10) 589 (11.94) 3205 (5.63) 245 (11.58) 1350 (5.53)

 Hypertension 35 776 (40.47) 2824 (57.24) 22 206 (38.99) 1241 (58.68) 9505 (38.95)

 Hypercholesterolaemia 15 831 (17.91) 1368 (27.73) 9737 (17.10) 585 (27.66) 4141 (16.97)

 Ischaemic heart disease 6817 (7.71) 666 (13.50) 4051 (7.11) 290 (13.71) 1810 (7.42)

 Cardiac failure 133 (0.15) 28 (0.57) 62 (0.11) 18 (0.85) 25 (0.10)

CKD stages*

 G1 (>90 mL/min) 39 800 (45.02) 1962 (39.76) 25 849 (45.39) 855 (40.43) 11 134 (45.62)

 G2 (60–90 mL/min) 43 774 (49.52) 2434 (49.33) 28 260 (49.62) 1026 (48.51) 12 054 (49.39)

 G3a (45–59 mL/min) 3722 (4.21) 343 (6.95) 2258 (3.97) 159 (7.52) 962 (3.94)

 G3b (30–44 mL/min) 792 (0.89) 138 (2.80) 419 (0.74) 40 (1.89) 195 (0.80)

 G4 (15–29 mL/min) 213 (0.24) 41 (0.83) 106 (0.19) 22 (1.04) 44 (0.18)

 G5 (<15 mL/min) 51 (0.06) 13 (0.26) 19 (0.03) 12 (0.57) 7 (0.03)

*The following data were missing: alcohol intake for 0.09%, smoking satus for 0.73% and CKD information for 0.06%.
†Diabetes, hypertension, hypercholesterolemia,ischaemic heart disease and cardiac failure were defined as present if they were self- reported as diagnosed by a doctor. Chronic Kidney Disease 
stages were defined as per the National Institute of Heath and Care Excellence (NICE) guidelines CG182.43 Metabolic syndrome was calculated as recommended by the International Diabetes 
Federationin 2006.44

BMI, body mass index; CKD, chronic kidney disease; GWAS, genome- wide association study; SU, serum urate.

Figure 2 Manhattan plot of the discovery genome- wide association 
study of gout versus asymptomatic hyperuricaemia (serum urate 
≥6.0 mg/dL) controls. The y- axis shows –log10 p values ordered 
by chromosomal position on the x- axis. The horizontal dashed line 
represents genome- wide significance threshold (5.0×10–8).

http://ard.bmj.com/
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58.5% for genetic factors alone, which increased to just under 
70% when demographic factors were added. This is lower than 
the AUC of 67.2% from genetic factors alone in the study by 
Tin et al and is likely to be due to lower genetic variance due 
to selection of a high SU control group.25 A smaller study using 

Figure 4 Scatter plot. (A) Comparison of the ORs of lead single 
nucleotide polymorphisms (SNPs) for both genome- wide association 
study (GWAS): gout versus asymptomatic hyperuricaemia (serum urate 
(SU) ≥6.0 mg/dL) and gout versus SU <6.0 mg/dL. Black dots represent 
ORs of the common risk loci of both GWAS, while grey circles represent 
ORs of additional lead SNPs of the gout versus SU <6.0 mg/dL that 
were not significant at GWAS level in the gout versus asymptomatic 
hyperuricaemia GWAS. (B) Comparison of the ORs of the 13 lead SNPs 
for gout versus asymptomatic hyperuricaemia (defined as SU ≥7.0 mg/
dL), compared with the ORs in the GWAS for gout versus SU <7.0 mg/
dL. Where several SNPs were present in the same gene, only that with 
the smallest p value was plotted in this graph. See online supplemental 
material for names of genes not annotated in the figure.Ta
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Figure 3 Area under the receiver operating characteristics (AUROC) 
curve for the polygenic risk score (PRS) model, demographics model and 
combined (demographics+PRS) model. BMI, body mass index.
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candidate gene hypothesis reported nominal association for 
ABCG2 polymorphism and gout versus hyperuricaemia.27 The 
only previous gout versus hyperuricaemia GWAS was conducted 
in a Japanese population and reported rs7927466 in CNTN5, 
rs9952962 in MIR302F and a suggestive locus rs12980365 in 
ZNF724 that do not affect SU.10 Although rs7927466 is not 
included in the UK Biobank genotype platform, it is covered by 
its proxy SNP rs7942264 (r2=1) that did not show an association 
with gout; neither did rs12980365. MIR302F was not included 
in UK Biobank and further research on this gene is needed.

ADH1B was identified as a risk variant for gout versus AH. It 
has never previously been associated with gout in a GWAS— even 
when compared with general population. ADH1B mediates the 
oxidation of ethanol into acetaldehyde.28 The SNP rs1229984 
in ADH1B causes a change of an arginine to histidine, increases 
ethanol clearance in liver, facilitates its conversion to highly 
reactive acetaldehyde,29 increases the NADH/NAD ratio that 
results in high lactic acid levels and increased urate reabsorp-
tion via URAT1.30 The risk allele of rs1229984 also promotes 
a ‘flush response’ to alcohol and reduces the amount of alcohol 
consumed.31 Thus, the association between this polymorphism 
and gout may be due to increased production and reabsorption 
of urate from per unit alcohol consumed. This is consistent with 
the observation by Yokoyama et al in which rs1229984 associ-
ated with SU≥7 mg/dL (OR (95% CI) 2.04 (1.58 to 2.65)), while 
the daily alcohol intake was comparable across variants.32 In 
agreement with our study, Sakiyama et al (n=1048 gout cases 
and 1334 male controls) evaluated the effect of rs1229984 in 
ADH1B gene on gout. They reported an increased risk for gout 
with OR of 1.69 and 1.80 for His/Arg and His/His genotypes, 
respectively, which remained significant after correcting for 
alcohol consumption.33 However, in their study patients with 
gout and rare variants of the SNP had greater alcohol consump-
tion, suggesting an additional role for the latter.

Urate transporters ABCG2, SLC2A9 and SLC22A11 play 
essential roles in pathogenesis of hyperuricaemia.34 35 SLC2A9 
has the strongest effect on SU, accounting for 2%–3% of vari-
ance, followed by ABCG2 that explains 1% of SU variation.35 
Although both loci have also been associated with gout, GWAS 
of gout cases versus controls have shown a greater effect of 
ABCG2 than SLC2A9.7 In this study, rs2231142 in ABCG2 had 
larger effect size on gout status compared with AH- control than 
that of rs16890979 in SLC2A9 (which is in tight LD with the 
GWAS hit rs12498742) and also twice as much effect on SU 
than the latter. This supports the hypothesis that ABCG2 plays 
a causal role in transition from hyperuricaemia to gout via its 
effect on SU. However, additional mechanisms such as defects in 
ABCG2 causing deficient autophagy may also operate.27 36

Our GWAS comparing gout cases with normouricaemic 
controls did not identify any inflammatory genes. A large number 
of lead SNPs were identified at genome- wide significance level. 
Most have been associated with gout or SU previously.5 7 25 26 37 
However, we identified three novel SNPs associated with gout 
compared with SU<6.0 mg/dL. Of these, rs11227299 (AP5B1) 
is associated with reduced estimated glomerular filtration rate 
and may cause gout by resulting hyperuricaemia.38 The variants 
in MTX1 and PRSS16 genes associated with gout compared 
with SU<6.0 mg/dL, also associate with Parkinson’s disease and 
schizophrenia.39 40 This is consistent with the negative associa-
tions between Parkinson’s disease and gout, and schizophrenia 
and elevated SU.41 42

This is the first GWAS to examine transition from AH to gout 
in Caucasians. Other strengths include a large sample size, and 
assessment of transition from AH or normouricaemia to gout in 

the same source population. However, there are several caveats 
to this study. First, gout definition was not based on American 
College of Rheumatology/European League Against Rheuma-
tism classification criteria, but was ascertained via self- report of 
physician diagnosis, hospital diagnoses and ULT prescriptions. 
However, the UK Biobank data collection predates the classi-
fication criteria. In addition, the classification of AH controls 
was based on a single SU measurement, which could have been 
affected by diet during the previous days. Additionally, the use 
of non- imputed data limited the discovery power of the GWAS 
and PRS.

In conclusion, this study identified 13 GWAS significant risk 
loci, 12 of which have never previously been associated with the 
transition from AH to gout at GWAS level. The preponderance 
of urate transporters and metabolic genes that affect SU levels 
support the central role of hyperuricaemia in the pathogenesis of 
gout. Larger GWAS are required to identify if variants in inflam-
matory pathways also contribute to this transition.
Twitter Gabriela Sandoval- Plata @gabylusp

Acknowledgements This research was conducted using the UK Biobank resource 
(Project ID 45987). The authors would like to thank all participants.

Contributors Study concept and design: AA, GS- P, KM. Data analysis: GS- P. 
Manuscript preparation: GS- P, AA, KM. Manuscript revision for important intellectual 
content: all authors.

Funding Miss Sandoval- Plata’s work is supported by a PhD scholarship from The 
Mexican National Council for Science and Technology (CONACYT) (Grant number 
472 298).

Competing interests Professor AA has received departmental research grants 
from AstraZeneca and Oxford Immunotec, speaker bureau fees from Menarini, 
scientific meeting support from Pfizer, author royalties from UpToDate and Springer 
and has consulted for Inflazome unrelated to this work.

Patient consent for publication Not required.

Ethics approval UK Biobank has approval from the North West Multi- Centre 
Research Ethics Committee (REC reference 16/NW/0274). This study did not involve 
recontacting participants and no separate ethics approval was required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and 
are not publicly available. Raw data used for this study are available from the UK 
Biobank resource.

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), and 
is not responsible for any error and/or omissions arising from translation and 
adaptation or otherwise.

ORCID iDs
Gabriela Sandoval- Plata http:// orcid. org/ 0000- 0002- 7809- 7864
Abhishek Abhishek http:// orcid. org/ 0000- 0003- 0121- 4919

REFERENCES
 1 Dalbeth N, Merriman TR, Stamp LK. Gout. The Lancet 2016;388:2039–52.
 2 Chen- Xu M, Yokose C, Rai SK. Contemporary prevalence of gout and hyperuricemia in 

the United States and Decadal trends: the National health and nutrition examination 
survey, 2007-2016, 2019.

 3 Li S, Sanna S, Maschio A, et al. The GLUT9 gene is associated with serum uric acid 
levels in Sardinia and Chianti cohorts. PLoS Genet 2007;3:e194.

4 Dehghan A, Köttgen A, Yang Q, et al. Association of three genetic loci with uric 
acid concentration and risk of gout: a genome- wide association study. Lancet 
2008;372:1953–61.

5 Köttgen A, Albrecht E, Teumer A, et al. Genome- Wide association analyses identify 18 
new loci associated with serum urate concentrations. Nat Genet 2013;45:145–54.

 6 Kolz M, Johnson T, Sanna S, et al. Meta- Analysis of 28,141 individuals identifies 
common variants within five new loci that influence uric acid concentrations. PLoS 
Genet 2009;5:e1000504.

https://twitter.com/gabylusp
http://orcid.org/0000-0002-7809-7864
http://orcid.org/0000-0003-0121-4919
http://dx.doi.org/10.1016/S0140-6736(16)00346-9
http://dx.doi.org/10.1371/journal.pgen.0030194
http://dx.doi.org/10.1016/S0140-6736(08)61343-4
http://dx.doi.org/10.1038/ng.2500
http://dx.doi.org/10.1371/journal.pgen.1000504
http://dx.doi.org/10.1371/journal.pgen.1000504
http://ard.bmj.com/


1226 Sandoval- Plata G, et al. Ann Rheum Dis 2021;80:1220–1226. doi:10.1136/annrheumdis-2020-219796

Crystal arthropathies

 7 Phipps- Green AJ, Merriman ME, Topless R, et al. Twenty- eight loci that 
influence serum urate levels: analysis of association with gout. Ann Rheum Dis 
2016;75:124–30.

 8 Matsuo H, Yamamoto K, Nakaoka H, et al. Genome- Wide association study of 
clinically defined gout identifies multiple risk loci and its association with clinical 
subtypes. Ann Rheum Dis 2016;75:652–9.

 9 Li C, Li Z, Liu S, et al. Genome- Wide association analysis identifies three new risk loci 
for gout arthritis in Han Chinese. Nat Commun 2015;6:7041.

 10 Kawamura Y, Nakaoka H, Nakayama A, et al. Genome- Wide association study 
revealed novel loci which aggravate asymptomatic hyperuricaemia into gout. Ann 
Rheum Dis 2019;78:1430–7.

 11 Dalbeth N, Phipps- Green A, Frampton C, et al. Relationship between serum urate 
concentration and clinically evident incident gout: an individual participant data 
analysis. Ann Rheum Dis 2018;77:1048–52.

 12 Sudlow C, Gallacher J, Allen N, et al. Uk Biobank: an open access resource for 
identifying the causes of a wide range of complex diseases of middle and old age. 
PLoS Med 2015;12:e1001779.

 13 Welsh S. Genotyping of 500,000 UK Biobank participants: description of sample 
processing workflow and preparation of DNA for genotyping, 2017.

 14 Cadzow M, Merriman TR, Dalbeth N. Performance of gout definitions for genetic 
epidemiological studies: analysis of UK Biobank. Arthritis Res Ther 2017;19:181.

 15 Bycroft C, Freeman C, Petkova D. Genome- Wide genetic data on ~500 000 UK 
Biobank participants. bioRxiv 2017:166298.

 16 Chang CC, Chow CC, Tellier LC, et al. Second- Generation PLINK: rising to the 
challenge of larger and richer datasets. Gigascience 2015;4:7.

 17 Watanabe K, Taskesen E, van Bochoven A, et al. Functional mapping and annotation 
of genetic associations with FUMA. Nat Commun 2017;8:1826.

 18 Machiela MJ, Chanock SJ. LDlink: a web- based application for exploring population- 
specific haplotype structure and linking correlated alleles of possible functional 
variants. Bioinformatics 2015;31:3555–7.

 19 Myers TA, Chanock SJ, Machiela MJ. LDlinkR: An R Package for Rapidly Calculating 
Linkage Disequilibrium Statistics in Diverse Populations. Front Genet 2020;11:157.

 20 Barrett JC, Fry B, Maller J, et al. Haploview: analysis and visualization of LD and 
haplotype maps. Bioinformatics 2005;21:263–5.

 21 Nakayama A, Nakaoka H, Yamamoto K, et al. Gwas of clinically defined gout and 
subtypes identifies multiple susceptibility loci that include urate transporter genes. 
Ann Rheum Dis 2017;76:869–77.

 22 Choi SW, O’Reilly PF. PRSice-2: polygenic risk score software for biobank- scale data. 
Gigascience 2019;8. doi:10.1093/gigascience/giz082. [Epub ahead of print: 01 07 2019].

 23 Rowe PSN. The wrickkened pathways of FGF23, MEPE and PHEX. Crit Rev Oral Biol 
Med 2004;15:264–81.

 24 Cao J, Zhang J, Li Q, et al. Serum phosphate and the risk of new- onset hyperuricemia 
in hypertensive patients. Hypertension 2019;74:102–10.

 25 Tin A, Marten J, Halperin Kuhns VL, et al. Target genes, variants, tissues and 
transcriptional pathways influencing human serum urate levels. Nat Genet 
2019;51:1459–74.

 26 Chen C- J, Tseng C- C, Yen J- H, et al. Abcg2 contributes to the development of gout 
and hyperuricemia in a genome- wide association study. Sci Rep 2018;8:3137.

 27 Wrigley R, Phipps- Green AJ, Topless RK, et al. Pleiotropic effect of the ABCG2 gene in 
gout: involvement in serum urate levels and progression from hyperuricemia to gout. 
Arthritis Res Ther 2020;22:45.

 28 Polimanti R, Gelernter J. Adh1B: from alcoholism, natural selection, and cancer to the 
human phenome. Am J Med Genet B Neuropsychiatr Genet 2018;177:113–25.

 29 Edenberg HJ. The genetics of alcohol metabolism: role of alcohol dehydrogenase and 
aldehyde dehydrogenase variants. Alcohol Res Health 2007;30:5–13.

 30 Lieber CS, Jones DP, Losowsky MS, et al. Interrelation of uric acid and ethanol 
metabolism in man. J Clin Invest 1962;41:1863–70.

 31 Macgregor S, Lind PA, Bucholz KK, et al. Associations of ADH and ALDH2 gene 
variation with self report alcohol reactions, consumption and dependence: an 
integrated analysis. Hum Mol Genet 2009;18:580–93.

 32 Yokoyama A, Yokoyama T, Mizukami T, et al. Alcohol Dehydrogenase- 1B (rs1229984) 
and aldehyde dehydrogenase-2 (rs671) genotypes and alcoholic ketosis are 
associated with the serum uric acid level in Japanese alcoholic men. Alcohol Alcohol 
2016;51:268–74.

 33 Sakiyama M, Matsuo H, Akashi A, et al. Independent effects of ADH1B and ALDH2 
common dysfunctional variants on gout risk. Sci Rep 2017;7:2500.

 34 Woodward OM, Köttgen A, Coresh J, et al. Identification of a urate transporter, 
ABCG2, with a common functional polymorphism causing gout. Proc Natl Acad Sci U 
S A 2009;106:10338–42.

 35 Major TJ, Dalbeth N, Stahl EA, et al. An update on the genetics of hyperuricaemia and 
gout. Nat Rev Rheumatol 2018;14:341–53.

 36 Schorn C, Janko C, Krenn V, et al. Bonding the foe - NETting neutrophils immobilize 
the pro- inflammatory monosodium urate crystals. Front Immunol 2012;3:376.

 37 Matsuo H, Ichida K, Takada T, et al. Common dysfunctional variants in ABCG2 are a 
major cause of early- onset gout. Sci Rep 2013;3:3.

 38 Pattaro C, Teumer A, Gorski M, et al. Genetic associations at 53 loci highlight 
cell types and biological pathways relevant for kidney function. Nat Commun 
2016;7:10023.

 39 Gan- Or Z, Bar- Shira A, Gurevich T, et al. Homozygosity for the MTX1 c.184T>A 
(p.S63T) alteration modifies the age of onset in GBA- associated Parkinson’s disease. 
Neurogenetics 2011;12:325–32.

 40 Shi J, Levinson DF, Duan J, et al. Common variants on chromosome 6p22.1 are 
associated with schizophrenia. Nature 2009;460:753–7.

 41 Alonso A, Rodríguez LAG, Logroscino G, et al. Gout and risk of Parkinson disease: a 
prospective study. Neurology 2007;69:1696–700.

