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E D I T O R I A L

Online academic community in the Asia- Pacific countries: The 
paragon of a metamorphic world

1  | INTRODUC TION

There has been a remarkable shift in the ways and means of knowl-
edge exchange in recent times, with an exponential increase in shar-
ing information online while braving widespread lockdowns amid a 
raging pandemic.1 The widespread use of social media (SoMe) among 
the youth (up to 70% in some surveys) opens the case for building an 
online community for collaborative learning with a global outreach.2

Digitalization of medicine has ushered in an era of e- meetings, 
online mentoring, and e- collaborations, lending a unique enthusiasm 
and dynamics to an entire generation of scholars.3- 5 Trending scien-
tific information on #MedTwitter and #AcademicTwitter have made 
the conventional learning models less impactful, especially during 
the pandemic, which made physical presence an exception to the 
norm. However, these adaptive measures may be here to stay after 
the situation returns to normal.6

The use of SoMe for learning is notably slower among scholars in 
the Asia- Pacific region, albeit gaining momentum in recent times.7,8 
Central agencies like APLAR (Asia Pacific League of Associations for 
Rheumatology) have recorded a total number of 1127 followers on 
Twitter and 3835 followers on Facebook with a maximum engage-
ment of 1708 people, while BSR (British Society of Rheumatology) 
has 13.1 k followers on Twitter (as seen in the first quarter of the 
year 2021). These numbers highlight the importance of increasing 
awareness about the scholarly use of SoMe among the youth of the 
Asia- Pacific region.9 The number of followers may be improved by 
a charismatic presence; however, the quality and credibility of the 
content plays a larger role.

Central agencies like APLAR, American College of Rheumatology 
(ACR), European League Against Rheumatism (EULAR), and so on, 
hold the potential to be the torchbearers in leading education on 
SoMe platforms while dispersing information for the lay public. They 
also may act as the credible sources for reliable engagement with 
other scholars, practitioners, researchers, allied specialists, allied 
health professionals, nurse practitioners, and most importantly, 
patients with chronic diseases. Moreover, an increased presence 
of academics on such platforms will improve the representation of 
Asia- Pacific regional experts on a global platform, thus ensuring a 
holistic approach to shaping global communication and furthering 

scientific exchange.10 However, the scholars from the Asia- Pacific 
countries may potentially face specific limitations in using SoMe.

In this brief, the authors discuss the current landscape of SoMe 
in the Asia- Pacific and explore solutions to enhance academic en-
gagement on social media platforms (SMPs) for career advancement.

2  | SOCIAL MEDIA FOR EDUC ATION

The scholarly use of SMPs includes the collection, dissemination, 
and promotion of scientific literature and real- time events like 
conferences and scientific events.11,12 Facebook is widely used for 
scientific communications in the Asia- Pacific region while Twitter 
is seen to have a better hold on the global level.13- 15 This may be 
due to the open nature of the platform, and the diverse and wide 
userbase of Twitter which is designed to further professional com-
munications, discussions, and relationships.16 Therefore, they help 
enhance the experience of large conferences such as those of ACR 
and EULAR, enabling quick sifting through content, amplification 
of breaking news, and highlighting “obscure” sessions that attend-
ees may not be able to get to given the wealth of available content. 
Dissemination of information using audiovisual aids also helps to 
get across a large amount of information in a concise manner, allow-
ing for intake of large chunks of information without fatiguing. The 
pandemic times saw a massive increase in the presence of academic 
journals on SMPs to reconnect with their reader base and enhance 
webometrics.17,18

SMPs may help to connect with experienced mentors, all over 
the world, who help to upgrade learning, improve intercommunica-
tion and analytical skills of peers in the same field irrespective of 
their geographical location.19,20 The EULAR regularly offers e- peer 
mentoring sessions which are open to rheumatology fellows from 
all regions. SMPs of central agencies such as APLAR can bust myths 
to tackle misinformation in brittle times such as now,21 by deploy-
ing their wide reach (Figure 1). A geographically diverse node and 
hub network of rheumatologists can take the lead in educating 
young trainees, practitioners, and academics, helping them turn into 
knowledgeable and skilled practitioners, researchers, and poten-
tially, administrators (Figure 2).

© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd
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3  | SOCIAL MEDIA FOR RESE ARCH

Several online tools for research have emerged in recent times, 
and SMPs assume the central role in reaching out to patients, and 
colleagues for opinion- based studies.22,23 Information about open 
access datasets such as TrinetX were circulated online, as were invi-
tations to join hands for a common rheumatology global alliance for 
expedited research on the coronavirus disease 2019 (COVID- 19) and 
rheumatic diseases. Movements such as the Plan S and the Open 
Access Initiative make scientific literature freely available through-
out the world.24 This makes scientific literature accessible to young 
scholars at no cost and also provides the opportunity to participate 
in related scientific discussions on SoMe platforms. However, the 

fee acts a barrier to publish in Open Access Journals and therefore 
is a mixed blessing.

Citation rates of COVID- 19- related papers increased during the 
COVID- 19 pandemic due to the large volume of literature accrued in 
a short period of time on the subject.25 However, Altmetric scores 
assumed a larger role in projecting article visibility, and potential util-
ity for practice, guidelines, and public advice.26 Infographics used for 
summarizing research assume a central role in conveying key points 
in an attempt to communicate better with a wider audience.27

SMPs house a large amount of academic information which acts 
as a haven for the lay public on the lookout for credible sources 
while dealing with widespread misinformation. However, the po-
tential downside of scientific integrity and authenticity needs to be 

F I G U R E  1   Model for a geographically 
diverse node and hub social media 
educative network

F I G U R E  2   FIGURE Social media 
roadmap for trainee education and career 
enhancement 
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guarded.28 The availability of all information at the click of a button 
points to the possibility of an infodemic, which the medical fraternity 
should be wary about. Robust screening systems to allow for calling 
out misinformation and helping younger professionals identify genu-
ine sources help in the case of an infodemic.

Physicians take to SMPs for patient information, and at times 
even practice. In India, WhatsApp, due to its wide reach and pen-
etrance, plays an important role in facilitating patient communica-
tion with doctors.29 Further, analysis by researchers of geo- sensed 
and time- stamped posts helps to identify public discussions on 
COVID- 19 and predict outbreaks in a timely fashion, offering unique 
insights into the untapped potential of the apparently disorganized 
information on these platforms.

Technology enthusiasts are exploring the possibility of digital 
transformation of practice, with an emerging online data bank, and 
deploying this for artificial intelligence (AI)- based approaches to 
further medical practice.30 This may address the gap in physician- 
patient ratios in developing countries in Asia.

4  | SOCIAL MEDIA IN THE A SIA-  PACIFIC 
REGION

The Asia- Pacific region includes all the countries situated near 
the western Pacific Ocean, encompassing Central Asia, East Asia, 
North Asia- Russian Far East, South Asia, Southeast Asia, Central 
Asia Australasia, Melanesia, Micronesia, and Polynesia. North- East 
Asia possesses a higher range of internet penetration rate, a stark 
contrast from South- West Asia.31 The countries in the Asia- Pacific 
region are highly populous and have shown a sharp increase in 
SoMe presence, especially in China, Indonesia, India, and Japan.32 
Facebook is widely used in this region followed by regional SoMe 
platforms like WeChat, Sina Weibo, Line, and TikTok.32 Trend shifts 
in the use of different SoMe platforms do occur as seen by the sud-
den boom in the use of TikTok in South- East Asia. These trends must 
be followed to stay relevant among the constantly changing SoMe 
dynamics. Twitter has very few users from this region as compared 
to the rest of the world, even though it is a common platform for 
scientific discussions.33

Some countries in this region practice strict regulations and have 
temporary restrictions on SoMe use which act as an impediment to 
sustained access to SoMe.34,35 China constitutes a large percentage 
of the rheumatology workforce in Asia. SoMe platforms like QQ, 
WeChat and Sina Weibo are more popular in China.34 Therefore, 
platforms like Twitter where scholarly conversations take place on a 
global platform, perceive the absence of the participation of physi-
cians from China. Additionally, scholars from the Asia- Pacific region 
have fewer international publications and presence as compared 
to the developed nations, although these numbers are consistently 
increasing.36,37 Moreover, South- Asian journals have a poor social 
media presence on a global scale, reducing the visibility of their con-
tent causing poor publication standards and indexing.38 This puts 

the students of the Asia- Pacific region at an inherent disadvantage 
due to their under- representation on a global scale.

English being the most common medium of conversation on 
SMPs, students with English as their second language face commu-
nication difficulties as they mostly use English secondarily to their 
native languages.39 The availability of the translate tool on Twitter 
has furthered interaction on the platform for non- English speaking 
(or those with English as a second language) scholars. Available ma-
chine translators like Google translator, Yandex, and Bing Translator 
also facilitate the participation of scholars with poor English fluency. 
Google translator has the widest range of interpretation, enclosing 
107 languages, followed by Yandex and Bing Translator.40

Cultural influences may be inhibitive to a free opinion or freedom 
of expression, and a potential deterrent to the habit of free will and 
voicing one's thoughts on an open platform.41 There is a potential 
risk of miscommunications highlighting the need for a moderator and 
set of rules to maintain harmony. Moreover, professional avatars may 
differ from personal handlers, and it is imperative to keep profes-
sional accounts clean, follow cyber laws and follow the unsaid rules 
of the SoMe game. Places like Twitter may have a rapidly flammable 
environment, making it important to deal with sensitive issues pro-
fessionally. Misinformation, incivility, cyberbullying, are unwelcome. 
Moreover, young scholars interacting with professional handlers of 
organizations or journals may need to be aware of professional eth-
ics and the repercussions of controversial and non- evidence- based 
opinions. Thus, it is imperative to train scholars and practitioners to 
diligently use SMPs for the best professional growth and healthy 
networking. Lastly, the vast sea of social media offers innumerable 
possibilities, including entertainment, catharsis via art forms, and 
non- academic writing like poems, cartoons, and viewpoints.42,43

The Asia- Pacific region nurtures enthusiastic youth, that has the 
potential to add to the global academic community by their novel 
ideas. Enhanced participation of the youth in global scientific ex-
change may also further individual careers, as well as scientific de-
velopments, in respective countries.44 Engagement of the youth in 
the research community under the supervision of experienced allies 
can help them attain full potential.45

5  | ROLE OF CENTR AL AGENCIES

Central agencies or professional societies encourage medical pro-
fessionals and individual members by sponsoring their scientific 
studies and provide avenues for networking and enhancing sci-
entific knowledge. Events held by the agencies act as opportu-
nities to exhibit leadership skills and contribute to the scientific 
literature already available. This eventually benefits society at 
large.46 Various central societies like ILAR (International League of 
Associations for Rheumatology), EULAR, PANLAR (Panamerican 
League of Associations for Rheumatology), AFLAR (African League 
of Associations for Rheumatology), ACR, and BSR provide a wide 
array of opportunities for their members.
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APLAR is a central agency started in 1963 by 4 nations, 
Australia, India, Japan, and New Zealand, and is affiliated with ILAR 
with currently 34 members.47 APLAR helps to consolidate and 
propagate rheumatology endeavors in the Asia- Pacific region by 
providing state- of- the- art care to patients with arthritis and other 
rheumatic diseases and helping APLAR members with profes-
sional development, increasing the understanding and awareness 
of rheumatic diseases, and promulgating scientific research in the 
field of rheumatology.48 It has also helped nurture young scholars 
with education grants, rewarding ideas, and interest groups under 
the guidance of experienced mentors. This facilitates the build-
ing of an efficient and capable academic community. The online 
courses, educational projects, and training modules with support-
ive materials have helped members to build a much- needed medi-
cal academic community.49

APLAR has SoMe profiles on Twitter and Facebook. The 
Facebook profile showed an increase in followers by almost 3000 
in 3 years. The age of their audience ranges between 25- 34 years 
with 61% males and 38% females. Their largest audience is in Dhaka, 
Bangladesh, followed by Kathmandu, Nepal with a large majority of 
them accessing the information in English. The information shared 
on their profile reaches vast audiences residing in Taiwan, Bangkok, 
Singapore, Iraq, and South Korea. They also have a COVID updates 
page with 479 followers.

To improve its outreach APLAR should expand its presence to 
other SMPs like Instagram and YouTube to connect with a diverse 
audience. Publishing newsletters, conducting certification courses 
on social media conduct, like the EULAR Twitter course, and having 
mentorship programs, allows for building of a vast online community. 
Young medical students can be involved by allowing them to send in 
small write- ups, poems, or animations for publishing. Images, includ-
ing infographics or access to articles, videos with post- publication 
scientific discussions, and podcasts with mentor- mentee discus-
sions, or young rheumatologist opinions, may help cater to the needs 
of the vast audience.

Virtual congresses and online learning platforms are not only fi-
nancially feasible but also have a wider impact showing a huge shift 
from yesteryear's physical forums. Extracting from the success of 
specialist trainings held by EULAR, APLAR too can provide for such 
curricula to improve the practice of rheumatology in the countries 
of the Asia- Pacific region. However, the impact of such curricula 
will be seen if there are no bottlenecks in joining central agencies. 
Intermediate agencies like member national organizations (MNO) 
play an important role in this sphere. An independent researcher 
should be allowed to obtain an APLAR membership online without 
the interference of a MNO, if they fulfill the requirements. This calls 
for a robust screening process to eliminate false personas and neg-
ative elements.

Central agencies can pave the way for the increased participa-
tion of young scholars in the medical fraternity and provide them 
early exposure to the vast global medical community. The con-
cept of intelligent tutoring systems and personalized learning plat-
forms will capture a large component of the Asia- Pacific academic 

community. This will help ensure that young entrants in the field 
are updated and have a broad understanding of the rheumatology 
community.

6  | CONCLUSIONS

The use of SoMe in scholarly communication is the need of the hour 
with enriching global discussions taking place. Participation of the 
Asia- Pacific countries in such discussions will enhance the avail-
able scientific knowledge and allow for globally uniform healthcare. 
They will also lead to the formation of strong and sustaining social 
relationships and eventually help with improving healthcare practice 
throughout the world. This brief calls to action young scholars to join 
academic discussions on SMPs, especially Twitter, and identify the 
need for scientific representation and contribution on a global scale. 
The improved global scientific contribution will lead to the better-
ment of rheumatology in particular, but also medicine and humanity 
in general.
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1  | INTRODUC TION

We authors were the first American rheumatologists to learn ar-
throscopy from another rheumatologist and apply it exclusively to 
arthritis patients, including operative interventions. Our mentor 
Bill Arnold learned the technique in a cooperative venture with or-
thopedist David Stulberg of Northwestern University beginning in 
'81, then taught RWI in '85 and KCK in '88, who each subsequently 

worked with orthopedists before embarking on independent prac-
tice at their home institutions. We appreciated from the beginning 
the tremendous potential for arthroscopy as a tool not only for direct 
therapy, but for both clinical and research assessment. We've seen 
the surge of interest among rheumatologists fade into the new cen-
tury, with arthroscopy employed as a research tool in only a handful 
of institutions, all outside the USA. Tools for basic assessment of 
the synovium have grown much more powerful, and arthroscopes 
themselves have been transformed into tiny inexpensive items ready 
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Abstract
Conditions prompting physicians and surgeons first adapting endoscopes to peer 
into joints were mainly the sort of synovial conditions that would concern today's 
rheumatologists. Rheumatologists were among the pre- World War II pioneers de-
veloping and documenting arthroscopy. The post- War father of modern arthros-
copy, Watanabe, found rheumatologists among his early students, who took back 
the technique to their home countries, teaching orthopedists and rheumatologists 
alike. Rheumatologists described and analyzed the intra- articular features of their 
common diseases in the ’60s and ’70s. A groundswell of interest from academic rheu-
matologists in adapting arthroscopy grew considerably in the ’90s with development 
of “needle scopes” that could be used in an office setting. Rheumatologists helped 
conduct the very trials the findings of which reduced demand for their arthroscopic 
services by questioning the efficacy of arthroscopic debridement in osteoarthritis 
(OA) and also developing biological compounds that greatly reduced the call for any 
resective intervention in inflammatory arthropathies. The arthroscope has proven 
an excellent tool for viewing and sampling synovium and continues to serve this pur-
pose at several international research centers. While cartilage is now imaged mainly 
by magnetic resonance imaging, some OA features –  such as a high prevalence of 
visible calcinosis –  beg further arthroscopy- directed investigation. A new generation 
of “needle scopes” with far superior optics awaits future investigators, should they 
develop interest.
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for in- office use. We hypothesize that this combination of factors 
should be leading to another surge of interest in arthroscopy among 
rheumatologists. To describe the arc that got us here, and where we 
might go next, we undertook this review.

2  | SE ARCH STR ATEGY

We searched literature employing PubMed, Scopus, and Web of 
Science using search terms “arthroscopy AND rheumatology” plus 
“arthroscopy AND (synovitis OR synovium)” to find references to 
supplement our own personal libraries and recollections.

3  | BEGINNINGS

Rheumatologists have had an interest in arthroscopy since its in-
ception. Most of the conditions which the early arthroscopists ex-
amined were chronic synovial conditions of the sort that modern 
rheumatologists would nowadays have a role in managing.1,2 Those 
orthopedists who used the scope to evaluate internal derangements, 
which would make arthroscopy so popular with later generations of 
orthopedists, eventually abandoned the technique for lack of inter-
est from their peers.1,3 The first book on arthroscopy was written by 
German rheumatologist Ernst Vaubel.4

World War II paused all investigation into arthroscopy. After the 
War, Makei Watanabe refined the arthroscope, documented and re-
corded (with drawing, camera and movie) mechanical and synovial 
conditions of the knee, and performed the first resective procedures 
under arthroscopic guidance.5 Among his many students were rheu-
matologists from several countries, who took their skills home and 
trained others.6- 10 Rheumatologists were the main arthroscopists in 
France11 and Cuba12 into the 21st century. Watanabe's most famous 
student, Canadian orthopedist Bob Jackson, became the prime 
developer of arthroscopic surgery in North America.13 He wel-
comed interest from rheumatologists and helped train Roy Altman 
(University of Miami) in the ’60s, plus Joe Combs (Mayo) and Nathan 
Wei (Frederick MD) in the ’80s.

British,14,15 Spanish,16 French,10 American,17 Canadian,18 Mexican6 
and Australian19 rheumatologists described the arthroscopic features 
of the chronic conditions they were facing in the ’60s and ’70s. A 
Watanabe- trained rheumatologist in Mexico City became the first to 
use an arthroscope to judge treatment effects, assessing the effect 
of azathioprine on rheumatoid synovitis.20 Fiberoptic illumination of 
the arthroscopic view, replacement of the eyeball with a video cam-
era for capture and recording of that view,21 and the suction- assisted 
motorized shaver made arthroscopy a less dangerous and demanding 
procedure.22 Explosion of growth in orthopedics was accompanied 
by growing interest among rheumatologists. Bill Kelley, in his 1987 
presidential address to the American Rheumatism Association (ARA: 
now American College of Rheumatology) outlining ways forward to 
enhance what he saw as weak interest in rheumatology among stu-
dents and trainees, stated, “I believe we need to expand the specialty 

of rheumatology to cover some of the peripheral areas which now 
are largely ignored and sometimes poorly handled. This would in-
clude …the use of certain technical procedures which are appropriate to 
our specialty” (our emphasis).23 The ARA Board of Directors in June 
'86 approved guidelines for performance of arthroscopy by rheu-
matologists.24 Arthroscopy Association of North America (AANA) 
guidelines were not published till '9325 but did include a path for non- 
orthopedists to perform non- operative arthroscopy and were pub-
lished in every issue of Arthroscopy until January 2019.

Students of the synovium assessed further basic appearances of 
rheumatologic conditions,26,27 made correlations between macro-
scopic and microscopic appearances,28 including the development of 
grading scales,29,30 and described unique characteristics of certain 
conditions, such as psoriatic arthritis,31 Behçet's,32 sarcoidosis,33 
polymyalgia rheumatica,34 familial Mediterranean fever,35 and amy-
loidosis revealing myeloma.36 Advances in arthroscopic technology 
that led the procedure out of the operating room into the procedure 
suite and office made evident the role the arthroscope could play in 
assessment of synovial disorders. Arthroscopic assessment proved 
critical in judgment of responses to treatment, both systemic37,38 
and intra- articular37,39- 41 and in further basic investigations of the 
synovium in various disorders,42- 44 including comparison with imag-
ing modalities.45,46

Much of the volume driving use of arthroscopy by rheumatolo-
gists in the ’80s and ’90s concerned use in knee osteoarthritis (OA). 
Although some basic assessment studies were conducted,47- 49 the 
major focus was on treatment. The first of many controlled trials 
questioning the utility of arthroscopy in knee OA came from rheu-
matologists,50 as did investigations showing the joint lavage so often 
ascribed to arthritis improvement following arthroscopy was no 
more than a placebo effect.51 Additional investigations sowing the 
same doubt quelled any use of arthroscopy in OA by rheumatolo-
gists but have not yet completely permeated orthopedic practice.52 
Use of arthroscopy in knee OA has shown that magnetic resonance 
imaging (MRI) assessment is equivalent to direct assessment,53 and 
that directed physical exam can predict cartilage abnormalities dis-
closed at arthroscopy.54

4  | THE 21ST CENTURY

In a frank turn- of- the- century discussion of the skills a rheumatolo-
gist might possess to face the future, arthroscopy was mentioned at 
some length.55 Yet, use of arthroscopy faded among American rheu-
matologists. RWI did his last case in '01, Bill Arnold in '03 and KCK 
in '09.56 However, the new millennium saw an explosion of publica-
tions from European and Australian centers using the arthroscope 
to study synovium, mainly of the idiopathic inflammatory arthropa-
thies. Progress was enhanced by development of mini- arthroscopes 
capable of examining small joints,57 establishment of systems to 
score the macroscopic synovial appearance,58 and appreciation of 
the variability of synovial characteristics within any joint,59 and ef-
ficient methods of assessing synovial tissue.60
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5  | SYNOVIAL DISORDERS

Macroscopic,61- 66 microscopic,67- 73 and molecular74- 82 features of 
synovium were characterized, with a particular interest in early 
disease states,83- 96 including pre- clinical97- 100 and even normal 
synovium.101 Differences between various disease states were 
discerned.102- 116 The arthroscope was used extensively to as-
sess effects of various treatments, both intra- articular117 and 
systemic.56,118- 159 While orthopedists focused on arthroscopy in 
infectious arthritis as a treatment modality,160 rheumatologists uti-
lized the arthroscope to diagnose and monitor Whipples' disease161 
and to characterize features of patients with parvovirus B19 in their 
synovium.162

6  | OA

While use of the arthroscope to treat OA fell out of favor early 
in the century, it was used to characterize synovium163,164 and 
cartilage,163 including correlation with MRI findings.164 It was 
shown that a Jamshidi needle can be applied to sample cartilage 
at arthroscopy for outcome studies,165 and that calcinosis is a re-
markably prevalent arthroscopic finding in knee OA, even absent 
radiographic chondrocalcinosis.166 Synovitis was identified as 
predictive of cartilage loss.167 Grading systems for cartilage dam-
age were validated.168 Two trials comparing intra- articular hya-
luronates with corticosteroids demonstrated at arthroscopy that 
the 2 compounds had equivalent effects on synovitis,169,170 while 
progression of cartilage damage was less in hyaluronate- treated 
knees.170 A report from Bulgaria described positive effects of ar-
throscopic debridement and washout in knee OA 2 years after 
publication of results from controlled trials discrediting these 
interventions.171 A recent commentary described positive find-
ings regarding joint washout appearing since the trials which 
seemingly discredited the procedure, suggesting that washout 
should be reconsidered as a treatment modality for knee OA.172 
A recent report describing isolation from arthroscopic washout 
fluid of mesenchymal stem cells that can be encapsulated in a 
cross- linked hydrogel which can then generate new cartilage ma-
trix in an animal model suggests the therapeutic effect of joint 
washout may someday extend beyond the immediate effect on 
the joint.173

7  | IMAGING

Arthroscopy served as a gold standard to which MRI174,175 and ul-
trasound176- 179 were compared, including descriptions of simultane-
ous use of ultrasound and arthroscopy to assess synovitis.180,181 An 
example of another arthroscopy- directed assessment that cannot 
be duplicated by an ultrasound- guided procedure, the oxygena-
tion state of the synovial membrane was measured using the Lidox 
probe, developed to assess brain tissue.72,152,156,182- 184 TA
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8  | CURRENT STATUS OF INVESTIGATION 
OF SYNOVIUM

Use of arthroscopy in investigation of synovial disorders has per-
sisted in several international centers (Table 1). While ultrasound- 
directed biopsy has become popular for obtaining synovium for 
study,185 a retrospective review found that patient- related out-
comes were no worse following arthroscopic biopsy than the sim-
pler ultrasound- guided procedure.186 A multicenter retrospective 
analysis evaluating performance of blind, ultrasound- guided and 
arthroscopic synovial biopsy techniques in patients with inflamma-
tory arthritis found the amount and quality of tissue procured under 
ultrasound was as satisfactory as that from arthroscopy, although 
no small joints were arthroscoped and sublining macrophage num-
ber –  a marker for the synovial lining layer and thus an indicator 
of the quality of the specimen –  was greater in arthroscopy sam-
ples187 Add to this the capabilities of arthroscopy to provide a larger 
volume of tissue, assess macroscopic characteristics of tissue, and 
obtain tissue from joint areas not accessible from ultrasound, and 
the attractions of arthroscopy become obvious, judged the “gold 
standard” for synovial biopsy by a panel convened to assess biopsy 
procedures.188 Veale, one of the pioneers of modern rheumatologic 
arthroscopy in Europe, recently re- emphasized the critical role the 
arthroscope plays in investigations of the synovium.189 Synovial bi-
opsies and their interpretation will also be augmented by increased 
use and would evolve the field of synovial histopathology as well. 
And arthroscopic biopsy may not be without benefit to the patient, 
with the washout accompanying the procedure conferring bene-
fit,190 with larger the volume the better,191 especially if capped with 
a corticosteroid injection.192

While blind, closed synovial biopsy has been possible since the 
’50s, the procedure never was widely applied.193 Ultrasound- guided 
synovial biopsy has become very popular, drawing in many former 
rheumatologist- arthroscopists. Access is possible in a clinic room, 
and no operating room politics are involved. However, without 
being able to visualize the tissue being sampled or obtain fairly large 
volumes of tissue from such areas, ultrasound- guided biopsy can 
hardly be considered a comparable substitute for an arthroscopic 
biopsy. Further, such critical areas in the joint where the synovium 
may have an important relationship with intra- articular structures, 
such as the meniscus, the cruciate ligament, and the cartilage- 
pannus junction194 are simply out of the reach of any ultrasound- 
guided procedure.

Chaturvedi et al. recently posited that the very terminology 
rheumatologists use in describing their use of arthroscopy may be a 
hindrance to wider acceptance by peers, patients, other physicians 
and surgeons, and the general public.195 He proposed we call what 
we do “medical arthroscopy” to distinguish it from the surgical 
and operative interventions favored by orthopedists and still per-
ceived by some who wonder what we're doing, and why (Table 2). 
Moving the procedure fully out of the operating room hasn't been 
enough, it seems. Mundane administrative factors can impair use 
of arthroscopy by rheumatologists. For example, while in the US 
rheumatologists and orthopedists employ the same CPT (Current 
Procedural Terminology) codes when billing for arthroscopic pro-
cedures, in Australia there is an item number for orthopedic proce-
dures associated with renumeration whereas there is no such item 
number for “medical arthroscopy” and therefore no funding for the 
procedure.

9  | NE W ARTHROSCOPES

Technological advances in arthroscopy have produced a new gen-
eration of “scopes” even more suited to the office environment than 
their predecessors (Figure 1).196 Each has combined small size with 
modern image processing power of the sort that has made your cell 
phone camera the equivalent of an SLR. The old dark blurry needle 
scope images of the ’90s have been replaced with images worthy of 
a 4.0 mm glass lens operating room scope. The images are projected 
to the equivalent of a tablet, so the whole unit is much more com-
pact and much cheaper than an old office unit or operating room 
setup. These “scopes” are primarily promoted as diagnostic instru-
ments, although one of the manufacturers has developed a line of 
hand- operated and motorized instruments for tissue resection suit-
able for use with the new small scope.197 These arthroscopes beg 
to be deployed in rheumatology offices, but the interest has yet to 
develop. Orthopedists are taking notice.198

10  | WAYS FORWARD

It has recently been written that orthopedists “are falling out of 
love with arthroscopy”,199 as commonly performed arthroscopic 
surgical procedures fall victim to the scrutiny of prospective con-
trolled trials. Use of arthroscopic surgery is truly falling off.200 

Indication for arthroscopy Benefits of arthroscopy

Does the patient have synovial 
inflammation?