 42 He Q, You Y, Yu L, et al. Uric acid levels in subjects with schizophrenia: a systematic 
review and meta- analysis. Psychiatry Res 2020;292:113305.

 43 NICE. Chronic kidney disease in adults: assessment and management, 2015. 
Available: https://www. nice. org. uk/ guidance/ cg182 [Accessed 28 Sep 2020].

 44 Alberti KGMM, Zimmet P, Shaw J. Metabolic syndrome--a new world- wide definition. 
A Consensus Statement from the International Diabetes Federation. Diabet Med 
2006;23:469–80.

http://dx.doi.org/10.1136/annrheumdis-2014-205877
http://dx.doi.org/10.1136/annrheumdis-2014-206191
http://dx.doi.org/10.1038/ncomms8041
http://dx.doi.org/10.1136/annrheumdis-2019-215521
http://dx.doi.org/10.1136/annrheumdis-2019-215521
http://dx.doi.org/10.1136/annrheumdis-2017-212288
http://dx.doi.org/10.1371/journal.pmed.1001779
http://dx.doi.org/10.1186/s13075-017-1390-1
http://dx.doi.org/10.1186/s13742-015-0047-8
http://dx.doi.org/10.1038/s41467-017-01261-5
http://dx.doi.org/10.1093/bioinformatics/btv402
http://dx.doi.org/10.3389/fgene.2020.00157
http://dx.doi.org/10.1093/bioinformatics/bth457
http://dx.doi.org/10.1136/annrheumdis-2016-209632
http://dx.doi.org/10.1093/gigascience/giz082
http://dx.doi.org/10.1177/154411130401500503
http://dx.doi.org/10.1177/154411130401500503
http://dx.doi.org/10.1161/HYPERTENSIONAHA.119.12633
http://dx.doi.org/10.1038/s41588-019-0504-x
http://dx.doi.org/10.1038/s41598-018-21425-7
http://dx.doi.org/10.1186/s13075-020-2136-z
http://dx.doi.org/10.1002/ajmg.b.32523
http://www.ncbi.nlm.nih.gov/pubmed/17718394
http://dx.doi.org/10.1172/JCI104643
http://dx.doi.org/10.1093/hmg/ddn372
http://dx.doi.org/10.1093/alcalc/agv123
http://dx.doi.org/10.1038/s41598-017-02528-z
http://dx.doi.org/10.1073/pnas.0901249106
http://dx.doi.org/10.1073/pnas.0901249106
http://dx.doi.org/10.1038/s41584-018-0004-x
http://dx.doi.org/10.3389/fimmu.2012.00376
http://dx.doi.org/10.1038/srep02014
http://dx.doi.org/10.1038/ncomms10023
http://dx.doi.org/10.1007/s10048-011-0293-6
http://dx.doi.org/10.1038/nature08192
http://dx.doi.org/10.1212/01.wnl.0000279518.10072.df
http://dx.doi.org/10.1016/j.psychres.2020.113305
https://www.nice.org.uk/guidance/cg182
http://dx.doi.org/10.1111/j.1464-5491.2006.01858.x
http://ard.bmj.com/


1227Rahman MS, et al. Ann Rheum Dis 2021;80:1227–1235. doi:10.1136/annrheumdis-2020-219624

Pain

EPIDEMIOLOGICAL SCIENCE

Genome- wide association study identifies RNF123 
locus as associated with chronic widespread 
musculoskeletal pain
Md Shafiqur Rahman    ,1 Bendik S Winsvold,2,3,4 Sergio O Chavez Chavez,5 
Sigrid Børte,4,6,7 Yakov A Tsepilov,8,9,10 Sodbo Zh Sharapov,8,10 HUNT All- In Pain, 
Yurii S Aulchenko,8,9 Knut Hagen,11,12 Egil A Fors,13 Kristian Hveem,4,14 
John Anker Zwart,2,4,7 Joyce B van Meurs,5 Maxim B Freidin,1 Frances MK Williams1

To cite: Rahman MS, 
Winsvold BS, Chavez 
Chavez SO, et al. 
Ann Rheum Dis 
2021;80:1227–1235.

Handling editor Josef S 
Smolen

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2020- 219624).

For numbered affiliations see 
end of article.

Correspondence to
Professor Frances MK Williams, 
Twin Research and Genetic 
Epidemiology Depart, King’s 
College London, London, 
London, UK;  
 frances. williams@ kcl. ac. uk

Received 30 November 2020
Revised 23 February 2021
Accepted 25 February 2021
Published Online First 
29 April 2021

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY. 
Published by BMJ.

ABSTRACT
Background and objectives Chronic widespread 
musculoskeletal pain (CWP) is a symptom of 
fibromyalgia and a complex trait with poorly understood 
pathogenesis. CWP is heritable (48%–54%), but its 
genetic architecture is unknown and candidate gene 
studies have produced inconsistent results. We conducted 
a genome- wide association study to get insight into the 
genetic background of CWP.
Methods Northern Europeans from UK Biobank 
comprising 6914 cases reporting pain all over the 
body lasting >3 months and 242 929 controls were 
studied. Replication of three independent genome- 
wide significant single nucleotide polymorphisms 
was attempted in six independent European cohorts 
(n=43 080; cases=14 177). Genetic correlations with 
risk factors, tissue specificity and colocalisation were 
examined.
Results Three genome- wide significant loci were 
identified (rs1491985, rs10490825, rs165599) residing 
within the genes Ring Finger Protein 123 (RNF123), 
ATPase secretory pathway Ca2+ transporting 1 (ATP2C1) 
and catechol- O- methyltransferase (COMT). The RNF123 
locus was replicated (meta- analysis p=0.0002), 
the ATP2C1 locus showed suggestive association 
(p=0.0227) and the COMT locus was not replicated. 
Partial genetic correlation between CWP and depressive 
symptoms, body mass index, age of first birth and years 
of schooling were identified. Tissue specificity and 
colocalisation analysis highlight the relevance of skeletal 
muscle in CWP.
Conclusions We report a novel association of RNF123 
locus and a suggestive association of ATP2C1 locus 
with CWP. Both loci are consistent with a role of calcium 
regulation in CWP. The association with COMT, one of 
the most studied genes in chronic pain field, was not 
confirmed in the replication analysis.

INTRODUCTION
Chronic widespread musculoskeletal pain (CWP) is 
a common complex trait influenced by genetic and 
environmental factors, most of which have yet to be 
determined.1 CWP and fibromyalgia syndrome are 
sometimes used interchangeably, although the latter 
is generally more severe and includes other features 
such as sleep disturbance, fatigue and depression.2 
It is thought to represent a subgroup at the more 

severe end of the spectrum of CWP.3 The prev-
alence of CWP is 10.6% in the world population 
and 14.2% in the UK population.4 5 It is associated 
with high societal cost.6 CWP is responsible for 
excess mortality,7 which is thought to be attribut-
able to cardiovascular disease, respiratory disease 
and cancer. Females are more affected by CWP than 
males,4 and the prevalence rises with age.5 In addi-
tion to age and sex, a number of exposures have 
been proposed as risk factors for CWP,8 9 but only 
increased body mass index (BMI) has been consis-
tently reported across studies, including longitu-
dinal studies.10–12

Broad- sense heritability estimates for CWP range 
between 48% and 54%, indicating a substantial 
genetic contribution.13 To date, the candidate gene 
approach has been extensively applied to identify 
genetic factors in CWP,14 but few agnostic studies 
have been published.15 The only genome- wide 
association study (GWAS) meta- analysis combining 
14 studies identified a locus lying on chromosome 
5 intergenic to CCT5 and FAM173B.15 CCT5 has 
previously been implicated in neuropathy16 and 

Key messages

What is already known about this subject?
 ► Chronic widespread musculoskeletal pain (CWP) 
is a primary diagnostic feature of fibromyalgia.

 ► CWP is moderately heritable, but precise genes 
involved in the pathogenesis of CWP are yet to 
be identified.

What does this study add?
 ► This is the largest genetic study conducted 
on CWP to date and identified novel genetic 
risk loci (Ring Finger Protein 123 and ATPase 
secretory pathway Ca2+ transporting 1).

 ► The genetic signal points to peripheral pain 
mechanisms in CWP, and shows genetic 
correlation with other traits, including body 
mass index and depression.

How might this impact on clinical practice or 
future developments?

 ► The findings add to aetiological basis of CWP.
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there is increasing evidence that small fibre neuropathy underlies 
a subset of fibromyalgia.17

Genetic factors are known to be shared by chronic pain 
conditions.18 19 One of the most extensively studied chronic 
pain- associated genes encodes catechol- O- methyltransferase 
(COMT), an enzyme which regulates the production of cate-
cholamines that act as neurotransmitters in the central nervous 
system (CNS) pain tract. A non- synonymous change of A to 
G encoding a valine (Val) to methionine (Met) substitution at 
codon 158 (Val158Met; rs4680) reduces the enzymatic activity 
of COMT. This single nucleotide polymorphism (SNP) has 
been reported to be associated with CWP in a small study of 
122 participants,20 but a subsequent association study of 3017 
participants did not confirm earlier findings.21 An inconclusive 
role of COMT was observed for temporomandibular disorders 
(TMD) as well.22 23 Further investigation is required to identify 
genetic variants underlying CWP, which will shed light on the 
pathophysiological mechanisms underlying the development 
of chronic pain and may reveal therapeutic targets.

MATERIALS AND METHODS
An overview of study design is presented in figure 1.

Participant selection
For the discovery analysis, we performed a GWAS of CWP 
using UK Biobank (UKB) comprising 249 843 participants of 
European descent (6914 CWP cases and 242 929 controls). 
Independent SNPs passing a threshold p<5.0E-08 were 
submitted for replication in 43 080 individuals of European 
ancestry (14 177 CWP cases and 28 903 controls) from six 
independent cohorts originating in the UK (TwinsUK and The 
English Longitudinal Study of Ageing (ELSA)), the Nether-
lands (The Rotterdam Study 1, 2 and 3 (RS-1, RS-2 and RS-3)) 
and Norway (The Nord- Trøndelag Health Survey (HUNT)). 
The UKB dataset was used under project #18219. Description 
of each study cohort is presented in online supplemental text.

Phenotype
In UKB, CWP cases were defined by combining self- reported 
diagnosis of pain all over the body lasting for >3 months; 
simultaneous pain in the knee, shoulder, hip and back lasting 
3+ months and fibromyalgia. Controls comprised those who 
reported no pain in the last month or reported pain all over the 
body in the previous month that did not last for 3 months or 
reported only ≥3 months of non- musculoskeletal pain (head-
ache, facial and abdominal pain). Those reporting a self- reported 

diagnosis of rheumatoid arthritis, polymyalgia rheumatica, 
arthritis not otherwise specified, systemic lupus erythematosus, 
ankylosing spondylitis and myopathy were excluded from the 
study (online supplemental figure S1). Further phenotype details 
for UKB and replication cohorts are provided in online supple-
mental text.

Genotyping and imputation
Genotyping and imputation methods across cohorts are 
summarised in online supplemental table S1 (online supple-
mental text).

Statistical analysis and in silico follow-up
The details of statistical analysis, and in silico follow- up are 
described in online supplemental text. In brief, GWAS in the 
discovery sample was performed using linear mixed- effects 
model implemented in BOLT- LMM (V.2.3.2).24 An additive 

Figure 1 Overview of study design.

Table 1 Sample characteristics stratified by case/control status for 
discovery and replication cohorts

Cases Controls P value

Discovery cohort (UK Biobank)

Female 4470 (64.7%) 128 599 (47.1%) <0.0001

Male 2444 (35.3%) 114 330 (52.9%)

Age (mean±SD) 57.8±7.45 57.0±8.09 <0.0001

BMI (mean±SD) 30.02±5.97 26.83±4.40 <0.0001

Replication cohorts

TwinsUK

Female 1041 (93.7%) 3116 (87.6%) <0.0001

Male 70 (6.3%) 440 (12.4%)

Age (mean±SD) 54.78±10.48 50.12±13.21 <0.0001

BMI (mean±SD) 27.39±5.11 25.74±4.57 <0.0001

HUNT

Female 6315 5836 <0.0001

Male 4241 7403

Age (mean±SD) 55.95±9.48 54.82±10.31 <0.0001

BMI (mean±SD) 27.37±4.33 26.52±3.88 <0.0001

ELSA

Female 1090 (64.9%) 2660 (50.2%) <0.001

Male 589 (35.1%) 2644 (49.8%)

Age (mean±SD) 68.10±9.49 66.55±9.98 <0.0001

BMI (mean±SD) 28.60±4.98 27.08±4.22 <0.0001

RS-1

Female 422 1323 <0.0001

Male 110 1281

Age (mean±SD) 64.49±5.30 64.60±5.24 0.6660

BMI (mean±SD) 26.98±3.91 26.14±3.54 <0.0001

RS-2

Female 106 745 <0.0001

Male 38 676

Age (mean±SD) 61.59±4.59 61.93±4.72 0.2651

BMI (mean±SD) 28.54±4.73 27.77±3.91 0.0363

RS-3

Female 128 1516 <0.0001

Male 27 1263

Age (mean±SD) 56.28±5.77 56.32±5.46 0.0348

BMI (mean±SD) 28.54±4.86) 27.71±4.62 0.0827

BMI, body mass index; ELSA, The English Longitudinal Study of Ageing; HUNT, The 
Nord- Trøndelag Health Survey; RS-1, RS-2 and RS-3, The Rotterdam Study 1, 2 and 
3; SD, Standard deviation .
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genetic model for SNP effect on CWP was adjusted for age, sex, 
genotyping platform and the first 10 genetic principal compo-
nents provided by UKB. A sensitivity GWAS (controls: 223 606 
and CWP cases: 6914) was performed excluding participants 
with chronic non- musculoskeletal pain such as headache, facial 
and abdominal pain from the controls. Independent SNPs at 
GWAS significant loci were identified using Conditional and 
Joint25 analysis and submitted for replication. Independent 
SNPs across all replication cohorts were meta- analysed using 
fixed- effects model with both sample size, and inverse- variance 
weighting implemented in METAL.26 SNP heritability was esti-
mated using BOLT- REML24 and converted to liability scale. 
Linkage disequilibrium score regression (LDSR)27 was used to 
estimate inflation in test statistics and genetic correlations. We 
also estimated partial genetic correlations.28 We used Functional 
Mapping and Annotation (FUMA) webtool29 for the annota-
tion of functional consequences of CWP- associated SNPs, gene 
mapping, tissue specificity and gene- set enrichment. Differential 
expression of replicated independent SNP was assessed using the 
GTEx V.8 tissues.30 Colocalisation of GWAS- independent SNPs 
in human skeletal muscle and dorsal root ganglion (DRG) tissues 
was assessed using publicly available data.30 31 Functional anno-
tation of GWAS- replicated locus was performed using Open 
Targets Platform.32

RESULTS
Details of the discovery and replication cohorts are presented 
in table 1. Cases were enriched for females compared with 
controls in all cohorts (p<0.001) and were on average older 
in the discovery, and in three replication cohorts (p<0.05). In 
all cohorts, BMI was significantly higher in cases than controls 
(p<0.0001) except for RS-3 where a similar but non- significant 
trend was observed (p=0.0827).

Discovery genome-wide association study
Three genomic loci tagged by rs1491985, rs10490825 and 
rs165599 passed genome- wide significance threshold of p<5E-08 
(figure 2). Observed inflation in test statistics (λGC=1.146, 
online supplemental figure S2) was due to polygenicity (LDSR 
intercept=1.002±0.0085, LDSR ratio=0.0118±0.0497) rather 

than population stratification. SNP heritability of CWP was 
0.05±0.003 on the observed scale, and 0.33±0.0004 on the 
liability scale meaning that the observed SNPs explain approx-
imately 33% of the variance in CWP risk. Independent SNPs 
were located in the gene Ring Finger Protein 123 (RNF123) 
(chromosome 3, rs1491985, intronic variant, p=1.60E-08), 
ATPase secretory pathway Ca2+ transporting 1 (ATP2C1) (chro-
mosome 3, rs10490825, intronic variant, p=1.30E-08) and 
COMT (chromosome 22, rs165599, 3’- untranslated region 
(3’-UTR) variant, p=2.50E-08), respectively (figure 3A–C; 
online supplemental table S2). Six additional loci near or within 
genes HNRNPA1P46, LRRC3B, PDE6A, DPYSL2, ANXA11 and 
AL138498.1 were identified at suggestive GWAS threshold of 
p<5E-07. Sensitivity GWAS excluding participants with chronic 

Figure 2 Manhattan plot of a genome- wide association analysis 
of chronic widespread musculoskeletal pain (CWP). Each circle in the 
plot represents a single nucleotide polymorphism (SNP), which was 
positioned following genomic build GRCh37. The y- axis shows the 
corresponding –log10 p values and the x- axis shows chromosome 
position along with SNPs. The horizontal red dotted line indicates 
genome- wide significance threshold at p=5.0×10–8. The horizontal blue 
dotted line indicates suggestive genome- wide significance threshold at 
p=5.0×10–7. Gene labels represent nearest genes to independent SNPs 
located at loci associated with p<5.0×10–7.

Figure 3 Regional plots for three independent chronic widespread 
musculoskeletal pain associated single nucleotide polymorphisms 
(SNPs). Independent SNPs are coloured in purple. Other coloured circles 
indicate pairwise linkage disequilibrium (LD). The strength of LD (r2) 
presented in the upper left corner of each plot.
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non- musculoskeletal pain provided similar findings except that 
COMT locus now became suggestively significant (p=5.3E-08) 
(online supplemental figure S3).

Replication results and meta-analysis
Results are presented in online supplemental table S3, with 
meta- analysis of the six replication samples as shown in figure 4 
(online supplemental tables S4, S5). Given the significance 
threshold for replication: 0.05/3=0.017, association between 
CWP and rs1491985 was considered replicated (sample- size 
based p=0.0002; standard- error based p=0.0003). Rs10490825 
showed suggestive association with CWP (sample- size based 
p=0.0227; standard- error based p=0.0490) and demon-
strated a consistent direction of effect in five of the six repli-
cation samples. Rs165599 did not replicate (sample- size based 
p=0.7300; standard- error based p=0.5000) and the direction of 
effect was not consistent across cohorts: in three cohorts, allele 
A was protective, while in the other three it was the risk allele. 

None of the three SNPs displayed statistically significant hetero-
geneity in the replication cohorts.

CWP shares genetic components with BMI, depression, age at 
first birth and years of schooling
Two hundred and nine traits from LD- hub (online supple-
mental text) were examined for genetic correlation with CWP. 
We selected traits for which the absolute value of the correla-
tion coefficient (rg) was >0.2, and for which the Bonferroni- 
corrected p was <0.01/209=4.78E-05. Twenty- three traits 
fulfilled these criteria (online supplemental figure S4). The 
highest positive genetic correlation was observed for depres-
sive symptoms (rg=0.65) and the highest negative correlation 
was observed for college completion (rg=−0.61). Many of 
the 23 genetically correlated traits were correlated with each 
other raising concerns about their independency of correlations 
with CWP. We therefore calculated partial genetic correlations 

Figure 4 Forest plot for the association of (A) rs1491985, (B) rs10490825, and (C) rs165599 with chronic widespread musculoskeletal pain. X- 
axis shows effect size measures are presented as beta value. The red square with horizontal black line represents the cohort- specific effect with a 
corresponding CI for the single nucleotide polymorphism (SNP) of interest. Size of the square indicates the weight of the study and reflects sample 
size. The vertical black line indicates ‘line of no effect’. Overall effect is presented as a black diamond. Test statistics for each cohort, meta- analysis 
and heterogeneity are available on the left- hand side. The rs1491985 and rs10490825 were not present in The English Longitudinal Study of Ageing 
(ELSA); therefore rs9870858 and rs17329848 were used as proxy SNPs, respectively (online supplemental text).
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conditionally independent of each other. Using hierarchical 
clustering of genetic correlations we identified seven clusters 
(online supplemental figure S5A), with seven traits selected to 
represent each cluster (BMI, triglycerides, depressive symptoms, 
coronary artery disease, smoking, age of first birth and years of 
schooling) to quantify partial genetic correlation with CWP. We 
found depressive symptoms (rg=0.59), BMI (rg=0.20), age of 
first birth (rg=−0.26) and years of schooling (rg=−0.17) inde-
pendently correlated with CWP (online supplemental figure S5B 
and table S6).

Tissue-specific expression of CWP mapped gene sets
The results of functional consequences of GWAS- independent 
SNPs and their proxies are presented in online supplemental 
figure S6 (online supplemental text). Four different gene 
mapping strategies were implemented in FUMA (genome- wide 
gene- based association analysis, positional, expression quanti-
tative trait locus (eQTL) and chromatin interaction mapping) 
linking annotated SNPs to 89 genes of which MST1, GMPPB, 
APEH, RNF123, ARVCF, AMIGO3, IP6K1, TANGO2 and TRAIP 
were identified using all four methods (figure 5A–D).33 Mapped 
genes were investigated for tissue- specific gene expression and 
gene- set enrichment. In 54 specific GTEx tissues types, differ-
entially expressed gene sets enriched for skeletal muscle, several 
brain tissues, heart, whole blood, pancreas and transverse colon 
(figure 6A, online supplemental table S7). In 30 general GTEx 

tissue types, differentially expressed gene sets enriched for skel-
etal muscle, pancreas, heart, blood and brain (figure 6B, online 
supplemental table S8). In both sets of GTEx tissues, overall 
enrichment for differentially expressed gene sets containing 
RNF123 and ATP2C1 genes were stronger for skeletal muscle 
than other tissues. RNF123 was found to be highly expressed 
in skeletal muscle compared with other tissue types (figure 6C). 
None of the hallmark gene sets available in the molecular signa-
ture database was identified in the analysis.

Putative causal genes in RNF123 locus
Colocalisation analysis identified a 93% probability of shared 
eQTL variant rs6809879, which controls Cadherin Related 
Family Member 4 (CDHR4) expression in the skeletal muscle and 
CWP association signal near the RNF123 locus (online supple-
mental table S9, online supplemental figure S7A). Additionally, 
significant colocalisation was found for rs13093525, which 
controls APEH expression in DRG at exon level (72% proba-
bility of shared variant with RNF123 locus). Both rs6809879 
and rs13093525 were in complete LD with independent SNP 
rs1491985 (R2=1) (online supplemental table S10, online 
supplemental figure S7B). No evidence of skeletal muscle or 
DRG eQTL colocalisation was observed for ATP2C1 and COMT 
loci. Functional annotation of RNF123 locus identified nine 
genes (SLC25A20, NDUFAF3, DAG1, HYAL1, GMPPB, TRAIP, 
RHOA, CACNA2D2 and IMPDH2) specific to musculoskeletal 
system diseases, of which CACNA2D2, NDUFAF3 and IMPDH2 
enriched as druggable targets (online supplemental figure S8).

DISCUSSION
CWP is a prevalent condition with moderate heritability and 
serves as a cardinal diagnostic feature of fibromyalgia. There-
fore, our findings are of importance for better understanding the 
genetic basis of fibromyalgia. We report here the largest GWAS 
of CWP to date using 249 843 participants from the UKB, iden-
tifying 3 genome- wide significant loci implicating RNF123, 
ATP2C1 and COMT. The association in RNF123 was repli-
cated, whereas ATP2C1 showed a suggestive association, and 
the COMT locus did not replicate in 43 080 individuals from 
independent cohorts.

RNF123 gene encodes E3 ubiquitin- protein ligase, has a role 
in cell cycle progression, metabolism of proteins and innate 
immunity.34 35 This gene is highly expressed in skeletal muscle 
than other tissues. Recent studies involving UKB samples also 
associated the locus with musculoskeletal pain.19 36 However, it 
is not clear how RNF123 may contribute to CWP. Using in silico 
follow- up, we identified CDHR4, APEH, SLC25A20, NDUFAF3, 
DAG1, HYAL1, GMPPB, TRAIP, RHOA, CACNA2D2 and 
IMPDH2 genes as putative causal candidates at the locus, of 
which CACNA2D2, NDUFAF3 and IMPDH2 can be targeted 
using known drugs.37–39 Notably, CACNA2D2 encodes the 
alpha-2/delta subunit of the voltage- dependent calcium channel 
complex, which is a receptor for gabapentinoids,40 used by 
some in the management of fibromyalgia.41 42 Another priori-
tised gene CDHR4 belongs to cadherin superfamily has a role 
in calcium- ion binding to facilitate cadherin- mediated cell- cell 
interaction.43 44

Additionally, the ATP2C1 locus demonstrated suggestive 
association in replication (p=0.0227). There was a consis-
tent direction of effect for ATP2C1 locus in six replication 
cohorts but not ELSA, where we used a proxy SNP, which 
had close to zero effect size (beta=−0.0004±0.0110). This 
is the first study to implicate ATP2C1 with musculoskeletal 

Figure 5 (A) Manhattan plot of the genome- wide gene- 
based associationanalysis, (B) & (C) The circus plot displaying 
chromatininteractions (Ci) and expression quantitative trait loci 
(eQTLs) onchromosomes 3 and chromosomes 22, respectively, (D) 
Venn diagramshowing overlap of genes implicated by genome- wide 
gene- basedanalysis implemented in MAGMA, positional mapping 
(Pos Map),chromatin interaction mapping (Ci Map), and expression 
quantitativetrait locus mapping (eQTL Map). (A) The y- axis shows 
the ─log10transformed two- tailed p- value of each gene from a 
linear model andthe chromosomal position on the x- axis. The red 
dotted line indicatesthe Bonferroni- corrected threshold for genome- 
wide significance ofthe gene- based test. (B, C) The most outer layer 
of the circus plotdisplaying Manhattan plot with –log10 p- values 
forchronic widespread musculoskeletal pain associated independent 
singlenucleotide polymorphisms (SNPs). Each SNP is presented with 
rsID.Linkage disequilibrium (LD) relationship between independent 
SNPs atthe locus and their proxies are indicated with red (r2 >0.8) and 
orange (r2 > 0.6). Grey SNPs indicate minimalLD with r2 ≤0.20.The outer 
circle represents chromosome with genomic risk loci arehighlighted in 
blue. Either Ci- or eQTL mapped genes are displayed onthe inner circle. 
Ci- and eQTL mapped genes are presented in orangeor green color, 
respectively. Genes mapped with both approaches arecolored red.
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pain using an agnostic approach. The ATP2C1 gene encodes 
for the ATP- powered magnesium- dependent calcium pump 
protein hSPCA1, which mediates Golgi uptake of cyto-
solic Ca(2+) and Mg(2+).45 A loss of function mutation 
in the ATP2C1 leads to Hailey- Hailey disease (HHD), an 
autosomal dominant skin condition characterised by blis-
tering and erosion of the epidermis.46 Interestingly, HHD 
may be treated successfully with low- dose naltrexone, an 
opioid receptor antagonist, which has also been used in the 
management of fibromyalgia.47 48 A recent study showed 
that naltrexone is capable of restoring calcium homeo-
stasis in natural killer cells of patients with chronic fatigue 
syndrome.49 Additionally, the role of calcium regulation in 
pain processing is well known.50–52 Taken together, our find-
ings suggest a role in the regulation of calcium influencing 
CWP/fibromyalgia.

COMT is one of the most studied genes in human pain.53 
Almost 30 SNPs and 3 haploblocks of the COMT gene have 
been studied in acute clinical, experimental and chronic pain. 
Rs4680 of the COMT gene is extensively studied in many 
pain phenotypes such as pain sensitivity, TMD and fibro-
myalgia.54 Across multiple ethnic populations, rs4680 was 
implicated with fibromyalgia.55 However, a meta- analysis 
of 8 case- control studies (589 fibromyalgia cases and 527 
controls) did not confirm earlier association.56 To date, the 
largest study that assessed the association between COMT 
haplotypes (rs4680, rs4818, rs4633 and rs6269) and fibro-
myalgia included 60 367 participants (2713 ICD-9 diagnosed 
fibromyalgia) and found no association.57 They have also 
been refuted in other European CWP samples21 58 and a large 
candidate gene study of fibromyalgia.59 However, we identi-
fied rs165599, located at 3’-UTR of COMT, associated with 
CWP in the discovery sample but not in the meta- analysis 

or any of the replication cohorts. This variant is not in LD 
with previously studied COMT SNPs rs4680, rs4818, rs4633 
and rs6269, and was found not to be associated with chronic 
musculoskeletal pain including CWP neither when studied as 
a single SNP nor as a part of a haploblock.60–62 Several expla-
nations of our non- replication of COMT locus are possible. 
First, there was lower power pertaining to overall meta- 
analysis, which was estimated at 48% based on the effect size 
observed in the discovery sample (n=249 843), replication 
sample size (n=43 080) and the number of tests conducted 
(n=3). Our meta- analysis did have 90% power to detect a 
relative risk as small as 1.04 but the estimated COMT effect 
was only 1.012 (beta=0.0027±0.004; OR=1.012, 95% 
CI=0.97 to 1.05). However, our replication sample size 
was larger than many of the earlier studies that reported 
the association between COMT and CWP.20 63 Second, we 
observed a tendency towards non- significance for the COMT 
locus in the sensitivity GWAS due to the exclusion of partic-
ipants with non- musculoskeletal pain from the control 
group suggesting that COMT predisposes to chronic pain 
in general. Finally, genetic factors underlying chronic pain 
and psychiatric comorbidity (e.g. depression and neuroti-
cism) are known to be shared.64 However, previous GWAS 
on chronic pain,28 65 66 depression67 and neuroticism68 have 
failed to detect an association with COMT. Thus, if there is 
a role of COMT in CWP, it is likely minimal.

Epidemiological studies have consistently reported higher 
BMI to be associated with an increased risk of CWP.10 11 69 
Our analysis showed significantly higher BMI in CWP cases 
compared with controls (p<0.0001) in all cohorts except 
RS-3. In line with this, we observed a positive genetic 
overlap between BMI and CWP independent of genetic 
confounders. Similarly, genetically independent pairwise 

Figure 6 (A) Differentially expressed gene (DEG) plots for chronic widespread musculoskeletal pain (CWP) in 54 tissue types from GTEX v8, (B) DEG 
plots for CWP in 30 general tissue types from GTEX v8 and (C) Differential expression of RNF123 gene across tissue types from GTEX v8. (A, B) In 
both plots, the y- axis represents the ─log10 transformed two- tailed p value of the hypergeometric test. Significantly enriched DEG sets (Bonferroni- 
corrected p value <0.05) are highlighted in red. (C) Y- axis represents transcripts per million (TPM) and x- axis represents the GTEx (V.8) tissues. The 
figure was adapted from GTEx portal (https://www.gtexportal.org/home/gene/ENSG00000164068).
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genetic correlation for depressive symptoms, age of first 
birth and years of schooling was seen with CWP. These find-
ings indicate the presence of shared molecular pathways 
underlying these traits.

Functional analysis showed that FUMA mapped genes 
differentially expressed in skeletal muscle, several areas of 
the CNS, pancreas, whole blood and heart tissues. These 
findings suggest the involvement of nervous, musculoskeletal 
and neuroendocrine systems in CWP. These physiological 
systems have been implicated in fibromyalgia by previous 
studies.70–72 Evidence suggests that both peripheral and 
central pain mechanisms influence CWP.73 74 We observed 
overall stronger enrichment for differentially expressed gene 
sets in skeletal muscle than other GTEx tissues. Also, skeletal 
muscle and DRG eQTLs colocalise with the RNF123 locus. 
These findings suggest a substantial involvement of periph-
eral pain mechanisms in CWP.

The study has limitations. The case definition of CWP 
depends on self- report together with exclusion of other 
conditions with symptoms leading to chronic pain.75 A 
clinical diagnosis of CWP would have been infeasible in a 
sample this large. Also, we used common SNPs to estimate 
the heritability of CWP, so the contribution of other vari-
ants in the heritability estimated remains unknown. The 
phenotype definition used in this study to estimate SNP 
heritability has differed from the Kato et al13 study, where 
a modulated American College of Rheumatology76 criteria 
based on self- report was used to estimate broad- sense heri-
tability. However, using UKB samples, a study reported the 
SNP heritability of pain all over the body, regardless of chro-
nicity, on the liability scale was 0.31±0.072.64 We found a 
similar but slightly higher estimate for CWP (0.33±0.0004), 
suggesting our definition is meaningful and CWP is a trait of 
high genetic influence. Finally, our findings cannot be gener-
alisable to ancestry other than northern Europeans (online 
supplemental text).

In summary, this study identified a novel association for 
CWP in the RNF123 locus and suggested the role of calcium 
regulation, by the involvement of the CDHR4, CACNA2D2 
and ATP2C1 genes. The association of the COMT locus with 
CWP was not replicated, suggesting a small influence, if 
any. We found evidence that the epidemiological association 
of BMI and CWP is at least in part genetically mediated. 
Finally, our results suggest a profound role of peripheral 
mechanisms in the pathogenesis of CWP.
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ABSTRACT
Background Reports of severe COVID-19 being 
associated with thrombosis, antiphospholipid antibodies 
(APLA), and antiphospholipid syndrome have yielded 
disparate conclusions. Studies comparing patients with 
COVID-19 with contemporaneous controls of similar 
severity are lacking.
Methods 22 COVID-19+ and 20 COVID-19– patients 
with respiratory failure admitted to intensive care were 
studied longitudinally. Demographic and clinical data 
were obtained from the day of admission. APLA testing 
included anticardiolipin (aCL), anti-β2glycoprotien 1 
(β2GP1), antidomain 1 β2GP1 and antiphosphatidyl 
serine/prothrombin complex. Antinuclear antibodies 
(ANAs) were detected by immunofluorescence and 
antibodies to cytokines by a commercially available 
multiplexed array. Analysis of variance was used for 
continuous variables and Fisher’s exact test was used for 
categorical variables with α=0.05 and the false discovery 
rate at q=0.05.
Results APLAs were predominantly IgG aCL (48%), 
followed by IgM (21%) in all patients, with a tendency 
towards higher frequency among the COVID-19+. 
aCL was not associated with surrogate markers of 
thrombosis but IgG aCL was strongly associated with 
worse disease severity and higher ANA titres regardless 
of COVID-19 status. An association between aCL and 
anticytokine autoantibodies tended to be higher among 
the COVID-19+.
Conclusions Positive APLA serology was associated 
with more severe disease regardless of COVID-19 status.
Trial registration number NCT04747782

INTRODUCTION
Antiphospholipid antibodies (APLAs) are 
biomarkers of a spectrum of clinical features 
observed in antiphospholipid syndrome (APS).1 
Features of APS include venous and arterial throm-
bosis involving multiple organs and having various 
presentations.1 APLAs that are components of APS 
criteria include IgG and/or IgM anticardiolipin 
(aCL), anti-β2- glycoprotein1 (anti-β2GP1) and the 
‘lupus anticoagulant’ (LAC).2 Other non- criteria 
APLA such as antiphosphatidylserine/prothrombin 
(PS/PT) complex, anti- PT and antidomain 1 of 
β2- GP1 have also found a diagnostic niche in APS.3 4

One of the salient features of COVID-19 is the 
development of thrombotic events associated with 
severe morbidity and mortality.5–8 In the context of 
systemic inflammation and dysregulated immunity,9 

some reports have linked APLA to these throm-
boses,10 11 severe COVID-196 12 and release of 
neutrophil extracellular traps.6 However, APLAs 
are also described in a variety of other infectious 
diseases13 and critically ill patients have high rates 
of thromboembolism that were not linked to APS or 
APLA14 (critically reviewed in ref. 15). Therefore, 
the association of COVID-19 with APLA and their 
potential pathogenic role16 has not been clearly 
demonstrated due to the lack of contemporaneous, 
COVID-19 negative controls. Here, we compare 
the prevalence and clinical correlations of APLA in 
patients with severe COVID-19 as compared with 
contemporaneous non- COVID19 patients with 
similar clinical characteristics.

METHODS
Informed consent was obtained from all patients or 
their legal surrogates. Inclusion criteria were age 
≥18 years, admission to intensive care unit (ICU) 

Key messages
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 ► COVID-19 is associated with coagulopathy and 
high morbidity and mortality.
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with antiphospholipid syndrome.