Distinguishing inflammatory arthritis, eg, psoriatic arthritis 
from osteoarthritis.

Investigation of persistent swelling of one joint with 
otherwise well- controlled inflammatory arthritis

What is the etiology of synovial 
inflammation?

Diagnostic histopathology: sarcoidosis, crystal arthritis, 
atypical infections, eg, mycobacterial, fungal, parasitic

Research Using histopathologic features to stratify therapeutic choice, 
eg, use of rituximab in rheumatoid arthritis

TA B L E  2   Summary of indications for 
and benefits of medical arthroscopy (from 
reference 195, with permission)
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Rheumatologists fell into a similar pit, after first seeing their proce-
dure as a help with OA or an intervention for rheumatoid arthritis 
(where biologics have made it unnecessary). Yet the utility of ar-
throscopy as a tool to assess synovium remains incredibly underu-
tilized. Tools to evaluate synovial tissue have become ever more 
powerful.201 Rheumatologists have not entirely put the arthro-
scope down. There are many reasons for them to pick it up again. 
Access to arthroscopy is easier and cheaper than ever. Learning 
how to do it is admittedly a challenge. Not everyone has the unique 
set of psychomotor skills necessary to manipulate the scope and 
instruments in 3 dimensions. Some will never get it, even as some 
orthopedists find out.202 Apparently, it helps if you're good at 
video games.203 Virtual reality- based arthroscopy simulators have 

been developed204- 206 and have been used successfully in ortho-
pedic surgery training programs.207 The range of skills required for 
the uses a rheumatologist might have for an arthroscope are not as 
broad as those required to perform arthroscopic surgery. Use of 
a simulator could accelerate the rate at which an interested rheu-
matologist might acquire those skills. And applying those skills can 
certainly add to job satisfaction. There is joy in the successful ap-
plication of hand- eye coordination that comes with doing arthros-
copy, and in seeing directly the pathologies about which one had 
only been inferring for years; while too serious to be called a game, 
those who do it always get a big kick out of it, every time. And is 
there something bad about bringing some fun to the practice of 
medicine?208,209

11  | CONCLUSIONS

In part due to lessons learned from arthroscopy, rheumatology 
stands on the brink of true “precision medicine”, with treatments 
tailored to specific individual characteristics of each patient.210,211 
It remains generally accepted that arthroscopy is the gold standard 
for assessing and obtaining the synovium that would guide such 
therapy,212,213 particularly since the variability in synovial charac-
teristics cannot be accounted for by externally guided sampling.214 
Means to assess synovial tissue are about to take another quantum 
leap.215 The future for treatment of inflammatory joint disorders 
looks bright, with arthroscopy possibly a very big part of that future. 
Barriers to performance of this procedure have been broken down 
by newly available instruments. It's time for rheumatologists to pick 
up the arthroscope again.
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1  | INTRODUC TION

Takayasu arteritis (TAK) is a chronic and granulomatous vasculitis 
that mainly involves the aorta and its primary branches. Stenosis, 
obstruction or dilation might lead to important organ dysfunctions 
and reduce quality of life.1- 3 Thus, although TAK is a rare disease, it 
deserves great concern. This disease was first reported in Japan4 
and is more commonly seen in East Asia. Although the prevalence 
and incidence have been reported in some regions, the global distri-
bution characteristics of TAK are still unclear.

Currently, the identification of TAK patients is most widely per-
formed according to the 1990 American College of Rheumatology 
(ACR) classification criteria.5 Other diagnostic criteria include the 
initial 1994 definition in the Chapel Hill consensus and its 2012 revi-
sion,6,7 the Ishikawa criteria,8 as well as Sharma's criteria.9 According 

to the 1990 ACR classification criteria, the diagnosis of TAK needs 
professional knowledge and imaging techniques. Hence, a definitive 
diagnosis is usually made in large- scale comprehensive hospitals. For 
most diseases, epidemiological surveys are mainly based on popu-
lation data; however, for TAK, the survey of population- based data 
are scarce because of its low prevalence as well as the complicated 
diagnostic criteria.3,10- 13 Hospital- based investigation is an effective 
method for obtaining TAK epidemiological data.

Epidemiological data on TAK are still lacking in China. Shanghai, 
on the east coast of China, is one of the country's most important 
metropolises. There are in total 22 large- scale comprehensive hos-
pitals, the catchment areas of which cover the whole city, providing 
all primary and secondary care for TAK to its residents. These hos-
pitals have sufficient facilities and multidisciplinary specialist teams 
that were required by TAK for diagnosis, treatment and clinical 
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Abstract
Background: Takayasu arteritis (TAK) is a rare large vessel vasculitis, and epidemio-
logical data on TAK are lacking in China. Thus, we designed this study to estimate the 
TAK prevalence and incidence in residential Shanghai, China.
Methods: Data on diagnosed TAK cases aged over 16 years were retrieved from 22 
tertiary hospitals in Shanghai through hospital electronic medical record systems be-
tween January 1, 2015 and December 31, 2017 to estimate the prevalence and inci-
dence. A systematic literature review based on searches in PubMed, Ovid- Medline, 
Excerpta Medica Database (EMBASE), Web of Science, and China National Knowledge 
Infrastructure (CNKI) was performed to summarize TAK distribution across the world.
Results: In total 102 TAK patients, with 64% female, were identified. The point preva-
lence (2015- 2017) was 7.01 (95% CI 5.65- 8.37) cases per million, and the mean annual 
incidence was 2.33 (1.97- 3.21) cases per million. The average age of TAK patients 
was 44 ± 16 years, with the highest prevalence (11.59 [9.23- 19.50] cases per million) 
and incidence (3.55 [0.72 3.74] cases per million) in the 16 to 34 years population. 
Seventeen reports were included in the system review, showing that the epidemiol-
ogy of TAK varied greatly across the world. The incidence and prevalence were both 
relatively higher in Asian countries, with the prevalence ranging 3.3- 40 cases per mil-
lion and annual incidence ranging 0.34- 2.4 cases per million.
Conclusions: The prevalence and incidence of TAK in Shanghai was at moderate to 
high levels among the previous reports. The disease burden varied globally among 
racial populations.

K E Y W O R D S

China, incidence, prevalence, system review, Takayasu arteritis
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assessment. Thus, we designed this research using the diagnosed 
cases based on the electronic medical records systems in 22 com-
prehensive hospitals in combination with local population data to 
estimate the prevalence of TAK in Shanghai, China. Furthermore, a 
systematic review was performed to describe the global distribution 
and disease burden of TAK.

2  | MATERIAL S AND METHODS

2.1 | Study design

A multidisciplinary team (MDT), comprised of rheumatologists, vas-
cular surgeons, cardiologists, cardiac surgeons, nephrologists, neu-
rologists, and imaging specialists, was established to discuss and 
draft the study protocol. This panel was also responsible for over-
seeing the process, the training of investigators, and the review of 
the TAK diagnosis. Data on TAK in Shanghai were collected from the 
electronic medical record systems of 22 comprehensive hospitals 
between January 1, 2015 and December 31, 2017. The electronic 
medical records comprise of both outpatients and inpatients.

A systematic literature search was also conducted. PubMed, 
Ovid- Medline, Excerpta Medica Database (EMBASE), Web of 
Science as well as China National Knowledge Infrastructure (CNKI) 
were searched before December 31, 2018 with terms involving TAK, 
incidence, and prevalence. Two researchers independently reviewed 
the reports and extracted the information according to the inclusion 
criteria. Disagreements were resolved by discussion.

2.2 | Ethics approval of the study protocol

The procedures were in accordance with the tenets of the 1975 
Helsinki Declaration and its later amendments. The study protocol 
was approved by the Ethics Committees of Zhongshan Hospital, 
Fudan University, Shanghai, China (B2013- 115[3]). Written informed 
consent was obtained from all patients to use their data.

2.3 | Data collection

2.3.1 | Study population

There are in total 22 large- scale comprehensive hospitals, the catch-
ment areas of which could cover the whole city (Shanghai). The 
International Classification of Diseases (ICD)−10 code I177.601 was 
used to screen the electronic databases of the above 22 hospitals for 
identifying TAK cases diagnosed from January 1, 2015 to December 
31, 2017. In addition, manual searches using key words including 
aortic ulceration, stenosis, occlusion, dilation, aneurysm, dissection, 
and pseudoaneurysm were also conducted. What is more, young pa-
tients (<40 years old) with hypertension, cerebrovascular accident/
stroke, and limb claudication/pulselessness were also screened. The 

national personal identification number with the first 3 digits “310” 
was used to identify indigenous Shanghainese. Medical records of 
all TAK patients, who had been registered as Shanghainese with 
age over 16 years, were retrieved. Rehospitalization cases were ex-
cluded from the analysis.

The population of total indigenous Shanghainese (the national 
identity document [ID] also with the first digits “310”) during the 
study period, was provided by the Shanghai Statistics Bureau. At the 
end of December 31, 2015, the total Shanghainese population was 
14 429 700 and increased to 14 551 300 at the end of December 
31, 2017.

2.3.2 | Diagnosis and angiographic 
classification of TAK

The diagnosis of TAK was confirmed by the MDT with reference to 
the 1990 ACR classification criteria.5 All confirmed TAK cases were 
cross- matched against the Shanghai mortality database to identify 
survival status on December 31, 2017.

The angiographic classification referred to the 1996 Numano cri-
teria: type I (branches of the aortic arch), type IIa (ascending aorta, 
aortic arch and its branches), type IIb (ascending aorta, aortic arch 
and its branches, and thoracic descending aorta), type III (thoracic 
descending aorta, abdominal aorta, and/or renal arteries), type IV 
(abdominal aorta and/or renal arteries), and type V (combined fea-
tures of types IIb and IV).14

2.4 | Systematic literature review

The search strategy used Medical Subject Heading (MeSH) search 
terms for “Takayasu arteritis”, “aortic arch syndrome” and “large ves-
sel vasculitis” in combination with keyword terms for epidemiology 
or incidence or prevalence –  (“Takayasu Arteritis” [MeSH] OR “Aortic 
Arch Syndromes” [MeSH] OR “Large vessel vasculitis” [MeSH]) 
AND (“epidemiology” OR “incidence” OR “prevalence”). The data-
bases searched included PubMed, Ovid- Medline, EMBASE, Web of 
Science, and CNKI before December 31, 2018.

All articles were downloaded and selected on the basis of title and 
then the abstract for full review. Articles were included if they were 
written in English or Chinese language and were about the incidence 
or prevalence of TAK in human subjects. Exclusion criteria were re-
view articles, conference proceedings, abstracts or editorials, arti-
cles in press, and observational studies unrelated to epidemiology. 
Information on author, journal, year of publication, country, region, 
diagnosis, study period, number of incidents or prevalent cases, inci-
dence (per million person- years) or prevalence (per million persons) 
was collected. In addition, any age- , gender- , or ethnic group- specific 
incidence or prevalence rates reported were collected in detail. Age- 
adjusted or standardized results were presented whenever available. 
The screening process is shown in Figure 1. In the end, 17 reports 
with either population- based or hospital- based epidemiological data 
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on TAK were included. The quality of all included articles was graded 
as low to moderate according to the agency for healthcare research 
and quality tools (Table S1).15

2.5 | Statistical analysis

The general characteristics of TAK patients were summarized, in-
cluding age, gender ratio, and imaging classification. The point 
prevalence (2015- 2017) was estimated using the corresponding TAK 
case numbers as numerator and the population number at the end 
of December 31, 2017 as the denominator. For annual incidence es-
timation, the newly diagnosed cases between 2016 and 2017, re-
ferred to those diagnosed in 2015, were used as numerator and the 
average population number between 2016 and 2017 was used as 
the denominator. The rates of prevalence and incidence were de-
fined as per million persons. We also calculated the prevalence by 
age (the age at enrollment) and gender groups, respectively. Poisson 
distribution was used for uncertainty estimation, reported as 95% 
confidence intervals (CI). Epidemiological data of the system review 
were presented as a histogram.

SPSS Statistics v25.0 (IBM, Armonk, NY, USA) was used for all 
analyses.

3  | RESULTS

3.1 | Epidemiology of TAK in Shanghai

In total, 270 suspected TAK patients, were identified from the 
electronic medical records systems of 22 comprehensive hospitals 
in Shanghai after the first screening. Thirty- four rehospitalization 
cases were excluded, and then the suspected cases were screened 
manually by 2 rounds of MDT review. One hundred and thirty- four 

cases, who only had a single vascular lesion without any systemic 
symptoms and systemic as well as local inflammation, were also ex-
cluded. Finally, 102 patients were confirmed (Figure 2). The average 
age of TAK patients at enrollment was 44 ± 16 years, and the gender 
ratio (female:male) was 1.8:1. Given the imaging classification, type 
V was the most commonly seen (38.2%), followed by type I (22.6%), 
type II (20.6%: IIa, 9.8%; IIb, 10.8%), type IV (11.8%), and type III 
(6.8%).

Of the 102 confirmed TAK patients, 68 were diagnosed be-
tween 2016 and 2017 (incident cases), and the remaining 34 cases 
were diagnosed in 2015, but were all still alive and living within the 
study area on the date of overall prevalence estimation. The point 
prevalence (2015- 2017) was 7.01 (95% CI 5.65- 8.37) cases per 
million, while based on the 68 patients newly diagnosed between 
2016 and 2017, the mean annual incidence of TAK was 2.33 (95% 
CI 1.97- 3.21) cases per million total population. The prevalence 
(8.99 [95% CI 6.86- 11.2]) and incidence (3.00 [95% CI 2.13- 4.76]) 
were both higher in the female population and was highest in the 
16- 34 years subgroup (prevalence 11.59 [95% CI 9.23- 19.50] cases 
per million; incidence 3.55 [95% CI 0.72 3.74] cases per million) 
(Table 1).

3.2 | Prevalence of TAK worldwide

Among 13 TAK prevalence studies, 5 were population- based3,10- 13 
and 8 were hospital- based.16- 23 According to population- based data 
from Japan up to 2012, the prevalence is over 40 per million, which 
is the highest in our review.3 Compared with Asia, the prevalence 
of TAK in Europe was much lower, ranging from 4.7 to 8 per million 
based on different time spans10- 12 (Table 2 and Figure 3).

From hospital- based studies, the prevalence in Turkey was higher 
than in other countries in Asia: 33 cases per million in Edirne, 2014.16 
In Europe, the highest prevalence was reported in southeastern 

F I G U R E  1   Flow chart of systematic 
literature review. A systematic literature 
search was conducted. PubMed, Ovid- 
Medline, Excerpta Medica Database 
(EMBASE), Web of Science as well as 
China National Knowledge Infrastructure 
(CNKI) were searched before December 
31, 2018 with terms involving Takayasu 
arteritis, incidence, and prevalence. In the 
end, 17 reports with either population- 
based or hospital- based epidemiological 
data on Takayasu arteritis were included
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Norway up to 2012, 25.2 per million according to the Ishikawa diag-
nostic criteria, and 22.0 per million according to 1990 ACR criteria.19 
One study from Western Australia reported TAK prevalence in 1992 
was 3.2 cases per million in Caucasians22 (Table 2 and Figure 3).

Three studies reported prevalence in age subgroups, and in-
dicated that the prevalence in young people (<40 years old) was 
higher,10,18 except the survey in Izmir, Turkey, 201017 (Table 2).

3.3 | Incidence of TAK worldwide

Among the 15 included TAK incidence studies, 4 were population- 
based10- 13 and 11 were hospital- based.16- 26 According to 
population- based data, the highest incidence was reported in 
Korea, where it was up to 2.4 cases per million per year and the 
ratio of female:male was 4.44:1.13 The incidence in Europe was 

F I G U R E  2   Flow chart of study case screening and confirmed diagnosis. In total, 270 suspected Takayasu arteritis patients, were 
identified from the electronic medical records systems of 22 comprehensive hospitals in Shanghai using the International Classification of 
Diseases (ICD)−10 code I177.601 or manual searches. First, 34 rehospitalization cases were excluded, and then the suspected cases were 
screened manually by 2 rounds of multidisciplinary team (MDT) review. One hundred and thirty- four cases, who only had a single vascular 
lesion without any systemic symptoms and systemic as well as local inflammation, were also excluded. Finally, 102 patients were confirmed

TA B L E  1   The epidemiology of Takayasu arteritis in Shanghai during 2015 and 2017

Year Subgroup
No. of 
cases

Population 
size

Prevalence (2015- 2017)
Cases per million (95% CI)

Mean annual incidence (2016- 2017)
Cases per million (95% CI)

2015 Total 34 14 429 700

Female 22 7 266 000

Male 12 7 163 700

16- 34 y old 11 2 914 000

35- 59 y old 14 5 535 700

>60 y old 9 4 359 500

2016 Total 33 14 660 000

Female 26 7 306 500

Male 7 7 193 500

16- 34 y old 14 2 755 900

35- 59 y old 14 5 482 400

>60 y old 5 4 578 000

2017 Total 35 14 551 300 7.01 (5.65 8.37) 2.33 (1.97 3.21)

Female 18 7 338 400 8.99 (6.86- 11.2) 3.00 (2.13 4.76)

Male 17 7 212 900 4.99 (3.37- 6.64) 1.66 (0.98 3.14)

16- 34 y old 5 2 589 700 11.59 (9.23- 19.50) 3.55 (0.72 3.74)

35- 59 y old 20 5 415 000 8.86 (6.28- 11.20) 3.12 (1.47 5.11)

>60 y old 10 4 816 100 4.98 (3.14- 7.33) 1.59 (1.04 3.29)
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relatively low (0.4- 0.92 cases per million per year)10- 12 (Table 3 and 
Figure 3).

Analysis in hospital- based studies showed that the incidence of 
TAK worldwide was 0.42- 3.4 cases per million per year. The high-
est incidence was 3.4 cases per million per year reported in Edirne, 
Turkey.16 In the US, the yearly incidence of TAK was 2.6 cases per 
million, second highest in the world.25 In a Western Australian study 
from 2000 to 2015, the incidence in Caucasians was 0.3 cases per 
million per year22 (Table 3 and Figure 3).

There were only 3 articles mentioning the concrete data about 
gender, pointing out that the incidence in males was much lower 
than that in females.13,16,21 In addition, 3 reports indicated that the 
incidence was higher in young people (<40 years),10,17,21 although 
another 2 studies in Turkey and Sweden showed no difference in 
different age groups16,18 (Table 3).

4  | DISCUSSION

To our knowledge, this is the first study to estimate the epidemi-
ology of TAK in a Chinese population in a defined geographical 
area, Shanghai, supporting approximately 24 183 300 people (ap-
proximately 14 million indigenous Shanghainese). Shanghai is one of 
the most important megalopolises in China, and has 22 large- scale 
comprehensive hospitals, which covered all the 16 administrative 
regions and provide medical support for the overwhelming majority 
of Shanghai residents. Due to the complicated diagnostic require-
ments, it is most likely that TAK patients among Shanghai residents 
would be identified and followed in these 22 comprehensive hospi-
tals. Thus, we designed this study to estimate the TAK epidemiology 
through the electronic medical record systems of these 22 compre-
hensive hospitals in Shanghai.

In summary, the point prevalence (2015- 2017) was 7.01 cases 
per million, with mean annual incidence of 2.33 cases per million, 
which was both at moderate to high levels among the previous re-
ports. The incidence reported in our study was higher than the re-
ports during the same period from Western countries. Analysis of 
gender and age subgroups were also performed to further identify 

the disease burden. The highest prevalence (11.59 cases per mil-
lion) and incidence (3.55 cases per million) was both demonstrated 
in the 14- 34 years old population. Furthermore, our results also in-
dicated gender difference in the prevalence and incidence, which 
was both much higher in females than that in males, and was in 
accordance with results in former research.13,16,21

In the present study, we also made a comprehensive literature 
review in order to clarify the TAK burden across the world. High 
heterogeneity was found. In Asia, the annual incidence was 0.34- 
2.4 cases per million, while the prevalence ranged 3.3- 40 cases 
per million. In European countries, America, Australia, and other 
countries and regions, the annual incidence rate was about 0.4- 2.6 
cases per million, with the prevalence of 0.64- 22 cases per million. 
The etiology of TAK remains unclear. The discrepancy of regional 
distribution may be attributable to inherent and acquired risk fac-
tors, such as genetic susceptibility, infection- related factors, and 
environmental and economic factors. Various investigation inter-
vals in the reports may also contribute to the high heterogeneity. 
Further study was needed to clarify the features of TAK epidemiol-
ogy during the same period.

In addition, the incidence of TAK in Asia showed an increasing 
trend, while there was no changed trend in incidence in Europe and 
America from the 1980s to 2010s. Furthermore, female patients 
were predominant, while there was no obviously higher incidence 
in the subgroup aged <40 years than in other age subgroups. This 
may be related with the delay of diagnosis from disease onset. Most 
patients with TAK manifest occult onset and complain of mild symp-
toms, which results in ignoring the existence of this special disease 
in its early stage, especially in the regions with underdeveloped sys-
tems of public health. Once there is appearance of typical manifes-
tations, TAK can be correctly identified and classified. However, in 
order to obtain precise epidemic data, the age at diagnosis or survey 
was always used instead of onset age. What is more, the reported 
incidence showed significant differences between population- based 
and hospital- based data. These differences may be attributed to 
the especially strict diagnostic procedure used and some poten-
tial patients with few manifestations may have been missed in the 
hospital- based study.

F I G U R E  3   The prevalence and incidence of Takayasu arteritis (TAK) across the world 
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TA B L E  3   The incidence of Takayasu arteritis in different countries and regions

Author Population Database Diagnosis Case no.

Incidence per million per year (95% CI)

Total Male Female <40 y old

Watts R
2009

England
(Norfolk region, UK, 

2000- 2005)

Population- 
based 
(UKGPRD)

Read code: 
G575.11

14 0.8
(0.4- 1.3)

- - - 

Dreyer L
2011

Denmark
(1990- 2009)a 

Population- 
based (NHR)

ICD8: 446.90 
and 446.91; 
ICD10: M31.4

19 0.4
(0.25- 0.62)

- - 0.6
(0.36- 1.12)

Park S J
2017

Korea
(2008- 2012)

Population- 
based (HIRA 
database)

ICD 10 612 2.4 0.9 4 - 

Kanecki K
2018

Poland
(2011- 2015)

Population- based ICD10: M31.4 177 0.92
(0.68- 1.16)

- - - 

Hall S
1985

America
(Olmsted County, 

1971- 1983)

Hospital- based Angiography 15 2.6 - - - 

Koide K
1992

Japan Hospital- based Experts diagnosis 2148 (1973- 1975)
2606 

(1982- 1984)

1 (1973- 1975)
1.1 

(1982- 1984)

- - - 

El- Reshaid K
1995

Kuwait
(nationwide, 

1985- 1994)

Hospital- based Angiography 19 2.2 - - 3.3

Dadoniene
2005

Lithuania
(Vilnius, 1990- 1999)

Hospital- based 1990 ACR 
classification 
criteria

6 1.3
(1.2- 4.3)

- - - 

Mohammad 
A J

2015

Sweden
(Skane, 1997- 2011)

Hospital- based 1990 ACR 
classification 
criteria

10 0.7 (0.3- 1.2)
(Total)
0.6 (0.2- 1.1)
(Swedish)
1.4 (0- 2.9)
(Non- Swedish)

0 1.5
(0.6- 2.4)

1.1
(0.3- 1.9)

Carlos
2015

Spain
(Marbella)

Hospital- based Hospital 
diagnosis

5 1.1 - - - 

Saritas F
2016

Turkey
(Edirne, 2003- 2014)

Hospital- based 1990 ACR 
classification 
criteria

23 0.34 0.11 0.56 - 

Birlik M
2016

Turkey
(Izmir, 2006- 2010)

Hospital- based 1990 ACR 
classification 
criteria

41 1.11
(0.54- 1.67)

0.15
(0- 0.56)

2.06
0.88- 

3.23)

0.83
(0- 1.67)

Nesher
2016

Arabs
(Jerusalem, 

1990- 2009)

Hospital- based 
(hospital 
registry 
system)

Not mentioned 11 2.1
(1.2- 2.9)

- - - 

Birgir G
2017

Norway
(Southeast, 

1999- 2012)

Hospital- based 1990 ACR 
classification 
criteria/ 
Ishikawa in 
1995

55 1.5
(1.2- 2.0)

- - - 

Makin K
2017

Western Australia
(2000- 2015)

Hospital- based ICD 10: M31.4, 
I77.6;

Keywords:
Doctors 

diagnosis

18 0.42
(overall)
0.3
(Caucasians)
1.1
(Asians)

- - - 

Abbreviations: ACR, American College of Rheumatology; HIRA, the Health Insurance Review and Assessment Service; ICD, International Classification 
of Diseases; NHR, The Danish National Hospital Register; UK, United Kingdom; UKGPRD, The UK General Practice Research Database.
aCapital region, the Zealand region, the Island of Bornholm, and Christians Island.
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There are some limitations in the present study. First, our data 
was hospital- based instead of population- based, so any patients 
who did not visit one of the 22 study hospitals, would be missed in 
our data sources. Second, the prevalence we calculated was from 
2015 to 2017, and 3 years might not be enough to confidently con-
clude epidemiological data. Third, we only estimated the mean an-
nual incidence between 2016- 2017 using the new diagnosed cases 
after 2015, which might lead to some bias. Further epidemiological 
studies with larger samples and longer time spans, are needed to 
identify the incidence and prevalence of TAK in Chinese populations.

5  | CONCLUSIONS

In conclusion, this is the first report about the epidemiology of TAK in 
Shanghai China and provides a comprehensive summary of the disease 
burden worldwide. We estimated the point prevalence (2015- 2017) 
of TAK in Shanghai as 7.01 cases per million, with the mean annual 
incidence of 2.33 cases per million, which are higher than that in some 
Western countries.
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1  | INTRODUC TION

Gout is a common chronic inflammatory disease which results from 
an increase in elevated serum uric acid, which can lead to recurrent 
acute attacks of arthritis, renal failure, hypertension and cardiovas-
cular disease as a result of the precipitation of monosodium urate 

(MSU) crystals.1,2 The pathogenesis of gout has not been fully deter-
mined, but it is influenced by various factors including the environ-
mental and the genetic ones.3

A main characteristic of gout is the presence of inflammation 
and particularity NLR family pyrin domain containing 3 (NLRP3) in-
flammasome activation, which leads the production and release of 
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Abstract
Introduction: The NLR family pyrin domain containing 3 (NLRP3) signaling path-
way has an important role in inflammation mediated by monosodium urate crystals 
in gout, and the characterization of single nucleotide polymorphisms (SNPs) have 
helped to recognize disease susceptibility.
Objective: The aim of this review is to provide an overview of the potential role of the 
inflammasome gene SNPs as a susceptibility factor for gout, discussing the current 
evidence available.
Methods: This review analyzes the relevant literature in the field of inflammasome 
SNPs and gout published in the last 10 years. The systematic research was performed 
in 16 articles, including both the SNPs associated and those not associated with gout, 
with the goal to have a complete overview.
Results: Sixty- nine SNPs from 10 different genes have been reported in the litera-
ture. Of these, 13 SNPs present association with gout susceptibility in different pop-
ulations, while 56 have been established as not being associated with the disease.
Conclusions: This review is a summary of the potential role of inflammasome gene 
SNPs and their association with gout risk, all of them related with NLRP3 inflamma-
some signaling, suggesting these polymorphisms are susceptibility candidates and 
genetic markers for gout. From the 69 SNPs analyzed in the literature, 13 of them 
have been associated with gout as follows: NLRP3 (rs3806268 and rs10754558), 
CARD8 (rs2043211), TLR4 (rs2149356), CD14 (rs2569190), IL- 1β (rs1143623), P2RX7 
(rs2230911, rs1653624, rs7958316 and rs17525809) and PPARGC1B (rs45520937, 
rs10491360 and rs7712296) in different populations.
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inflammatory cytokines as interleukin (IL)- 1β.4 After MSU crystals are 
precipitated, they are recognized by the membrane- bound Toll- like re-
ceptor (TLR), mainly TLR2 and TLR4, and CD14 as an adaptor molecule, 
that activates the inflammasome.5 NLRP3, also known as NACHT, LRR 
and PYD Domains- containing protein 3 (NALP3), is a multiproteic com-
plex which include the apoptosis- associated speck- like protein (ASC) 
and the caspase recruitment domain containing protein 8 (CARD8). 
The NLRP3 inflammasome activates caspase- 1 which proteolytically 
processes the pro- IL- 1β into its active form.6 It was proposed that 
changes in adenosine triphosphate (ATP) concentration activates 
NLRP3. ATP is a ligand of the Purinergic receptor P2X ligand- gated 
ion channel 7 (P2X7R) which has a vital function in immunity and auto-
immunity and modulates the immune cell differentiation and triggers 
cytokine release, activating inflammation processes.7 To regulate the 
inflammatory processes, the peroxisome proliferator- activated recep-
tor gamma (PPARγ) is activated and acts as an anti- inflammatory re-
sponse, inhibiting the proinflammatory cytokine products.8 Taking into 
account that single nucleotide polymorphisms (SNPs) are part of the 
underlying mechanisms of the innate immune response, the aim of this 
review is to summarize and provide an overview of the potential role 
of the inflammasome gene polymorphisms as a susceptibility factor for 
gout, discussing the current evidence available.