 ► Reports of an association of antiphospholipid 
antibodies with high- risk COVID-19 have 
yielded disparate conclusions, but they lacked 
longitudinal follow- up and control groups of 
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with acute respiratory failure. Exclusion criteria were inability to 
ascertain the primary outcome or obtain a baseline blood sample, 
and SARS- CoV2 infection in the 4 weeks prior to admission. 
COVID-19 status was determined with PCR of nasopharyngeal 
swabs and/or endotracheal aspirates. Follow- up was 3 months 
post- ICU admission or hospital discharge. Primary outcome 
was death in the ICU. Secondary outcomes were in hospital- 
death, ICU utilisation metrics, organ dysfunction measures and 
severity scores. Clinical data and serum samples were collected 
longitudinally at days 0, 1, 3, 5, 7 and 10; after day 10 or ICU 
discharge. aCL, anti-β2GP1 and anti- PS/PT were tested for IgG 
and IgM, as well as IgG anti- domain 1 β2- GP1; all by ELISA or 
chemiluminescence (Inova Diagnostics, San Diego, California, 
USA). Analysis of variance was used for continuous variables and 
Fisher’s exact test was used for categorical variables at α=0.05, 
followed by a false discovery rate adjustment at q=0.05. Detailed 
methods are available (online supplemental file), including 
methods for detection of anti- nuclear autoantibodies (ANA) 
by HEp-2 immunofluorescence assay (IFA) (Inova Diagnostics) 
and antigen- specific autoantibodies (TheraDiag, Paris, France) 
and anticytokine autoantibodies (Millipore, Oakville, Ontario, 
Canada) using addressable laser bead immunoassays.

RESULTS
The demographic and clinical parameters of 22 COVID-19 posi-
tive (COVID+) and 20 COVID-19 negative (COVID−) patients 
(table 1) included an average of 14.1- day stays in ICU and 31% 

mortality, but no statistically significant differences between the 
two cohorts, including the lack of significant differences in the 
number of thrombotic events requiring therapeutic anticoagula-
tion, platelet counts or platelet counts normalised to the neutro-
phil counts (to index for severity) (table 1). None of the patients 
had a history of antecedent APS, systemic lupus erythematosus 
(SLE) or other conditions associated with APS, nor were there 
significant differences in other past medical history between 
COVID+ and COVID− patients (online supplemental table 1).

Frequency, development and distribution of aCL
Forty- eight per cent of all the ICU cohort had a positive IgG aCL 
test (table 1); interestingly, fewer patients had elevated titres of 
IgM aCL (n=9, 21%), with only two patients having IgM without 
IgG. Although more COVID-19+ had aCL antibodies, the differ-
ence was not statistically significant (table 1); aCL titres were 
slightly higher among the COVID-19+ (not statistically signif-
icant, (online supplemental table 2) and online supplemental 
figure 1). Longitudinally testing for anti-β2- GP1 and anti- PS/PT 
for IgG and IgM, as well as domain 1 anti-β2- GP1 IgG revealed 
only one patient (COVID-19+) with positive serology for any 
of these autoantibodies. This patient seroconverted to IgM 
anti- PS/PT at days 5–7 of ICU hospitalisation. Table 2 shows the 
temporal development of the aCL IgG and IgM antibodies strat-
ified by COVID-19 status. Late appearing (beyond 10 days after 
admission) aCL antibodies were not included in the statistical 

Table 1 Patient demographics, clinical and autoantibody status

Cohort All COVID+ COVID−

N 42 22 20

Age Mean (CI) 58.2 (62.7 to 54.1) 60.9 (66.6 to 55.3) 55.7 (62 to 48.7)

Sex N male (%) 29/42 (69) 17/22 (77) 12/20 (60)

Censored? N (%) 5/42 (12) 4/22 (18) 1/20 (5)

No of days before censoring Mean (CI) 39.4 (59.4 to 19.4) 44.3 (66.2 to 22.3) 20 (NA)

Days from symptom onset to ICU Mean (CI) 6 (8.3 to 3.7) 7.5 (9.9 to 5.2) 4.2 (8.5 to 0)

APACHE II on ICU admission Mean (CI) 25.3 (27.6 to 22.9) 23.7 (27 to 20.4) 27 (30.5 to 23.5)

Mean of SOFA score for first 3 days Mean (CI) 9.6 (10.7 to 8.5) 9.3 (11 to 7.7) 9.9 (11.6 to 8.3)

Mean of SOFA score for first 7 days Mean (CI) 8.9 (10.1 to 7.8) 9.1 (11 to 7.3) 8.7 (10.3 to 7.2)

ICU days (censored) Mean (CI) 14.1 (17.3 to 10.8) 14.2 (20.5 to 7.8) 14 (16.9 to 11.1)

Death in ICU N (%) 13/42 (31) 7/22 (32) 6/20 (30)

Mechanical ventilation days (censored) Mean (CI) 14.4 (18.9 to 10) 16.8 (25.1 to 8.6) 11.8 (14.9 to 8.7)

Total days of ventilation rescue measures Mean (CI) 2.9 (4.3 to 1.4) 4.4 (7 to 1.8) 1.2 (2 to 0.4)

Therapeutic anticoagulation used N (%) 8/42 (19) 3/22 (14) 5/20 (25)

Mean platelet count Mean (CI) 239 (269 to 209) 264 (313 to 214) 212 (245 to 179)

Mean platelet to neutrophil ratio Mean (CI) 35.2 (42 to 28.4) 38.7 (48.4 to 29) 31.4 (41.6 to 21.2)

aCL IgG N (%) 20/42 (48) 13/22 (59) 7/20 (35)

aCL IgM N (%) 9/42 (21) 7/22 (32) 2/20 (10)

Anti-β2GPI IgG N (%) 0 0 0

Anti-β2GPI IgM N (%) 0 0 0

Anti- domain 1 β2GP1 IgG N (%) 0 0 0

Anti- PS/PT IgG N (%) 0 0 0

Anti- PS/PT IgM N (%) 1/42 (2) 1/22 (5) 0

The data were censored on 31 May 2020. Days from symptom onset were self- reported by the patients or their representatives. The SOFA score was performed daily for 
all patients; the average was calculated for the first 3 and 7 days in the ICU for each patient, and the mean of those averages are reported. For patients who underwent 
tracheostomy, mechanical ventilation days are counted until successfully weaned from ventilatory support for 24 hours. Rescue measures included use of paralytics, proning and 
inhaled NO (counted additively if more than one intervention used in the same day). The clinical outcomes were measured for up to 3 months. All the serologies were tested 
longitudinally and are reported for the first 10 days from admission to the ICU (for standardisation among patients). There was no statistically significant difference between 
COVID+ and COVID− patients for all variables, using ANOVA for continuous variables and Fisher’s exact test for categorical variables at α=0.05, followed by the false discovery 
rate at q=0.05.
aCL, anticardiolipin; ANOVA, analysis of variance; APACHE, Acute Physiology and Chronic Health Evaluation (score); β2GP1, beta two glycoprotein I; ICU, intensive care unit; PS/
PT, phosphatidyl serine/prothrombin complex; SOFA, sequential organ failure assessment (score).
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analyses to avoid survival and availability bias. Anti- CL were not 
associated with age or sex (not shown).

aCL versus disease severity, platelet counts and need for 
anticoagulation
Patients positive for aCL IgG demonstrated a consistent trend for 
worse outcomes in all the measures tested but this did not reach 
statistical significance after adjusting for multiple comparisons 
(table 3). These trends remained when analysed separately for 
COVID+ and COVID- (not shown). aaCL IgG positive patients 
showed no significant differences in platelet counts, platelet 
to neutrophil ratio or the need for therapeutic anticoagulation 
(table 3).

aCL association with ANA, antigen-specific autoantibodies 
and anti-cytokine autoantibodies
We tested a broad range of non- APS autoantibodies to under-
stand the autoimmune context of these patients and their 
potential relationship to APS autoantibodies. Although aCL 
IgG positivity was not associated with the presence of HEp-2 
IFA ANA at a dilution of 1:160, it was significantly associated 
with higher ANA titres (online supplemental figure 2), p=0.03). 
This trend remained when analysing the COVID+ and COVID− 
patients separately (data not shown). IgG aCL positivity was also 
significantly associated with anticytokine autoantibodies, both 
when analysed for positive or high- positive anticytokine titres 
(p=0.003 for both, adjusted for multiple comparisons); this was 

not related to any particular anticytokine autoantibody, although 
anti- interferon-γ, anti- IL10 and anti- IL- 17f were the most preva-
lent (online supplemental table 3). When analysing the aCL IgG 
positive according to their COVID-19 status, the COVID+ had 
significantly higher levels of anticytokine autoantibodies than 
the COVID− (online supplemental table 4). aCL IgG was not 
associated with antigen- specific autoantibodies, including SLE 
and myositis- related autoantibodies (not shown).

DISCUSSION
In the year since the onset of the SARS- CoV2 pandemic, there 
has been a remarkable surge in publications about one disease, 
COVID-19, chronicling the clinical onset and outcomes, and a host 
of biomarkers purported to have related pathophysiological signif-
icance (reviewed in references 17 18). The key observation of this 
study is that patients with positive IgG aCL showed a trend towards 
more severe disease regardless of whether they were COVID+ and 
COVID−. That is, while COVID+ patients showed non- significant 
trends towards worse respiratory outcomes when compared with 
COVID−, aCL status had an independent association with disease 
severity, and did not modulate the outcomes differentially based on 
COVID status. The pathological significance of aCL seropositivity 
is unclear since there were no major differences in platelet counts 
or thrombotic events in the two cohorts. Others have reported a 
high prevalence of aCL autoantibodies among COVID+ patients, 
but these studies lacked contemporaneous COVID- control groups 
of similar disease severity.6 15 19 20

Although aCL tended to associate with COVID-19+, they did 
not associate with the presence of other antigen- specific auto-
antibodies, although they had a strong association with certain 
anticytokine autoantibodies, which are reported to neutralise 
corresponding type I IFNs ability to block SARS- CoV-2 infec-
tion in vitro.21 Interestingly, some patients had positive IgG aCL 
serology on ICU admission (table 2) in the absence of another 
relevant comorbidity such as APS or SLE (online supplemental 
table 1). These observations suggest that aCL positivity in the 
setting of acute severe respiratory illness may be a marker of 
a unique phenotype with variable temporal expression of aCL 
and anticytokine antibodies. The temporal dynamic is evidenced 
by the relatively long time frame from symptom onset to ICU 

Table 2 Development of ACL IgG and IgM over time

Cohort
aCL detected 
on admission

aCL developed 
within 10 days

Late appearing 
aCL
(after 10 days)

aCL IgG 
positive

COVID+ 4 9 2

COVID− 3 4 0

aCL IgM 
positive

COVID+ 1 6 2

COVID− 1 1 1

Late aCL was not included in the statistical analyses to avoid survival and 
availability bias, and is shown here for qualitative assessment.
aCL, anticardiolipin antibodies.;

Table 3 Association between ACL IgG and disease severity, platelet counts and need for anticoagulation

Cohort All aCL IgG positive aCL IgG negative

N 42 20 22

Age Mean (CI) 58.2 (62.7 to 54.1) 55.9 (62.9 to 49) 60.7 (66.4 to 55)

Sex N male (%) 29/42 (69) 13/20 (65) 16/22 (73)

Days from symptom onset to ICU Mean (CI) 6 (8.3 to 3.7) 8.7 (12.8 to 4.6) 3.4 (5.4 to 1.5)

APACHE II on ICU admission Mean (CI) 25.3 (27.6 to 22.9) 25.7 (28.5 to 22.9) 24.9 (28.8 to 20.9)

Mean of SOFA score for first 3 days Mean (CI) 9.6 (10.7 to 8.5) 10.6 (12.2 to 9.1) 8.7 (10.3 to 7)

Mean of SOFA score for first 7 days Mean (CI) 8.9 (10.1 to 7.8) 10 (11.7 to 8.4) 8 (9.5 to 6.4)

ICU days (censored) Mean (CI) 14.1 (17.3 to 10.8) 16.6 (21.9 to 11.3) 12.1 (16.5 to 7.6)

Death in ICU N (%) 13/42 (31) 8/20 (40) 5/22 (23)

Mechanical ventilation days (censored) Mean (CI) 14.4 (18.9 to 10) 18.2 (25.5 to 10.8) 11.1 (16.4 to 5.7)

Total days of ventilation rescue measures Mean (CI) 2.9 (4.3 to 1.4) 3.6 (5.6 to 1.5) 2.3 (4.4 to 0.1)

Therapeutic anticoagulation used N (%) 8 4/20 (20) 4/22 (18)

Mean platelet count Mean (CI) 239 (269 to 209) 268 (321 to 216) 212 (246 to 179)

Mean platelet to neutrophil ratio Mean (CI) 35.2 (42 to 28.4) 34.8 (45.2 to 24.3) 35.6 (45.4 to 28.9)

See table 1 for details on the variables shown. There were no statistically significant differences between aCL IgG positive and aCL IgG negative patients for all variables, using 
ANOVA for continuous variables and Fisher’s exact test for categorical variables at α=0.05, followed by the false discovery rate at q=0.05.
aCL, anticardiolipin; ANOVA, analysis of variance; APACHE, Acute Physiology and Chronic Health Evaluation (score); ICU, intensive care unit; SOFA, sequential organ failure 
assessment (score).
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admission to the development of IgG aCL (table 3). Our find-
ings highlight the importance of longitudinal monitoring of 
acutely ill patients. It seems plausible that disparate conclusions 
in the literature with respect to the significance of APLAs in 
COVID-19 may relate to arbitrary sampling times and lack of 
longitudinal follow- up in the setting of dynamic inflammatory 
diseases.

While some reports have included LAC in their analyses, we did 
not because LAC is known to be an unreliable biomarker in severe 
illnesses where C reactive protein, anticoagulant use and other 
factors confound its detection.22 23 In this study, we used the anti- PS/
PT test regarded by some as a surrogate for LAC (reviewed in refer-
ence 3). However, only one patient developed anti- PS/PT 5–7 days 
after admission. Further, our observation that no patient had anti-
bodies to β2- GP1 (an APS criteria antibody) or to domain 1 β2- GPI 
(reportedly higher specificity for APS) argues against the presence of 
APS in our cohort. In addition, aCL in isolation and/or the deple-
tion of β2- GPI reactivity has been associated with the loss of patho-
genic thrombosis formation (reviewed in reference 3). In a study 
of 37 COVID+ acute respiratory disease vs 31 prepandemic (not 
contemporaneous) acute respiratory disease controls using a sample 
collected within 48 hours of admission, Frapard et al reported that 
37 patients with COVID-19 exhibited more thrombotic events as 
compared with 31 prepandemic controls but the occurrence of 
APLA in the two groups was similar.24 Using APLA assays similar to 
ours, Borghi et al reported a low prevalence of APLA in COVID+ 
sera, where the most common target was IgG β2- GP1 (15.6%).20 In 
addition, the primary β2GP1 antibody targets were in domains 2–4 
which are less specific for APS.20 In agreement with our study, Bertin 
et al12 and Borghi et al20 concluded that APLA were not associated 
with major thrombotic events.

The main limitation of our study is the small sample size, 
although studies using somewhat larger COVID-19 cohorts 
have reached similar conclusions.12 20 The strengths of our study 
include its prospective, contemporaneous COVID− cohort with 
similar severity of disease. Importantly, we tested a broad APLA 
serological panel longitudinally, providing a more robust assess-
ment of its true prevalence and incidence than in other reported 
studies; this is particularly relevant for such acutely ill patients 
with dynamic clinical courses. Finally, our use of an extensive 
serological panel allowed us to better characterise the broad 
phenotype associated with aCL.
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Figure 1 Frequency and characteristics at presentation of new- onset 
rheumatoid arthritis (RA) referred in course of COVID-19 pandemic. 
(A) Temporal trends of the rate of new referrals to our Early Arthritis 
Clinic (EAC) of patients with suspected inflammatory arthritis (IA) and 
patients fulfilling classification criteria for RA already at presentation. 
(B) Diagnostic delay (from symptom onset to diagnosis, in weeks) of 
patients with new- onset RA referred to the Pavia EAC during COVID-19 
pandemic in comparison with reference semesters before the pandemic. 
(C–F) Temporal trends of objective measures of inflammation (28- joint 
swollen joint count, SJC28, C; levels of C- reactive protein, CRP, D) and 
patient- reported measures (28- tender joint count, TJC28, E; patient 
global assessment (PGA) of disease activity, F). Data are expressed 
as mean (SD) values. *, **, *** and # indicate significant differences 
(p<0.05) between each group by means of one- way analysis of variance 
(ANOVA) with Bonferroni correction for multiple comparisons. ACR, 
American College of Rheumatology; EULAR, European League Against 
Rheumatism; VAS, visual analogue scale.

Challenges in the diagnosis of early rheumatoid 
arthritis in times of COVID-19

Challenges in the provision of care and patients’ reluctance to 
access healthcare services and adhere to drug prescriptions in 
course of COVID-19 pandemic undermine the fundamental 
principles of early diagnosis and treat to target, which have 
revolutionised the natural history of many chronic inflammatory 
diseases starting from rheumatoid arthritis (RA).1 Although most 
rheumatologists have the impression that the intervals between 
symptom onset and first consultation have increased,2 no data 
currently indicate whether and to what extent the picture of 
early RA has changed during COVID-19.

Here, we analysed data from the Pavia Early Arthritis Clinic 
(EAC) inception cohort. Referral criteria have been described 
previously, and include the presence of signs and symptoms of 
suspected inflammatory arthritis for <12 months of duration.3 
By 31 December 2020, the EAC collects information on 2.508 
patients. The service has undergone complete closure during the 
first wave of COVID-19 pandemic from 9 March to 18 May 
2020. In this period, emergency visits were guaranteed through 
the general rheumatology outpatient clinic. For this study, base-
line characteristics of patients referred in the semester following 
the lockdown (July to December 2020) were compared with: (1) 
patients referred in the semester immediately preceding the lock-
down (July to December 2019); (2) patients referred in a semester 
of routine use of the 2010 RA criteria (July to December 2015); 
(3) patients referred in the semester following the dissemination 
of the 2010 RA criteria (July to December 2011); and (4) patients 
referred in the semester preceding the publication of the 2010 
criteria (July to December 2009). Data were extracted from 452 
patients. Overall, the access of patients with new- onset suspected 
inflammatory arthritis was relatively stable over the years until 
2019, while COVID-19 pandemic coincided with a marked 
reduction in new referrals (−25.9%) and in the proportion of 
patients fulfilling RA criteria at presentation (36.1% vs 45.4%, 
p=0.19) (figure 1A). Furthermore, while the ratio between 
autoantibody- positive and autoantibody- negative RA was well 
balanced before the lockdown, and in line with the prevalence 
of autoantibody negativity recognised over the past decade,4 
nearly 70% of patients with RA referred in the second semester 
of 2020 were autoantibody positive (online supplemental table 
S1). As shown in figure 1B–F and in online supplemental table 
S2, restriction measures imposed by COVID-19 profoundly 
impacted on the clinical presentation of autoantibody- positive 
RA. The introduction and progressive consolidation of the 2010 
classification criteria had indeed favoured a reduction of the 
diagnostic delay until 2019, with 55.7% of the patients seen 
within the ‘window of opportunity’ of 12 weeks compared with 
37.5% of those classified according to the 1987 criteria in 2009 
(p=0.20). Furthermore, autoantibody- positive RA had become 
progressively milder, with lower levels of objective parameters of 
inflammation. In contrast, in patients seen during the pandemic, 
the diagnostic delay was significantly longer, with only 5.6% 
of the patients captured within 12 weeks (p<0.001 vs 2019, 
2015 and 2011 semesters grouped together; p=0.04 vs the 2009 
semester). Overall disease activity was increased as a result of 
an inversion of the trend towards lower levels of inflamma-
tory features as well as further increase in the historical trend 
towards worsening of patient- derived measures.5 The propor-
tion of erosive RA was not significantly different, likely due to 

the latency between disease activity and its effects on radio-
graphic progression.6 The introduction of the 2010 criteria had 
instead produced smaller changes in the pattern of presentation 
of autoantibody- negative RA (online supplemental table S3). 
Yet, COVID-19 pandemic also impacted on this autoantibody 
serotype by selecting fewer patients with more frequent poly-
myalgic involvement (50% vs 21.1% in 2019, 2015 and 2011 
semesters grouped together, p=0.17) and higher inflammatory 
features, and more urgent need of medical advice, as expressed 
by the lower diagnostic delay. No significant changes neither 
in the rates of new referrals nor in disease characteristics were 
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observed in relation to different restriction measures imposed by 
the Italian government in course of 2020.

We acknowledge that the small sample sizes derived from 
monocentric EAC cohorts need replication. However, our data 
provide first evidence of how COVID-19 pandemic is changing 
the pattern of presentation of RA. The remarkable improve-
ments in the outcomes of autoantibody- positive RA achieved 
over the past 20 years7 risk to be rapidly vanished by a retrogres-
sion back to the diagnostic delay and the severity typical of EAC 
cohorts prior to the introduction of the 2010 criteria.8 Equally 
important, despite the incidence of autoantibody- negative RA 
is increasing,4 restrictions imposed by the pandemic, together 
with the erroneous but common beliefs attributing to this disease 
subtype a harmless course, may leave patients with less abrupt 
onsets underdiagnosed, with further impact on prognosis which 
remains per se unfavourable even in the modern treatment era.7 
The challenge is thus to keep on fighting COVID-19 without 
forgetting non- COVID-19 diseases.
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Ensuring tight control in patients with 
rheumatoid arthritis treated with targeted 
therapies during the COVID-19 pandemic using 
a telehealth strategy

COVID-19 pandemic in its early months has deeply influ-
enced rheumatic patients’ follow- up in terms of treatment 
adherence, disease control achieved with treat- to- target and 
tight- control strategies. Nationwide mitigation strategies 
such as confinement, travel restrictions and inadequate access 
to routine visits catalysed the rapid switch to remote rheuma-
tologic consultations as an attempt to partially compensate 
for the decline of in- person outpatient visits.

This observational retrospective study was conducted to 
establish if the hybrid of in- person and telephone tight- 
control approach activated by our rheumatology unit in 
Milan (Italy) during the first lockdown (LD) period has been 
effective in maintaining remission in patients with rheuma-
toid arthritis (RA) treated with targeted therapies and to 
identify potential factors associated with its maintenance.

Data were extracted from a longitudinal observational 
registry (Eethics Committee 138_1999) including consecu-
tive adult patients with RA treated with biologic or targeted 
synthetic drugs. During the first pandemic wave, before 
the visit, rheumatologists provided virtual care handled by 
telephone to assess the clinical status and to guarantee the 
absence of current contraindications to therapy. After tele 
counselling, based on the care required, patients could choose 
whether to convert the next appointments to a telephone 
visit and receive drug home delivery or to maintain their 
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Table 1 Results of the final model (stepwise selection) applied to 
the multivariate analysis of factors that potentially could interfere 
with disease control in patients with CDAI remission

Adjusted OR (95% CI) P value

Period (LD vs pre- LD) 1.24 (0.83 to 1.85) 0.292

Period (post- LD vs pre- LD) 1.22 (0.84 to 1.77) 0.299

Gender (male vs female) 2.26 (1.15 to 4.61) 0.020

Disease duration (≥10 years vs <10 years) 0.65 (0.36 to 1.15) 0.141

Ethnicity (Hispanic/Asian vs Caucasian) 0.32 (0.12 to 0.83) 0.021

Fibromyalgia (yes vs no) 0.30 (0.11 to 0.82) 0.021

CDAI, Clinical Disease Activity Index; LD, lockdown.

standard in- person consultation. For each patient, Clinical 
Disease Activity Index (CDAI)1 was collected during face- to- 
face visits. Moreover, difficult- to- treat (D2T) patients with 
RA according to EULAR definition2 were analysed in this 
study.

At baseline, 502 patients with RA were eligible for this 
study and they were followed- up over the first wave of 
the pandemic. Among these, 91 patients chose drug home 
delivery, 52 patients failed to complete their follow- up; all 
the 450 patients who completed the follow- up, were included 
in the final analysis (online supplemental figure 1S). The 
median age was 59.4 years (IQR 50.7–68.4), 370 (82.22%) 
were women, median disease duration was 13.9 years (IQR 
7.9–22.5). More details are listed in online supplemental 
tables 1S and 2S. The CDAI remission rate was 40.22% 
(n=181) and 43.78% (n=197) during pre- LD and post- LD, 
respectively. As for the 359 patients who choose in- person 
visits during LD, 43.18% (n=155) were in remission state 
according to CDAI (online supplemental table 3S). Although 
our experience cannot be generalised, these percentages are 
similar to those of other European cohorts.3 4

To evaluate the effect of LD on the percentage of patients 
in remission, logistic mixed- effects regression models were 
fitted, with CDAI remission as a response variable (see online 
supplemental file for the statistical analysis). The analysis did 
not show a statistically significant decrease in the percentage 
of patients fulfilling CDAI remission all along the three 
periods (online supplemental table 4S). Moreover, the final 
model (stepwise selection) applied to the multivariate anal-
ysis of factors that potentially could interfere with disease 
control in patients with CDAI remission showed that the 
probability to be in remission was significantly associated 
with the male gender, while Hispanic or Asian ethnicity and 
presence of fibromyalgia showed a decreased odds for remis-
sion (table 1). These results confirm characteristics known to 
be predictive for clinical remission.5

Finally, 52 D2T patients with RA were evaluated in a 
hospital setting pre- LD and post- LD. Among them, 43 
choose in- person visit during LD. Median values of CDAI 
during pre- LD, LD and post- LD were 14.5 (IQR 12–21), 
9 (IQR 5.5–16) and 11 (IQR 6–19.2), respectively (online 
supplemental figure 2S).

Telephone- based tight- control strategy used during the 
first wave of COVID-19 pandemic ensured satisfactory 
management of RA treated with targeted therapies, even in 
D2T patients. Although during normal times, the patient–
physician encounter is considered fundamental for rheumatic 
patients,6 telemedicine was often the only way of practicing 
in the times of the pandemic.

In conclusion, the current pandemic has dramatically 
altered patterns of healthcare delivery. Although this tempo-
rary virtual approach is currently not spurred by regulatory 
changes, it seems to be a feasible compensation for face- to- 
face visits.
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Table 1 Clinical outcomes in patients with COVID-19 treated with 
tofacitinib

All cases <65 years old >65 years old

Population

Number of patents, n (%) 320 (100) 210 (66) 110 (34)

Female, % 50 46 57

Mean age (range), years 59 (22–96) 52 (22–64) 74 (65–96)

Mean treatment duration 
(range), days

7 (1–18) 6 (1–17) 7 (1–18)

Dexamethasone, % 30.0 30.0 30.0

Disease (on admission)

Clinical severity, %

 Mild 4.7 3.8 6.4

 Moderate 79.7 83.3 72.7

 Severe 15.0 11.9 20.9

 Critical 0.6 1.0 0.0

Lung involvement, %

 CT 0 0.0 0.0 0.0

 CT 1 10.9 10.0 12.7

 CT 2 65.0 68.6 58.2

 CT 3 22.8 20.0 28.2

 CT 4 1.3 1.4 0.9

C reactive protein: clinically 
significant abnormality, %

73 74 71

Outcomes

Death, n (%) 27 (8.4) 5 (2.4) 22 (20.0)

Mean days from 
hospitalisation till death 
(range), days

13 (4–60) 17 (9–34) 12 (0–33)

ICU admission, n (%) 65 (20) 28 (13) 37 (34)

Mean stay in ICU (range), 
days

7 (1–28) 7 (1–28) 7 (1–24)

Mechanical ventilation, n (%) 28 (8.8) 11 (5.2) 17 (15.5)

Mean duration of mechanical 
vent. (range), days

5 (1–26) 9 (1–26) 3 (1–6)

Safety

Thromboses, n (%) 7 (2.2) 2 (1.0) 5 (4.6)

Pulmonary embolism, n (%) 3 (0.9) 0 (0.0) 3 (2.7)

Infectious complications, 
n (%)

22 (6.9) 9 (4.3) 13 (11.8)

ICU, intensive care unit.

 

   

   
. 

Use of Janus kinase inhibitors in COVID-19: a 
prospective observational series in 
522 individuals

Janus kinase (JAK) inhibitors for the treatment of hospitalised 
patients with COVID-19 have been extensively studied. Initially, 
at the start of the pandemic outside of China, baricitinib was 
shown using artificial intelligence to have a potential dual anti-
cytokine and antiviral effect, computer predictions that were 
then supported by mechanistic data.1–3 This included kinase 
assays demonstrating inhibition of host numb- associated 
kinases, notably AP-2- associated protein kinase 1 (AAK1) 
and cyclin G- associated kinase (GAK), responsible for acti-
vating protein-1 (AP-1)- mediated viral propagation and 
super- resolution microscopy which showed inhibition of 
SARS- CoV-2 entry into primary human liver spheroids.4 
Based on double- blind randomised data from the Adaptive 
COVID-19 Treatment Trial- II (ACTT- II) under the National 
Institutes of Allergy and Infectious Diseases,5 it received an 
Emergency Use Authorisation from the United States Food 
and Drug Administration in November 2020, in combina-
tion with remdesevir for the treatment of hospitalised indi-
viduals with COVID-19.

We implemented an institutional review board approved 
multicentre observational cohort study in four hospitals in 
Moscow, Russia, to both administer and collect clinical data 
on individuals treated with this class of drug. Data were 
prospectively obtained, focusing on the primary outcome of 
death. Secondary variables include duration of hospitalisa-
tion, severity of COVID-19 at admission, severity of pneu-
monia at imaging (CT0–CT4), requirement for mechanical 
ventilation, intensive care unit admission, thrombotic events, 
pulmonary emboli and secondary infectious complications. 
A total of 522 individuals between May and September 2020 
were treated with either baricitinib or tofactinib, orally for 
7–14 days. All the patients were hospitalised COVID-19 
cases. Individuals with rheumatic or inflammatory bowel 
disease treated with JAK inhibitors were excluded.

All patients hospitalised from May to September 2020 
were analysed for the purposes of the study. In those indi-
viduals treated with tofacitinib (n=320: 10 mg n=44; 20 mg 
n=276), 293 patients (91.6%) recovered, and 27 (8.4%) 
died. The mortality rate was 2.4% in patients younger than 
65 years (5/210 patients) and 20% in patients of 65 years 
and older (22/110 patients), as shown in table 1. In those 
who received baricitinib (n=202: 4 mg n=52, 8 mg n=150), 
193 patients (95.5%) recovered, and 9 (4.5%) died. The 
mortality rate measured 2.1% in patients younger than 65 
years (3/146) and 10.7% in patients of 65 years and older 
(6/56) (table 2). With regards to imbalance in dexamethasone 

treatment, we may suppose that baricitinib was administered 
to patients with less severe disease (98% mild and moderate) 
than tofacitinib (84%). No tests was applied to evaluate the 
statistical significance of difference for ‘COVID-19 severity’ 
and ‘lung involvement’ because to compare baricitinib and 
tofacitinib treatments was not the objective of the study.

In general, we observed that JAK inhibitors were well 
tolerated with a low rate of complications. Clot risk during 
infection with SARS- CoV-2 is well described and mechanisms 
include activation of platelet- associated genes.4 Concerns 
regarding a prothrombotic tendency based on these data 
and previous studies5 appear unfounded in the context of 
SARS- CoV-2 infection, despite some concerns from previous 
trials in rheumatoid arthritis; real- world data outside the 
setting of COVID-19 have not suggested an increased clot 
incidence.6 As these data are not randomised and lack a 
comparator arm, we cannot draw conclusions regarding 
the efficacy of these drugs, but their oral use, lack of drug–
drug interactions, short half- life with excretion via the renal 
system largely unchanged and dosing flexibility supports the 
use of these medicines in resource constrained or out- patient 
settings. As recently highlighted,7 drugs such as baricitinib 
appear to fulfil an unmet clinical need in the treatment of 
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Table 2 Clinical outcomes in COVID-19 patients treated with 
baricitinib

All cases <65 years old >65 years old

Population

Number of patents 202 146 56

Female, % 48 47 52

Mean age (range), years 58 (25–92) 52 (25–64) 75 (65–92)

Mean treatment duration 
(range), days

6 (1–35) 6 (1–11) 7 (1–35)

Dexamethasone, % 7.4 7.5 7.1

Disease (on admission)

Clinical severity, %

 Mild 3.0 3.4 1.8

 Moderate 95.0 95.2 94.6

 Severe 2.0 1.4 3.6

 Critical 0 1.0 0

Lung involvement, %

 CT 0 0 0 0

 CT 1 8.0 7.5 19.0

 CT 2 71.2 68.5 78.5

 CT 3 20.8 24.0 12.5

 CT 4 0 0 0

C reactive protein: 
clinically significant 
abnormality, %

95 92 100

Outcomes

Death, n (%) 9 (4.5) 3 (2.1) 6 (10.7)

Mean from 
hospitalisation till death 
(range), days

12 (2–32) 14 (2–32) 12 (5–20)

ICU admission, n (%) 19 (9.4) 10 (6.9) 9 (16.1)

Mean stay in ICU (range), 
days

7 (1–30) 9 (1–30) 5 (1–13)

Mechanical ventilation, 
n (%)

8 (4.0) 4 (2.8) 4 (7.1)

Mean duration of 
mechanical vent. (range), 
days

7 (2–22) 9 (3–22) 6 (2–13)

Safety

Thromboses, n (%) 1 (0.5) 0 (0) 1 (1.8)

Pulmonary embolism, 
n (%)

1 (0.5) 0 (0) 1 (1.8)

Infectious complications, 
n (%)

7 (3.5) 4 (2.8) 3 (5.4)

ICU, intensive care unit.

COVID-19 pneumonia. Ongoing studies such as ACTT- IV 
will help delineate its role versus dexamethasone.
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Figure 1 IgE towards common allergens in eosinophilic 
granulomatosis with polyangiitis (EGPA) and control groups. (A) On 
the Y axis, the 35 allergens for which serum IgE (sIgE) were positive 
in at least 5% of the study population are shown. The three shades 
of each colour correspond to the levels of reactivity in each study 
subgroup, that is, low (ISU- E 0.3–0.9), moderate high (ISU- E 1.0–14.9) 
and very high (ISU- E≥15.0). On the X axis, the percentages for every 
subgroup are expressed on a scale ranging from 0% to 50%. Allergen 
abbreviations are expanded in the online supplemental table 2. The 
number of patients per group is reported in parentheses on the X axis 
labels. (B) Reactivity for the different allergen families (food allergens, 
panel a; respiratory allergens, panel b; other allergens, panel c) in active 
and inactive EGPA patients (rose and blue colour, respectively) and in 
the control groups (orange for asthmatic patients, violet for healthy 
controls and green for AAV patients). Both active and inactive EGPA 
patients displayed lower reactivity compared with asthmatic subjects, 
particularly for respiratory allergens (active EGPA 55.0% vs asthma 
86.8%, p=0.01; inactive EGPA 38.0% vs asthma 86.8%, p=0.0001) 
and ‘other’ allergens (active EGPA 13.7% vs asthma 50.0%, p=0.004; 
inactive EGPA 17.0% vs asthma 50.0%, p=0.01). Active, but not 
inactive, EGPA displayed higher reactivity than the other anti- neutrophil 
cytoplasmic antibody (ANCA)- associated vasculitis (AAV), particularly 
towards respiratory and food allergens (respiratory: active EGPA 55.0% 
vs AAV 16.0%, p=0.002; food: active EGPA vs AAV 27.5% vs 3.0%, 
p=0.01). No significant differences were found between EGPA (active 
and inactive) and healthy controls in terms of allergen reactivity. The 
number of patients per group is reported in parentheses on the X axis 
labels. ISU, ISAC standardised units.

Microarray evaluation of allergen- specific IgE in 
eosinophilic granulomatosis with polyangiitis

The pathogenesis of asthma and ear–nose–throat (ENT) mani-
festations in eosinophilic granulomatosis with polyangiitis 
(EGPA) is still poorly understood. Asthma is present in almost 
all patients with EGPA.1 Severe or uncontrolled asthma occurs 
in more than 40% of patients and its severity correlates with 
serum IgE (sIgE) levels.2 However, sIgE towards common 
allergens are detectable in less than one- third of patients with 
EGPA using conventional diagnostic tests.3 This suggests either 
that atopy is not a key pathogenic mechanism in EGPA or that 
uncommon antigens are involved. Our study assessed IgE 
specificity in EGPA using microarray technologies which have 
higher diagnostic reliability than traditional assays and offer 
a wider representation of the IgE repertoire.4 5 We measured 
sIgE towards 112 purified or biotechnologically produced 
allergenic molecules using the ImmunoCAP Immuno Solid- 
phase Allergen Chip (ISAC) (online supplemental methods). 
Results are reported in ISAC standardised units (ISU). The 
study population comprised 29 patients with EGPA, evaluated 
during active and inactive disease (patients’ characteristics are 
reported in the online supplemental table 1), 30 patients with 
atopic asthma, 31 with active anti- neutrophil cytoplasmic anti-
body (ANCA)- associated vasculitis (AAV) (20 with granuloma-
tosis with polyangiitis and 11 with microscopic polyangiitis) 
and 30 healthy controls (online supplemental methods). Posi-
tive IgE (ISU>0.3) in at least 5% of the whole study population 
were detected for 35 allergen components. We assessed for 
each of these 35 components the percentage of study subjects 
with low (0.3–0.9 ISU), moderate/high (1.0–14.9 ISU) and 
very high reactivity (≥15.0 ISU). The 35 allergen components 
were also divided based on the allergen families they belonged 
to, namely, food, respiratory and non- food non- respiratory 
(‘other’) allergens. The percentage of patients positive for at 
least one family component was calculated.