2  | METHODS

2.1 | Literature review criteria and research strategy

All relevant literature in the field of inflammasome polymorphism 
and gout published in the last 10 years have been reviewed. We in-
cluded original articles concerning studies in humans, published be-
tween April 2010 to November 2020. To identify all available studies, 
a detailed research was conducted according to PRISMA (Preferred 
Reporting Items for Systematic reviews and Meta- Analyses) guide-
lines.9 A systematic research was performed in the electronic data-
bases (PubMed, and EMBASE), using the following search terms in 

all possible combinations: gout AND single nucleotide polymorphism 
AND one of the follow genes: single nucleotide polymorphism, gout, 
inflammasome, NALP3 (NLRP3) or TLR4 or TLR2 or CARD8 or IL- 1β 
or P2RX7 or PPARGC1b or CD14 or IL- 18. In addition, the reference 
lists of all retrieved articles were manually reviewed. Two independ-
ent authors analyzed each article and performed the data extraction 
independently. In case of disagreement, a third investigator was con-
sulted. Discrepancies were resolved by consensus.

2.2 | Inclusion and exclusion criteria

We excluded from this review the following types of publications: 
reviews and meta- analysis and articles not in English. Research re-
sults were screened to avoid duplicates. Titles, abstracts, and full re-
ports of articles identified were systematically screened with regard 
to inclusion and exclusion criteria.

3  | RESULTS

A total of 23 publications were identified in PUBMED and EMBASE 
databases. Sixteen articles were finally included in our review. The 
results of the research strategy are illustrated in Figure 1. The pre-
sent review includes both the SNPs associated and those not asso-
ciated with gout, with the goal to have a complete overview; the 
description of all the SNPs are summarized in Table 1.

3.1 | NLRP3 inflammasome polymorphism 
described in the literature

3.1.1 | NLRP3 polymorphism

Meng et al.10 analyzed 17 polymorphisms from Qingdao (China) men-
tioned in Table 1, and no significant differences were identified for all 

F I G U R E  1   Flow chart of research 
strategy
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TA B L E  1   Inflammasome gene polymorphism and gout association

Gene dbSNP ID
Gout association 
(yes/no) Population

Cohort

ReferencesGout Control

NLRP3 rs7512998
rs7525979
rs4925651
rs4925650
rs4925648
rs4612666
rs3806268
rs3806266
rs3738448
rs12565738
rs12239046
rs12143966
rs12137901
rs10925019
rs10754557
rs10754555
rs10159239

No Qingdao, China 480 480 Meng et al.10

rs3806268 Yes Eastern China 247 247 Deng et al.11

rs4612666
rs7512998
rs10754558
rs12137901
rs12239046
rs12565738

No

rs7512998
rs10754558
rs35829419

No European 1494 10 942 McKinney et al.12

New Zealand 
Polynesian

863 1030

rs7512998
rs10754558
rs12137901

No Eastern China 320 320 Wang et al.13

rs35829419 No Taiwan 448 943 Chang et al.14

rs10754558 Yes Sichuan, China 583 459 Zhang et al.15

rs4612666
rs1539019

No

CARD8 rs2043211 Yes Qingdao, China 396 403 Chen et al.16

European 1494 10 942 McKinney et al.12

New Zealand 
Polynesian

863 1030

No Korea 242 280 Lee et al.17

TLR2 rs5743708 (Arg677Trp, 
Arg753Gln and −196 
to −174 deletion)

No Nanchong, China 215 216 Cai et al.18

rs4696480 No European 1494 10 942 McKinney et al.12

New Zealand 
Polynesian

863 1030

CD14 rs2569190 Yes European 1494 10 942 McKinney et al.12

New Zealand 
Polynesian

863 1030

(Continues)
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Gene dbSNP ID
Gout association 
(yes/no) Population

Cohort

ReferencesGout Control

TLR4 Asp299Gly Thr399Ile No Sichuan, Chinese 218 226 Qing et al.19

s2149356 Yes Sichuan, China 459 669 Qing et al.20

European 1614 13 005 Rasheed et al.21

New Zealand 
Polynesian

636 920

rs2149356 No Spain 125 300 Torres et al.22

IL- 1β rs1143623 Yes European 1494 10 942 McKinney et al.12

New Zealand 
Polynesian

863 1,030

IL- 18 rs1946518
rs187238

No Qingdao 
University

202 493 Li et al.13

P2RX7 rs17525809 No European 1494 10 942 McKinney et al.12

New Zealand 
Polynesian

863 1030

rs3751142 No Korea 242 280 Lee et al.17

rs2230911 Yes Ningbo, China 293 269 Ying et al.24

rs208294
rs435309
rs28360447
rs1718119
rs28360457
rs3751143

No

rs1653624
rs7958316
rs17525809

Yes Anhui, China 117 95 (Hyperuricemia) Tao et al.25

rs208294
rs10160951
rs1718119
rs16950860
rs2230912

No

PPARGC1B rs45520937
rs10491360
rs7712296

Yes Taiwan 448 943 Chang et al.14

rs10515638
rs76097064
rs10515638
rs10491361
rs7732671

No

PPARγ rs10510410
rs10510411
rs10510412
rs10510417
rs2938392
rs2292101
rs10510418
rs1801282
rs1899951
rs1805192
rs4135268
rs72551363
rs709157

No

Note: dbSNP ID, National Center for Biotechnology Information database of genetic variation.

TA B L E  1   (Continued)
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the SNPs. After a few years, Deng et al.11 analyzed 7 SNPs (Table 1) 
from eastern China, showing that individuals with the GG (odds ratio 
[OR] = 1.83) genotype of NLRP3 rs3806268 were associated with 
increased risk of primary gout when compared with the A/A geno-
type (Table 2), while no significant associations were described for 
the remaining SNPs cited in Table 1. Mckinney et al.12 analyzed 3 
SNPs (rs7512998, rs10754558 and rs35829419) from European and 
New Zealand Polynesian (Māori and Pacific Island) populations; the 
polymorphisms were genotyped in both populations, finding no 
significant association. In the same year, Wang et al.13 explored 3 
NLRP3 SNPs (rs7512998, rs10754558 and rs12137901) in Eastern 
China and they did not find a significant association between NLRP3 
polymorphisms and the risk of gout. Two years later, Chang et al.14 
screened the SNP NLRP3 rs35829419 in a population from Taiwan 
(Han Chinese population) and reported similar results as Mckinney 
et al.,12 finding no significant association with gout. Zhang et al.15 
analyzed 3 NALP3 polymorphisms (rs10754558, rs4612666 and 
rs1539019) in a Han Chinese population, finding that the allelic fre-
quency G (OR = 1.30) of rs10754558 was significantly increased in 
the gout patients compared with the group control, while people 
carrying the G/G genotype (adjusted OR = 2.66) had a higher risk 
for developing gout than those carrying the C/C genotype (Table 2).

3.1.2 | CARD8 polymorphism

Chen et al.16 analyzed the CARD8 rs2043211 polymorphism in a 
Chinese population concluding that individuals carrying the A al-
lele had a greater risk for developing gout compared to those car-
rying the T allele (OR = 0.84) (Table 2); additionally they described 
an association between rs2043211 and gout under the recessive 
model, finding that patients carrying genotype A/A had lower risk 
for gout compared to TT/TA genotypes (OR = 0.65) as shown in 
Table 2. Mckinney et al.12 in the same year focused their attention 
on CARD8 rs2043211 polymorph<<<ism in European and New 
Zealand Polynesian populations, showing a nominal allelic associa-
tion of T allele with gout when analyzing the populations together by 
a meta- analysis (OR = 1.12), but even more it was an association with 
gout just in Europeans (OR = 1.11) (Table 2). On the other hand, Won 
Lee et al.17 did not find a difference in genotypic frequency of the 
CARD8 rs2043211 between gout and control patients in a Korean 
population.

3.1.3 | TLR2 and TLR4 and CD14 polymorphism

Cai et al.18 analyzed 3 SNPs, Arg677Trp, Arg753Gln and the 196 to 
−174 deletion (rs5743708), demonstrating no significant differences 
in genotype and allele frequencies between the study groups, which 
suggests no association with susceptibility to gout in their Chinese 
population. Mckinney et al.12 analyzed the TLR2 rs4696480 and 
showed no significant associations with gout, either in European or 
New Zealand populations, but interestingly they found a nominal 

allelic association of the CD14 rs2569190, concluding that A allele is 
significantly associated with gout (OR = 1.08) (Table 2).

Four TLR4 SNPs were analyzed (Table 1); Qing et al,19 ana-
lyzed the genotype of 2 functional variants within the TLR4 gene 
(Asp299Gly and Thr399Ile) showing no evidence for involvement 
of this polymorphism in the susceptibility to develop gout in a Han 
Chinese population (North Sichuan).

Lately, Qing et al.20 analyzed the TLR4 rs2149356 polymorphism 
and described that the frequencies of T allele were significantly dif-
ferent between the gout and control groups (OR = 1.42), and the 
multivariate logistic regression analysis showed a significant in-
creased risk of gout associated with the T/T genotype (OR = 1.96) as 
shown in Table 2. Further, Rasheed et al.21 replicated this observa-
tion in people of European and New Zealand Polynesian (Māori and 
Pacific) ancestry; they found that the T allele increased the risk of 
gout in the clinically ascertained European samples (OR = 1.2), but it 
has an opposing association in Polynesians (OR = 0.80). Also, the T/T 
genotype was associated with gout in European and Polynesian pop-
ulations (OR = 1.32 and 0.63 respectively) as shown in the Table 2. 
Recently Torres22 replicated the analysis of TLR4 rs2149356 poly-
morphism in a Spanish cohort, but contrary to Qing and Rasheed, no 
significant association with the risk of gout was found even when the 
allele frequency for rs2149356 in the Spanish population was similar 
to other populations studied.

3.1.4 | IL polymorphism

Li et al.23 analyzed the participation of 2 IL- 18 polymorphisms in a 
case- control study including a Chinese cohort, finding no significant 
association between the polymorphisms −607C/A and −137G/C 
with the risk of gout disease (Table 1). However, Mckinney et al.12 
found a nominal allelic association for Il- 1β rs1143623 in the com-
bined European and Polynesian populations for the G allele (OR 
= 1.10), but there was not a risk association when analyzing the 2 
populations separately.

3.1.5 | P2X7R polymorphism

To date there are 16 SNPs analyzed related to the P2X7R gene. 
In 2015 Mckinney et al.12 reported no association of rs17525809 
among European and New Zealand Polynesian populations 
(Table 1). One year later Lee et al.17 analyzed the association of 
P2X7R rs3751142 and similarly they did not find difference in the 
genotypic frequency between groups (Table 1), but they men-
tioned that the genotype C/A had a trend toward a higher risk of 
gout if it was combined with the T/T genotype in a male Korean 
population (data not shown). Ying et al.24 analyzed the rs2230911 
polymorphism in a Han Chinese population, and they found that 
G allele was highly associated with the risk of gout compared 
with the C allele (OR = 1.755), and there was greater risk in gen-
otype C/G + G/G when it was compared with the genotype CC 



1262  |     CLAVIJO- CORNEJO Et AL.

TA
B

LE
 2

 
A

ss
oc

ia
tio

n 
of

 th
e 

al
le

lic
 a

nd
 g

en
ot

yp
ic

 fr
eq

ue
nc

ie
s 

of
 in

fla
m

m
as

om
e 

ge
ne

 p
ol

ym
or

ph
is

m
s 

am
on

g 
pr

im
ar

y 
go

ut
 a

nd
 c

on
tr

ol
s

G
en

e
db

SN
P 

ID
SN

P 
ty

pe
SN

P 
al

le
le

s,
 D

N
A

 
su

bs
tit

ut
io

n
M

A
F,

 
db

SN
P

A
lle

le
O

R 
(9

5%
 C

I)
P 

va
lu

e
G

en
ot

yp
e

O
R 

(9
5%

 C
I)

P va
lu

e
Re

fe
re

nc
e

N
LR

P3
rs

38
06

26
8

SV
A

/G
, t

ra
ns

iti
on

 
su

bs
tit

ut
io

n
0.

39
 (A

)
N

S
N

S
N

S
G

/G
1.

83
 (1

.0
3-

 3.
26

)
>.

03
D

en
g 

et
 a

l.11

rs
10

75
45

58
3’

 U
TR

C
/G

, T
ra

ns
ve

rs
io

n 
su

bs
tit

ut
io

n
0.

35
 (G

)
G

1.
30

 (1
.0

6-
 1.

84
)

.0
03

G
/G

2.
68

 (1
.1

3-
 7.

2)
.0

06
Zh

an
g 

et
 a

l.15

CA
RD

8
rs

20
43

21
1

M
V

A
/T

, t
ra

ns
ve

rs
io

n 
su

bs
tit

ut
io

n
0.

32
 (T

)
T

1.
12

 (S
E 

0.
04

2)
.0

07
N

S
N

S
N

S
M

cK
in

ne
y 

et
 a

l.12

A
0.

84
 (0

.6
9-

 1.
02

)
.0

8
A

/A
0.

65
 (0

.4
7-

 0.
88

)
.0

06
C

he
n 

et
 a

l.16

TL
R4

rs
21

49
35

6
IV

G
/T

, t
ra

ns
ve

rs
io

n 
su

bs
tit

ut
io

n
0.

48
 (T

)
T

1.
42

 (1
.2

0-
 1.

69
)

4.
1 

× 
10

−5
T/

T
1.

96
 (1

.4
0-

 2.
74

)
7.

9 
× 

10
−5

Q
in

g 
et

 a
l.20

T
1.

12
 (1

.0
25

- 1
.2

27
) 

Eu
ro

pe
an

.0
12

T/
T

1.
32

 (1
.0

82
- 1

.6
05

) 
Eu

ro
pe

an
.0

06
Ra

sh
ee

d 
et

 a
l.21

T
0.

80
 (0

.6
74

- 0
.9

49
) 

Po
ly

ne
si

an
.0

11
T/

T
0.

63
 (0

.4
50

- 0
.8

95
) 

Po
ly

ne
si

an
.0

09

CD
14

rs
25

69
19

0
IV

A
/G

, t
ra

ns
iti

on
 

su
bs

tit
ut

io
n

0.
47

 (A
)

A
1.

08
 (S

E 
0.

03
6)

.0
36

N
S

N
S

N
S

M
cK

in
ne

y 
et

 a
l.12

IL-
 1β

rs
11

43
62

3
Ig

V
C

/G
, t

ra
ns

ve
rs

io
n 

su
bs

tit
ut

io
n

0.
29

 (G
)

G
1.

10
 (S

E 
0.

04
2)

.0
20

N
S

N
S

N
S

M
cK

in
ne

y 
et

 a
l.12

P2
RX

7
rs

22
30

91
1

M
V

C
/G

, t
ra

ns
iti

on
 

su
bs

tit
ut

io
n

0.
16

 (G
)

G
1.

75
5 

(1
.2

78
, 2

.4
10

)
.0

01
C

/G
+

G
/G

1.
87

6 
(1

.3
03

, 2
.7

01
)

.0
01

Yi
ng

 e
t a

l.24

rs
16

53
62

4
M

V
T/

A
, t

ra
ns

ve
rs

io
n 

su
bs

tit
ut

io
n

0.
05

 (A
)

A
1.

60
8 

(1
.0

77
- 2

.4
00

)
.0

2
A

/A
3.

21
4 

(1
.2

47
- 8

.2
83

)
.0

13
Ta

o 
et

 a
l.25

rs
79

58
31

6
M

V
A

/G
, t

ra
ns

iti
on

 
su

bs
tit

ut
io

n
0.

01
 (A

)
A

1.
69

8 
(1

.1
47

- 2
.5

14
)

.0
08

A
/A

3.
39

1 
(1

.4
02

- 8
.2

04
)

.0
06

rs
17

52
58

09
M

V
T/

C
, t

ra
ns

iti
on

 
su

bs
tit

ut
io

n
0.

05
 (C

)
T

2.
72

8 
(1

.5
45

- 4
.8

17
)

.0
00

T/
T

3.
33

8 
(1

.7
63

- 6
.3

20
)

.0
00

PP
AR

G
C1

B
rs

45
52

09
37

M
V

A
/G

, t
ra

ns
iti

on
 

su
bs

tit
ut

io
n

0.
07

 (A
)

A
1.

85
 (1

.5
1,

 2
.2

8)
6.

66
 ×

 
10

−9
G

/G
1.

96
 (1

.5
9,

 2
.4

2)
4.

0 
× 

10
−1

0
C

ha
ng

 e
t a

l.14

rs
10

49
13

60
IV

T/
C

, t
ra

ns
iti

on
 

su
bs

tit
ut

io
n

0.
12

 (C
)

C
3.

06
 (1

.5
8,

 5
.9

1)
.0

21
N

S
N

S
N

S

rs
77

12
29

6
3’

 U
TR

C
/A

, t
ra

ns
ve

rs
io

n 
su

bs
tit

ut
io

n
0.

11
 (A

)
A

3.
44

 (1
.9

9,
 5

.9
5)

1.
14

 ×
 

10
−4

N
S

N
S

N
S

N
ot

e:
 S

N
P 

ty
pe

s:
 S

yn
on

ym
ou

s 
va

ria
nt

 (S
V

), 
a 

se
qu

en
ce

 v
ar

ia
nt

 w
he

re
 th

er
e 

is
 n

o 
re

su
lti

ng
 c

ha
ng

e 
to

 th
e 

en
co

de
d 

am
in

o 
ac

id
; 3

 p
rim

e 
U

TR
 v

ar
ia

nt
 (3

’ U
TR

), 
a 

U
TR

 v
ar

ia
nt

 o
f t

he
 3

’U
TR

; M
is

se
ns

e 
va

ria
nt

 
(M

V
), 

a 
se

qu
en

ce
 v

ar
ia

nt
 th

at
 c

ha
nc

es
 o

ne
 o

r m
or

e 
ba

se
s 

re
su

lti
ng

 in
 a

 d
iff

er
en

t a
m

in
o 

ac
id

 s
eq

ue
nc

e 
bu

t w
he

re
 th

e 
le

ng
th

 is
 p

re
se

rv
ed

; I
nt

ro
n 

va
ria

nt
 (I

V
), 

a 
tr

an
sc

rip
t v

ar
ia

nt
 o

cc
ur

rin
g 

w
ith

in
 a

n 
in

tr
on

; 
In

te
rg

en
ic

 V
ar

ia
nt

 (I
gV

), 
a 

se
qu

en
ce

 v
ar

ia
nt

 lo
ca

te
d 

in
 th

e 
in

te
rg

en
ic

 re
gi

on
, b

et
w

ee
n 

ge
ne

s.
D

N
A

 s
ub

st
itu

tio
n 

m
ut

at
io

ns
: t

ra
ns

iti
on

 s
ub

st
itu

tio
n,

 in
te

rc
ha

ng
es

 o
f 2

- r
in

g 
pu

rin
es

 (A
↔

G
) o

r o
f o

ne
- r

in
g 

py
rim

id
in

es
 (C

↔
T)

; t
ra

ns
ve

rs
io

n 
su

bs
tit

ut
io

n,
 in

te
rc

ha
ng

es
 o

f p
ur

in
e 

fo
r p

yr
im

id
in

e 
ba

se
s,

 w
hi

ch
 

th
er

ef
or

e 
in

vo
lv

e 
ex

ch
an

ge
 o

f 1
- r

in
g 

an
d 

2-
 rin

g 
st

ru
ct

ur
es

.
A

bb
re

vi
at

io
ns

: S
N

P,
 s

in
gl

e 
nu

cl
eo

tid
e 

po
ly

m
or

ph
is

m
; M

A
F,

 m
in

or
 a

lle
le

 fr
eq

ue
nc

y;
 d

bS
N

P,
 th

e 
N

at
io

na
l C

en
te

r f
or

 B
io

te
ch

no
lo

gy
 In

fo
rm

at
io

n 
da

ta
ba

se
 o

f g
en

et
ic

 v
ar

ia
tio

n;
 N

S,
 n

ot
 s

pe
ci

fie
d;

 U
TR

, 
un

tr
an

sl
at

ed
 re

gi
on

.



     |  1263CLAVIJO- CORNEJO Et AL.

between groups (OR = 1.876) as shown in Table 2. They concluded 
that P2RX7 rs2230911 may be associated with primary gout risk 
in a Chinese Han male population (Table 2). On the other hand, 
Tao et al.25 studied 8 SNPs as mentioned in Table 1, finding that 
rs1653624, rs7958316 and rs17525809 were associated with a 
risk of gout in a Chinese population. As shown in Table 2, the A al-
lele frequency of the rs1653624 polymorphism was higher versus 
T in the gout group compared with the hyperuricemic group (OR 
= 1.608). As well, the genotype frequencies were significantly dif-
ferent between groups, with the A/A genotype exhibiting a higher 
risk of gout (OR = 3.214) compared with T/T, and the genotypes 
A/A + A/T are in risk too compared with T/T (OR = 2.456). With 
respect to rs7958316, the A allele frequency was higher in the 
gout group compared with the hyperuricemic group (OR = 1.698). 
The authors even describe that it was significantly different in the 
genotype frequencies between groups as follows: the A/A gen-
otype exhibited a higher risk of gout compared with G/G (OR = 
3.391) while A/A + A/G were gout susceptibility genotypes com-
pared to G/G (OR =2.140) and A/A is in risk with gout compared to 
A/G + G/G genotypes (OR = 2.229). Regarding rs17525809, the T 
allele was more frequent in the gout group compared to C (OR = 
2.728), and the genotype T/T is associated with gout susceptibility 
compared to C/T + C/C (OR = 3.338).

3.1.6 | PPARγ polymorphism

Chang et al.14 studied PPARγ gene SNPs in a Taiwanese popula-
tion. As a preliminary data they analyzed 71 SNPs of genes NLRP3, 
CASP1, PPARγ, PPARGC1A and PPARGC1 (26, 1, 30, 4 and 11 SNPs 
for each gene respectively), and excluded 45 SNPs for different cri-
teria as well described by the authors (data not show). Finally, 21 
SNPs were included for the association analysis (Table 1), resulting 
in the identification of 10 SNPs (P < .05). The authors describe 3 
SNPs of PPARGC1B associated with gout: rs10491360, rs45520937 
and rs7712296 (Table 2). When comparing the allele frequencies 
between cases and controls, it was described that the A allele fre-
quency of rs10491360 is higher in the gout group compared to 
T allele (OR = 3.06), while in the rs7712296 SNP the A allele fre-
quency is higher than C allele (OR = 3.44); this data showed the as-
sociation of these alleles with the risk of gout. The rs45520937 of 
PPARGC1B gene causes Arg265Gln (p.R265Q) substitution in the 
exon 5 of PPARGC1B, showing a strong association between the risk 
of gout in the A allele compared to G allele (OR = 1.85). Analyzing 
the 3- additive model (OR = 1.96), dominant model (OR = 1.58) and 
recessive model (OR = 2.74), it was shown that rs45520937 is associ-
ated with gout risk.

4  | DISCUSSION

Gout is a chronic disease with a multifactorial pathogenesis and the 
advances in the identification of genes involved in the susceptibility 

and SNP characterization help to better understand disease devel-
opment at the molecular and genetic levels.

Our review shows the summary of reports on the inflammasome- 
related gene SNPs and their potential association with gout sus-
ceptibility. The NLRP3 inflammasome has relevance in the gout 
pathophysiology because it supports the inflammation response 
mediated by MSU recognition. To date, few reports have focused 
their attention to assess the potential association between the in-
flammasome gene SNPs and the risk of gout susceptibility. However, 
their preliminary results are encouraging and open new research 
avenues on the potential association of SNPs with gout which may 
assume a relevant clinical impact.

From our literature review emerged the analysis of 10 different 
genes in the inflammasome, including 69 SNPs that provide helpful 
information for future research. From the 69 SNPs analyzed, 13 of 
them present association with the risk to develop gout in different 
populations, while 56 have demonstrated not to be associated with 
gout development (Table 1). The importance in the study of the 
SNPs of NLRP3 is the alteration in the IL- 1β concentration, that is 
involved in chronic autoinflammatory syndromes.

NLRP3 has a role in innate immunity; this protein is expressed 
mainly in dendritic cells and phagocytes in response to invading 
pathogens,26 and play a central role in the maturation and secre-
tion of the proinflammatory cytokines IL- 1β and IL- 18. The genetic 
variants within the NLRP3 gene might be an important determi-
nant affecting the immune inflammatory response.15 To date, 21 
different NLRP3 gene polymorphisms have been analyzed. They 
were case- control studies including mainly Chinese, European and 
Polynesian population. Only 2 SNPs showed association with gout 
risk (rs3806268 and rs10754558) as described in Table 2, while 32 
SNPs were reported with no association (Table 1).

NLRP3 includes CARD8 (also named TUCAN/CARDINAL) which 
is involved in apoptosis, nuclear factor kappa- B (NFκB) activation, 
and cytokine regulation in inflammation. CARD8 as a component of 
the inflammasome interacts with caspase- 1 and negatively regulates 
NLRP3.27 Today 1 SNP has been analyzed in the CARD8 gene. The 
association between rs2043211 polymorphism and gout was stud-
ied in Chinese, European, Polynesian and Korean populations, show-
ing that the rs2043211 SNP has an association with the risk of gout 
in all the populations studied, except in the Korean population that 
only shows a trend (Tables 1 and 2). The rs2043211 SNP results in a 
truncated protein and the association with gout was demonstrated 
by the enhance of the inflammatory response mediated by the high 
expression of IL- 1β, not only in gout but also in rheumatoid arthri-
tis, inflammatory bowel disease and cryopyrin- associated periodic 
syndromes,.28,29

The MSU crystals are recognized by the transmembrane protein 
called TLRs that play an important role in the innate immune re-
sponse since they recognize pathogen- associated molecular pattern 
(PAMPs) and damage- associated molecular patterns (DAMPs). In 
gout, once the MSU crystals are precipitated they are recognized by 
TLR2 and CD14 as lipopolysaccharide- binding protein in the chon-
drocyte; this canonical pathway activates the inflammasome.30 The 
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review shows that 4 TLR2 SNPs analyzed, in 2 different populations, 
had no association with gout risk (Table 1). However, the rs2569190 
SNP of the adaptor molecule CD14 was significantly associated with 
the risk of gout in European and Polynesia populations (Table 2), sug-
gesting that TLR2 together with CD14 SNPs can be involved in gout 
risk. The TLR4 receptor activates the NLRP3 inflammasome via the 
NFκB signaling pathway.31 Four TLR4 gene SNPs were analyzed, and 
only rs2149356 SNP was associated in the Chinese and Polynesian 
populations but not in the Spanish population (Table 1).

Inflammasome signaling activation triggers the IL- 1β maturation 
and release. In the literature there is only one IL- 1β SNP associ-
ated and correlated with the increase in the expression of the IL- 
1β gene. The rs2149356 was associated in Chinese, European and 
New Zealand Polynesian populations (Table 2). The interleukins are 
a group of cytokines that have complex immunological functions in-
cluding proliferation, migration, growth and differentiation of cells 
and play a central role in the generation and regulation of inflamma-
tory responses, in both innate and adaptive immunity. The SNP of 
IL- 1 genes are linked to human diseases like gout, and their study may 
allow new directions in early diagnosis and effective treatment.32

In addition to the TLRs, the NLRP3 inflammasome signaling is ac-
tivated by the ATP concentration that activates P2X7R and induces 
downstream events including inflammatory molecule release like IL- 
1β, IL- 18 and tumor necrosis factor- α (TNF- α). Sixteen P2X7R poly-
morphisms were analyzed in 4 different populations, reporting that 
1 SNP has an association with gout and 3 of them were associated 
with a hyperuricemic state in a Chinese population (Tables 1 and 2). 
The data reported suggest that the P2X7R gene polymorphisms can 
affect the formation of the P2X7R membrane pores and the efflux 
of K+ ions altering the activation of NLRP3.25

The NALP3 inflammasome is regulated by PPARγ which is a key 
regulator controlling both metabolism and inflammatory response.33 
There were 71 SNPs of this gene analyzed (Table 1), including the 
transcriptional coactivators PPARGC1A and PPARGC1B, but only 
3 polymorphisms (Table 2) of the PPARGC1B gene present an as-
sociation with the risk of gout development. The relevance in SNP 
study of PPARγ and its transcriptional coactivators (PPARGC1A and 
PPARGC1B) is because of their effect in anti- inflammation by inhib-
iting the proinflammatory cytokine products.

This review has some limitations. First, there are few studies 
available in the literature, followed by the evidence that some stud-
ies include small cohorts and then the variables taken in the statis-
tics analysis are not the same in all of them; in addition, the allele 
frequency and genotype distribution of polymorphisms are different 
between the different populations studied; finally, the studies do not 
indicate the analysis of the ancestry- informative marker (AIM) SNP 
panel for each population.

Despite these limitations, the information provided is of interest 
in order to understand better the mechanisms involved in the patho-
genesis of gout. Future research might be focused on the determi-
nation of a genetic profile for early diagnosis and susceptibility to 
gout and the analysis of the functional variants within the NLRP3 in-
flammasome gene that affect the protein structure and its function.

5  | CONCLUSIONS

In conclusion, this review showed an overview of the potential role 
of the inflammasome gene SNPs and their association with gout risk. 
All of them related with the NLRP3 inflammasome signaling, suggest-
ing these polymorphisms as susceptibility candidates and genetic 
markers for gout. From the 69 SNPs analyzed in the literature, 13 of 
them have been associated with gout as follows: NLRP3 (rs3806268 
and rs10754558), CARD8 (rs2043211), TLR4 (rs2149356), CD14 
(rs2569190), IL- 1β (rs1143623), P2RX7 (rs2230911, rs1653624, 
rs7958316 and rs17525809) and PPARGC1B (rs45520937, 
rs10491360 and rs7712296) in different population. This informa-
tion could open new frontiers of research in order to understand 
better the pathogenesis of gout including potential prevention strat-
egies and new bases for their treatment.
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1  | INTRODUC TION

Bone morphogenetic proteins (BMPs), belonging to the transform-
ing growth factor β (TGF- β) superfamily, are inducers of osteoblast 
differentiation.1 Over 20 subgroups of BMPs are known, among 

which, BMP- 2 is the primary subgroup that has been used in sev-
eral in vitro and in vivo studies.2 BMP- 2 is known to strongly induce 
osteogenesis and it plays an important role in the development and 
regeneration of bone and cartilage.3 Based on animal experiments, 
Li et al.4 reported an improvement in osteogenesis when BMP- 2 and 
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Abstract
Aim: The incorporation of growth factors is an effective strategy to accelerate bone 
induction. Bone morphogenetic protein- 2 (BMP- 2) promotes osteoblast differentia-
tion and induces bone formation. Alendronate (ALN) is an osteoclast deactivation 
drug. We investigated the effect of serial administration of recombinant human 
BMP- 2 (rhBMP- 2) and ALN on osteoblast differentiation.
Methods: The effect of serial administration of rhBMP- 2 (0- 150 ng/mL) and ALN 
(0- 15 µmol/L) on the viability and differentiation of a clonal murine calvarial cell line, 
MC3T3- E1, was evaluated at various concentrations and for different periods. The 
Cell Counting Kit- 8 assay was used to assess cell viability. The alkaline phosphatase 
activity was evaluated as an indicator of osteogenic differentiation. The expression 
levels of runt domain- containing transcription factor 2 (Runx2) and osteopontin 
(OPN) were analyzed by real- time polymerase chain reaction and western blotting. 
Statistical analyses were performed using Student's t test.
Results: The serial treatment with rhBMP- 2 and ALN increased the expression of the 
differentiation- related factors Runx2 and OPN, as well as the differentiation ability 
of osteoblasts compared with individual or simultaneous treatment. The osteoblasts 
treated with rhBMP- 2 followed by ALN showed the highest differentiation. The de-
gree of differentiation in the group treated with rhBMP- 2 for 7 days followed by ALN 
for 3 days was increased by 1.5 times compared with that of the group treated with 
rhBMP- 2 alone (P < .01).
Conclusion: These findings indicate that the serial administration of rhBMP- 2 and 
ALN may exert osteogenic effects on osteoblastic cells via the upregulation of Runx2 
and OPN.
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BMP- 7 were sequentially released compared with that when they 
were released separately. The combined treatment with insulin- like 
growth factor- 1 (IGF- 1), a growth- promoting cytokine that plays an 
important role in development, metabolism, and growth, and BMP- 2 
increased the differentiation of osteoblasts and expression of osteo-
genic factors.5

Bisphosphonates are potent inhibitors of bone resorption and 
are widely used in the treatment of bone diseases.6 Alendronate 
(ALN), one of the most important bisphosphonates, is used to treat 
various skeletal disorders such as osteoporosis, tumor- related oste-
olysis, and Paget's disease.7 The use of fibrin gel loaded with ALN 
in the treatment of rabbit calvarial defect has been reported to im-
prove osteoanagenesis.6 In addition, the combined use of ALN and 
curcumin, known to increase bone density, increased the expression 
of osteogenic factors, BMP- 2, runt domain- containing transcription 
factor 2 (Runx2), and osteocalcin (OCN), in human mesenchymal 
stem cells and improved bone remodeling.8

Kim et al.9 reported that the administration of recombinant 
human BMP- 2 (rhBMP- 2) and ALN to inorganic bovine bone (a xe-
nograft) and their use for calvarial defects in rabbits increased 
osteogenesis in the group that was administered ALN at a lower 
concentration. In a study where rhBMP- 2 and ALN were loaded on 
a collagen gel containing β- tricalcium phosphate and used for ulna 
deficit in rabbits, osteogenesis increased in the group that was ad-
ministered ALN at a lower concentration.10

In humans, osteogenesis and osteoanagenesis involve various os-
teogenic factors that are released at different times.4 The integration 
of osteogenic factors is a strategy to accelerate osteoinduction.11,12

In this study, we investigated the effect of serial administration 
of rhBMP- 2 and ALN on osteoblast differentiation. The optimal con-
centration and treatment period of rhBMP- 2 and ALN for osteoblast 
differentiation were evaluated. For this purpose, the viability and 
differentiation of osteoblasts treated with rhBMP- 2, ALN, or their 
combination at different concentrations for different periods were 
compared.

2  | METHODS

2.1 | Cell culture and differentiation

MC3T3- E1 cells, which are clonal murine calvarial preosteoblasts, 
were purchased from the American Type Culture Collection (ATCC, 
Manassas, VA, USA). The growth medium used was α- minimum 
essential medium (without ascorbic acid; Gibco, Grand Island, NY, 
USA) supplemented with 10% fetal bovine serum (FBS, Gibco) and 
1% penicillin/streptomycin. The cells were incubated at 37℃ in a 5% 
CO2 incubator and the medium was replaced every 2- 3 days. To in-
duce the differentiation of MC3T3- E1 cells into osteoblasts, 50 µg/
mL ascorbic acid and 10 mmol/L β- glycerophosphate (Sigma, St. 
Louis, MO, USA) were added to the growth medium. We purchased 

rhBMP- 2 from Sigma (St Louis, MO, USA). The osteoblasts were 
treated with rhBMP- 2 at concentrations of 10- 150 ng/mL for 1, 3, 
and 7 days, and with ALN (Sigma) at concentrations of 1- 15 µmol/L 
for 1, 3, and 7 days.

2.2 | Cell viability assay

MC3T3- E1 cells (5 × 103 cells/well) were dispensed into a 96- well 
plate and cultured in the growth medium for 24 h. Thereafter, 
the growth medium was removed, and the cells were induced 
to differentiate for 1, 3, 7, and 10 days in the differentiation me-
dium supplemented with rhBMP- 2 (0- 150 ng/mL) or ALN (0- 
15 µmol/L). Cell viability was evaluated using Cell Counting Kit- 8 
(Dojindo, Rockville, MD, USA). The absorbance of the sample was 
measured using a Victor 3 1420 multilabel counter (Perkin Elmer, 
Shelton, CT, USA).

2.3 | Alkaline phosphatase (ALP) assay

MC3T3- E1 cells (2 × 104 cells/well) were dispensed into a 24- well 
plate and cultured in growth medium for 24 h. Thereafter, the growth 
medium was removed, and the cells were induced to differentiate for 
3, 7, and 10 days in the differentiation medium supplemented with 
rhBMP- 2 (0- 150 ng/mL) or ALN (0- 15 µmol/L). The degree of cell 
differentiation was evaluated in terms of ALP activity using an ALP 
colorimetric assay kit (BioVision, Milpitas, CA, USA). The cells were 
lysed with the assay buffer of the ALP colorimetric assay kit accord-
ing to the manufacturer's instructions. The absorbance of the sam-
ple was measured using a Victor 3 1420 multilabel counter (Perkin 
Elmer). To correct the measured values with respect to the protein 
concentration, the concentration of protein was determined using a 
bicinchoninic acid (BCA) protein assay kit (Thermo Fisher Scientific, 
Rockford, IL, USA).

2.4 | RNA extraction and real- time polymerase 
chain reaction (PCR)

RNA was extracted using TRI Reagent (MRC, Cincinnati, OH, USA) 
and was reverse transcribed to complementary DNA (cDNA) using 
the SuperScript Vilo cDNA Synthesis kit (Invitrogen, Burlington, ON, 
Canada). The synthesized cDNA was subjected to real- time PCR on 
the CFX96 Real- time PCR Detection System (Bio- Rad, Hercules, 
CA, USA) using FastStart Essential DNA Green Master (Roche, 
Mannheim, Germany). The steps in the real- time PCR were as fol-
lows: 40 cycles at 95℃ for 10 seconds, 60℃ for 10 seconds, and 72℃ 
for 10 seconds. The sequences of the primers used were as follows: 
β- actin: 5′- tgttaccaactgggacgaca- 3′, 5′- ggggtgttgaaggtctcaaa- 3′; 
RUNX2: 5′- cccagccacctttacctaca- 3′, 5′- agagatatggagtgctgctg- 3′; 
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osteopontin (OPN): 5′- tgagaccgtcactgctagta- 3′, 5′- aggtcctc 
atctgtggcatc- 3′.

2.5 | Western blotting

MC3T3- E1 cells (1 × 105 cells/well) were dispensed into a six- well 
plate and cultured in the growth medium for 24 h. Thereafter, the 
growth medium was removed, and the cells were induced to dif-
ferentiate for 3, 7, and 10 days in the differentiation medium sup-
plemented with rhBMP- 2 or ALN. The cells were then washed with 
phosphate- buffered saline and lysed in the lysis buffer (Thermo 
Fisher, Waltham, MA, USA) containing phosphatase and protease 
inhibitors (both from Roche, Basel, Switzerland) on ice for 15 min-
utes. The lysate was centrifuged at 16 000 g for 15 minutes at 4℃, 
and the supernatant containing the proteins was separated. The 
protein concentration in the supernatant was quantified using the 
BCA analysis. Twenty- five micrograms of protein samples were re-
solved by sodium dodecyl sulfate- polyacrylamide gel electropho-
resis (SDS- PAGE), and the proteins were transferred from the gel 
onto a nitrocellulose membrane (Amersham, Chicago, IL, USA). The 
membrane was blocked with 5% skimmed milk prepared in TBS- T 
solution (20 mmol/L Tris, 137 mmol/L NaCl, 0.05% Tween- 20) for 
1 h, and then sequentially incubated with primary and secondary 
antibodies. The primary antibodies used were anti- β- actin (1:5000; 
Sigma- Aldrich, St. Louis, MO, USA), anti- RUNX2 (1:1000; ab23981, 
Abcam), and anti- OPN (1:1,000; ab63856, Abcam). The secondary 
antibodies used were Peroxidase AffiniPure Donkey Anti- Mouse IgG 
(H + L) and Peroxidase- conjugated AffiniPure Donkey Anti- Rabbit 
IgG (H + L) (Jackson Immunoresearch, Baltimore, MD, USA). The 

protein expression was visualized using a chemiluminescent image 
analysis equipment (Fusion Solo 6S; Vilber Lourmat, Marne- La- 
Vallée, France).

2.6 | Statistical analysis

Data processing and statistical analyses were performed with SPSS 
25.0 software (IBM, Armonk, NY, USA). The results obtained from 
the analysis are expressed as mean ±SD. To compare the differences 
between groups, viability was compared with the control group, and 
ALP activity and expression levels were compared with the control 
group and the group treated with 50 ng/mL rhBMP- 2 for 10 days. 
Student's t test was employed to analyze statistical differences 
between groups. P values below .05 were considered statistically 
significant.

3  | RESULTS

3.1 | Effect of different concentrations of rhBMP- 2 
and ALN and treatment period on the viability of 
MC3T3- E1 cells

The osteoblasts were treated with rhBMP- 2 at concentrations of 10- 
150 ng/mL for 1, 3, and 7 days, and the cell viability was assessed. 
The increase in the concentration of rhBMP- 2 and treatment period 
did not affect the viability of osteoblasts (Figure 1). The osteoblasts 
were treated with ALN at concentrations of 1- 15 µmol/L for 1, 3, 
and 7 days, and their viability was checked. With the increase in the 

F I G U R E  1   Viability of osteoblasts 
(MC3T3- E1) following treatment with 
different concentrations of recombinant 
human bone morphogenetic protein- 2 
(rhBMP- 2) and alendronate for different 
periods. Error bars represent mean ±SD. 
*P <.05 and **P <.01, compared with the 
control group

F I G U R E  2   Alkaline phosphatase 
(ALP) activity in osteoblasts (MC3T3- E1) 
following treatment with different 
concentrations of recombinant human 
bone morphogenetic protein- 2 (rhBMP- 2) 
and alendronate for different periods. 
Error bars represent mean ±SD. *P <.05 
and ***P <.001, compared with the 
control group
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ALN concentration and treatment period, the viability of osteoblasts 
significantly decreased compared with that of the control group 
(Figure 1).

3.2 | Effects of the concentration of 
rhBMP- 2 and ALN and treatment period on the 
degree of differentiation of MC3T3- E1 cells

The osteoblasts were treated with rhBMP- 2 at concentrations of 
10- 150 ng/mL for 1, 3, and 7 days, and the degree of differentia-
tion was checked. With the increase of rhBMP- 2 concentration and 
treatment period, the degree of differentiation of osteoblasts signifi-
cantly increased compared with that of the control group (Figure 2). 
The degree of differentiation of the osteoblasts treated with ALN at 
concentrations of 1- 15 µmol/L for 1, 3, and 7 days was evaluated. It 
was highest in the group treated with 5 µmol/L ALN for 7 days, but 
the viability of osteoblasts was significantly lower (by 42%) than that 
of the control group (P =.016; Figures 1 and 2).

3.3 | Effect of the combination of rhBMP- 2 and ALN 
on the viability of MC3T3- E1 cells

The treatment with 50 ng/mL rhBMP- 2 for 7 days and 5 µmol/L ALN 
for 3 days had no effect on the viability of osteoblasts. Therefore, 
the viability of osteoblasts was compared between the control group 
(a) and the experimental groups treated with (b) 50 ng/mL rhBMP- 2 
for 10 days, (c) 5 µmol/L ALN for 10 days, (d) combination of 50 ng/
mL rhBMP- 2 and 5 µmol/L ALN for 10 days, (e) 50 ng/mL rhBMP- 2 
for 7 days followed by 5 µmol/L ALN for 3 days, and (f) 5 µmol/L ALN 
for 3 days followed by 50 ng/mL rhBMP- 2 for 7 days (Figure 3). The 
viability of osteoblasts was not affected in the groups treated with 
rhBMP- 2 alone (b), treated with rhBMP- 2 first followed by ALN (e), 
and treated with ALN first followed by rhBMP- 2 (f). However, the 
viability of osteoblasts significantly decreased in the groups treated 

with ALN alone (c, P =.025) and with a combination of rhBMP- 2 and 
ALN (d, P =.015; Figure 3).

3.4 | Effect of the combination of 
rhBMP- 2 and ALN on the degree of differentiation of 
MC3T3- E1 cells

The ALP activity was measured to compare the degree of differen-
tiation of osteoblasts (Figure 4). The degree of differentiation in the 
group treated with rhBMP- 2 followed by ALN was significantly in-
creased by 1.5 times compared with that in the group treated with 
rhBMP- 2 alone (P =.002). The degree of osteoblast differentiation in 
the group treated with ALN followed by rhBMP- 2 was significantly 
increased by 1.3 times compared with that in the group treated with 
rhBMP- 2 alone (P =.012). Among the experimental groups, the ef-
ficiency of differentiation was the highest in the group treated with 
rhBMP- 2 followed by ALN.

3.5 | Effect of the combination of rhBMP- 2 and ALN 
on the expression of Runx2 and OPN messenger RNAs 
(mRNAs) in MC3T3- E1 cells

The expression levels of Runx2 and OPN, which are factors re-
lated to the differentiation of osteoblasts, were compared at the 
mRNA level (Figure 5). The expression of Runx2 mRNA was signifi-
cantly increased by 3.1 times in the group treated with rhBMP- 2 
followed by ALN (P =.001) and by 3.5 times in the group treated 
with ALN followed by rhBMP- 2 (P =.026) compared with that in 
the control group. The expression of OPN mRNA significantly 
increased by 1.7 times in the group treated with rhBMP- 2 fol-
lowed by ALN (P =.011) and decreased by about 28% in the group 
treated with ALN followed by rhBMP- 2 compared with that in the 
control group.

F I G U R E  3   Viability of osteoblasts (MC3T3- E1) following 
treatment with recombinant human bone morphogenetic protein- 2 
(rhBMP- 2) and alendronate. A, control; B, 50 ng/mL rhBMP- 2 
for 10 days; C, 5 µmol/L alendronate for 10 days; D, 50 ng/mL 
rhBMP- 2 and 5 µmol/L alendronate for 10 days; E, 50 ng/mL 
rhBMP- 2 for 7 days and 5 µmol/L alendronate for the next 3 days; 
F, 5 µmol/L alendronate for 3 days and 50 ng/mL rhBMP- 2 for the 
next 7 days. Error bars represent mean ±SD. *P <.05 compared 
with the control group

F I G U R E  4   Alkaline phosphatase (ALP) activity in osteoblasts 
(MC3T3- E1) following treatment with recombinant human bone 
morphogenetic protein- 2 (rhBMP- 2) and alendronate. A, control; 
B, 50 ng/mL rhBMP- 2 for 10 days; C, 5 µmol/L alendronate for 
10 days; D, 50 ng/mL rhBMP- 2 and 5 µmol/L alendronate for 
10 days; E, 50 ng/mL rhBMP- 2 for 7 days and 5 µmol/L alendronate 
for the next 3 days; F, 5 µmol/L alendronate for 3 days and 50 ng/
mL rhBMP- 2 for the next 7 days. Error bars represent mean ±SD. 
#P <.05 and ##P <.01, compared with group b 
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3.6 | Effect of the combination of 
rhBMP- 2 and ALN on the expression of Runx2 and 
OPN in MC3T3- E1 cells

The expression of Runx2 and OPN was compared at the protein level 
(Figure 6). The expression of Runx2 increased by 1.5 times in the group 
treated with rhBMP- 2 followed by ALN (P =.0006) and by 2.1 times in 
the group treated with ALN followed by rhBMP- 2 (P =.00001) com-
pared with that in the control group. The expression of Runx2 signifi-
cantly increased by 1.4 times in the group treated with ALN followed 
by rhBMP- 2 compared with that in the group treated with rhBMP- 2 
alone (P =.002). The expression of OPN significantly increased by 1.5 
times in the group treated with rhBMP- 2 followed by ALN (P =.046) 
and increased by 17%, without statistical significance, in the group 
treated with ALN followed by rhBMP- 2 compared with that in the 
control group. The expression of OPN significantly increased by 1.5 
times in the group treated with rhBMP- 2 followed by ALN compared 
with that in the group treated with rhBMP- 2 alone (P =.047).

4  | DISCUSSION

In this study, we investigated the optimal concentration and treatment 
period for the combination of rhBMP- 2 and ALN to induce osteoblast 

differentiation. Compared with the control group, rhBMP- 2 treatment 
for 1, 3, or 7 days at concentrations of 10- 150 ng/mL did not affect 
the viability of osteoblasts. A similar pattern has been observed in 
human fetal osteoblast cells (hFOB 1.19) treated with rhBMP- 2 at 
concentrations of 10- 100 ng/mL for 3 days.2 The same study reported 
that when hFOB 1.19 cells were treated with ALN at concentrations 
of 10- 100 µmol/L for 3 days, their viability decreased with concentra-
tion beyond 50 µmol/L and treatment period.2 In the present study, 
the viability of osteoblasts treated with ALN at concentrations of 
1- 15 µmol/L for 1, 3, and 7 days decreased with the increase in con-
centration and treatment period compared with that of the control 
group. These results indicate that even low ALN concentrations affect 
the viability of osteoblasts when the treatment is prolonged.

For comparison, the concentration and treatment period of rhB-
MP- 2 were set to 50 ng/mL and 7 days, respectively, and those of 
ALN were set to 5 µmol/L and 3 days, respectively. Under these con-
ditions, the viability of osteoblasts was not affected. The viability of 
osteoblasts was not affected in the groups treated with rhBMP- 2 for 
10 days, rhBMP- 2 for 7 days followed by ALN for 3 days, and ALN 
for 3 days followed by rhBMP- 2 for 7 days. However, the viability of 
osteoblasts decreased in the groups treated with ALN for 10 days 
and a combination of rhBMP- 2 and ALN for 10 days. These results 
also indicate that when the treatment is prolonged, ALN affects the 
viability of osteoblasts.

F I G U R E  5   Levels of Runx2 and OPN mRNAs in osteoblasts (MC3T3- E1) following treatment with recombinant human bone 
morphogenetic protein- 2 (rhBMP- 2) and alendronate. A, control; B, 50 ng/mL rhBMP- 2 for 10 days; C, 5 µmol/L alendronate for 10 days; D, 
50 ng/mL rhBMP- 2 and 5 µmol/L alendronate for 10 days; E, 50 ng/mL rhBMP- 2 for 7 days and 5 µmol/L alendronate for the next 3 days; 
F, 5 µmol/L alendronate for 3 days and 50 ng/mL rhBMP- 2 for the next 7 days. Error bars represent mean ±SD. *P < 0. 05 and **P <.01, 
compared with the control group. #P <.05, compared with group b. Runx2, runt domain- containing transcription factor 2; OPN, osteopontin 

F I G U R E  6   Protein levels in osteoblasts (MC3T3- E1) following treatment with recombinant human bone morphogenetic protein- 2 
(rhBMP- 2) and alendronate. A, control; B, 50 ng/mL rhBMP- 2 for 10 days; C, 5 µmol/L alendronate for 10 days; D, 50 ng/mL rhBMP- 2 and 
5 µmol/L alendronate for 10 days; E, 50 ng/mL rhBMP- 2 for 7 days and 5 µmol/L alendronate for the next 3 days; F, 5 µmol/L alendronate 
for 3 days and 50 ng/mL rhBMP- 2 for the next 7 days. Error bars represent mean ±SD. **P <.01 and ***P <.001, compared with the control 
group. #P <.05 and ##P <.01, compared with group b. Runx2, runt domain- containing transcription factor 2; OPN, osteopontin
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The degree of differentiation of osteoblasts significantly in-
creased in the groups treated with rhBMP- 2 for 7 days followed by 
ALN for 3 days and ALN for 3 days followed by rhBMP- 2 for 7 days 
(P <.01, P <.05). In particular, the efficiency of differentiation was 
the highest in the group treated with rhBMP- 2 followed by ALN.

Runx2 belongs to the Runx transcription factor family and is one 
of the most important regulators involved in the proliferation and 
differentiation of osteoblasts.13 It is a master gene for osteogenesis 
because it induces the expression of OPN, OCN, and osterix that are 
required for the differentiation of osteoblasts.14 It has been reported 
that when osteoblasts were treated with a combination of IGF- 1 and 
BMP- 2, the expression of Runx2, ALP, and OCN mRNAs increased6 
and when treated with sinomenine, a plant- derived alkaloid, the dif-
ferentiation of osteoblasts and the expression of Runx2 and OPN at 
the mRNA and protein levels was increased.15

It has been reported that increased BMP- 2 expression in 
MC3T3- E1 cells increased the expression of downstream regulators 
Smad- 1 and phosphorylated Smad- 1, and this led to the increased 
expression of Runx2, ALP, collagen I, osteocalcin, and osteopontin.16 
When MC3T3- E1 cells were treated with ALN at low concentrations 
for 3 days, the ALP activity and mRNA expression of ALP, Col1, and 
OCN increased compared with that in the control group.17

In the present study, the mRNA and protein expression of Runx2 
and OPN increased in the group treated with rhBMP- 2 for 7 days fol-
lowed by ALN for 3 days, in which the degree of osteoblast differen-
tiation increased, compared with that in the control group. However, 
in the group treated with ALN for 3 days followed by rhBMP- 2 for 
7 days, the mRNA and protein expression of Runx2 increased but 
those of OPN did not significantly increase. These results suggest 
that treating osteoblasts with rhBMP- 2 followed by ALN upregu-
lates the expression of Runx2 and OPN, which are osteogenic fac-
tors that promote osteogenesis.

The bones in our body are maintained by a dynamic process in 
which osteogenesis, by osteoblasts, and bone resorption, by osteo-
clasts, occur constantly.18 For the differentiation of osteoblasts and 
osteoclasts, the osteoblast– osteoclast coupling is indispensable.19 
Therefore, the experimental conditions used in this study should be 
applied in studies on osteoclasts and in vivo experiments to deter-
mine their effects.