Active and inactive EGPA displayed a lower reactivity 
compared with the asthmatic group (figure 1A). This difference 
was particularly pronounced for respiratory allergens (active 
EGPA (55.0%) vs asthma (86.8%), p=0.01; inactive EGPA 
(38.0%) vs asthma (86.8%), p=0.0001) and ‘other’ allergens 
(active EGPA (13.7%) vs asthma (50.0%), p=0.004; inac-
tive EGPA (17.0%) vs asthma (50.0%), p=0.01) (figure 1B). 
There were no allergen components towards which sIgE were 
higher in EGPA than in asthmatics. Active and inactive EGPA 
displayed a similar reactivity when compared with one another 
or to healthy controls. Patients with AAV showed a markedly 
lower IgE reactivity compared with patients with EGPA and 
asthma (figure 1A,B). This reactivity pattern did not change 
when we considered a threshold of 2% rather than 5% (data 
not shown).

No significant differences in allergen- specific sIgE positivity 
were found between ANCA- positive and ANCA- negative 
patients. Additionally, none of the EGPA symptoms typically 
considered ‘allergic’ (eg, ENT and lung involvement, urticaria) 
were associated with sIgE positivity (either for food, respira-
tory or other allergens).

Our results, obtained using a sensitive microarray tech-
nology able to detect sIgE specific for a large allergen compo-
nent panel, show that patients with EGPA have a lower 
reactivity towards common allergens when compared with 

asthmatic subjects. This is apparently in contrast with the 
almost universal presence of asthma and ‘allergic’ manifesta-
tions in EGPA. However, this corroborates previous findings 
obtained with traditional allergy tests, which showed that the 
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prevalence of atopy is significantly lower in EGPA than in asth-
matics. Also, patients with EGPA do not suffer from seasonal 
allergies as do atopic asthmatics.3 This may reflect different 
pathogenic mechanisms underlying atopic asthma and asthma 
occurring in EGPA. In line with this, omalizumab (anti- IgE 
monoclonal antibody) demonstrated only limited efficacy in 
EGPA.6 To conclude, common allergen- induced IgE responses 
seem to have a marginal role in EGPA pathogenesis; there-
fore, further studies are needed to dissect the immunological 
circuits that drive ‘allergic’ manifestations in EGPA.
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Medications associated with fracture risk in 
patients with rheumatoid arthritis

Statins have been widely used to control dyslipidaemia, and 
there is strong evidence for beneficial effects for patients at risk 
for cardiovascular diseases.1 2 In particular, statins may influence 
bone metabolism by increasing bone formation.3 4 Recently, Ozen 
et al5 reported that medication with opioids, selective serotonin 
reuptake inhibitors, and glucocorticoids were associated with 
an increased risk of osteoporosis- related site fractures (vertebra, 
hip, forearm and humerus) in patients with rheumatoid arthritis, 
whereas statins and tumour necrosis factor-α inhibitors were asso-
ciated with a decreased risk of vertebral fractures. These findings 
were published in the August 2019 issue of the Annals of the Rheu-
matic Diseases. Certainly, the findings of Ozen et al5 will be signif-
icant for clinicians; however, four points remain unaddressed that 
we would like to communicate with the authors.

First, the prevalence of osteoporotic fracture has been reported 
to be significantly higher in patients with chronic diseases compared 
with healthy subjects, particularly in women.6–8 The association 
between chronic diseases and osteoporosis- related fracture (OF) 
has been reported in many studies. For example, a cross- sectional 
study by Watanabe et al8 reported that the prevalence of osteo-
porotic vertebral fracture was as high as 79.4% in Japanese men 
with chronic obstructive pulmonary diseases (COPD). Similarly, 
Reyes et al9 reported an independent association between COPD 
and an increased risk of hip OF in Catalonians. The results of the 
Ozen et al5 study are in direct contrast with these other studies 
and demonstrated that the comorbidity of rheumatoid arthritis in 
statin- treated patients with dyslipidaemia affected the risk of OF. 
The differences between Ozen et al5 findings and those of previous 
studies6–9 may be attributed to the differences in baseline patient 
characteristics and the effects of the statin.

Second, statins are effective agents that control dyslipi-
daemia and are widely used in the prevention of cardiovascular 
diseases.10 In addition, statins may influence bone metabolism by 
increasing bone formation.11 However, the risk reduction among 
statin users might be that a high dose–response effect on OF risk 
was observed in Ozen et al’5 s study. In the past, we have demon-
strated that high exposure to statins has the dose–response effect 
of lowering new- onset dementia risk.12

Furthermore, in another study, we reported a beneficial effect of 
statin use with regard to OF risk, but not all statins.13 The patients 
who took atorvastatin or rosuvastatin were at a lower risk of OF, 
whereas the use of lovastatin was associated with a significantly 
increased risk of developing new- onset OF (NOF) during the 
10- year follow- up. It was also highlighted that a lower risk of NOF 
was associated with the more commonly prescribed high- potency 
statins.13

Third, it should be noted that OF may result from accidental 
occurrences, such as falls.14 Patients with chronic disease experi-
ence muscle weakness, mobility impairment and exercise intol-
erance, and are prone to falls. An observational cohort study 
reported that COPD was associated with the increased risk 
of falls (OR, 1.6) compared with patients without COPD.15 
However, in this study have examined only the association 
between osteoporosis- related site fractures (vertebra, hip, 
forearm and humerus) and the medications taken by patients 
with rheumatoid arthritis.5 Thus, the observed OF and associa-
tions may be underestimated in this study.

Fourth, many medications were associated with OF and included 
statins, antidepressants, proton- pump inhibitors, opioids, non- 
steroidal anti- inflammatory drugs, anticonvulsants, antipsychotics, 

benzodiazepines and antihypertensives.16–18 Previous observational 
studies have shown that antihypertensives use has a positive or 
negative effect on emerging OF.18 19In a case–control study from 
Denmark19 that evaluated 124 655 cases and 373 962 controls 
with hypertension, the investigators found that the risk of OF 
was lower among users of calcium channel blockers (OR, 0.94; 
95% CI, 0.91 to 0.96) than among non- users. On the other hand, 
patients who took ACE inhibitors (OR, 1.64; 95% CI, 1.01 to 
2.66) were at a higher risk of developing OF than non- users in 
our previous study.20 Since the data for antihypertensives, such as 
diuretics, beta- blockers, calcium channel blockers, alpha- blockers, 
ACE inhibitors, and angiotensin receptor blockers were not avail-
able from this study,5 there might be residual confounding bias 
because of the unmeasured factors.
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Response to: ‘Medications associated with 
fracture risk in patients with rheumatoid 
arthritis’ by Chen et al

We appreciate the interest shown by Dr Chen1 concerning our 
recent study on medications associated with fracture risk in 
patients with rheumatoid arthritis (RA).2 We would like to clarify 
some issues Chen et al indicated.

First, we agree that osteoporotic fractures are more common 
in patients with inflammatory diseases. However, in our study, 
we excluded all patients with prevalent fractures to estimate the 
risk related to new fractures. Our study only shows the osteopo-
rosis site fracture incidence in patients with RA. As we indicated 
in our manuscript, the incidence rate of osteoporotic fractures 
in our cohort is similar to a recent meta- analysis of 25 cohort 
studies in patients with RA.3

Second, it is possible that high- intensity statin regimens may 
prevent fractures better than moderate- intensity ones especially if 
the protective effects are assumed to be due to anti- inflammatory 
properties of statins. Moreover, as Chen et al indicate, some 
antihypertensives may have protective effects on osteoporotic 
fracture risk. However, the only randomised controlled trial for 
this association is with thiazide diuretics4 5 of which effect is also 
more biologically plausible compared with other antihyperten-
sives.6 The fracture risk change with high- intensity statins and 
antihypertensives should be investigated further in patients with 
RA.

Lastly, we appreciate the comment about our outcome- only 
osteoporosis site fractures. It is well- known that patients with 
RA have increased fall risk, which can also cause fractures. 
Unfortunately, we do not have any data for the level of trauma 
and fall risk other than disability scores. Regardless, we believe 
that including all types of fractures would make our outcome 
very heterogeneous. A significant trauma could cause a fracture 
in any patient even in the absence of risk factors. We are plan-
ning to collect more data regarding fall risk to better assess the 
fracture risk in our cohort.
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Diabetes mellitus in ankylosing spondylitis

We read with interest the article by Liao et al1 regarding diabetes 
mellitus in ankylosing spondylitis and the meta- analysis by 
Mathieu et al. This nationwide cohort study demonstrated that 
the overall incidence of diabetes mellitus was 1.21- fold higher 
in the ankylosing spondylitis group than in the non- ankylosing 
spondylitis group,1 and Mathieu et al’s research showed an 
increased cardiovascular events in ankylosing spondylitis.2 The 
results of Liao et al are in concordance with those of a previous 
cohort study by Chen et al which showed that the incidence of 
diabetes mellitus was 1.17- fold higher in the ankylosing spondy-
litis cohort than in the non- ankylosing spondylitis cohort, with 
an adjusted HR of 1.16.3 However, some methodological issues 
must be discussed. First, the definition of the control group used 
in this cohort study is too broad. What does the non- ankylosing 
spondylitis group mean? Second, the statistical robustness of 
cohort studies is lower than that of randomised trials because 
of potential biases related to adjustments for confounding vari-
ables. Many unhealthy lifestyle habits, including unhealthy 
dietary patterns, decreased physical activity, sedentary lifestyle 
and smoking, have been found to be associated with an increased 
risk of diabetes mellitus.4 In addition, patients with hyperten-
sion are more likely to have diabetes mellitus through increased 
insulin resistance.5 To reduce the effect of potential confounding 
in observational studies, it would be appropriate to analyse 
data that is adjusted to account for confounding factors. Third, 
observational studies are prone to bias, such as reverse causation 
and residual confounding, thereby precluding a clear under-
standing of the association between ankylosing spondylitis and 
diabetes mellitus. Although the investigation of the mechanism 
underlying the association between ankylosing spondylitis and 
diabetes mellitus is beyond the scope of this study, further study 
using Mendelian randomisation, a technique that uses genetic 
variants as instrumental variables, is needed to assess whether an 
observational association between a risk factor and an outcome 
is consistent with a causal effect.6
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Response to: ‘Diabetes mellitus in ankylosing 
spondylitis’ by Lee and Song

We would like to thank Dr Lee and Dr Song for their corre-
spondence to our preliminary study recently published in Annals 
of the Rheumatic Diseases.1 2 Dr Lee and Dr Song have raised 
some concerns. We make a response as follows. First, the non- 
ankylosing spondylitis group included persons without a diag-
nosis code of ankylosing spondylitis (based on International 
Classification of Diseases, Ninth Revision code, 720.0). The non- 
ankylosing spondylitis group was sex- matched and age- matched 
with the ankylosing spondylitis group. Second, this was only a 
preliminary analysis. Confounding variables were not included 
for adjustment. Dr Lee and Dr Song’s good comments indicate 
a future research direction. Additional studies are required to 
include confounding variables which are associated with the risk 
of diabetes mellitus, such as unhealthy dietary pattern, decreased 
physical activity, high sedentary time, smoking and obesity.3 4 
Third, we are not familiar with Mendelian randomisation. We 
do not have any comment why Mendelian randomisation can 
assess an observational association between a risk factor and an 
outcome. Fourth, we agree with Dr Lee and Dr Song that the 
statistical robustness of our preliminary study is low. The causal 
relationship between ankylosing spondylitis and diabetes mellitus 
has not yet been determined. We suggest that more robust real- 
world data, such as the Korean database, would of course be 
needed to clarify whether there is an association between anky-
losing spondylitis and diabetes mellitus.
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Incidence of inflammatory bowel disease in 
patients with ankylosing spondylitis

Ankylosing spondylitis is a long- term inflammatory disease that 
always affects the spine joints. The association between ankylosing 
spondylitis and other diseases has been extensively assessed.1 2 
Recently a cohort study conducted by Schreiber et al published in 
Annals of the Rheumatic Diseases found that the new- onset cases 
of inflammatory bowel disease were uncommon in patients with 
ankylosing spondylitis on secukinumab therapy (1.13%, 9/794).3 
In order to examine the association between ankylosing spondylitis 
and inflammatory bowel disease in a different country, a prelimi-
nary cohort study was undertaken using the 2005–2012 database of 
the Taiwan National Health Insurance Programme with 23 million 
residents living in Taiwan.4 Subjects ages 20–84 with a new diag-
nosis of ankylosing spondylitis were identified as the ankylosing 
spondylitis group (International Classification of Diseases, Ninth 
Revision code (ICD-9 code 720.0)). For every subject with anky-
losing spondylitis, four sex- matched and age- matched subjects who 
did not have a diagnosis of ankylosing spondylitis were assigned 
as the non- ankylosing spondylitis group. The main outcome was 
a new diagnosis of inflammatory bowel disease (ICD-9 code 
555–556). Table 1 presents that the overall incidence of inflamma-
tory bowel disease was lower in the ankylosing spondylitis group 
than in the non- ankylosing spondylitis group, but without reaching 
statistical significance (1.41 vs 1.79 per 1000 person- years, inci-
dence rate ratio 0.79, 95% CI 0.48 to 1.28; p=0.332). As stratified 
by sex and age, there was no statistical significance in the incidence 
of inflammatory bowel disease between the ankylosing spondylitis 
group than the non- ankylosing spondylitis group.

Some caveats are discussed. Previous studies found that the 
prevalence of ankylosing spondylitis in patients with inflam-
matory bowel disease was around 3.7%–4.5%.5 6 One review 
found that the prevalence of inflammatory bowel disease in 
patients with ankylosing spondylitis was around 6%–14%.7 
Due to both conditions likely occurring concomitantly, some 
researchers suggest that ankylosing spondylitis and inflamma-
tory bowel disease might share a similar pathogenesis.8 There-
fore, ankylosing spondylitis and inflammatory bowel disease 
might develop in the same patient, but both conditions do not 
have a causal relationship, which is partially confirmed by our 
present study. Physicians who participate in care of patients 
with ankylosing spondylitis should take into consideration the 
possibility of inflammatory bowel disease, and vice versa.
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Table 1 Incidence of inflammatory bowel disease between ankylosing spondylitis group and non- ankylosing spondylitis group
Ankylosing spondylitis Non- ankylosing spondylitis

Incidence rate ratio (95% CI)* P valueVariable N Event Person- years Incidence N Event Person- years Incidence

All 3003 18 12 790 1.41 12 012 166 92 712 1.79 0.79 (0.48 to 1.28) 0.332

Sex

 Male 1767 10 7656 1.31 7068 101 54 383 1.86 0.70 (0.37 to 1.35) 0.289

 Female 1236 8 5134 1.56 4944 65 38 329 1.70 0.92 (0.44 to 1.91) 0.821

Age group (years)

 20–39 1280 7 5607 1.25 5120 67 39 390 1.70 0.73 (0.34 to 1.60) 0.436

 40–64 1342 8 5579 1.43 5368 73 41 488 1.76 0.81 (0.39 to 1.69) 0.583

 65–84 381 3 1604 1.87 1524 26 11 834 2.20 0.85 (0.26 to 2.81) 0.792

Incidence: per 1000 person- years.
*Incidence rate ratio: ankylosing spondylitis vs non- ankylosing spondylitis (95% CI).
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Application of MS score in macrophage 
activation syndrome patients associated with 
adult onset Still’s disease

We read with great interest the article by Minoia et al which 
named development and initial validation of the macrophage 
activation syndrome (MAS)/systemic juvenile idiopathic arthritis 
(sJIA) (MS) score for diagnosis of MAS in sJIA.

MAS is a life- threatening complication of rheumatic disorders, 
including sJIA, adult- onset Still’s disease (AOSD) and lupus.1–4 
Timely diagnosis and appropriate treatment of MAS are partic-
ularly important to improve the prognosis of MAS patients. At 
present, hemophagocytic lymphohistiocytosis (HLH)-2004 and 
HLH-2009 criteria are widely used to identify MAS associated 
with AOSD. Hemophagocytic syndrome diagnostic (HS) score 
was developed previously to facilitate MAS recognition, but still 
requires validation.5 In 2019, Francesca Minoia et al reported 
a MS score for classification of sJIA- associated MAS patients.6 
Considering that sJIA and AOSD are thought to constitute the 
same disease entity occurring at different ages, we intended to 
evaluate the application of MS score in AOSD- associated MAS 
patients.

We collected AOSD patients from 1 January 2012 to 31 July 
2019 from six centres across China. Patients were included in 
this study if they were older than 18 years of age, and met the 
Yamagishi criteria for a diagnosis of AOSD. MAS was diagnosed 
using the HLH-2004 diagnostic criteria, and the diagnosis was 
confirmed by the attending rheumatologists. Clinical informa-
tion was recorded and analysed. MS score was calculated for 
each patient according to the previous report.

A total of 450 AOSD patients (60 AOSD associated MAS, 
390 AOSD without MAS) were included in this study. Clinical 
features and lab results as the time of MAS diagnosis were shown 
in table 1. The application of the MS score (≥−2.1) yielded a 
sensitivity of 100%, a specificity of 29.85%, a positive predictive 
rate of 36.15%, a negative predictive rate of 100% in the diag-
nosis of AOSD- MAS with a Kappa value of 0.320. However, a 
further receiver operator characteristic curve analysis suggested 

that setting −1.08 as the score cut- off could provide the best 
discrimination between AOSD with and without MAS (figure 1). 
MS score ≥−1.08 yielded a sensitivity of 94.10%, a specificity 
of 95.00% in the diagnosis of MAS associated with AOSD. The 
positive predictive rate was 99.19% and the negative predictive 
rate of 71.25%, with a Kappa value of 0.781.