5  | SUMMARY

In this study, the serial treatment with rhBMP- 2 and ALN, rather 
than simultaneous treatment or treatment with each of these fac-
tors alone, promoted the differentiation of osteoblasts. In particu-
lar, the degree of differentiation of osteoblasts was found to be 
the highest in the group treated with rhBMP- 2 followed by ALN. 
This can be attributed to the upregulation of osteogenic factors 
Runx2 and OPN. These findings can be expected to improve the 
effect of bone regeneration treatment by presenting the effect ac-
cording to the concentration combination of bone morphogenetic 
factors and treatment period. The findings of this study can also 

be used as a basis to evaluate the effects of treatment with dif-
ferent combinations of different osteogenic factors and treatment 
periods.
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Abstract
Background: Fibromyalgia is a chronic pain syndrome of unknown etiology charac-
terized by chronic widespread musculoskeletal pain and tenderness. It affects the 
quality of life of patients and has been associated with the human immunodeficiency 
virus (HIV). The study aimed to determine the prevalence of fibromyalgia in HIV- 
positive patients and assess the effect of fibromyalgia on their functional status.
Methodology: This was a cross- sectional study comprising 160 treatment- naive HIV- 
positive patients and 160 age-  and sex- matched HIV- negative controls. The diagnosis 
of fibromyalgia was based on the 2011 modification of the 2010 American College of 
Rheumatology diagnostic criteria by assessing the widespread pain index and symp-
tom severity score. The severity of fibromyalgia was assessed with the revised fibro-
myalgia impact questionnaire.
Results: The prevalence of fibromyalgia in HIV- positive individuals was found to be 
10.6%, which was significantly higher compared with controls (3.1%; P = .008). There 
was no significant association between fibromyalgia and age, gender, or occupation. 
There was a significant relationship between CD4 count levels (P < .001), WHO clini-
cal stage (P < .001), and fibromyalgia. A statistically significant higher score on the 
Revised FM Impact Questionnaire was found in HIV- positive individuals with fibro-
myalgia (P < .001).
Conclusion: The study found that HIV- positive patients had a significantly higher 
incidence of fibromyalgia than controls and this was related to active indices of HIV 
disease. Fibromyalgia had a greater clinical impact on HIV patients than in controls. 
As a result, fibromyalgia should be identified and treated in people living with HIV.
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1  | INTRODUC TION

Fibromyalgia (FM) is a chronic pain condition with no known cause 
that is characterized by widespread musculoskeletal pain that lasts 
at least 3 months and soft- tissue tenderness.1 It is associated with 
fatigue, cognitive dysfunction, mood disorders, sleep disturbance, 
morning stiffness, and varied somatic symptoms.2,3

Several epidemiological studies have examined the prevalence 
of FM in North America and Europe. The prevalence of FM has been 
estimated to be between 0.5% and 5% in the general population.4 
In the USA, Wolfe et al5 estimated the prevalence of FM to be 2%. 
Dokwe et al6 in Kenya reported its frequency to be 11% in patients 
with chronic musculoskeletal pain, and the overall frequency was 
1%. Locally, Akintayo et al found a frequency of 17.3% in an audit of 
660 patients seen in a rheumatology clinic over 20 months in north- 
central Nigeria.7 The prevalence of FM is said to be related to age 
and sex. It affects mainly middle- aged women and the prevalence 
has been found to increase with age.8

The etiology of FM is unknown, but it has been postulated that 
its origin is multifactorial.2,9 It has been suggested that chronic 
viral infections may trigger FM.8,9 Patients with chronic infec-
tions such as Lyme disease, hepatitis C virus, and human immu-
nodeficiency virus (HIV) infections are believed to have a higher 
prevalence of FM.10- 12 HIV infection has the greatest impact in 
sub- Saharan Africa, which is home to 70% of the world's HIV- 
infected individuals.13 As of 2016, Nigeria has the second- highest 
burden of HIV in absolute numbers globally, with an estimated 3.2 
million people living with HIV.14 It has been shown that even with 
the advent of antiretroviral drugs, rheumatologic conditions and 
indeed FM remain relatively significant conditions.15 Some of the 
antiretroviral drugs, like zidovudine, are known to cause musculo-
skeletal symptoms (myalgia, joint pain) as side effects of long- term 
use.15

In a study of 140 HIV- infected patients investigated for rheu-
matologic conditions in the USA, Simms et al found a 41% preva-
lence in people with musculoskeletal pain and an 11% prevalence 
overall in the study group. The mean age of the patients was 
37 years. Fibromyalgia was found to be more prevalent in women 
and was linked to a longer period of HIV infection. There was no 
association with any highly active antiretroviral therapy (HAART) 
- specific regimen and no evidence of an increased frequency of 
FM in patients receiving zidovudine- based therapy.16 Buskila 
et al found the prevalence of FM in HIV patients to be 29%, but 
found no correlation with age, HIV disease duration, stage of HIV 
disease, and zidovudine treatment.11 Malombe et al found a 17.9% 
prevalence of FM in HIV- positive individuals in Kenya, after in-
vestigating 380 HIV- positive patients with musculoskeletal pain.17 
Fibromyalgia was independently associated with the female gen-
der and unemployment. However, FM was not associated with lev-
els of CD4 count and the use of HAART.17 Umar et al, in a study 
done in Zaria, Nigeria to assess the frequency of rheumatologic 
conditions in HIV- positive individuals, found that FM existed in 
0.5% of those evaluated.18

Patients with FM usually have impaired physical function and 
reduced quality of life. About 50% have difficulties with routine 
daily activities.19 The FM impact questionnaire (FIQ), the Brief 
Pain Inventory- Short Form, the Hospital Anxiety and Depression 
scale, and the Medical Outcome Study Sleep Scale have been used 
to assess the burden of this disease.20 The Revised FM Impact 
Questionnaire (FIQR) is used to assess the current health status of 
people with FM.21 This study aimed to determine the prevalence 
of FM among treatment- naive HIV- positive adults and assess the 
impact of FM on the functional status of the participants using 
the FIQR.

2  | MATERIAL S AND METHODS

2.1 | Study setting and population

The study was a comparative cross- sectional descriptive prospec-
tive study conducted at the HIV clinic of Irrua Specialist Teaching 
Hospital (ISTH) over 1 year from June 2016 to May 2017. The 
hospital is a tertiary health facility situated along the Benin- 
Abuja highway in Irrua, the headquarters of Esan Central, Local 
Government Area in the Central Senatorial District of Edo State, 
south- south, Nigeria. Participants in the study were ambulatory 
treatment- naive HIV- seropositive individuals aged 18 years or 
older who consented. Individuals with traumatic musculoskeletal 
disorders, rheumatic and connective tissue diseases, psychological 
disorders, hypothyroidism, chronic viral infections like hepatitis C 
virus; pregnant women; and patients on medications used to treat 
FM, like tricyclic antidepressants, gabapentin, and pregabalin, 
were excluded from the study.

2.2 | Sample size determination

The required sample size was obtained using Fisher's statistical 
formula (n = Z2pq/d2) for estimating the minimum sample size in 
descriptive health studies.22 The sample size was calculated using 
a confidence interval (Z) of 1.96, which corresponds to a 95% confi-
dence level, a tolerable sampling error (d) of 0.05, and a prevalence 
(p) of 17.9%17 obtained in a previous study done in Kenya on FM 
in HIV- positive individuals. q = 1−p, which is the proportion of the 
sample population not covered by this study, and n is the minimum 
sample size. Using the formula nf = n/1 + n/N for a target popula-
tion of less than 10 000, the sample size was adjusted accordingly, 
where N is the estimation of population size. Giving an attrition 
risk of 5%, the sample size obtained was 157. However, this was 
rounded up to 160. As a result, 160 HIV- positive treatment- naive 
individuals and 160 age-  and sex- matched HIV- negative controls 
were recruited. The participants were recruited consecutively 
among patients attending the HIV clinic through simple random 
sampling. Control individuals were drawn from general and medi-
cal outpatient clinics.
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2.3 | Data collection and clinical assessment

A study proforma administered by an interviewer was used to collect 
sociodemographic, and clinical data. The HIV status, latest WHO 
clinical stage, and a recent CD4 count (within 3 months) were based 
on documentation in the HIV- positive participants' case folders. 
Blood samples for CD4 T- lymphocyte count were obtained and de-
termined by flow cytometry (Partec, Münster, Germany) for individ-
uals without a recent CD4 count. The widespread pain index (WPI) 
and symptom severity score (SSS), derived from the 2011 modifi-
cation of the 2010 American College of Rheumatology preliminary 
diagnostic criteria for FM were also assessed.23 The HIV screening 
test was done for controls according to the recommendations of the 
national guidelines using the serial testing algorithm with two differ-
ent rapid screening tests; the Determine™ kit by Inverness Medical 
(Stockport, UK) and Uni- Gold™ by Trinity Biotech (Bray, Ireland), 
after counseling.24

The diagnosis of FM was based on the 2011 modification of 
the 2010 ACR preliminary diagnostic criteria.23 For the diagnosis 
of FM, the following conditions were met: WPI at least 7 and SSS 
at least 5 or WPI between 3 and 6 and SSS at least 9; symptoms 
would have been present at a similar level for at least 3 months 
and the patient should not have a disorder that would otherwise 
explain the pain.

The FIQR was used to measure the severity of FM and its im-
pact on the functional status/quality of life of the study partici-
pants. The FIQR has three domains. Each question was rated on 
a scale of 0 to 10. The first domain had nine questions whereby 
the patients were asked about the level of difficulty in perform-
ing certain daily activities. The second domain had two questions 
that assessed the overall impact of the patient's symptoms. The 
third domain had 10 questions that assessed specific symptoms 
and their severity on a scale of 0 to 10. The scores for each domain 
were added up and a normalization factor was applied— dividing 
the first domain by 3, the second domain by 1, and the third do-
main by 2. The total score, between 0 and 100, was the sum of the 
three normalized domain scores. Categorization of the scores into 
mild, moderate, and severe was done whereby 0- 39 was mild, 40- 
59 was moderate, and a score of 60 or more was rated as severe. 
Higher scores were considered an increased disease impact, which 
meant a low functional level.

2.4 | Ethical considerations

The study was approved by the ISTH health research ethics com-
mittee with protocol number ISTH/HREC/2016/JUNE/040. The 
study was conducted following the ethical standards laid down 
in the 1964 Declaration of Helsinki and its later amendments. 
Informed consent was obtained from all study participants. 
Participants were at liberty to withdraw from the study at any 
stage without prejudice to their management. All data were fully 
anonymized.

2.5 | Statistical analysis

The data obtained were analyzed using the commercially available 
SPSS statistics® 2012 version 21.0 for Windows (IBM, Armonk, NY, 
USA). Continuous variables were presented as means and standard 
deviations, and categorical variables as frequencies and percent-
ages. Student t test was used to compare the means between vari-
ables and the χ2 test or the Fisher exact test was used to test for 
associations. Tests were considered statistically significant at a P 
value less than .05.

3  | RESULTS

The study enrolled 320 participants, including 160 HIV- positive 
treatment- naive patients and 160 HIV- negative controls. The mean 
ages of the HIV- positive participants and controls were correctly 
matched (44.34 ± 10.96 vs 44.51 ± 11.54 years). In both groups, 
women accounted for more than half of the participants. The major-
ity of the participants in both groups were married. The occupational 
status and level of education of the two groups were similar, but 
there was a significant difference between the groups (P < 0.001). 
The sociodemographic characteristics of the study participants are 
shown in Table 1.

The average duration of HIV disease was 2.26 ± 1.51 months. 
The mean CD4 count levels was 442 ± 292.17 cells/µL with 28 
patients (17.5%) having a CD4 count level less than 200 cells/µL. 
Ninety patients (56.3%) were in WHO clinical Stage 1. Table 2 rep-
resents the clinical staging of HIV and CD4 count levels of study 
participants.

Figure 1A, B shows the prevalence of FM in HIV- positive partic-
ipants and controls (10.6% vs 3.1%), respectively. The difference in 
prevalence was statistically significant (P = .008).

The mean age of HIV patients with FM was 45.06 ± 5.57 years, 
and the majority (52.9%) were in the 40- 49 age group. Thirteen 
(76.5%) of the FM patients in the HIV- positive group were female, 
and 4 (23.5%) were male, resulting in a female to male ratio of 3.5:1. 
The difference, however, was not statistically significant. (P = 0.468). 
Patients who were married accounted for 76.5% of all FM cases. 
There was no correlation between FM and gender, marital status, 
or occupational status. The mean CD4 count was 301.00 ± 92.32 
cells/μL in HIV patients with FM, compared with 459.14 ± 303.23 
cells/μL in those without FM. The majority of HIV patients with FM 
were in HIV WHO clinical Stages 2 and 3, whereas those without 
FM were in WHO clinical Stage 1. A significant association was ob-
served between FM and the WHO clinical stages (P < .001), as well 
as the CD4 count levels (P <.001). The sociodemographic and clinical 
characteristics of HIV- positive participants with and without FM are 
shown in Table 3.

All HIV- positive adults and controls with FM reported experi-
encing pain and sleep disturbances in the preceding 7 days. Other 
frequently reported symptoms included fatigue, joint stiffness, 
depression, and memory loss in 94.1% of cases. This is similar to 
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the controls, in which all patients with FM reported pain, joint 
stiffness, sleep disturbances, and depression. This is represented 
in Figure 2.

In HIV- positive adults with FM, the mean FIQR score was 
54.77 ± 7.84, compared with 36.00 ± 4.62 in HIV- negative controls 
with FM. The HIV- positive group with FM also had significantly 
higher subtotals for all three domains (activity, impact, and symp-
toms) compared with the control group. This is shown in Table 4. To 
assess severity, the FIQR scores were rated as mild, moderate, and 
severe for scores of 0- 39, 40- 59, and more than 60 respectively. The 
majority of HIV- positive participants with FM (70.6%) had moder-
ate disease, compared with the control group with mild disease. The 
difference was statistically significant (P < .003). Figure 3 shows the 
severity of FIQR scores of HIV- positive participants and controls 
with FM.

4  | DISCUSSION

Musculoskeletal symptoms have long been recognized as a common 
complication of HIV infection, and previous findings suggest an in-
creasing frequency of FM in HIV patients. This study aims to de-
termine the prevalence of FM among HIV- positive, treatment- naive 
adults seeking care at ISTH, Irrua, Edo State, Nigeria.

The study's participants were on average 44 years old, with a 
female majority. Malombe et al17 and Dotan et al25 also reported 
a female- dominated population of participants in their studies. 
Several studies evaluating rheumatic disease in HIV found similar 
results.18,26,27 The predominance of females among HIV- positive 
participants reflects the 2018 national HIV statistics.28 Biologic fac-
tors, such as the larger female genital mucosal area, as well as socio-
cultural and economic risks, all increase female vulnerability to HIV 

Variables
HIV patients (N = 160)
n (%)

Controls (N = 160)
n (%)

P 
value

Sex

Male 50 (31.3) 77 (48.1) .002*

Female 110 (68.8) 83 (51.9)

Age range (years)

18- 29 13 (8.1) 19 (11.9) .313

30- 39 51 (31.9) 35 (21.9)

40- 49 44 (27.5) 46 (28.8)

50- 59 39 (24.4) 46 (28.8)

>60 13 (8.1) 14 (8.8)

Mean ± SD 44.34 ± 10.96 44.51 ± 11.54

Marital status

Single 29 (18.1) 23 (14.4) .211

Married 113 (70.6) 125 (78.1)

Divorced 1 (0.6) 0 (0.0)

Widowed 6 (3.8) 8 (5.0)

Separated 11 (6.9) 4 (2.5)

Occupational status

Unemployed 7 (4.4) 13 (8.1) <.001*

Civil servant 35 (21.9) 54 (33.8)

Student 4 (2.5) 15 (9.4)

Trader/Business 53 (33.1) 18 (11.3)

Farmers 31 (19.4) 31 (19.4)

Drivers/Transporters 5 (3.1) 0 (0.0)

Others (artisans) 25 (15.6) 29 (18.1)

Highest level of education

None 8 (5.0) 4 (2.5) <.001*

Primary 52 (32.5) 13 (8.1)

Secondary 58 (36.3) 63 (39.4)

Tertiary 42 (26.3) 80 (50.08)

Abbreviations: HIV, human immunodeficiency virus; SD, standard deviation.
*Statistically significant P value.
aValues are given as number (percentage) unless stated otherwise.

TA B L E  1   Socio- demographic 
characteristics of the study participants 
and controlsa
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acquisition.29 The gender disparity observed in this study is consis-
tent with the trend of low male participation in HIV care.30

In this study, FM was shown to be prevalent in 10.6% of HIV- 
positive participants, which was much greater than the 3.1% seen in 
HIV- negative controls. This indicates that the illness exists in these 
patients, as well as suggesting a link between HIV and FM. In the 
past, a wide range of FM prevalence rates in HIV- positive individuals 
has been recorded, most likely reflecting a variety of factors such as 
geographic location, changing treatment patterns over time, and the 
evolution of diagnostic criteria.31,32

Despite the varying prevalence in the literature, our fre-
quency of 10.6% is comparable to the 7.3% and 14.1% reported 
by Chiowchanwisawakit et al31 and Dotan et al,25 respectively. It 
is lower than the prevalence of 17% reported by Marquez et al15 
and the 17.9% reported by Malombe et al17 in Kenya. However, our 
findings are much lower than those of Simms et al16 in Boston City 
Hospital in the USA, who found a prevalence of 41% among HIV 
patients with musculoskeletal pain, and of Buskila et al,11 who re-
ported a prevalence of 29%. Population differences could explain 
these findings, especially as the Simms et al study participants were 
largely male Caucasians. The study by Simms et al. also included 
patients who were at risk for HIV acquisition due to intravenous 
drug use (IVDU).16 This is assumed to have influenced their findings 
because IVDU, addiction, and substance misuse have been consid-
ered to be risk factors for rheumatologic diseases.33,34 However, 
there was no record of an IVDU history in our study population. 
Previous investigations included individuals on HAART; however, 
this study included only treatment- naive patients. This may ex-
plain the study's relatively lower prevalence rate. Zidovudine has 
been associated with muscle pain and weakness in people who 
take it, but other studies have revealed no higher risk of FM in 
people receiving zidovudine- based therapy.11,17,25 Another reason 
for our lower prevalence rate could be the exclusion of factors 

such as pregnancy and other rheumatic diseases that were not 
excluded in other studies. Overall prevalence of 0.5%- 5% in the 
general population has been documented.4 This is similar to the 
3.1% prevalence in our control group.

The majority (76.5%) of FM patients were females in this study. 
This, however, was not statistically significant. This is consistent 
with the findings of other studies on FM, which indicate a female 
predominance.16,17,25 Women are more likely to have rheumatologic 
diseases. Although the exact cause of this is unknown, it is hypoth-
esized that sex hormones, particularly estrogen, may contribute to 
pain perception.35 However, in the Boston study by Simms et al16 
and the Thai study by Chiowchanwisawakit et al31, there were more 
male participants. This may be explained by the fact that the Simms 
et al sample cohort included a high proportion of patients who used 
IVDU as a risk factor for HIV acquisition.16 Gender disparities may 
also be influenced by population differences.

The average age of FM patients was 45.06 years. This is equiva-
lent to the mean ages of 42.2 and 40 years in the studies conducted 
by Malombe et al in Kenya17 and Dotan et al in southern Israel,25 
respectively. The prevalence of FM rises with age, peaking at 60- 
70 years old.5 The prevalence increased from 30- 39 years old to 

TA B L E  2   Clinical staging of HIV and CD4 count levels of study 
participantsa

Variable

HIV patients
N = 160
n (%)

WHO Clinical stage

1 90 (56.3)

2 33 (20.6)

3 29 (18.1)

4 8 (5.0)

Current CD4 count (cells/µL)

<200 28 (17.5)

200- 349 41 (25.6)

350- 499 34 (21.3)

≥500 57 (35.6)

Abbreviations: CD, Cluster of Differentiation; HIV, human 
immunodeficiency virus; WHO, World Health Organization.
aValues are given as number (percentage) unless stated otherwise.

F I G U R E  1   A, Prevalence of fibromyalgia in HIV- positive 
participants. B, Prevalence of fibromyalgia in HIV- negative controls
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40- 49 years old in this study. This study's younger age group may 
reflect the patients who were enrolled. It is unknown whether 
FM or other rheumatologic issues manifest earlier in HIV- positive 
individuals.

Most of the participants were employed in some capacity. 
However, there was no correlation between their occupation and 
FM. This is in contrast to a study conducted in Kenya, which found 
that the unemployed had a higher risk of FM.17 In southern Israel, 

Variables
FM present (N = 17)
n (%)

FM absent (N = 143)
n (%)

P 
value

Sex

Male 4 (23.5) 46 (32.2) .468

Female 13 (76.5) 97 (67.8)

Age range (years)

18- 29 0 (0.0) 13 (9.1) .146

30- 39 4 (23.5) 47 (32.9)

40- 49 9 (52.9) 35 (24.5)

50- 59 4 (23.5) 35 (24.5)

Mean ± SD 45.06 ± 5.57 44.25 ± 11.44

Marital status

Single 1 (5.9) 38 (19.6) .103

Married 13 (76.5) 100 (69.9)

Divorced 1 (5.9) 0 (0.0)

Widowed 1 (5.9) 5 (3.5)

Separated 1 (5.9) 10 (7.0)

Occupational status

Unemployed 2 (11.8) 5 (3.5) .398

Civil servant 4 (23.5) 31 (21.7)

Student 0 (0.0) 4 (2.8)

Trader/Business 6 (35.3) 47 (32.9)

Farmers 1 (5.9) 30 (21.0)

Drivers/Transporters 1 (5.9) 4 (2.8)

Others(artisans) 3 (17.6) 22 (15.4)

Highest level of education

None 1 (5.9) 7 (4.9) .250

Primary 2 (11.8) 50 (35.0)

Secondary 9 (52.9) 49 (34.3)

Tertiary 5 (29.4) 37 (25.9)

CD4 count, (cells/µL)

<200 2 (11.8) 26 (18.2) <.001*

200- 349 10 (58.8) 31 (21.7)

350- 499 5 (29.4) 29 (20.3)

>500 0 (0.0) 57 (39.9)

Mean ± SD 301.00 ± 92.32 459.14 ± 303.23

WHO clinical stage

Stage 1 2 (11.8) 88 (61.5) <.001*

Stage 2 7 (41.2) 26 (18.2)

Stage 3 8 (47.1) 21 (14.7)

Stage 4 0 (0.0) 8 (5.6)

Abbreviations: CD, Cluster of differentiation; FM, fibromyalgia; WHO, World Health Organization.
*Statistically significant P value
aValues are given as number (percentage) unless stated otherwise.

TA B L E  3   Comparison of the 
sociodemographic and clinical variables 
between HIV- positive participants with 
and without fibromyalgiaa
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however, Doltan et al observed no link between gender, family 
status, religion, occupation, or education with the development of 
FM.25 Negative life events have been identified as stressors that may 
enhance the likelihood of developing FM. Occurrences such as being 
jobless, divorced, or widowed did not demonstrate an increased as-
sociation with FM. However, it is known that the chronicity and se-
verity of FM symptoms may prevent patients from working or force 
them to retire early.

The relevance of CD4 count in the development of musculoskel-
etal diseases in HIV- positive patients has received mixed reviews. 
Rheumatic diseases can occur at any stage of HIV infection, but they 
are most common in the late stages.36 There was no evidence of FM 
in patients with WHO HIV Stage 4 infection in this study. This may 
have been influenced by the small number of participants recruited at 
this stage of HIV disease. The role of the FM criterion used cannot be 
ruled out, because it requires the exclusion of other clinical conditions 

F I G U R E  2   Frequency of fibromyalgia- 
related symptoms in HIV- positive 
participants and controls with 
fibromyalgia

FIQR domain

HIV patients with FM 
(N = 17)
Mean ± SD

Controls with FM 
(N = 5)
Mean ± SD

t 
test

P 
value

Function 19.64 ± 3.41 13.28 ± 1.95 3.94 <.001*

Impact 12.47 ± 1.70 9.52 ± 0.67 3.74 <.001*

Symptom 22.68 ± 5.10 13.20 ± 2.84 3.94 <.001*

Total 54.77 ± 7.84 36.00 ± 4.62 5.05 <.001*

Abbreviations: FIQR, Revised Fibromyalgia Impact Questionnaire; FM, fibromyalgia; HIV, human 
immunodeficiency virus; SD, standard deviation.
*Statistically significant P- value.

TA B L E  4   FIQR domain scores in HIV- 
positive participants and controls with 
fibromyalgia

F I G U R E  3   Severity of FIQR scores 
in HIV- positive participants and controls 
with fibromyalgia
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that may be responsible for symptoms. This is because the majority of 
patients in WHO HIV Stage 4 will have co- morbid conditions that could 
confound the results. However, this study found a significant relation-
ship between levels of CD4 counts, HIV WHO clinical staging, and FM. 
This supports the findings of several studies in different parts of the 
world. Zhang et al identified CD4 lymphocyte depletion as an inde-
pendent risk factor for the development of rheumatic disorders among 
HIV- positive patients in China,37 while Rosemffet et al reported that 
more severely immunocompromised patients were more likely to have 
musculoskeletal symptoms.38 In Enugu, Southeast Nigeria, Okwara 
et al observed that CD4 count was predictive of HIV- associated arthri-
tis.39 Umar et al in Zaria also reported an association between levels of 
CD4 counts, WHO clinical staging of HIV, and rheumatic diseases.18 
In contrast, reports from Dotan et al,25 Buskila et al,11 and Malombe 
et al17 did not find an association between CD4 count levels, WHO 
clinical staging of HIV, and FM. Kaddu et al also found no association 
between CD4 count levels and rheumatic diseases in HIV patients 
in Malugo.27 It is worth noting that several of the studies looked at 
rheumatic disorders in general, with individuals on HAART. Our study 
focused on FM as an entity and study participants were treatment- 
naive. However, there is a need for large cohort studies to determine 
the relationship between CD4 count, WHO clinical staging, and FM, as 
well as other rheumatic diseases.

The HIV patients with FM in this study had a more severe dis-
ease than the controls, as evidenced by higher FIQR scores. When 
compared with HIV- negative controls with mild illness, more HIV 
patients with FM had a moderate disease. This was comparable 
with the findings of Malombe et al17 in Kenya. This meant that HIV- 
positive FM patients had a higher overall impact and symptom score 
and faced greater challenges in terms of being able to perform par-
ticular activities. Co- morbidities and other opportunistic infections 
may contribute to the increased severity and poor quality of life that 
HIV- positive people experience.

This study is unique in that it is the first in Nigeria to look at 
the prevalence of FM among HIV- positive people and, in particu-
lar, treatment- naive individuals. Because the study only included a 
relatively small number of HIV- positive participants and was per-
formed in a single center, the results may not be generalizable. 
Furthermore, as a result of the study's cross- sectional design, we 
were unable to investigate FM's long- term effects. As a result, a 
more robust study with a larger sample size may be needed to val-
idate these findings.

5  | CONCLUSION

Similar to previous reports, FM was more prevalent in HIV- positive 
participants than in HIV- negative controls. The study also noted 
that indices of active HIV disease like the CD4 count levels cor-
related with the development of FM. Patients with this condition 
should be evaluated for any accompanying symptoms and treated 
accordingly. Large prospective cohort studies will provide high- 
quality evidence on whether HIV is linked to FM. We suggest that 

screening for FM and for general musculoskeletal conditions should 
be an integral part of HIV care.
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1  | INTRODUC TION

In any clinical research, missing values or experimental values remain 
a problem in correctly analyzing results and in obtaining inaccurate 
outcomes. These missing values often lead to misinterpretation and 
biased results, which could ultimately affect the overall conclusion 
of an investigation.1- 4 The application of statistical analyses in exper-
iments with missing values poses serious problems, as the missing 
values are often automatically ignored by the statistical algorithms. 

The results obtained by the investigator in such experiments may 
be insignificant or even meaningless.5- 7 Missing data are a common 
problem for all kinds of research data, especially in clinical trials. It 
always becomes problematic when sample collection was not per-
formed in random order or were obtained using an improper meth-
odology.8 Certain factors are responsible for missing values in the 
data of a study: (a) the data are not captured due to some unknown 
reason, such as error in recording the data from an electronic de-
tector/data recorder or manual recording by technical medical staff; 
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(b) data are missing due to a known reason, such as critical medical 
conditions; or (c) data are not recorded as they are unrelated to the 
patient's clinical medical condition.6 However, the biased and mis-
leading information obtained when values are missing can be man-
aged by the application of imputation methods.

1.1 | Missing imputation -  Rubin's approach

Imputation involves the substitution of missing values with known 
variables. This type of approach is widely used, as it produces com-
plete data. However, the decision regarding the imputed value cannot 
be unbiased (eg, multiple imputation for missing data makes it pos-
sible for the researcher to obtain approximately unbiased estimates 
of all the parameters from the random error; the researcher cannot 
achieve this result from deterministic imputation, which the multiple 
imputation for missing data can do), as it could lead to an overestima-
tion of confidence in the outcome. To overcome this problem, Rubin 
suggested the theory of multiple imputation, in which missing values 
are imputed using the appropriate model a few times (generally 3- 5 
times) and a standard method is applied for the analysis.4,9,10,11 The 
imputation method provides more accurate results, but problems with 
the application of imputation include: (a) maximum use of the available 
data to reduce the error for univariate data and preserve covariance in 
multivariate data sets; and (b) reporting the variance estimates of un-
certainty caused due to the imputed value.11 Several parametric and 
non- parametric techniques have been employed to deal with missing 
values. Parametric methods depend on the assumed method, whereas 
non- parametric methods require a high number of observations.12

1.2 | Categorization of missing values

Rubin categorized the missing value problem into 3 groups: miss-
ing completely at random (MCAR), missing at random (MAR), and 
not missing at random/missing not at random (NMAR/MNAR).10,12,13 
The MAR method is generally used in clinical epidemiological re-
search.14,15 It is critical to determine the category of the data, in 
order to choose a statistical strategy.16,17

1.2.1 | MAR

Data are MAR if the missingness depends on the observed charac-
teristics, not the unobserved characteristics, meaning that the rela-
tionships observed in the data can be used to predict the occurrence 
of missing values.

1.2.2 | MCAR

As the randomness of MAR is conditional on observed characteris-
tics, which distinguishes it from the completely at random type of 

MCAR, dropping or omitting those cases with missing values in the 
analysis may lead to biased results.15

1.2.3 | MNAR

Data are considered MNAR if their missingness depends on charac-
teristics that are not observed and cannot be fully explained by the 
observed characteristics. Systematic differences between missing 
and non- missing data exist for data that are MNAR. In some circum-
stances, randomness in the missing data mechanism may be ignored 
without affecting the inference.10 Both MCAR and MAR can be con-
sidered ignorable, in the sense that a proper method (eg, multiple 
imputation) may recover the missing information without modeling. 
In contrast, the MNAR mechanism requires a method that considers 
the missing data mechanism to make inferences about the complete 
(and partially unobserved) data; in other words, the model for the 
missing data mechanism cannot be ignored.18

1.3 | Methods used for imputing missing values

To treat and estimate the missing values,19 a non- parametric ran-
dom forest (RF) model is proposed, which is an extended version of 
classification and regression trees (CARTs) and involves a supervised 
learning group method. The method used to build the trees involves 
replacement sampling of the main data set. The CARTs are created 
using the training data bootstrap samples and tree induction using 
random feature selection.20,21 The performance of a tree is evalu-
ated on the remaining data, which are contained in an out- of- bag 
sample.

1.3.1 | Missing imputation using RF

The best RF is determined based on the out- of- bag error, which is 
an unprejudiced gauge of the true prediction error.22 RF has the 
following advantages: (a) it is applicable even when the number of 
variables is greater than the number of samples; (b) it is not prone to 
multicollinearity; (c) it is suitable for non- linear trends; (d) it does not 
suffer from the overfitting problem with an increase in the number 
of trees; and (e) it can tolerate outliers and missing values.23

1.3.2 | Missing imputation using sequential RF 
(missForest)

Another algorithm based on RF, called sequential random forest 
(missForest), has recently been developed for missing data imputa-
tion.24 This algorithm can impute missing values on any kind of data 
and its goal is the prediction of every single missing value, instead 
of drawing random values from a distribution. This algorithm can 
handle multivariate data sets concurrently comprising categorical 
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and continuous variables.25 The key advantages of missForest over 
other imputation methods include: (a) having no requirement for the 
tuning of parameters; (b) it does not depend on assumptions per-
taining to the distribution of data sets; (c) it allows for assessment 
of imputation quality without setting test data or laborious cross- 
validations using out- of- bag imputation error estimates; and (d) it 
provides above- par imputation results, even for high- dimensional 
data sets (ie, when the number of variables is greater than the num-
ber of observations).24

The missForest approach is based on a decision tree that is su-
pervised by a machine learning algorithm that can be used for both 
classification and regression problems. A decision tree is simply a 
series of sequential decisions made to reach a specific result. It ini-
tially imputes all missing data using the mean/mode, then for each 
variable with missing values, missForest fits a RF on the observed 
part and then predicts the missing part (sequential movement). This 
process of training and predicting repeats is an iterative process until 
a stopping criterion is met, or a maximum number of user- specified 
iterations is reached. The reason for the multiple iterations is that, 
from iteration 2 onward, the random forests performing the impu-
tation will be trained on better quality data that itself has been pre-
dictively imputed. In other words, the method treats the variable of 
the missing value as a predictor and borrows information from other 
variables by the resampling- based CARTs to grow a RF for the final 
prediction. The method is repeated until the imputed values reach 
convergence.26,27

In general, missForest and k- nearest neighbors (kNN) are con-
sidered as machine learning algorithms because they do not explic-
itly require the users to define how the prediction is taking place, 
whereas multiple imputation and seasonal decomposition require 
model specifications by the users.

In the present investigation, we consider 4 data mining techniques 
to predict the missing values in the Kuwait Registry for Rheumatic 
Diseases (KRRD): predictive mean matching (PMM), kNN, RF, and 
sequential RF (missForest). The main objective of this study was to 
handle missing data in the KRRD, where the amount of missing data 
varied between 1% and 65.5% (Table 1). Our secondary objectives 
were to choose the best missing data mechanism (MAR, MCAR, or 
MNAR) when assuming 3 different rates of missingness (10%, 20%, 
and 30%), as well as to compare the selected imputation methods 
(PMM, RF, kNN, and missForest) for each missing data mechanism 
under each rate of missingness. To select the best method for imput-
ing missing data in KRRD, the root mean square error (RMSE) was 
used to evaluate the best imputation method which minimized the 
difference between the imputed data points and the original data 
points (that were subsequently set to missing).

2  | METHODS

2.1 | Data Source: KRRD

All rheumatoid arthritis (RA) patients in this study were officially 
registered in the KRRD. The KRRD is a national registry listing 
adult patients with rheumatic diseases. Patients who fulfilled the 
American College of Rheumatology criteria for RA28 registered 
from January 2012 through March 2020 were included in the 
study. The RA information data were collected from the rheuma-
tology departments of 4 major government hospitals in Kuwait, 
based on patient visits. The selected hospitals are mainly distrib-
uted in different governorates covering the ethnic diversity of the 
Kuwaiti population. The KRRD, from which this study originated, 

TA B L E  1   Study variables with abbreviations and frequencies

Variable name Abbreviation Measures
Type of 
variable

Missing 
rate Variable role

Rheumatoid arthritis disease duration Baseline Scale 12.4% Independent

Smoking Baseline Categorical 26.0% Independent

Rheumatoid factor RF Baseline Categorical 8.3% Independent

Antinuclear antibodies ANA Baseline Categorical 21.4% Independent

Anti- cyclic citrullinated peptide ACPA Baseline Categorical 21.0% Independent

Sicca symptoms SICCA Baseline Categorical 19.8% Independent

Rheumatoid nodules Nodules Baseline Categorical 18.5% Independent

Family history of rheumatic disease FH Baseline Categorical 28.4% Independent

Treatment class TC Repeated Categorical 13.7% Independent

Steroid therapy Steroid Baseline Categorical 6.6% Independent

Joint pain Repeated Categorical 3.8% Independent

Disease Activity Score of 28 joint DAS28 Repeated Scale 1.0% Target (outcome)

Erythrocyte sedimentation rate ESR Repeated Scale 5.1% Independent

C- reactive protein CRP Repeated Scale 2.2% Independent

Health Assessment Questionnaire

Disability index HAQ Repeated Scale 65.5% Independent
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was approved by the Ethics Committees of the Faculty of Medicine 
at Kuwait University and the Ministry of Health. Additionally, in-
formed consent was obtained from all represented patients en-
rolled in the registry.29

Using the data obtained from KRRD, we conducted an in- depth 
comparative analysis of the different imputation methods. Missing 
data were entered into each data set, assuming a general miss-
ing data pattern and 3 mechanisms of missing data: MCAR, MAR, 
and NMAR. Under the MCAR assumption, missing values were 
randomly applied to each data set. Under the MAR assumption, 
the probability of information being missing depended on class 
attribute.

Under the NMAR assumption, the largest or smallest values of Xs 
were removed. The objective of the study was to derive a compari-
son of 4 different imputation methods for NMAR, MAR, and MCAR, 
concerning missing data. We simulated the rates of missing data by 
varying the value proportions by 10%, 20% and 30%.

2.2 | Calculating RA indices

RA disease activity scores are measured using 2 different indices: 
Disease Activity Score of 28 joints (DAS28) and Clinical Disease 
Activity Index (CDAI). The DAS28 is the sum of 4 outcome param-
eters: tender joint count of 28 joints (TJC28); swollen joint count of 
28 joints (SJC28); erythrocyte sedimentation rate (ESR: in mm/h) (C- 
reactive protein [CRP] may be used as an alternative to ESR in the 
calculation); and patient global health assessment (GH: from 0 = best 
to 100 = worst) Equation (1).

The second index is the CDAI. The CDAI considers the follow-
ing items: TJC28 (0- 28); SJC28 (0- 28); the patient global health 
assessment (PaGH: from 0 = best to 10 = worst); and the care pro-
vider global health assessment (PrGH: from 0 = best to 10 = worst) 
Equation (1). In this study, we used the first index (DAS28) as a target 
variable.

2.3 | Multiple Imputation (MI) process using 
Rubin's Rules

For our data sets, we used Rubin's rules10 for handling missing data. 
The MI process was conducted separately for each variable in the 
data set (Figure 1). The first step in MI is to create values (imputes 
or mi), with 5 iterations for each mi (imputed: set 1 to set 5, Figure 1) 
to be substituted for the missing data. To create the imputed values, 
we need to identify a model (eg, a linear regression) that allows us 
to create imputes based on other variables in the data set (predictor 
variables). As we needed to perform this multiple times to produce 
multiple- imputed data sets, we identified a set of regression lines 
that were similar to each other.

2.4 | Number of needed imputations

An important aspect of previous technical treatments of MI is that 
the discussion of selecting the number of imputations that are re-
quired for acceptable statistical inference (eg, 30- 32). For example, 
Schafer and Olsen32 recommend that in several applications, sim-
ply 3- 5 imputations are enough to get sufficient results. Many are 
surprised by the claim that only 3- 5 imputations may be needed. 
Rubin30 shows that the efficiency of an estimate based on m imputa-
tions is approximately

where γ is the fraction of missing information for the quantity being 
estimated gains rapidly diminish after the first few imputations. In 
most situations there's merely very little advantage to generate and 
analyzing over a few imputed datasets. In theory, the more imputa-
tion, the better performance in estimating missing values, but it takes 
a lot of time, which is a barrier for this research. It is convenient to set 
m = 5 during the stage of model building and raising the amount in the 
evaluation stage if it is needed.33 So, in this study, the MI methods are 
performed with m = 5 imputed data sets which can be considered as 
satisfactory.30

2.5 | MI using RF method

Assume that X =
(
X1,X2,…,Xp

)
 is an n × p- dimensional data matrix. 

We propose using the RF technique to impute missing observations. 
The RF algorithm has a built- in routine to handle the values that are 
missing by weighing the frequencies of values with the proximity of 
a RF after the training of the mean data set is initially imputed.34 This 
approach needs a response variable that is complete and useful for 
forest training. Instead, we directly estimate the values of all the miss-
ing values using a RF that is trained from the observed data set, where 
X is the matrix of the complete data. Xs contains all missing values at 
entries i(s)

mis
⊆ {1,…, n}. The data set can be separated into 4 parts:

1. y
(s)

obs : the observed values of Xs;
2. y

(s)

mis : the missing values of Xs;
3. x

(s)

obs : the observations i(s)
obs

=
{1,…,n}

i
(s)

mis

, which belong in the other vari-
ables Xs;

4. x(s)
mis

 :the observations i(s)
mis

 that belong in the other variables Xs.

Note that and are not completely observed, as the index corre-
sponds to the observed values of the variable Xs.

According to Stekhoven and Bühlmann,24 the process starts with 
an initial guess for missing values in X using a mean imputation ap-
proach or any other imputation method depending on the data. Then, 
we sort the predictors Xs, s = 1,..., p, in ascending or descending order, 
Xs, s = 1,..., p, according to the number of missing values. Then, for 
each variable Xs the missing values are imputed by RF (ie, the first 

(1)
DAS − 28 = 0.56 ×

√
TJC28 + 0.28 ×

√
SJC28 + 0.70 × ln(ESROrCRP) + 0.14 × GH,

(2)
(
1 +

�

m

)− 1

,
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fitting) with response y(s)
obs

 and predictors x(s)
obs

. Next, the missing values 
y
(s)

mis
 are estimated by adopting the trained RF to x(s)

mis
. The imputation 

approach should be repeated until a stopping criterion is reached. 
Pseudo Algorithm 1 shows a representation of the missForest method 
(Algorithm 1). The stopping criterion (γ) is met when the difference be-
tween the last imputed data matrix and the previous one increases for 
the first time with respect to both variable types. Here, the difference 
for the set of continuous variables N is defined as

and that for the set of categorical variables F is defined as

where X is an n × p matrix, setting the stopping criterion (γ) and 
initial guesses for missing values; k← is the vector of sorted indices 
of columns in X with respect to increasing the amount of missing 
values; and Ximp

old
 stores the previously imputed matrix. We fit a RF 

y
(s)

obs
∼ x

(s)

obs
; predict y(s)

mis
 using x(s)

mis
; use Ximp

new
 to update the imputed ma-

trix using the predicted y(s)
mis
,; and update γ using the imputed matrix 

Ximp, where NA is the number of missing values in the categorical 
variables.

After imputing the missing values, the performance of differ-
ent methods was assessed using the normalized root mean squared 
error (NRMSE) for the continuous variables, defined by:

Algorithm 1: Impute missing values RF.24

Require: X is an n × p matrix. Set up the stopping criterion (γ)
1: set up initial guess for missing values;

2: k is the vector of sorted indices of columns in X wrt increasing 
the amount of missing values;

3: while not γ do.
4: Ximp

new
 stores the previously imputed matrix;

5: for s in k do.
6: fit a RF: y(s)

obs
∼ x

(s)

obs
;

7: predict y(s)
mis

 using x(s)
mis

;
8: Ximp

new
 updates the imputed matrix using predicted y(s)

mis
;

9: end for
10: updated γ
11: end while
12: return the imputed matrix Ximp

where Xtrue and Ximp are the complete data matrix and the im-
puted data matrix, respectively. In this study, all predictors were clas-
sified as continuous observations. The mean and variance are used 
as a short notation for the empirical mean and variance computed 
over the missing values only, respectively. When an RF fits to the 
part that is observed on a variable, we reach the out- of- bag (OOB) 
estimate of the error for the variable. When the stopping criterion 
(γ) is met, we average it over the variable set of that type to obtain 
an approximation of the actual errors of imputation. We assessed 
the estimation performance by comparing the absolute difference 
between the OOB imputation error estimate in all simulation runs 
and the true imputation error.

2.6 | Evaluation criteria

To determine the best imputation method, 3 model performance 
tests were considered: RMSE, mean absolute error (MAE), and cor-
relation coefficient (R), which are respectively calculated as follows:
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|| ,

F I G U R E  1   The steps of implementing multiple imputations using Rubin's rules to estimate missing values for the Kuwait Registry for 
Rheumatic Diseases (KRRD)
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where yi and ŷi are the ith observations for the reconstructed 
and comparison data sets, respectively. The error is measured based 
on the difference between the estimated and observed values. For 
RMSE and MAE, the smaller the value obtained, the more accurate 
the estimation method.

3  | RESULTS

The performance of 3 imputation mechanisms (MCAR, MAR, and 
MNAR) was analyzed using sub- data sets from KRRD patients using 
3 different missingness rates (10%, 20%, and 30%). A total of 1735 
patients (62.8% men and 37.2% women) from 2012- 2020 were in-
cluded in this study (Table 2). The baseline investigated patient 
characteristics included factors such as smoking, rheumatoid factor, 
sicca, antinuclear antibodies (ANA), anti- citrullinated peptide anti-
body (ACPA), family history, treatment class, comorbidity, steroid 
and joint pain.

The average duration of RA disease was 9.19 ± 6.76 (SD) years. 
Most of the data were recorded at Amiri and Farwaniya hospitals 
(79%). A majority of the patients were non- smokers (89.6%), 77.1% 
were rheumatoid factor- positive, 65.9% of RA patients were ACPA- 
positive, and 58.8% had joint pain. The results showed that RA 

patients had positive sicca (18.7%), positive ANA (28.4%), positive 
family history (18.4%), and positive steroid use (22.6%). Table 3 
provides a descriptive analysis of RA lab tests for ESR, CRP, Health 
Assessment Questionnaire (HAQ), and DAS28, which were calcu-
lated 5 different times from 5 different data sets after implementing 
missing values methods (original data set compared with imputed 
data sets using PMM, RF, kNN, and missForest).

The mean and SD values of ESR, CRP, HAQ, and DAS28 were 
27.5729 ± 22.2706, 5.9904 ± 4.9334, 0.9517 ± 0.6649, and 
2.6756 ± 1.2902, respectively, for the original data, and those for 
the imputed data sets values ranged between 27.0639 and 27.1245, 
6.4323 and 6.4456, 0.9042 and 0.9062, and 2.6759 and 2.6767, re-
spectively. The skewness and kurtosis values were mostly positive: 
1.2248, 1.0182, 0.8120, and 0.5963 for skewness and 1.6256, 0.3932, 
– 0.0311, and 0.2599 for kurtosis in the case of imputed data sets that 
ranged between 1.2551 and 1.2675, 0.8085 and 0.8135, 1.1352 and 
1.1430, and 0.5961 and 0.6005 for skewness, respectively, and 1.7394 
and 1.7854, 0.1395 and 0.1493, 2.1178 and 2.1560, and 0.2664 and 
0.2798 for kurtosis, respectively. The data showed that the original 
data set and the imputed data sets had very close values with small 
differences for all RA lab tests (ESR, CRP, HAQ, and DAS28).

3.1 | Predicting the influence of RA factors on 
DAS28 using the original data set

Here we are trying to estimate a regression model that explains the 
effect from the independent variables (Table 1) toward the outcome 
variable (DAS28). We used the original KRRD dataset. As we men-
tioned before, the original dataset contains missing values in all vari-
ables (Table 1).

The missing values rate in the original data set vary from 2% to 
66%. Table 4 shows the estimated parameters predicting DAS28 
using a multiple linear model. Only 6 variables were found to be 
significant risk factors that influenced DAS28 (R2

DAS28
 = 0.773). The 

results showed that ESR, CRP, HAQ, disease duration, and current 
steroid use were risk factors predicting DAS28, with β = 0.034, 
0.020, 0.129, 1.489, 0.247, 1.095, respectively (95% CIs: 0.032- 
0.036, 0.012- 0.029, 0.075- 0.183, 1.415- 1.562, 0.138- 0.356, and 
0.963- 1.228, respectively). Other factors (RF, ANA, ACPA, sicca, 
nodules, smoking, family history and joint pain) were not found to be 
risk factors influencing DAS28 (Table 4).

Because of the existing of missing values, smoking, joint pain 
and sicca were not found to be a significant risk factor for DAS28. 
However, many scholars showed that those variables (smoking, joint 
pain and sicca) can be risk factors toward DAS28.35,3637

3.2 | Predicting the influence of RA factors on 
DAS28 from the PMM- imputed data sets

Using the imputation process to predict all missing values in the 
KRRD data set using the 3 different missing imputation mechanisms 

TA B L E  2   Baseline patient characteristics from the Kuwait 
Registry for Rheumatic Diseases (2012 to 2020)

N = 1735 N

Gender, female 1090 (62.8%) 1735

Age, y 54.0 (12.6) 1719

RA disease duration, y 9.19 (6.76) 1520

Nationality

Kuwaiti 839 (48.4%) 1735

Non- Kuwaiti 896 (51.6%)

Main hospital

Amiri 708 (40.8%) 1735

Farwaniya 663 (38.2%)

Jahra 83 (4.78%)

Mubarak 280 (16.1%)

Sabah 1 (0.06%)

Smoking, yes 133 (10.4%) 1284

Rheumatoid factor positive 1227 (77.1%) 1591

Sicca symptoms, yes 260 (18.7%) 1391

Antinuclear antibody positive 388 (28.4%) 1364

Anti- citrullinated peptide antibody 
positive

903 (65.9%) 1370

Family history positive 229 (18.4%) 1243

Treatment class, biologics 488 (32.6%) 1498

Comorbidity, yes 926 (53.4%) 1735

Current steroid, yes 366 (22.6%) 1620

Joint pain, yes 982 (58.8%) 1670
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(MAR, MCAR, and MNAR), we constructed a quality data set after 
fixing all missing values using PMM. Table 5 shows the estimated 
parameters when predicting DAS28 using multiple linear models and 
the PMM- imputed data sets.

The regression results showed the same significant risk factors, 
this time adding rheumatoid factor to predict DAS28 (R2

DAS28 = 
0.727); in addition, smoking was found to be a very strong risk factor 
when we used the imputed data sets, but was not when we used the 
original data set to predict the influence on DAS28.

The regression model that used the original data set did not in-
dicate that rheumatoid factor has a significant influence on DAS28 
but, if we used the PMM- imputed data set, the regression model 
indicated that rheumatoid factor had a significant influence when 
predicting DAS28.

Due to the effect of bias induced by the missing values, the rheu-
matoid factor results were not significant when using the original 
data set; however, after we imputed all the missing data in the KRRD 
data set, the regression results became more sufficient and reliable.

3.3 | Predicting the influence of RA factors on 
DAS28 from the imputed data sets using kNN

The kNN- based imputation of missing data restored the leftover val-
ues in the KRRD data set and better standard data were obtained. As 
shown in Table 6, various parameters were used to establish DAS28 
prediction using the kNN- imputed data sets.

The regression results were calculated based on similar fac-
tors as those of the original data set with further incorporation 
of rheumatoid factor and sicca and further prediction of DAS28 
(R2

DAS28 = 0.727).
Similar to the PMM- based analysis, the kNN imputation revealed 

that rheumatoid factor can significantly influence the prediction of 
DAS28, which was not significant in the original data set due to bias. 
The disease duration factor had a negative value in both PMM and 
kNN, whereas it was positive in the original data set.

3.4 | Predicting the influence of RA factors on 
DAS28 from the RF- imputed data sets

The results of RF imputation, in terms of removing bias in the KRRD 
data set, were similar to those of PMM- based imputation. Table 5 
shows that the factors that significantly affected the DAS28 param-
eter at P < .01 were similar between PMM-  and RF- based imputa-
tion, with their values being very close. The adjusted R2

DAS28 value 
of 0.728 was obtained after imputation.

3.5 | Predicting the influence of RA factors on 
DAS28 from the missForest- imputed data sets

One of the best methods for imputation reported in the literature 
and evident from the analysis was missForest. Apart from all the 

TA B L E  3   Mean and SD for ESR, CRP, HAQ, and DAS28 from the original data set and the imputed data sets (IM)

Data set Variable n Minimum Maximum Mean SE SD Skewness Kurtosis

Original data ESR 10 703 0.0000 134.0000 27.5729 0.2153 22.2706 1.2248 1.6256

CRP 8769 0.0000 21.0000 5.9904 0.0527 4.9334 1.0182 0.3932

HAQ 4004 0.0125 3.0000 0.9517 0.0105 0.6649 0.8120 – 0.0311

DAS28 11 213 0.0000 9.7050 2.6756 0.0122 1.2902 0.5963 0.2599

IM1 = PMM ESR 11 282 0.0000 134.0000 27.0701 0.2066 21.9426 1.2589 1.7503

CRP 11 282 0.0000 21.0000 6.4456 0.0441 4.6873 0.8108 0.1489

HAQ 11 282 0.0125 3.0000 0.9053 0.0044 0.4647 1.1356 2.1236

DAS28 11 282 0.0000 9.7050 2.6761 0.0121 1.2883 0.6005 0.2798

IM2 = RF ESR 11 282 0.0000 134.0000 27.0639 0.2068 21.9637 1.2675 1.7854

CRP 11 282 0.0000 21.0000 6.4426 0.0442 4.6961 0.8135 0.1493

HAQ 11 282 0.0125 3.0000 0.9042 0.0044 0.4657 1.1352 2.1178

DAS28 11 282 0.0000 9.7050 2.6763 0.0121 1.2878 0.5992 0.2717

CRP 11 282 0.0000 21.0000 6.4323 0.0441 4.6865 0.8085 0.1395

HAQ 11 282 0.0125 3.0000 0.9061 0.0044 0.4658 1.1430 2.1560

DAS28 11 282 0.0000 9.7050 2.6767 0.0121 1.2876 0.5974 0.2689

IM4 = 
missForest

ESR 11 282 0.0000 134.0000 27.0939 0.2064 21.9236 1.2551 1.7394

CRP 11 282 0.0000 21.0000 6.4396 0.0440 4.6772 0.8088 0.1444

HAQ 11 282 0.0125 3.0000 0.9062 0.0044 0.4628 1.1375 2.1519

DAS28 11 282 0.0000 9.7050 2.6759 0.0121 1.2861 0.5961 0.2664

Abbrevations: CRP, C- reactive protein; DAS28, Disease Activity Score of 28 joints; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment 
Questionnaire; missForest, sequential random forest; PMM, predictive mean matching; RF, random forest.
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factors listed in the original data set and compared to the imputation 
by PMM, kNN, and RF, the missForest- based imputation analysis 
produced better results, as evidenced by MAR, MCAR, and MNAR 
missing value mechanisms (Table 7 and Table 5).

The adjusted R2
DAS28 value was 0.731. The data set was the most 

refined and its quality was the most improved after applying the 
missForest imputation method.

We hypothesized that the missing data could be imputed using 
the different imputation strategies; therefore, the MCAR, MAR, 
and MNAR mechanisms were simulated for missing values in the 3 
different missingness proportions of 10%, 20%, and 30%. To avoid 
bias in the comparison, we used 4 MI methods: PMM, kNN, RF, and 
missForest (Table 7).

The KRRD data set was simulated with these imputation meth-
ods; the best method was selected according to the RMSE score. As 
shown in Table 7, the RMSE value ranged between 2.518 to 6.066 
for MAR, 2.555 to 5.590 for MCAR, and 3.631 to 8.004 for MNAR. 
The MAR had the lowest RMSE, compared to the other missing data 
methods.

Similar investigations have been previously performed and our 
data were in agreement with those in earlier reports.38,39

In the MAR, MCAR, and MNAR mechanisms, missForest was the 
best method of imputation, having the lowest RMSE values for all of 
the parameters and at all 3 percentages of simulated missing data 
(MAR: 2.518, 3.013, and 3.032; MCAR: 3.168, 2.555, and 2.871; and 
MNAR: 4.962, 4.180, and 3.631 for 10%, 20%, and 30%, respec-
tively) which agrees with other authors.38,40,41

This was followed by kNN, which performed better than the 
other 2 imputation methods (RF and PMM), in terms of RMSE val-
ues, at every percentage of missingness (MAR: 4.107, 4.884, and 
4.184; MCAR: 3.820, 3.560, and 3.734; and MNAR: 6.236, 5.507, 
and 5.062 for 10%, 20%, and 30%, respectively); see Table 7. 
Similar results have been reported that strongly support the better 
imputation of kNN, compared with RF and PMM.42 RF and PMM 
were the worst- performing MI methods; of the 2, using RF had a 
slight advantage over PMM but PMM had better imputation in a 
few of the cases, such as MAR 30% or MNAR 10% and 30%, where 
RF had a larger RMSE value than PMM. Table 5 and Table 6 rep-
resent the multiple regression coefficients with 95% CIs for the 
prediction of DAS28 using the imputed data sets (PMM, RF, kNN, 
and missForest). The table demonstrates the effect of patient de-
mographics on RA disease activity, where DAS28 was the response 
variable.

The score for DAS28 is also reported, where R2
DAS28 = 0.727 

for PMM method, and R2
DAS28 = 0.728 for RF method. Regarding 

kNN and missForest, R2
DAS28 = 0.728 for the kNN method, and 

R2
DAS28 = 0.731 for the missForest method. The results depict the 

positive effect of various factors, such as ESR, CRP, HAQ, rheuma-
toid factor, sicca, smoking, joint pain, and current steroid use, with 
β = .031, .015, .202- .204, .050- .061, .057- .065, .131- .140, .674- .677, 
and .118- .129, respectively, on RA disease activity, whereas family 
history and disease duration— with β = .029 to – .021, and 0.007, 
respectively— had negative effects under all 4 imputation methods 
(Table 5 and Table 6).