The current finding suggested that even though there are many 
similarities between sJIA and AOSD, adult and young patients 
have notable differences in terms of clinical manifestations and 
lab results. For instance, central nervous involvement is quite rare 
in AOSD- MAS patients, probably because adults usually have 
much more stable central nervous system. In addition, the levels 
of platelet count and fibrinogen are usually lower in AOSD- MAS 
patients as compared with those in sJIA- MAS patients, which 
could lead to higher MS scores in AOSD patients. Therefore, 
the items calculated in the reported sJIA- MS score as well as 

Correspondence

Table 1 Clinical manifestations of AOSD patients with and without MAS

AOSD with MAS
(60) AOSD without MAS (390) P value

Sex (male/female） 18/42 72/318 0.055

Age (years) 29 (22-37) 38 (27-50) <0.0001

Death (n, %) 13 (21.67%) 8 (2.05%) <0.0001

Fever (n, %) 60 (100%) 255 (65.38%) <0.0001

Active arthritis (n, %) 19 (31.67%) 372 (95.38%) <0.0001

Splenomegaly 50 (83.33%) 52 (13.33%) <0.0001

Central nervous system disease 1 (1.67%) 0 0.133

Haemorrhagic manifestations 1 (1.67%) 3 (0.77%) 0.437

Platelet count (×109/L) 90 (60-144) 244 (222-485) <0.0001

Liver dysfunction (n, %) 58 (96.67%) 73 (18.72%) <0.0001

Lactic dehydrogenase (U/L) 1024 (599–2145) 313 (222-485) <0.0001

Triglycerides (mmol/L) 2.35 (1.82–3.78) 1.42 (0.97–2.03) <0.0001

Fibrinogen (mg/dL) 151 (104-219) 306 (52-452) <0.0001

Ferritin (ng/mL)* 1500 (1500–1500) 1264 (359–1500) <0.0001

Bone marrow hemophagocytosis (n, %) 39 (65%) 13 (3.33%) <0.0001

MS score (median) −0.01 (-0.27 to 0.50) −2.67 (-3.51 to 1.82) <0.0001

*The up limit of the detection of ferritin was 1500 ng/mL in our centres.
AOSD, adult- onset Still’s disease; MAS, macrophage activation syndrome.

Figure 1 Modified criteria of MS score in the diagnosis of AOSD 
associated MAS. In a febrile patient with AOSD, the diagnosis of MAS 
should be considered if the MS score is ≥-1.08. The area under the 
curve (AUC) of the model is 0.98. AOSD, adult- onset Still’s disease; MAS, 
macrophage activation syndrome.
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the cut- off for sJIA- MAS diagnosis (>−2.1) should be modified 
for diagnosis of MAS associated with AOSD. In our cohort, MS 
score ≥−1.08 might be a better cut- off for AOSD- MAS diag-
nosis with an area under the curve of 0.98.

Further prospective and independent validations with larger 
sample size are needed to evaluate the modified MS score in 
the diagnosis for the life- threatening MAS condition in AOSD 
patients.
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Response to ‘Application of MS score in 
macrophage activation syndrome patients 
associated with adult onset Still’s disease’ by 
Wang et al

We are grateful to Wang et al1 for testing our diagnostic score 
for macrophage activation syndrome (MAS)2 in their patients 
with adult onset Still disease (AOSD). Because it is increasingly 
recognised that systemic juvenile idiopathic arthritis (sJIA) and 
AOSD represent the same disease occurring at different ages3 4 
and considering that the two illnesses share a similar risk for 
MAS, it is important to investigate whether the current diag-
nostic tools are applicable to both conditions.

Wang and colleagues evaluated retrospectively the capacity 
of the MAS/sJIA (MS) score to detect MAS in AOSD by 
comparing 60 patients with MAS, whose diagnosis was made 
by HLH-2004 criteria and confirmed by the caring rheu-
matologists, with 390 patients without MAS. They found 
that the application of the MS score with the cut- off of ≥ 
–2.1 obtained in our study yielded a maximum sensitivity of
100%, but poor specificity (29.8%) and a low kappa value 
(0.32). These findings indicated that the MS score had strong 
capacity to detect MAS, but inadequate ability to discriminate 
patients with MAS from patients without MAS.

However, by conducting a receiver operating character-
istic curve analysis of the MS score on their patient data, 
the authors found that a score cut- off of ≥ –1.08 increased 
considerably the specificity (95%), without compromising 
the sensitivity (94.1%). The kappa value rose to 0.78 and 
the area under the curve was as high as 0.98. Wang et al 
concluded that although the MS score is suitable to capture 
MAS in patients with AOSD, its cut- off value should be modi-
fied from ≥ –2.1 to ≥ –1.08 to achieve the best diagnostic 
performance.

Although these conclusions are certainly supported by the 
results of the analyses, it is, nevertheless, necessary to high-
light the remarkable differences in the frequency of clinical 
features and in laboratory values between the AOSD patients 
with MAS in the series of Wang et al and the patients with 
sJIA- associated MAS enrolled in our study,2 5 which are shown 
in table 1. The most striking disparity regards the frequency 
of central nervous system (CNS) disease and haemorrhagic 
manifestations, which were recorded in 35% and 20.4% of 
sJIA- MAS patients, respectively, but were observed in only 
one patient each in the AOSD- MAS sample. Of the other clin-
ical features, splenomegaly was more common in AOSD- MAS 
patients, whereas arthritis was more prevalent in sJIA- MAS 
patients. Among laboratory parameters, platelet count and 
fibrinogen level were, on average, lower in AOSD- MAS 
patients, whereas ferritin was higher in sJIA- MAS patients. 
In interpreting ferritin value, it should be taken into account 
that in AOSD- MAS patients it was likely underestimated 
as the upper limit of detection in Wang et al centres was 
1500 ng/mL.

It appears, therefore, clear that the discordance in the MS 
score cut- off between our study and that of Wang et al largely 
depends on the aforementioned diversities between their 
AOSD- MAS patients and our sJIA- MAS sample. Note that in 
the developmental process of the MS score, CNS dysfunc-
tion and haemorrhagic manifestations revealed the stron-
gest discriminative properties and were, therefore, assigned 
the highest weights. Whether the discordant prevalence of 

these clinical symptoms is due to a different timing of patient 
assessment over the course of MAS or to diversities in the 
clinical phenotype of MAS between the two illnesses, cannot 
be established. Needless to say that the technical limitations in 
ferritin measurement introduced a bias in Wang et al analyses, 
given the major diagnostic role of this biomarker in MAS.

Despite these caveats, Wang and coworkers are to be 
commended for drawing attention to the importance of 
harmonising the diagnostic tools across AOSD and sJIA. 
Additional studies in series of AOSD and sJIA patients are 
needed to compare the characteristics of MAS between the 
two illnesses and to identify the cut- off of the MS score that is 
most helpful to recognise timely this dreadful complication.
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Table 1 Demographic, clinical, laboratory and histopathological 
features of AOSD and sJIA patients with MAS*

Feature
MAS in sJIA†
(n=362)

MAS in AOSD‡
(n=60)

Females 208 (57.5) 18 (30.0)

Median (IQR) age at onset of MAS, years 8.1 (4.0–13.2) 29.0 (22.0–37.0)

Fever 341/355 (96.1) 60/60 (100.0)

Splenomegaly 201/347 (57.9) 50/60 (83.3)

Active arthritis 230/354 (65.0) 19/60 (31.6)

Central nervous system disease 122/349 (35.0) 1/60 (1.7)

Haemorrhagic manifestations 71/348 (20.4) 1/60 (1.7)

Median (IQR) laboratory parameters

 Platelet count, x109/L 144 (86–269) 90 (60–144)

 Lactate dehydrogenase, units/L 1203 (666–2345) 1024 (599–2145)

 Triglycerides, mg/dL 234 (151–318) 208 (161–335)

 Fibrinogen, mg/dL 267 (152–437) 151 (104–219)

 Ferritin, ng/mL 5353 (1500–13 040) 1500 (1500–1500)§

Bone marrow haemophagocytosis 149/249 (59.8) 39/60 (65.0)

Death 28/347 (8.1) 13/60 (21.7)

*Data are number positive/number with information available (%), unless otherwise 
indicated.
†Adapted from Davì et al, Arthritis Rheumatol 2014;66:2871–80.
‡Adapted from Wang et al, Ann Rheum Dis 2019, in press.
§The upper limit of ferritin detection was 1500 ng/mL.
AOSD, adult onset Still disease; MAS, macrophage activation syndrome; sJIA, systemic 
juvenile idiopathic arthritis.
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Overlap of systemic lupus erythematosus and 
myositis is rare in anti- Ku antibody- 
positive patients

Anti- Ku antibodies were originally reported as scleroderma- poly 
myositis (PM) overlap syndrome- related autoantibodies. However, 
they are also frequently found in various connective tissue diseases 
(CTDs) and their clinical significance has not been conclusively 
determined. Moreover, there are few studies on anti- Ku in Asian  
CTD cohorts. Recently, Spielmann et al1 published a notable 
report of a French single- centre large- cohort study which tried 
to classify anti- Ku- positive patients with various CTDs and was 
able to identify two distinct subgroups of patients: ‘anti- Ku- positive 
patients with elevated serum creatine kinase (CK) levels’ and ‘anti- 
Ku- positive patients with anti- double- strand DNA antibodies 
(anti- dsDNA)’. Patients in the former group were at high risk of 
developing interstitial lung disease and those in the latter were at 
high risk of developing glomerulonephritis.

In the present study, we retrospectively screened sera from 600 
Japanese patients with CTDs who visited our institute2 by immu-
nofluorescence patterns for anti- Ku- positivity, as performed in 
a previous study.1 Sera suspected of being anti- Ku- positive were 
then screened by anti- Ku70 and anti- Ku80 ELISAs and verified 
by immunoprecipitation- immunoblot. We found 10 anti- Ku- 
positive patients and analysed their clinical and laboratory find-
ings (table 1). Their average age was 47.2±23.9 years. Nine were 
female and their average follow- up period was 5.7 years (0.5–26 
years). Five patients showed CK elevation and were diagnosed 
with PM or dermatomyositis (DM). Two of the five PM/DM 
patients had developed systemic scleroderma (SSc) and PM simul-
taneously. Of the other five patients without CK elevation, three 
had been diagnosed with systemic lupus erythematosus (SLE), 
one of whom had developed SSc after a 20 year disease history. 
None of the 3 SLE patients among the present 10 anti- Ku- positive 
patients showed CK elevation. These results are consistent with 
the findings reported by Spielmann et al.1 There are two studies 
supporting the lower frequency of myositis overlapping SLE in 
anti- Ku- positive patients.3 4 Among 46 anti- Ku- positive CTD 
patients, 17 had myositis (PM or DM) and 9 had SLE spectrum 
(anti- phospholipid syndrome or SLE), but there was only 1 case 
with overlap syndrome of PM and SLE.3 Another retrospective 
CTD- screened study reported that only 1 myositis/SLE overlap 
patient was seen among 30 anti- Ku- positive patients, including 11 
myositis patients (inflammatory myopathy, inclusion body myositis 
and PM) and 8 SLE- spectrum patients.4 These characteristics seen 

in myositis patients or SLE- spectrum patients are consistent with 
the findings reported by Spielmann et al.1

We also collected the data on anti- dsDNA for all 10 anti- Ku- 
positive patients. Four of them were positive for anti- dsDNA. 
Surprisingly, of the four anti- dsDNA- positive patients, three were 
CK- elevated patients. In contrast, all three SLE cases were negative 
for anti- dsDNA. Thus, anti- dsDNA positivity and SLE were mutu-
ally exclusive in the present anti- Ku- positive patients. In contrast, 
a previous international study compared the clinical and labora-
tory characteristics of 22 anti- Ku- positive SLE patients with those 
of 209 anti- Ku- negative SLE patients.5 In both anti- Ku- positive 
and anti- Ku- negative SLE groups, frequencies of anti- dsDNA were 
similar: 31.8% and 32.2%, respectively. Furthermore, Spielmann 
et al1 reported that anti- dsDNA was very often found in anti- Ku- 
positive SLE patients (89%, 7/8). This discrepancy might be due to 
a difference of genetic backgrounds. Since anti- dsDNA are not so 
frequently found (around 30%) in anti- Ku- positive SLE5 in addition 
to the presence of anti- dsDNA in ‘anti- Ku with elevated CK patients’ 
in our study, we might have to be careful in using the results of anti- 
dsDNA for differential diagnosis. We also found anti- ssDNA in 9 of 
the 10 anti- Ku- positive patients in the present study. Previous studies 
did not investigate anti- ssDNA in anti- Ku- positive patients. Future 
study is necessary to clarify whether anti- ssDNA could be a marker 
for anti- Ku in antinuclear antibody- positive sera with speckled/
homogenous staining patterns.
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Table 1 Clinical and laboratory information of anti- Ku- positive patients with various connective tissue diseases

Case Age Sex Diagnosis Serum CK Cancer ILD Nephritis Arthralgia Lupus rash Hypo C. Raynaud ssDNA dsDNA
Other 
autoantibody

1 70 F PM+SSc+SS 2095 – + – – – + + + – PL-7

2 14 F PM+SSc 3682 – – – + – – NA + + –

3 80 F PM 2710 – + – – – – – – – –

4 76 F PM 2263 – + – + – – NA + + SRP

5 20 F DM 1263 – – – + – NA – + + –

6 35 F MCTD→SSc 261 Lung + – – – – + + + U1RNP

7 17 F SLE→SSc 31 – – + – + + + + – U1RNP ACA

8 44 F SLE 105 – + + + + + + + – U1RNP

9 25 M SLE 111 – – + + + + – + – SSA

10 52 F UCTD 180 – + – + – – – + – P- ANCA

ACA, anti- centromere antibody; ANCA, anti- neutrophil cytoplasmic antibody; Hypo C., hypocomplementemia; CK, creatine kinase (U/l); DM, dermatomyositis; ILD, interstitial lung disease; MCTD, mixed connective tissue 
disease; NA, information not available; PM, polymyositis; SS, Sjögren’s syndrome; SSc, systemic sclerosis; UCTD, undifferentiated connective tissue disease.
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Response to: ‘Overlap of systemic lupus 
erythematosus and myositis is rare in anti- Ku 
antibody- positive patients’ by Ogawa- 
Momohara et al

We thank Ogawa- Momohara et al for their comment1 on our 
work in which we identified that anti- Ku patients with elevated 
serum creatine kinase (elevated CK) are at risk of interstitial lung 
disease (ILD), whereas anti- Ku patients with anti-double- strand 
DNA (dsDNA) antibodies frequently have systemic lupus erythe-
matosus (SLE) and are at risk of glomerulonephritis.2

The data reported by Ogawa- Momohara et al importantly 
complete our results since none of our anti- Ku patients had an 
Asian origin. Ogawa- Momohara et al retrospectively screened 
sera from 600 Japanese patients with connective tissue diseases 
and found 10 anti- Ku- positive patients.

Their data confirm that anti- Ku patients with elevated CK are 
at risk of ILD and rarely overlap with anti- Ku patients with SLE 
who are at risk of glomerulonephritis. Among their five anti- 
Ku- positive patients with elevated CK, three had ILD and none 
had glomerulonephritis. By contrast, among the three patients 
diagnosed with SLE, none had increased CK; only one had ILD; 
and all had nephritis.

Yet, in contrast with our cohort, when detected, anti- dsDNA 
antibodies were systematically found in patients with elevated 
CK (n=3/5), while none of their anti- Ku patients with SLE tested 
positive for anti- dsDNA. This finding is in contrast to several 
previous non- Asian series in which anti- dsDNA antibodies were 
more frequently3–5 or even exclusively6 detected in anti- Ku 
patients with SLE as compared with anti- Ku patients with other 
connective tissue diseases.

As pointed by Ogawa- Momohara et al, this may indicate that 
genetic and/or environmental backgrounds may shape the anti- 
dsDNA profile of anti- Ku patients, although results may have 
also been influenced by detection methods used and/or delay 
between treatment onset and serum sampling.

In conclusion, as pointed by Ogawa- Momohara et al, the 
patients’ geographical origin must be taken into consideration 
when describing connective tissue diseases. In this regard, the 
data provided by Ogawa- Momohara et al represent an important 
addition to our own findings by shedding light on the spectrum 
of anti- Ku- related disease in Asian patients.
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In search for the ideal anatomical composition 
of vascularised human skin equivalents for 
systemic sclerosis translational research: should 
we recruit the telocytes?

The recent paper by Matei et al1 has raised our interest on the 
feasibility and reliability of vascularised human skin equivalents 
for fibrosis research. This is a novel in vitro model which may 
replicate key features of fibrotic skin and may become a valuable 
platform for preclinical testing of innovative therapeutic strat-
egies for systemic sclerosis (SSc) and other cutaneous fibrosing 
conditions. In this informative study, an engineered human skin 
equivalent featuring a functional vascular system with physiolog-
ical perfusion was established by sequential seeding of primary 
human endothelial cells, fibroblasts and keratinocytes on a 
three- dimensional (3D) extracellular matrix scaffold.1 Elegantly, 
the authors have shown that their 3D system may reproduce 
the main features of human skin relevant for the pathogen-
esis of skin fibrosis. Indeed, the exposure of these vascularised 
human skin equivalents to profibrotic transforming growth 
factor-β (TGFβ) has induced the fibroblast- to- myofibroblast 
transition and abnormal deposition of extracellular matrix, thus 
closely mimicking the SSc skin microenvironment.1 Moreover, 
the induction of dermal fibrosis was efficiently prevented by 
nintedanib, a tyrosine kinase inhibitor with proven antifibrotic 
effects, which further demonstrated that this model might serve 
as a suitable test system for future targeted therapies. The authors 
have also clearly discussed how their innovative model may help 
in overcoming many limitations currently encountered by scien-
tists engaged in SSc translational research when using classical 
two- dimensional cell culture systems and in vivo mouse models.1

Overall, we are confident that this pioneer work1 will repre-
sent the necessary groundwork for further studies devoted to 
refining the 3D composition of vascularised human skin equiva-
lent systems. This effort may increase even more their similarity 
to the microscopic anatomical structure of human skin and 
some interesting cues should be considered. As pointed out by 
the authors, a strength of their 3D model system is that it may 
replicate the relevant cell–matrix interactions, the cross- talk 
between different skin cell types and the signalling pathways 
related to these processes.1 Usually, these events are crucial for 
the physiological maintenance of tissue homeostasis and their 
modification/impairment may trigger the development of skin 
fibrosis. However, a 3D system including only endothelial cells, 
fibroblasts and keratinocytes clearly cannot fully recapitulate 
the human skin environment either in a physiological or in a 
profibrotic condition. In fact, other cells resident in the skin 
may have a role in the fibrotic progression of SSc, including 
TGFβ–secreting mast cells, as well as pericytes located in the 
microvessel wall and preadipocytes, found in the adipose- 
derived stromal vascular fraction, that may be a possible source 
of profibrotic myofibroblasts.2 3 Furthermore, it appears that 
fibroblast heterogeneity may be crucial in determining dermal 
architecture during skin development and repair.4 5 Recently, 
it has been shown that skin fibroblasts arise from two distinct 
lineages.5 The first one forms the upper dermis, including the 
dermal papilla regulating hair growth and the arrector pili 
muscle.5 The second one instead forms the lower dermis and the 
hypodermis, including the reticular fibroblasts synthesising the 
bulk of the fibrillar extracellular matrix and the preadipocytes/
adipocytes.5 Ideally, these relevant different fibroblast subpop-
ulations should therefore be represented in primary fibroblast 

cultures employed to establish human skin equivalents for trans-
lational research purposes.