Additionally, nodules and constant showed diverse effects per 
imputation method. The nodules had positive values for PMM and 
missForest, with β = .016 and .004, respectively, and negative val-
ues for RF and kNN, with β = .011 and .002, respectively. Constant 
had negative values for PMM, kNN, and missForest, with β = .032, 
.017, and .037, respectively, and a positive value for RF, with β = .002 
(Table 5 and Table 6).

4  | DISCUSSION

The obtained RA patient data recorded in the KRRD registry were 
utilized to quantify the RA DAS. All the information was acquired 
from 1735 patients from public healthcare facilities with permission 
from the relevant ethics committees. The baseline variables under 
investigation for every patient included smoking, gender, disease du-
ration, age, nationality, sicca, rheumatoid factor, ACPA, ANA, family 
history, treatment class (biologics, conventional disease- modifying 
antirheumatic drugs), current steroids, comorbidity, DAS28 group, 
and joint pain.

Systematic errors that existed between the anticipated and 
noted values were due to the missing values which led to outcome 
bias. However, to get the accurate missing values,43 it is significant to 
eliminate the bias and apply the optimal approach to guarantee reli-
ability and quality of data analysis. The uncompleted data sets con-
tradicted significantly with the complete data file.44 The emergence 

TA B L E  4   Multiple regression coefficients with 95% confidence 
intervals (in parentheses) for predicting DAS28 using the original 
data set including the missing values

DAS28

Data set = Original

Erythrocyte sedimentation rate 0.034∗∗∗ (0.032, 0.036)

C- reactive protein 0.020∗∗∗ (0.012, 0.029)

Health Assessment Questionnaire 0.129∗∗∗ (0.075, 0.183)

Rheumatoid factor 0.021 (−0.064, 0.106)

Antinuclear antibody −0.062 (−0.139, 0.014)

Anti- citrullinated peptide antibody 0.008 (−0.066, 0.082)

Sicca symptoms 0.083 (−0.011, 0.178)

Nodules −0.519 (−1.122, 0.083)

Smoking 0.184 (−0.019, 0.350)

Family history −0.087 (−0.174, 0.001)

Joint pain 0.273 (−0.015, 0.530)

Disease duration 1.489∗∗∗ (1.415, 1.562)

Current steroid 0.247∗∗∗ (0.138, 0.356)

Constant 1.095∗∗∗ (0.963, 1.228)

R2 0.773

Adjusted R2 0.769

Note: ∗P <.1;∗∗ P <.05;∗∗∗ P <.01.
DAS28, Disease Activity Score of 28 joints.
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of imputation algorithms has been attributed to their substantial 
global use.

Imputation methods overcome the existing prejudice in miss-
ing values. However, their values may potentially lead to bias in the 
result. Therefore, they should be used vigilantly. The research uti-
lized numerous variables to define the RA DAS. The application of 
many factors resulted in data with missing characteristics in various 
patients, leading to bias results. The focal point was to identify the 
suitable imputation approach to complete the missing features in the 
RA data set.

The variation of the missing data ranged from 2% to 66%. At this 
point, 4 imputation approaches were assessed, the kNN, PMM, miss-
Forest, and RF through 3 diverse missing approaches, MAR, MNAR, 
and MCAR, with the KRRD RA infection data set. Performance 
evaluations of the imputation methods were done utilizing RMSE 
values, with the minimum RMSE value showing the best imputation 
technique.

MI are computationally comprehensive and require estima-
tions. To get enough needed results, several algorithms should be 
run frequently, where running time increases with more missing 
data. In our case scenario, MI generated variable approximates 
almost similar to known approximates to the traditional missing 
data techniques. MI provided mean and SE closely similar to the 
noted values, outperforming the single imputation methods or 
deletion.

The findings, in this case, are similar to the findings obtained 
when using a hypothetical data set to differentiate missing data 
approaches. Putting traditional methods into consideration in all 
the conducted research, the regression imputation generated the 
approximate mean, and deletion generated the approximate SD 
when contrasted to the finalized data sets. The current research was 
dominant since the variable estimates attained by each missing data 
approach could be contrasted to the already known variables of an 
absolute data set acquired from the clinical setting. The result re-
veals that is possible to apply missing data methods like MI in the 
current context.45

However, despite the effectiveness of the MI method in under-
taking the missing data, it is significant to note that the associated 
problem with missing data cannot be enhanced by any missing data 
approach. MI and numerous missing data techniques are useful 
for MAR or MCAR despite their unreliability when data is MNAR. 
Determination of whether data is MAR or MNAR is often difficult 
as there is no reliable technique to do so. But, in some clinical or 
environmental studies,4,14,46,47 either MAR or MCAR are preferable 
rather than the MNAR mechanism.

In general, our results show that MI using MAR mechanism had 
the lowest RMSE among the other missingness mechanisms (MCAR 
or MNAR). Compared with complete case analysis, its effectiveness 
is due to MI’s use of information in incomplete cases, while com-
plete case analysis is only valid in the case of MAR or MCAR data.48 

DAS28

Imputed data set

PMM RF

Erythrocyte sedimentation rate 0.031∗∗∗ (0.030, 0.031) 0.031∗∗∗ (0.030, 0.031)

C- reactive protein 0.015∗∗∗ (0.012, 0.017) 0.015∗∗∗ (0.012, 0.017)

Health Assessment 
Questionnaire

0.202∗∗∗ (0.178, 0.226) 0.202∗∗∗ (0.178, 0.225)

Rheumatoid factor 0.061∗∗∗ (0.035, 0.087) 0.050∗∗∗ (0.024, 0.076)

Antinuclear antibody 0.005 (−0.020, 0.031) 0.003 (−0.023, 0.028)

Anti- citrullinated peptide 
antibody

0.003 (−0.020, 0.026) 0.008 (−0.016, 0.031)

Sicca symptoms 0.064∗∗∗ (0.034, 0.094) 0.060∗∗∗ (0.031, 0.090)

Nodules 0.016 (−0.044, 0.077) −0.011 (−0.071, 0.049)

Smoking 0.131∗∗∗ (0.086, 0.177) 0.140∗∗∗ (0.095, 0.186)

Family history −0.029 (−0.059, 0.001) −0.022 (−0.052, 0.008)

Joint pain 0.674∗∗∗ (0.662, 0.686) 0.676∗∗∗ (0.664, 0.688)

Disease duration −0.007∗∗∗ (−0.009, −0.006) −0.007∗∗∗ (−0.009, −0.005)

Current steroid 0.128∗∗∗ (0.093, 0.162) 0.118∗∗∗ (0.084, 0.153)

Constant −0.032 (−0.146, 0.083) 0.002 (−0.112, 0.117)

Observations 11,282 11,282

R2 0.727 0.728

Adjusted R2 0.727 0.728

Note: ∗P <.1;∗∗ P <.05;∗∗∗ P <.01.
Abbrevations: DAS28, Disease Activity Score of 28 joints; PMM, predictive mean matching; RF, 
random forest.

TA B L E  5   Multiple regression 
coefficients with 95% confidence intervals 
(in parentheses) to predict DAS28 from 
other predictors from PMM-  and RF- 
imputed data sets
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In well- designed studies, such as clinical trials, MAR mechanism is 
more common than MCAR, because in most cases, observable data 
explain most of the deficiencies.49

MI technique sometimes is not the better method even when 
MCAR or MAR is missing. Concerning the sample size, it is important 
to note that a small sample size may minimize the accuracy of MI.50 
Additionally, the utilization of MI in longitudinal designs with layered 
data may present challenges that may need the use of MI algorithms 
or other approaches other than MI.51- 53 Another challenge is that 
statistical packages vary with their ease of usability in respect to 
the merging variables and test statistics. The provision of numerous 
missing data methods indicates the benefits of using MI in the clini-
cal surrounding. Additionally, it also indicates the significance of hav-
ing a comprehensive understanding of the type and the effect of the 
missing data despite active handling of the data. It is also important 
to consider factors that may potentially facilitate missing data before 
the beginning of the research.53 That way, researchers can measure 
these factors influencing data missingness and do extensive analysis.

Finally, the variety of data and the negative effects of missing 
data, and the correlated restraints that come with using traditional 
approaches to handle the missingness of data are not considered 
important. The findings show that techniques like MI perform bet-
ter than the traditional approaches as they facilitate the reintro-
duction of the difference that would occur upon attaining missing 

scores. As a result, this reduces bias produced by missing data and 
enhances the ability to realize meaningful influences. MI and other 
techniques are fast and elementary to use and their long- term mer-
its are valuable, given the time taken to learn the techniques and 
when applied within the clinical research setting. From the results, 
missForest is regarded as the most productive imputation technique 
with the least RMSE values at 95% credence, reproduced employing 
10%, 20%, and 30% missing data. Thereafter, kNN was conducted. 
The RF and PMM were identified as the least performing imputation 
techniques. Due to the availability of large data from registered RA 
patients used, the research and its outcomes are considered robust. 
Additionally, the imputation method considered and missingness 
procedures (implemented at 10% to 30% utilizing MAR, MNAR, and 
MCAR) ameliorated data reliability with notable P values attained. 
Also, to check the robustness of the results for the imputation meth-
ods, particularly when missingness rate is high, we have repeated 
the new missing imputation using missForest, RF, kNN and PMM 
for missingness rate = 30% only and m = 25. We found that this is 
very computationally intensive and the results showed differences 
in the RMSE scores (m = 25 is better than m = 5). However, the pref-
erences between imputation methods based on RMSE scores are 
similar without any change in ranking order. So, the main results for 
m = 25 have the same conclusion for m = 5, which means that miss-
Forest is a highly accurate method of imputation for missing data 

DAS28

Imputed data set

kNN missForest

Erythrocyte sedimentation rate 0.031∗∗∗ (0.030, 0.031) 0.031∗∗∗ (0.030, 0.031)

C- reactive protein 0.015∗∗∗ (0.013, 0.018) 0.015∗∗∗ (0.012, 0.017)

Health Assessment 
Questionnaire

0.203∗∗∗ (0.180, 0.227) 0.204∗∗∗ (0.180, 0.227)

Rheumatoid factor 0.058∗∗∗ (0.032, 0.084) 0.056∗∗∗ (0.030, 0.082)

Antinuclear antibody 0.001 (−0.025, 0.026) 0.008 (−0.018, 0.033)

Anti- citrullinated peptide 
antibody

0.004 (−0.019, 0.027) 0.004 (−0.020, 0.027)

Sicca symptoms 0.065∗∗∗ (0.035, 0.094) 0.057∗∗∗ (0.027, 0.087)

Nodules −0.002 (−0.062, 0.058) 0.004 (−0.056, 0.063)

Smoking 0.132∗∗∗ (0.087, 0.177) 0.139∗∗∗ (0.093, 0.184)

Family history −0.024 (−0.054, 0.006) −0.021 (−0.051, 0.010)

Joint pain 0.674∗∗∗ (0.662, 0.686) 0.677∗∗∗ (0.666, 0.689)

Disease duration −0.007∗∗∗ (−0.009, −0.005) −0.007∗∗∗ (−0.009, 
−0.005)

Current steroid 0.125∗∗∗ (0.091, 0.159) 0.129∗∗∗ (0.094, 0.163)

Constant −0.017 (−0.131, 0.098) −0.037 (−0.151, 0.077)

Observations 11,282 11,282

R2 0.728 0.731

Adjusted R2 0.728 0.731

Abbrevations: DAS28, Disease Activity Score of 28 joints; kNN, k- nearest neighbors; missForest, 
sequential random forest.

TA B L E  6   Multiple regression 
coefficients with 95% confidence intervals 
(in parentheses) to predict DAS28 
from other predictors from kNN-  and 
missForest- imputed data sets
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in KRRD and outperforms other common imputation techniques in 
terms of imputation error and maintenance of predictive ability with 
imputed values in clinical predictive models. This approach can be 
used in registries to improve the accuracy of data, including the ones 
for RA patients.

5  | CONCLUSION

missForest is a highly accurate method of imputation for missing data in 
KRRD and outperforms other common imputation techniques in terms 
of imputation error and maintenance of predictive ability with imputed 
values in clinical predictive models. This approach can be used in regis-
tries to improve the accuracy of data, including the ones for RA patients.
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Abstract
Objective: Methotrexate (MTX) intolerance refers to unpleasant symptoms that ac-
company use of MTX. Although a validated questionnaire on MTX intolerance exists 
for children with juvenile idiopathic arthritis, it is lacking for adult rheumatoid arthri-
tis (RA) patients.
Methods: A 10- item questionnaire called Methotrexate Intolerance and Severity 
assessment in Adults (MISA) was developed to assess MTX intolerance. On re-
ceiver operating characteristic analysis, its predictive ability was compared to 
Methotrexate Intolerance Severity Score (MISS), a validated questionnaire for chil-
dren. Subsequently, prevalence and associations of intolerance were assessed in 414 
RA patients. After 1 year, discontinuation of MTX was compared between patients 
with and without MTX intolerance.
Results: MISA score had a good predictive ability (area under the curve [AUC] of 
0.904), with sensitivity and specificity of 91.4% and 84.3% (cut- off ≥1) to correctly 
classify MTX intolerance and was better than MISS score (AUC of 0.823). Among 
414 RA patients, 159 (38.4%) had MTX intolerance, with common symptoms being 
nausea, lethargy, irritability and loss of appetite. On multivariable analysis, age (odds 
ratio 0.972) and body mass index (odds ratio 1.061) were significant predictors of 
MTX intolerance. At 1 year, a higher proportion of patients with intolerance than 
without intolerance had discontinued MTX (odds ratio 2.4, P = 0.02). To classify se-
verity of intolerance, another score, MISA- cross- product, was developed and vali-
dated, with an AUC of 0.899.
Conclusions: The newly developed MISA questionnaire and score had good predic-
tive ability to diagnose MTX intolerance. Intolerance to MTX was common, being 
found in one- third of RA patients. Patients with intolerance were twice more likely to 
discontinue MTX at 1 year.
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1  | INTRODUC TION

In 1972, Rex Hoffmeister first published his experience on the suc-
cessful use of methotrexate (MTX) in rheumatoid arthritis (RA).1 
Since then MTX has come a long way, and is considered as the gold 
standard treatment for RA.2 However, Hoffmeister noticed that 
patients had “minor but sometimes troublesome toxicity” with 
MTX.3 These unpleasant symptoms, like nausea, vomiting, stom-
achache, dizziness, headache, flu- like symptoms and so on, are 
best expressed by the term “MTX intolerance”. They were found 
to be a common cause of MTX discontinuation in early long- term 
studies.4,5

Initially these were ascribed to folate deficiency, and folic acid 
was proven to reduce them.6 However, despite common use of folic 
acid,7 MTX intolerance is still reported in 30%- 60% of patients. 8,9 
This may be one of the reasons why despite MTX being cheap and 
effective, its adherence is only 50% to 94% at 1 year and 25%- 79% 
at 5 years 10. To prevent escalating healthcare costs, optimizing MTX 
therapy is important. Thus, efforts are needed to improve patient 
tolerability; an important initial step will be to measure intolerance 
with MTX.

However, there is no validated score for MTX intolerance in 
adults with RA unlike the Methotrexate Intolerance Severity Score 
(MISS) which is validated for children with juvenile idiopathic arthri-
tis.11 Thus, this study was planned to develop and validate a new 
questionnaire (Methotrexate Intolerance and Severity assessment in 
Adults [MISA] questionnaire) and scores for measuring MTX intoler-
ance and its severity in RA patients.

2  | METHODS

2.1 | Design, study population and parameters 
collected

This was a cross- sectional study conducted in outpatient rheuma-
tology clinics of 2 university hospitals. It was approved by both the 
Institutional Ethics Committees (PGIMER, INT/IEC/2019/001377 
and AIIMS, Rishikesh, AIIMS/IEC/20/633), and written informed 
consent was taken from all patients.

2.2 | Development of a preliminary questionnaire

Two rheumatologists (VD, SN), a fellow (SidJ) and a medicine resi-
dent (DV) reviewed previous studies4- 6,12,13 and our own symptom 
lists used in prior studies with MTX.14- 16 Fourteen unpleasant symp-
toms were included in a preliminary questionnaire for MTX intoler-
ance (Supplementary Figure S1). The first 8 questions needed to be 

answered as either no (scored as 0) or yes (rated as mild, moderate 
or severe; scored as 1, 2, 3) and patients needed to mention how 
long the symptom lasted per week (in days from 0.5 to 7). The next 6 
questions needed to be answered only as no or yes (0 or 1).

In addition, the MISS questionnaire11 was modified to make 
it suitable for use in adults, by replacing “My child” with “I”, and 
removing the question on crying. Both MISA and MISS question-
naires were translated into Hindi (and back- translated) by 2 differ-
ent teams.

2.3 | Patients

We included patients with RA who fulfilled the American College of 
Rheumatology / European League Against Rheumatism 2010 clas-
sification criteria and were taking MTX ≥6 months.17 The study was 
conducted in 3 phases, the first phase consisting of 105 RA patients 
to refine and validate the questionnaire, a second phase, consisting 
of 414 RA patients, to determine the prevalence of MTX intolerance 
and its associations, and a third phase to assess discontinuation of 
MTX in those with intolerance.

2.4 | Phase 1: Refining and validating the 
questionnaire in RA patients

2.4.1 | Preliminary questionnaire administration

The preliminary questionnaire (and MISS) were administered to 105 
patients at 1 center, followed by a brief standardized interview by 
a rheumatologist (VD) (Supplementary Figure S1). In the interview 
patients were asked 3 questions: “Do you have any unpleasant 
symptoms related to methotrexate?”, “How much do these symp-
toms disturb you” and “For how long do they last?” Those patients 

K E Y W O R D S

adverse effects, fatigue, methotrexate, nausea, surveys and questionnaires, vomiting

Key Messages

1. MISA is the first validated questionnaire for assessing 
MTX intolerance in RA and had sensitivity and speci-
ficity of 91.4% and 84.3% (cut- off ≥1), to detect MTX 
intolerance.

2. MTX intolerance was present in 38.4% of RA patients, 
with nausea, lethargy and irritability being the most 
common symptoms.

3. On follow up after 1 year, the odds ratio of discontinuing 
MTX was 2.4 (95% CI 1.1−5.3, P = 0.02) in those with 
intolerance as assessed by the MISA score.
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reporting any unpleasant symptoms that were related to MTX 
intake, were categorized as having MTX intolerance by the inter-
viewer. If these symptoms of intolerance disturbed patients and 
disrupted their routine, and/or lasted for ≥2 days, patients were 
categorized as having severe intolerance. If these caused only slight 
(or not at all) disruption of routine, and lasted ≤1 day, patients were 
classified as having mild intolerance. Patients who were assessed to 
fall between these 2 categories were classified to have moderate 
intolerance.

2.4.2 | Refining the MISA questionnaire

Patients were divided into 2 groups (intolerant or not intolerant to 
MTX) based on the interview, and the average scores of individual 
questions were statistically compared. Questions in which scores 
were not significant (with P values >0.05) were removed and the 
refined questionnaire (10 questions) was called the MISA. Its score 
(MISA score) was calculated by adding the scores of the first 7 ques-
tions (0 to 3), to the last 3 questions (0 or 1) and ranged from 0 to 
24 (Supplementary Figure S2). In addition, the MISS score was also 
calculated by adding the scores of its questions.

2.4.3 | Comparing scores to gold standard

Receiver operating characteristic (ROC) analysis (interview as gold 
standard) was used to compare MISA and MISS scores to correctly 
categorize patients as having MTX intolerance (see statistical meth-
ods). In addition, to assess the severity of MTX intolerance, a new 
score that gave weightage to duration of symptoms was developed 
and called the MISA cross- product score (MISA- CP) (Supplementary 
Figure S2).

2.5 | Phase 2: Prevalence and associations of 
intolerance in RA patients

The MISA questionnaire was administered to a total of 414 RA pa-
tients and details of their demographic, disease characteristics and 
disease activity (by Clinical disease activity index 17) were noted. 
From this data, the prevalence of intolerance and factors associated 
with intolerance were determined.

2.6 | Phase 3: Follow up at 1- year for 
discontinuation of MTX

Patients were followed up after 1 year from their initial assessment 
(telephonic or clinic) to assess how many had discontinued MTX. We 
then calculated the odds ratios of discontinuation of MTX in those 
with and without intolerance as assessed by the MISA questionnaire.

2.7 | Statistical analysis

Mann- Whitney U test was used to compare scores of individual 
questions between tolerant and intolerant and Cronbach's alpha 
was calculated for internal consistency. We compared MISA and 
MISS scores by ROC analysis and area under the curve (AUC) val-
ues; cut- offs were selected that maximized the sum (of sensitiv-
ity and specificity). Characteristics were compared by t test or 
Mann- Whitney U test. All variables with P <0.15 were entered 
into a model using multivariable logistic regression. All tests were 
done on IBM SPSS Statistics, Version 25.0 (IBM Corp, Armonk, 
NY, USA).

3  | RESULTS

3.1 | Phase 1: Refining and validating the 
questionnaire in RA patients

There were 148 RA patients screened and 105 who were on MTX 
≥6 months were included, with mean age of 51 (13.4) years and taking 
MTX at a dose of 18.8 ± 6 mg/wk (Supplementary Table S1). Thirty- 
five (33%) were found to be intolerant to MTX based on interview. 
After comparing scores of individual questions between intolerant 
and tolerant patients, 4 questions of the preliminary questionnaire 
did not have any significant difference in scores and were removed 
(Table 1). The revised questionnaire was called the MISA question-
naire and MISA score was used for all subsequent analyses. The 
Cronbach's alpha increased from .625 for the preliminary question-
naire to .641 for the MISA questionnaire. The MISA questionnaire 
fulfilled face validity as per the expert opinion of rheumatologists 
(VD, SN, AS, SS), and fulfilled content validity as it incorporated all 
usual unpleasant symptoms. It was feasible as it required less than 5 
minutes to answer.

3.1.1 | MISA score for MTX intolerance

On ROC analysis, the MISA score had a higher AUC of 0.904 (95% 
CI 0.838- 0.971) compared to MISS with an AUC of 0.823 (95% CI 
0.728- 0.919) for MTX intolerance (Figure 1). The optimal cut- off for 
MISA score was ≥1, having a sensitivity and specificity of 91.4% and 
84.3% respectively (Table 2). There was reasonably good correlation 
between the MISA and MISS scores with Pearson's coefficient of 
correlation of .6 (P <0.001).

3.1.2 | MISA- CP score for severity of intolerance

On ROC analysis, MISA- CP had the highest AUC of 0.899 (95% CI 
0.831- 0.966) for discriminating moderate- severe intolerance. The 
AUC for MISS and MISA scores were 0.847 (95% CI 0.768- 0.927) 
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and 0.837 (95% CI 0.754- 0.920) respectively (Figure 2). The optimal 
cut- off for MISA- CP was ≥4, with sensitivity and specificity of 93.5% 
and 77.3% respectively (Supplementary Table S2).

3.2 | Phase 2: Prevalence and associations of 
intolerance in RA patients

Among 414 RA patients, MTX intolerance was found in 159 (38.4%), 
with common symptoms being nausea, lethargy, irritability, and loss 
of appetite lasting for 1 to 1.5 days per week (Figure 3). On compar-
ing MTX intolerant with tolerant patients (Table 3), intolerant pa-
tients were significantly younger and had higher use of anti- emetics. 
There was no significant difference in dose, route, or duration of 
MTX, or in use of other disease modifying antirheumatic drugs. On 
multivariable regression, on entering age, prednisolone use and 
body mass index (all variables with P ≤.15), only age and body mass 
index were significant in the final model (Table 3). Moderate- severe 
intolerance (MISA- CP ≥4) was present in 67 (16%).

3.3 | Phase 3: Follow up at 1 year for 
discontinuation of MTX

At 1 year, we could contact 229 patients, out of whom 5 had died. 
Among 224 patients, 31 (13.8%) had discontinued MTX. A signifi-
cantly higher proportion of patients with intolerance than without 
intolerance had discontinued MTX (20, 9.3%, P =0.02, odds ratio 2.4, 
95% CI 1.1−5.3).

4  | DISCUSSION

MTX intolerance refers to unpleasant symptoms experienced by pa-
tients on MTX. We developed and validated a new instrument and 

TA B L E  1   Comparison of the scores of various symptoms by the preliminary 14- item questionnaire between tolerant and intolerant 
patients (N = 105)

Questions Score in tolerant, mean (SD) Score in intolerant, mean (SD) P value

1 Nausea after MTX 0.01 (0.12) 0.74 (0.98) <0.001

2 Vomiting after MTX 0 (0) 0.11 (0.40) 0.013

3 Stomach discomfort after MTX 0.06 (0.29) 0.40 (0.70) <0.001

4 LOA after MTX 0.07 (0.31) 0.37 (0.55) <0.001

5 Lethargy/listlessness after MTX 0.04 (0.27) 0.29 (0.67) 0.003

6 Dizziness/headache after MTX 0.06 (0.29) 0.17 (0.45) 0.07

7 Irritation after MTX 0.06 (0.29) 0.37 (0.60) <0.001

8 Diarrhea after MTX 0.01 (0.12) 0.11 (0.32) 0.024

9 Nausea while thinking of MTX 0.01 (0.12) 0.14 (0.36) 0.008

10 Reduction of dose due to intolerance 0.06 (0.23) 0.14 (0.36) 0.141

11 Skipped dose due to intolerance 0.03 (0.17) 0.09 (0.28) 0.197

12 Use of anti- emetics or other for side effects 0 (0) 0.20 (0.41) <0.001

13 Increased hair fall after MTX 0.16 (0.37)_ 0.26 (0.44) 0.221

14 Oral sores after MTX 0.01 (0.12) 0.17 (0.38) 0.002

Note: Highlighted lines represent the questions in which scores were non- discriminative between tolerant and intolerant patients (P >0.05).
LOA, loss of appetite; MTX, methotrexate.

F I G U R E  1   Figure showing the receiver operating characteristic 
(ROC) curve for Methotrexate Intolerance and Severity assessment 
in Adults (MISA) and Methotrexate Intolerance Severity Score 
(MISS) questionnaires for methotrexate intolerance. AUC, area 
under the curve
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score, the MISA questionnaire and MISA score, to assess MTX intol-
erance in RA patients. Using the MISA score, the prevalence of MTX 
intolerance was found in 38.4%, and moderate- severe intolerance 
in 16%.

Historically efforts tended to aggregate MTX intolerance, labo-
ratory abnormalities and life- threatening issues into a single score 
like the toxicity score by Morgan6 and drug toxicity index by Fries 
et al.18 In the last 15 years, newer scores that focused only on intoler-
ance (symptoms) have been developed; however, they were targeted 
and validated in children. An initial score (Gastrointestinal Symptom 

Score for Kids) focused only on gastrointestinal problems,19 but the 
MISS was more comprehensive. Although it was developed for par-
ents to fill for their children, it has been used in adults as well.20 
However, it gives great importance to anticipatory and associative 
symptoms which are less common in adults.11,21 Considering these 
problems, we developed the MISA questionnaire that focused only 
on symptoms, was graded by their severity and also included dura-
tion of symptoms (Supplementary Table S3).

The MISA questionnaire is simple, consists of 10 questions, and 
takes only 5- 10 minutes to answer. The MISA score was excellent at 
classifying intolerance in terms of the AUC. It was found to be better 
on ROC analysis than an existing questionnaire developed for use 
in children, namely the MISS. The differences between them is that 
MISA includes questions on symptoms like fatigue (flu- like symp-
toms), loss of appetite, bad taste, using drugs for intolerance, which 
were not present in MISS. Also, MISA has just 1 question on anticipa-
tory symptoms, keeping with their less importance in adults, unlike 
MISS which asks regarding anticipatory or associative occurrence of 
every symptom.21 At 1 year, discontinuations of MTX were found to 
be twice as common in the patients who were intolerant by the MISA 
score, thus validating its predictive ability for MTX discontinuation.