In this scenario, we believe it would be worth to focus the 
attention on a peculiar stromal cell population that has been 
recently identified in human skin and other tissues/organs, the 
telocytes.6 Telocytes, also referred to as CD34- positive stromal 
cells, possess extremely long prolongations with distinct ultra-
structural features (telopodes).6 These cells form a complex 
3D stromal meshwork establishing a multitude of intercellular 
contacts with a variety of cell types.6 The peculiar morphology, 
spatial distribution and ability to release different kinds of extra-
cellular vesicles make telocytes increasingly interesting regulators 
of intercellular signalling in the coordination of tissue morpho-
genesis during development and maintenance of local tissue 
homeostasis in post- natal life.6 In addition, structural changes in 
telocyte networks have been recently reported in different disor-
ders.7 In the skin in physiologic conditions, telocytes constitute 
an extensive scaffold- like cellular network which compartmen-
talises the dermal connective tissue (figure 1).8 9 In both the 
upper papillary and lower reticular dermis, telocyets intimately 
surround the vessels and the skin adnexa and establish numerous 
intercellular communications with neighbour cell types, such as 
fibroblasts and mast cells (figure 1).9 Recently, we have shown 
that clinically involved SSc skin displays a progressive disruption 
of the dermal network of telocytes up to almost their complete 
loss in the advanced/fibrotic cutaneous disease stage (figure 1).9 
In SSc, the impairment of the telocyte network has also been 
shown in fibrotic lesions of the lung, the myocardium and the 
gastric wall.10 On this evidence, we suggested that the telocyte 
loss might play a relevant role in SSc pathogenesis by favouring 
the dysregulation of intercellular signalling mechanisms that 
control the fibroblast/myofibroblast activity and contributing 
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Figure 1 The arrangement of telocytes/CD34- positive stromal cells 
in healthy and systemic sclerosis (SSc) skin. (A and B) Representative 
microphotographs of skin sections subjected to immunoperoxidase- 
based immunohistochemistry for CD34 (green) and c- kit (red). An 
extensive network of telocytes/CD34- positive stromal cells is evident 
throughout the whole dermis of healthy skin (A), while telocytes are 
almost undetectable in advanced/fibrotic SSc skin (B). In both healthy 
and SSc skin, vascular structures are CD34- positive, while mast cells 
are c- kit- positive. (C and D) Representative microphotographs of skin 
sections subjected to CD34 immunofluorescence staining. (C) Note 
the complex network formed by telocytes/CD34- positive stromal cells 
in healthy dermis. (D) No telocyte/CD34- positive stromal cell can be 
detected in advanced/fibrotic SSc dermis.
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to the progressive loss of the normal tissue structure.9 10 At the 
moment, the protocols for selective telocyte purification are still 
at an early stage and more work is needed to definitively establish 
primary cultures. When this will be, telocytes cultured in vitro 
could represent an added value to improve the reliably building 
of vascularised human skin equivalents as suitable models for SSc 
translational research.
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Response to: ‘In search for the ideal anatomical 
composition of vascularised human skin 
equivalents for systemic sclerosis translational 
research: should we recruit the telocytes?’ by 
Manetti and Matucci- Cerinic

We would like to thank Dr Manetti and Prof Matucci- Cerinic1 
for their stimulating letter on our manuscript.2 The authors 
discuss strengths and potential limitations of vascularised skin 
equivalents as a novel in vitro model for systemic sclerosis (SSc).

They raise two key points:
1. Although the model includes key populations of cells rele-

vant to skin homeostasis and to the pathogenesis of SSc such 
as fibroblasts, endothelial cells and keratinocytes, other rel-
evant cell populations are not included. Can the model be 
modified to include less frequent, but also potentially rele-
vant cellular populations?

2. Do vascularised skin equivalents in their current form ad-
dress fibroblast heterogeneity in the skin?

(Ad 1) We fully agree that vascularised human skin equiva-
lents, although more complex than many other in vitro models 
and more physiological, remain a model system and thus a 
simplification of human skin. For practical reasons, this simpli-
fication included a restriction to the most abundant resident cell 
types in human skin and omittance of other less abundant cell 
types. However, addition of other resident cell populations of 
interest such as melanocytes or telocytes would require only 
minor modifications of the current protocol. Whether those 
cells are able to home to their physiological niches in the skin 
(eg, melanocytes at the epidermal–dermal interface) will require 
further studies. Although not in the focus of this publication, 
the functional vascular system in combination with the perfu-
sion system enables studies on interactions of defined circulating 
leucocyte populations with resident skin cells. A first manuscript 
describing the changes in vascularised skin equivalents induced 
by addition of mismatched leucocytes into the perfusion system 
is currently in preparation by our coauthors Groeber et al. More-
over, we are currently working on protocols to include tissue 
resident leucocyte populations such as Langerhans cells into the 
vascularised skin equivalents.

(Ad 2) We fully agree that fibroblast heterogeneity is an 
important area that deserves more attention and further studies, 
especially in the context of SSc. Evidence from various different 
studies indicates that individual fibroblast subpopulations tend 
to lose specific surface markers and change the transcriptional 
profile rather rapidly under standard 2D culture conditions in 
vitro. However, Philippeos and coworkers demonstrated that 
this phenotype switch may be only transient and that fibroblasts 
may maintain a functional memory. When cultured fibroblasts 

isolated from the reticular and the papillary dermis were 
reseeded in their physiological 3D environment (in this case 
decellularised dermal matrices), they reacquired differences in 
morphology and functionality, with distinct activation in key 
signalling pathways such as WNT signalling.3 The local niche 
may shape or at least unmask the specific phenotype of fibro-
blast subpopulations. This raises the possibility that ostensibly 
homogenous cultured fibroblasts reclaim their specific pheno-
types and functions in the 3D microenvironment of the vascu-
larised skin equivalent. However, further studies are required 
to confirm this assumption and to analyse whether the findings 
on reticular and papillary fibroblasts can be extended to other 
subpopulations as well.
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Association of anti- Ro52 autoantibodies with 
interstitial lung disease in connective 
tissue diseases

We read with great interest the article by Sabbagh et al demon-
strating that anti- Ro52 autoantibodies were connected with 
the development of interstitial lung disease (ILD) in patients 
with juvenile myositis.1 Anti- Ro52 has been found in a variety 
of connective tissue diseases (CTDs) and drawn considerable 
attention from rheumatologists in recent years. Besides myositis, 
these autoantibodies have also been reported to be related to 
ILD in several other CTDs, but with great discrepancy across 
the studies.2 In addition, it remains unclear how the incidence 
of ILD differs in the presence of anti- Ro52 alone or in combina-
tion with anti- Ro60 (Sjogren's syndrome related antigen A), one 
of the most associated antibodies that may determine anti- Ro52 
epitope mapping.3

To explore the clinical features of anti- Ro52 and its rela-
tionship with anti- Ro60, we retrieved the medical records 
of 1979 patients tested positive for anti- Ro52 and hospi-
talised between January 2016 and September 2017 in the 
Drum Tower Hospital. Both anti- Ro52 and anti- Ro60 were 
routinely measured using an immunoblotting method (EURO-
LINE, EUROIMMUN AG, Germany). The majority of our 
cases were female (1457, 73.6%) and the average age was 
53.0±16.8 years old. Totally 1321 (66.8%) patients were 
diagnosed as having CTDs and 658 (33.2%) diagnosed as 
non- CTDs.

Distribution of ILD in patients with various diseases is 
summarised in table 1. In this cohort, ILD occurred in 37.1% 
of anti- Ro52 positive CTD patients and 10.9% of anti- Ro52 
positive non- CTD patients. Among CTDs, idiopathic inflam-
matory myopathy (IIM) was the most often seen underlying 
disease (85.4%), followed by undifferentiated connective tissue 
disease (UCTD), systemic sclerosis, rheumatoid arthritis (RA) 
and primary Sjögren’s syndrome (pSS). As for systemic lupus 

erythematosus, only 6.5% anti- Ro52 positive patients presented 
ILD, consistent with its low incidence in this prototypic autoim-
mune disease.4

There was no discussion of the difference between anti- 
Ro52 single- positive and anti- Ro52/Ro60 double- positive in 
Sabbagh et al’s article.1 Previously, it has been implied that the 
expressions of these two types of autoantibodies were related 
to different CTDs,5 and those with isolated anti- Ro52 were 
more prone to IIM and inflammatory rheumatism.6 Our 
data showed that the distribution of ILD was also varied 
between the two groups. The incidence of ILD was increased 
in both CTD and non- CTD patients with single- positive 
anti- Ro52 (OR 4.94, p<0.0001 and OR 3.41, p<0.05 by χ2 
and Baptista- Pike analysis). However, compared with those 
having both anti- Ro52 and anti- Ro60, patients with isolated 
anti- Ro52 were more likely to develop ILD in RA (OR 6.11), 
pSS (OR 4.50), polymyositis (PM) (OR 10.00) and UCTD 
(OR 3.71), but not other CTDs including dermatomyositis 
(table 1).

In conclusion, our data support that ILD is associated with 
anti- Ro52, yet the incidence is quite different among various 
CTDs. For patients with RA, pSS, PM or UCTD, the positivity 
of anti- Ro52 without anti- Ro60 may indicate the occurrence 
of ILD.
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Table 1 Distribution of ILD in anti- Ro52 positive patients with various underlying diseases

Total Ro52+Ro60− Ro52+Ro60+ OR 95% Cl P value

CTD* 490 (37.1%) 352 (55.4%) 138 (20.1%) 4.94 3.88 to 6.31 <0.0001

 IIM ‡ 123 (85.4%) 99 (88.4%) 24 (75.0%) 2.54 0.93 to 6.77 >0.05

DM 84 (87.5%) 66 (86.8%) 18 (90.0%) 0.73 0.15 to 3.22 >0.05

PM 18 (66.7%) 15 (83.3%) 3 (33.3%) 10.00 1.42 to 48.96 <0.01

ASS 21 (100.0%) 18 (100.0%) 3 (100.0%)

 pSS 236 (38.2%) 157 (57.3%) 79 (23.0%) 4.50 3.17 to 6.31 <0.0001

 SLE 18 (6.5%) 4 (7.4%) 14 (6.3%) 1.18 0.41 to 3.64 >0.05

 RA 36 (43.4%) 29 (60.4%) 7 (20.0%) 6.11 2.12 to 15.16 <0.001

 SSc 15 (51.7%) 11 (57.9%) 4 (40.0%) 2.06 0.44 to 8.04 >0.05

 UCTD 49 (64.5%) 44 (69.8%) 5 (38.5%) 3.71 1.16 to 11.61 <0.05

 MCTD/overlap syndrome 7 (46.7%) 3 (30.0%) 4 (80.0%) 0.11 0.01 to 1.50 >0.05

 Vasculitis 6 (35.3%) 5 (38.5%) 1 (25.0%) 1.88 0.21 to 28.67 >0.05

Non- CTD† 72 (10.9%) 68 (12.2%) 4 (3.9%) 3.41 1.25 to 8.95 <0.05

Data were shown as number (percentage of ILD patients for each disease). Ro52+Ro60–: anti- Ro52 positive and anti- Ro60 negative, Ro52+Ro60+: both anti- Ro52 and anti- Ro60 
positive.
*Diagnosis of CTDs was in accordance with the international criteria for classification.
†Patients without a definite CTD during the hospitalisation, of which tumour, infection, ILD and chronic kidney disease were the most common disease types.
‡including DM, PM and ASS.
ASS, anti- synthetase syndrome; CTD, connective tissue disease; DM, dermatomyositis; IIM, idiopathic inflammatory myopathy; MCTD, mixed connective tissue disease; PM, 
polymyositis; pSS, primary Sjögren's syndrome; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SSc, systemic sclerosis; UCTD, undifferentiated connective tissue 
disease.
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NLRP12 gene mutation in India: case finding 
and diagnosis made easy in the days of whole 
exome sequencing

I read with interest the paper ‘Novel NLRP12 variant presenting 
with familial cold autoimmunity syndrome phenotype’ by Gupta 
et al in one of the issues in your esteemed journal.1 We have 
reported another patient with a different site of mutation in the 
same gene from another part of India earlier this year.2

Compared with the patient under discussion our patient had 
a milder phenotype in the form of recurrent fever, abdominal 
pain, nausea and vomiting lasting for 4–5 days every month 
along with mood changes and severe loss of appetite. He started 
his problem much later, that is, at the age of 9 years, and did not 
have classical skin and joint symptoms but had hypermobility of 
the joints. Our patient had a mutation of NLRP12 gene in exon 
3 (c 779C>T, p Thr260 >Meth) in the evolutionarily conserved 
NACHT1 domain of the molecule in contrast to the case reported 
in the journal where the mutation was in LRR that is, leucine- 
rich repeat domain of the molecule in the exon 9 of the NLRP12 
gene (c.54299276T>C:r.2935a>g:p.Ser979Gly). In both the 
cases, an alpha hydroxy(active) amino acid is replaced by another 
amino acid. Glycine in the present case is a neutral amino acid 
with no spare active radical but SH radical of methionine is not 
too distant from the hydroxyl radical of threonine. This might 
have conserved some of the function of the molecule in our case. 
Neither the mutation described by present case and in our case 
has been described elsewhere, but mutations (base change) in the 
similar areas of the gene has been reported.3 4 Mood changes in 
our patient lead to further investigations to exclude porphyria. 
In both cases, exome analysis along with clinical presentation 
suggested the diagnosis and Sanger sequencing proved the diag-
nosis. In our case, none of the asymptomatic parents as well as 
asymptomatic elder brother of the patient showed the mutation 
suggesting a new mutation in the proband. The milder disease in 
our patient can also be due to heteryzygous mutation, whereas 
the patient described in this journal had homozygous mutation. 
Most of the patient reported in the literature3–5 has haploin-
sufficiency of the gene; from that standpoint the homozygous 
mutation reported here is important, but this begs the question 
why none of the parents have any symptoms of the disease. In a 
multidomain multifunctional protein, it is extremely important 
which domain is affected by mutation, and that could be one 
reason why so much heterogeneity of presentation in this disease 
has been reported. Our patient was reasonably well controlled 
with short course of naproxen and steroids during his attacks. 
Environment may have played some role in variable presenta-
tion of this disease in addition to genetic and epigenetic reasons 
and interactions. Our patient lived in a place where temperature 
rarely goes down below 25°C whereas the patient presented in 

this paper might have faced ambient temperature nearing 3–4°C 
for many days in long winter months of north India. Finally, in 
a country of 1.37 billion, it is but natural that we will continue 
to see such cases, and diagnosis may be clinched where whole 
exome and Sanger sequencing is being increasingly available.
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Miscellaneous

Correction: First external validation of sensitivity and 
specificity of the European League Against Rheumatism 
(EULAR)/American College of Rheumatology (ACR) classification 
criteria for idiopathic inflammatory myopathies with a 
Japanese cohort

Jinnin M, Ohta A, Ishihara S, et al. First external validation of sensitivity and specificity of the 
European League Against Rheumatism (EULAR)/American College of Rheumatology (ACR) 
classification criteria for idiopathic inflammatory myopathies with a Japanese cohort. Ann of 
Rheum Dis 2020;79:387–92. doi:10.1136/annrheumdis-2019-215488

In Fig 1, Fig S1, and Fig S2, (b) (=without biopsy) and (c) (=with biopsy) were mistakenly 
swapped.

In the main text “The new criteria were therefore validated with a Japanese cohort. Receiver 
operating characteristics (ROC) curve analysis indicated that the area under the curve (AUC) 
for all Japanese cases, the cases with muscle biopsy data, and the cases without muscle biopsy 
data was 0.97, 0.87, and 0.97, respectively (online supplementary Figure S2)”. AUC=0.9562 
in the graph of Fig 2S (a) was mistakenly referred as 0.97.
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Miscellaneous

Correction: New composite endpoint in early diffuse cutaneous 
systemic sclerosis: revisiting the provisional American College 
of Rheumatology Composite Response Index in 
Systemic Sclerosis

Khanna D, Huang S, Lin CJF, et al. New composite endpoint in early diffuse cutaneous 
systemic sclerosis: revisiting the provisional American College of Rheumatology Composite 
Response Index in Systemic Sclerosis. Ann Rheum Dis 2021;80:641–50. doi:10.1136/
annrheumdis-2020-219100

The results section of the abstract should read: In the development sets (n=237), the propor-
tion of participants in the active group had statistically higher improvement in ≥1 of 5 core set 
measures versus the placebo group. For example, the proportion who improved by ≥20% in 
≥3 core set measures was 49.4% in the active versus 38.9% in the placebo; RD: 10.5%, 95% 
CI4.9 % to 16.1%. In the validation sets (n=117), the proportion who improved by ≥20% in 
≥3 core set measures was 50.3% in the active versus 35.6% in the placebo (RD:14.8%, 95% 
CI 3.1% to 25.7%). Similar trends were seen with larger percentage cut- offs.

The first sentence of the ‘Performance of five core set measures: development data sets’ 
section should read: The proportion of participants (n=237, development sets) who improved 
by ≥10% to≥60% (in 5% increments) were numerically higher in the active therapy vs placebo 
group for all four core set measures mRSS, HAQ- DI, PGA and CGA and for FVC% at 5% and 
10% relative improvement the majority of the time (table 3 and figure 1).

The third sentence of the ‘Performance of five core set measures: validation data sets’ section 
should read: The magnitude of the effects was comparable between the development and vali-
dation sets; for example, the proportion of participants who improved by ≥20% in≥1 core set 
measure was 92.7% in active therapy vs 80.1% in the placebo group, in ≥2 core set measures 
was 75.8% in active therapy vs 57.7% in the placebo group, in ≥3 core set measures was 
50.3% in active therapy vs 35.6% in the placebo group and in ≥4 core set measures was 27.7% 
in active therapy vs 13.6% in the placebo group (table 4 and online supplemental figure 1).
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Correction: EULAR recommendations for the reporting of 
ultrasound studies in rheumatic and musculoskeletal 
diseases (RMDs)

Costantino F, Carmona L, Boers M, et al. EULAR recommendations for the reporting of 
ultrasound studies in rheumatic and musculoskeletal diseases (RMDs). Ann Rheum Dis 
2021;80:840–7.

The number of items of the checklist given in the abstract and throughout the paper should 
be 23 instead of 21.
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