Another score that was developed and validated in this study 
was the MISA cross- product score for severity of intolerance. We 
suggest an algorithmic approach to MTX intolerance, first estab-
lishing intolerance and then its severity (Supplementary Figure S3). 
The development of scores for MTX intolerance will be helpful in 
evaluation of interventions for its alleviation, like mindfulness, yoga 
and meditation,22 medications like prednisolone23 or ondansetron, 
lifestyle measures like having coffee 24 and changing the route of 
MTX administration.25

We found MTX intolerance to occur in 38.4%, which was con-
sistent with previous studies that have usually found symptoms 
of intolerance to range from 30% to 80%.5,9,12,20,26- 28 Similar to 
other studies, gastrointestinal complaints like nausea were the 
most common in our study. In our study, MTX intolerance was as-
sociated with a younger age which has also been shown by previ-
ous studies.9,21,29 Previously, some studies in juvenile idiopathic 

Cut- off for MISA 
score Sensitivity 1- specificity Specificity

Sum (sensitivity 
+specificity)

- 1 1 1 0 1

1 0.914 0.157 0.843 1.757

2 0.6 0.071 0.929 1.529

3 0.486 0.029 0.971 1.457

4 0.4 0.014 0.986 1.386

5 0.257 0.014 0.986 1.243

6 0.171 0 1 1.171

7 0.029 0 1 1.029

10 0 0 1 1

Note: The shaded area shows the best cut- off which maximizes the sum of sensitivity +specificity.
MISA, Methotrexate Intolerance and Severity assessment in Adults.

TA B L E  2   The sensitivity, specificity 
and sum of sensitivity and specificity 
at various cut- offs of the MISA score 
to detect methotrexate intolerance in 
rheumatoid arthritis patients (N = 105)

F I G U R E  2   Figure showing the receiver operating characteristic 
(ROC) curve for Methotrexate Intolerance and Severity assessment 
in Adults (MISA)- cross- product, MISA and Methotrexate 
Intolerance Severity Score (MISS) questionnaires for moderate- 
to- severe methotrexate intolerance. AUC, area under the curve
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F I G U R E  3   Bar diagram showing the prevalence of various symptoms of intolerance as per the Methotrexate Intolerance and Severity 
assessment in Adults questionnaire in 414 rheumatoid arthritis patients (A), and box- and- whiskers plot showing the duration of various 
unpleasant symptoms as per MISA questionnaire (B) (symbols above boxplots represent outliers). CNS, central nervous system

TA B L E  3   Baseline characteristics of patients included in the prevalence study and comparison of variables between tolerant or intolerant 
by MISA score≥1 (N = 414)

Variable
All
(n = 414)

Tolerant
(n = 255)

Intolerant
(n = 159)

P value tol. 
vs intol.

P value multivariable 
model

Females, n (%) 370 (89) 231 (91) 139 (87) 0.31

Age, y, mean (SD) 50 (12.5) 51.2 (12.6) 48.2 (12.2) 0.016* 0.008**

Duration of RA, y, mean (SD) 10.0 (7.0) 10.8 (7.4) 9.6 (6.3) 0.168

BMI, kg/ma , mean (SD) 24.0 (4.9) 23.6 (4.9) 24.6 (4.7) 0.107 0.03*

RF positiveb , n (%) 300 (73) 191 (82) 109 (78) 0.29

Anti- CCPc  positive, n (%) 156 (76) 94 (76) 62 (78) 0.86

CDAI, mean (±SD) 14.0 (11.8) 14 (12.1) 14.1 (11.4) 0.69

Dose of MTX, mg/wk, mean (SD) 18.6 (5.6) 18.6 (5.5) 18.7 (5.8) 0.83

Duration of MTX, y, mean (SD) 5.6 (4.3) 5.6 (3.9) 5.7 (4.8) 0.69

Injectable MTX, n (%) 47 (11) 25 (10) 22 (14) 0.21

Oral MTX, n (%) 367 (89) 230 (90) 137 (86) 0.26

Use of FA, n (%) 395 (95) 241 (95) 154 (97) 0.27

Dose of FA, mg/wk, median (IQR) 5 (5 − 10) 5 (5- 10) 5 (5- 10) 0.50

Use of other DMARD, n (%) 272 (66) 160 (62) 112 (70) 0.11

HCQ, n (%) 209 (51) 123 (48) 86 (54) 0.25

Leflunomide, n (%) 112 (27) 64 (25) 48 (30) 0.22

Sulfasalazine, n (%) 64 (16) 38 (15) 26 (16) 0.69

Prednisolone, n (%) 156 (38) 87 (34) 69 (43) 0.058 0.21

Using anti- emetics, n (%) 12 (3) 1 (0.5) 11 (7) <0.001

Note: % are rounded off to the nearest whole number.
Abbreviations: BMI, body mass index; CCP, anti- citrullinated cyclical peptide assay; CDAI, Clinical disease activity index; DMARD, disease modifying 
antirheumatic drug; FA, folic acid; MTX, methotrexate; RA, rheumatoid arthritis; RF, rheumatoid factor.
aAvailable for 262 patients.
bAvailable for 372 patients.
cAvailable for 203 patients.
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arthritis have found parenteral use to be associated with both 
higher and lower occurrence of intolerance.11,30 However, we did 
not find any such association, perhaps due to a smaller proportion 
of patients on parenteral MTX in this study. Also like a majority 
of previous studies, this study also did not find any association 
of intolerance with MTX dose. This is possibly due to the cross- 
sectional design of this and other studies.

Limitations to this study was using an interview as the gold stan-
dard for assessing intolerance, which remains subjective. However, 
this is the best option considering that MTX intolerance refers to 
subjective symptoms felt by patients. We tried to eliminate any vari-
ability by having a standard set of questions administered by a single 
person who then rated the patients blinded to the results of their 
questionnaires. Although the Cronbach's alpha of the MISA ques-
tionnaire was better than the preliminary version, it was still low. 
However, we feel it is acceptable due to the diverse symptoms of 
intolerance which are lumped together but do not occur together.31

To conclude, the newly developed MISA questionnaire had good 
predictive ability to discern MTX intolerance and its severity and 
was predictive of MTX discontinuation at 1 year. MTX intolerance 
was common; present in more than one- third of RA patients which 
was mainly gastrointestinal.

ACKNOWLEDG EMENTS
The authors would like to thank Dr Ashok Pannu, Dr Aadhaar Dhooria, 
Dr Sakshi Mittal of PGIMER, Chandigarh for helping in translation of 
the questionnaires into Hindi and back- translation to English. Two 
other rheumatology fellows, Dr Adarsh MB and Dr Preksha Diwedi 
at PGIMER, Chandigarh offered useful criticisms of the questionnaire 
in its development. Two interns Dr Archita Gupta and Dr Arpit Goel 
helped to coordinate with patients in AIIMS, Rishikesh.

CONFLIC TS OF INTERE S T
None of the authors report any conflicts of interest with regard to 
this study.

AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it criti-
cally for important intellectual content, and all authors approved 
the final version to be submitted for publication. Dr Varun Dhir had 
full access to all of the data in the study and takes responsibility 
for the integrity of the data and the accuracy of the data analysis. 
Study conception and design: Varun Dhir, Deeksha V, Siddharth 
Jain. Acquisition of data: Varun Dhir, Deeksha V, Shankar Naidu, 
Venkatesh S Pai, Aman Sharma, Shefali Sharma, Sanjay Jain. Analysis 
and interpretation of data: Varun Dhir, Deeksha V, Siddharth Jain.

DATA AVAIL ABILIT Y S TATEMENT
The data set will be made available on request.

ORCID
Varun Dhir  https://orcid.org/0000-0002-3626-0694 
Siddharth Jain  https://orcid.org/0000-0003-4065-5880 

Venkatesh Pai  https://orcid.org/0000-0002-5935-8627 
Godasi SRSNK Naidu  https://orcid.org/0000-0002-9727-044X 
Aman Sharma  https://orcid.org/0000-0003-0813-1243 

R E FE R E N C E S
 1. Hoffmeister RT. Methotrexate in rheumatoid arthritis. Arthritis 

Rheum. 1972;15(abstr):114.
 2. Mian A, Ibrahim F, Scott DL. A systematic review of guidelines for 

managing rheumatoid arthritis. BMC Rheumatol. 2019;3:42. https://
doi.org/10.1186/s4192 7- 019- 0090- 7

 3. Hoffmeister RT. Methotrexate therapy in rheumatoid arthritis: 
15 years experience. Am J Med. 1983;75(6a):69- 73. https://doi.
org/10.1016/0002- 9343(83)90477 - 1

 4. Alarcon GS, Tracy IC, Blackburn WD Jr. Methotrexate in rheuma-
toid arthritis. Toxic effects as the major factor in limiting long- term 
treatment. Arthritis Rheum. 1989;32(6):671– 676.

 5. Kremer JM, Phelps CT. Long- term prospective study of the use of 
methotrexate in the treatment of rheumatoid arthritis. Update after 
a mean of 90 months. Arthritis Rheum. 1992;35(2):138– 145. https://
doi.org/10.1002/art.17803 50203

 6. Morgan SL, Baggott JE, Vaughn WH, et al. The effect of folic acid 
supplementation on the toxicity of low- dose methotrexate in pa-
tients with rheumatoid arthritis. Arthritis Rheum. 1990;33(1):9- 18.

 7. Pope JE, Hong P, Koehler BE. Prescribing trends in disease modify-
ing antirheumatic drugs for rheumatoid arthritis: a survey of prac-
ticing Canadian rheumatologists. J Rheumatol. 2002;29(2):255- 260.

 8. Dhir V, Aggarwal A. Methotrexate- related minor adverse effects 
in rheumatoid arthritis: more than a nuisance. J Clin Rheumatol. 
2012;18(1):44- 46. https://doi.org/10.1097/RHU.0b013 e3182 3ee540

 9. Ćalasan MB, van den Bosch OF, Creemers MC, et al. Prevalence of 
methotrexate intolerance in rheumatoid arthritis and psoriatic ar-
thritis. Arthritis Res Ther. 2013;15(6):R217. https://doi.org/10.1186/
ar4413

 10. Curtis JR, Bykerk VP, Aassi M, Schiff M. Adherence and Persistence 
with Methotrexate in Rheumatoid Arthritis: A Systematic Review. 
J Rheumatol. 2016;43(11):1997- 2009. https://doi.org/10.3899/
jrheum.151212

 11. Bulatović M, Heijstek MW, Verkaaik M, et al. High prevalence of 
methotrexate intolerance in juvenile idiopathic arthritis: develop-
ment and validation of a methotrexate intolerance severity score. 
Arthritis Rheum. 2011;63(7):2007- 2013. https://doi.org/10.1002/
art.30367

 12. Weinblatt ME, Kaplan H, Germain BF, et al. Methotrexate in 
rheumatoid arthritis. a five- year prospective multicenter study. 
Arthritis Rheum. 1994;37(10):1492– 1498. https://doi.org/10.1002/
art.17803 71013

 13. Morgan SL, Baggott JE, Vaughn WH, et al. Supplementation 
with folic acid during methotrexate therapy for rheumatoid ar-
thritis. A double- blind, placebo- controlled trial. Ann Intern Med. 
1994;121(11):833– 841.

 14. Dhir V, Aggarwal A. Methotrexate- related minor adverse effects 
in rheumatoid arthritis: More than a nuisance. J Clin Rheumatol. 
2012;18(1):44- 46. https://doi.org/10.1097/RHU.0b013 e3182 
3ee540

 15. Sandhu A, Dhir V, Ahmad S, Dhawan V, Kaur J, Bhatnagar A. 
Clinico- genetic model to predict methotrexate intolerance in rheu-
matoid arthritis. Clin Rheumatol. 2020;39(1):201- 206. https://doi.
org/10.1007/s1006 7- 019- 04770 - 4

 16. Dhir V, Sandhu A, Kaur J, et al. Comparison of two different folic acid 
doses with methotrexate– a randomized controlled trial (FOLVARI 
Study). Arthritis Res Ther. 2015;17:156. https://doi.org/10.1186/
s1307 5- 015- 0668- 4

 17. Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis clas-
sification criteria: an American College of Rheumatology/European 

https://orcid.org/0000-0002-3626-0694
https://orcid.org/0000-0002-3626-0694
https://orcid.org/0000-0003-4065-5880
https://orcid.org/0000-0003-4065-5880
https://orcid.org/0000-0002-5935-8627
https://orcid.org/0000-0002-5935-8627
https://orcid.org/0000-0002-9727-044X
https://orcid.org/0000-0002-9727-044X
https://orcid.org/0000-0003-0813-1243
https://orcid.org/0000-0003-0813-1243
https://doi.org/10.1186/s41927-019-0090-7
https://doi.org/10.1186/s41927-019-0090-7
https://doi.org/10.1016/0002-9343(83)90477-1
https://doi.org/10.1016/0002-9343(83)90477-1
https://doi.org/10.1002/art.1780350203
https://doi.org/10.1002/art.1780350203
https://doi.org/10.1097/RHU.0b013e31823ee540
https://doi.org/10.1186/ar4413
https://doi.org/10.1186/ar4413
https://doi.org/10.3899/jrheum.151212
https://doi.org/10.3899/jrheum.151212
https://doi.org/10.1002/art.30367
https://doi.org/10.1002/art.30367
https://doi.org/10.1002/art.1780371013
https://doi.org/10.1002/art.1780371013
https://doi.org/10.1097/RHU.0b013e31823ee540
https://doi.org/10.1097/RHU.0b013e31823ee540
https://doi.org/10.1007/s10067-019-04770-4
https://doi.org/10.1007/s10067-019-04770-4
https://doi.org/10.1186/s13075-015-0668-4
https://doi.org/10.1186/s13075-015-0668-4


     |  1301VIJAYKUMAR et Al.

League Against Rheumatism collaborative initiative. Arthritis 
Rheum. 2010;62(9):2569- 2581. https://doi.org/10.1002/art.27584

 18. Fries JF, Spitz PW, Williams CA, Bloch DA, Singh G, Hubert HB. A 
toxicity index for comparison of side effects among different drugs. 
Arthritis Rheum. 1990;33(1):121- 130. https://doi.org/10.1002/
art.17803 30117

 19. Brunner HI, Johnson AL, Barron AC, et al. Gastrointestinal symp-
toms and their association with health- related quality of life of 
children with juvenile rheumatoid arthritis: validation of a gastroin-
testinal symptom questionnaire. J Clin Rheumatol. 2005;11(4):194- 
204. https://doi.org/10.1097/01.rhu.00001 73616.81928.44

 20. Fatimah N, Salim B, Nasim A, Hussain K, Gul H, Niazi S. Frequency 
of methotrexate intolerance in rheumatoid arthritis patients using 
methotrexate intolerance severity score (MISS questionnaire). Clin 
Rheumatol. 2016;35(5):1341- 1345. https://doi.org/10.1007/s1006 
7- 016- 3243- 8

 21. Patil P, Parker RA, Rawcliffe C, et al. Methotrexate- induced nausea 
and vomiting in adolescent and young adult patients. Clin Rheumatol. 
2014;33(3):403- 407. https://doi.org/10.1007/s1006 7- 013- 2389- x

 22. Redd WH, Montgomery GH, DuHamel KN. Behavioral inter-
vention for cancer treatment side effects. J Natl Cancer Inst. 
2001;93(11):810- 823. https://doi.org/10.1093/jnci/93.11.810

 23. Malysheva OA, Wahle M, Wagner U, et al. Low- dose prednisolone 
in rheumatoid arthritis: adverse effects of various disease modify-
ing antirheumatic drugs. J Rheumatol. 2008;35(6):979- 985.

 24. Malaviya A, Baghel S, Verma S, Thakran R, Messi C. Use of cof-
fee for alleviating methotrexate intolerance in rheumatic diseases. 
Indian J Rheumatol. 2019;14(1):79- 80. https://doi.org/10.4103/injr.
injr_144_18

 25. Li D, Yang Z, Kang P, Xie X. Subcutaneous administration of metho-
trexate at high doses makes a better performance in the treatment 
of rheumatoid arthritis compared with oral administration of meth-
otrexate: A systematic review and meta- analysis. Semin Arthritis 
Rheum. 2016;45(6):656- 662. https://doi.org/10.1016/j.semar 
thrit.2015.11.004

 26. Alarcón GS, Tracy IC, Strand GM, Singh K, Macaluso M. 
Survival and drug discontinuation analyses in a large cohort of 

methotrexate treated rheumatoid arthritis patients. Ann Rheum Dis. 
1995;54(9):708- 712. https://doi.org/10.1136/ard.54.9.708

 27. Attar SM. Adverse effects of low dose methotrexate in rheu-
matoid arthritis patients. A hospital- based study. Saudi Med J. 
2010;31(8):909- 915.

 28. Hoekstra M, van Ede AE, Haagsma CJ, et al. Factors associated with 
toxicity, final dose, and efficacy of methotrexate in patients with 
rheumatoid arthritis. Ann Rheum Dis. 2003;62(5):423- 426. https://
doi.org/10.1136/ard.62.5.423

 29. Amaral J, Brito M, Kakehasi A. High frequency of methotrex-
ate intolerance in longstanding rheumatoid arthritis: using the 
methotrexate intolerance severity score (MISS). Adv Rheumatol. 
2020;60(1):43. https://doi.org/10.1186/s4235 8- 020- 00145 - 5

 30. Falvey S, Shipman L, Ilowite N, Beukelman T. Methotrexate- induced 
nausea in the treatment of juvenile idiopathic arthritis. Pediatr 
Rheumatol Online J. 2017;15(1):52. https://doi.org/10.1186/s1296 
9- 017- 0180- 2

 31. Tavakol M, Dennick R. Making sense of Cronbach's alpha. Int J Med 
Educ. 2011;2:53- 55. https://doi.org/10.5116/ijme.4dfb.8dfd

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Vijaykumar D, Dhir V, Jain S, et al. 
Assessing methotrexate intolerance and its prevalence in 
rheumatoid arthritis: Development and validation of the MISA 
questionnaire. Int J Rheum Dis. 2021;24:1294– 1301. https://
doi.org/10.1111/1756- 185X.14207

https://doi.org/10.1002/art.27584
https://doi.org/10.1002/art.1780330117
https://doi.org/10.1002/art.1780330117
https://doi.org/10.1097/01.rhu.0000173616.81928.44
https://doi.org/10.1007/s10067-016-3243-8
https://doi.org/10.1007/s10067-016-3243-8
https://doi.org/10.1007/s10067-013-2389-x
https://doi.org/10.1093/jnci/93.11.810
https://doi.org/10.4103/injr.injr_144_18
https://doi.org/10.4103/injr.injr_144_18
https://doi.org/10.1016/j.semarthrit.2015.11.004
https://doi.org/10.1016/j.semarthrit.2015.11.004
https://doi.org/10.1136/ard.54.9.708
https://doi.org/10.1136/ard.62.5.423
https://doi.org/10.1136/ard.62.5.423
https://doi.org/10.1186/s42358-020-00145-5
https://doi.org/10.1186/s12969-017-0180-2
https://doi.org/10.1186/s12969-017-0180-2
https://doi.org/10.5116/ijme.4dfb.8dfd
https://doi.org/10.1111/1756-185X.14207
https://doi.org/10.1111/1756-185X.14207


1302  |     Int J Rheum Dis. 2021;24:1302–1307.wileyonlinelibrary.com/journal/apl

1  | INTRODUC TION

Behçet's disease was first described by Turkish dermatologist 
Hulusi Behçet as the combination of oral ulcers, genital ulcers, 
and uveitis attacks.1 It is the only vasculitis in the body that can 

hold vascular structure of any diameter, type, and localization.2 
The most common clinical manifestations are associated with 
involvement of the skin, mucous, eyes, joints, venous and arte-
rial vessels, and central nervous system.3 The mean onset age of 
Behçet's disease is the 3rd and 4th decades of life. Although it 
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Abstract
Background: Parenchymal neuro- Behçet’s disease involvement is the most serious 
complication of Behçet's disease, and no sufficient data on its treatment exists. This 
study aims to investigate the efficacy and safety of infliximab treatment in neuro- 
Behçet’s disease patients with parenchymal involvement.
Materials and Methods: Patients who were diagnosed with Behçet's disease with pa-
renchymal neurological involvement and underwent infliximab treatment for at least 
12 months were included in the study. Demographic, clinical, and radiological data of 
the patients were accessed through the electronic database of our hospital.
Results: This study comprises 19 patients who were diagnosed with neuro- Behçet's 
disease and used infliximab: 12 male and 7 female patients. The mean age of the 
patients was 36.5 ± 11.7 years, and the diagnostic age was 26.3 ± 10.8 years. The 
duration of treatment with infliximab was 32.3 months (minimum 11, max 79). In 
the 19 patients receiving infliximab treatment, 11 (58%) patients achieved remission 
(complete disappearance of neurological symptoms) and 7 (37%) patients achieved 
disease stability (no new neurological findings); steroid treatments were discontin-
ued for these 18 patients. In addition, only 5 patients were concomitantly taking 
immunosuppressive drugs with the infliximab. Infliximab was discontinued after the 
development of a new parenchymal attack in the 9th month of infliximab treatment.
Conclusion: In conclusion, parenchymal neurological involvement in Behçet's disease 
is an important cause of disability, and no sufficient data exists in literature on its 
treatment. The results of our study suggest that infliximab treatment was effective 
and safe in neuro- Behçet’s disease parenchymal involvement for preventing long- 
term neurological attacks and discontinuing corticosteroid treatment.
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equally occurs in both genders, it is more severe and progressive 
in young men.4

Etiopathogenesis is not fully known; however, in addition to ge-
netic predisposition, environmental factors play important roles in 
the pathogenesis of the disease. The prevalence of Behçet's disease 
significantly varies based on geographical areas. It is more common 
in countries located on the Mediterranean Sea and the historical Silk 
Road, while it has low prevalence in America and European coun-
tries.5 The highest prevalence has been reported in Turkey.6

The involvement of the central nervous system in Behçet's 
disease is called neuro- Behçet’s disease and is reported with a 
frequency of 4%– 10% in large Behçet's disease cohorts.7,8 Neuro- 
Behçet’s disease is one of the most serious complications of Behçet's 
disease, an important cause of morbidity and mortality, and its prev-
alence is 5.6% in women and 13% in men.9 Neuro- Behçet’s disease is 
classified into 2 types: parenchymal and non- parenchymal (vascular). 
Significant differences in clinical presentation, neuroimaging find-
ings, and concomitant Behçet's disease complications are observed 
between these involvements.10 Between 75% and 80% of neuro- 
Behçet’s disease cases involve parenchymal involvement, which has 
a more severe clinical picture compared to vascular involvement.11 
An algorithmic approach has been suggested for the treatment of 
neuro- Behçet’s disease based upon pathological, clinical, prognos-
tic, and medico- economic issues.12

This study aims to investigate the efficacy and safety of inflix-
imab treatment in patients with neuro- Behçet's disease with paren-
chymal involvement, which is a significant cause of morbidity and 
mortality in Behçet's disease.

2  | MATERIAL S AND METHODS

Patients who presented to our rheumatology clinic between 
February 1, 2013 and May 31, 2019 and were diagnosed with 
Behçet's disease, based on 1990 international criteria for Behçet's 
disease13 and new international study group Behçet's disease crite-
ria,14 were included in the study (in patients diagnosed before 2014, 
1990 criteria was used). The data of all patients were retrospectively 
accessed using the electronic database of our hospital. In the estab-
lished cohort, patients diagnosed with neuro- Behçet’s disease were 
identified using International Consensus Recommendation criteria 
for neuro- Behçet’s disease.15

Demographic data of patients diagnosed with Behçet's disease, 
oral ulcers, genital ulcers, skin findings, joint involvement, arterial 
and venous vascular involvement, and pathergy results were re-
corded. In addition, neurological symptoms and signs of patients di-
agnosed with neuro- Behçet’s and their laboratory data, radiological 
images, treatment modalities, and course of disease were retrospec-
tively evaluated.

Disease activity and neurological disability in parenchymal 
neuro- Behçet’s disease involvement were evaluated using acute 
phase reactants, newly developed neurological symptoms and find-
ings or progression of existing neurological findings, modified Rankin 

score,16 and imaging methods. The disappearance of all neurologi-
cal symptoms and not taking corticosteroid doses higher than 5 mg 
methylprednisolone daily or its equivalent were defined as remis-
sion. Acute phase values at normal limits, not taking corticosteroid 
doses higher than 5 mg methylprednisolone daily or its equivalent, 
no clinical and radiological progression in neurological findings, and 
the absence of new neurological involvement were considered as 
stable disease. The emergence of objective neurological symptoms 
that could not be explained by any other known disease or treatment 
was described as relapse.

Before starting anti- tumor necrosis factor (anti- TNF) treat-
ment in our clinic, routine screening was performed for latent tu-
berculosis, hepatitis B and C, human immunodeficiency virus, and 
malignancies. These data of the patients were also recorded. Our 
treatment protocol for neuro- Behçet’s disease involvement con-
stituted following intravenous 1000 mg pulse methylprednisolone 
treatment for 3 days followed by oral methylprednisolone 1 mg/
kg/d, and this treatment was gradually reduced and discontinued 
within 2- 3 months. Infliximab treatment was administered at a dose 
of 5 mg/kg every 8 weeks following loading doses at weeks 0, 2, 
and 6. Patients achieving remission with infliximab treatment contin-
ued treatment as long as the treatment- related side effects did not 
develop and the patients did not request to discontinue the treat-
ment. Leukopenia was defined as lower than 4000/mm3. Elevated 
liver transaminases were defined as greater than 2 times the upper 
limit of normal for alanine aminotransferase and/or aspartate amino-
transferase. Patients without cardiac complaints were not routinely 
evaluated by echocardiography.

2.1 | Statistical Analysis

Statistical Package for the Social Sciences (SPSS 22.0, Chicago, IL, 
USA) was used for statistical analyses. The results were expressed as 
mean ± SD or mean (minimum and maximum). The data from the ini-
tial and final control evaluations were compared using paired t test. 
Spearman Chi- squared test was used to evaluate categorical data. 
Data were considered statistically significant when the P value was 
lower than .05.

3  | RESULTS

The mean age of the patients was 36.5 ± 11.7 years, and the age 
at diagnosis of Behçet's disease was 26.3 ± 10.8 years. Out of the 
19 patients who were diagnosed with neuro- Behçet's disease and 
who underwent infliximab treatment, 12 were male and 7 were 
female. Eleven of them had brainstem involvement, 3 patients had 
mixed presentations (both brainstem and hemispheric involve-
ment), 3 had hemispheric involvement, 2 had meningoencepha-
litic involvement and none of them had spinal cord involvement. 
Headache (12 patients) was the most commonly observed symp-
tom in the study.
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Based on the examination of other clinical findings accompa-
nying neuro- Behçet's disease, all patients had oral ulcers, 15 had 
genital ulcers, 12 had papulopustular skin lesions, 7 had erythema 
nodosum, 14 had ocular involvement, 4 had deep vein thrombosis, 
and 3 had arterial thrombosis.

Of the 19 participants, 11 patients had remission, 7 had stable dis-
ease, and 1 had relapse. In addition, in the 18 patients with remission 
and stable disease, no new attack occurred in terms of genital ulcers, 
papulopustular skin lesions, erythema nodosum, ocular involvement, 
deep vein thrombosis, or arterial thrombosis. Oral ulcers recurred in 
only 4 patients; although there was no scoring, significant improve-
ment in the frequency of oral ulcer recurrence and rate of recovery 
was reported for these 4 patients. Corticosteroid treatment was dis-
continued for the 18 patients in the first 3 months of infliximab treat-
ment, and no Behçet's disease clinically requiring steroid treatment 
developed (Table 1). Only 5 patients received concomitant immuno-
suppressive treatment (4 patients were on azathioprine 150 mg/d 
and 1 patient was on methotrexate 15 mg/wk). While the median 
Rankin score was 3 (1- 6) before the infliximab treatment, it dropped 
to 1 (0- 4) after the treatment (P <.001). A significant regression in 
erythrocyte sedimentation (44.8 ± 24.0 mm/h to 22.6 ± 17.0 mm/h, 
P <.001) and C- reactive protein (47.6 ± 35.6 mg/L to 7.2 ± 6.7 mg/L, 
P <.001) levels was observed with infliximab treatment.

The duration of follow- up with neuro- Behçet's disease diagno-
sis was 64.32 months (min 13, max 192), while the follow- up pe-
riod under infliximab treatment was 32.3 months (min 11, max 79) 
(Table 1 and Table 2). In the 14th month of treatment in 1 patient, in-
fliximab treatment was discontinued due to an allergic reaction, and 
the patient was switched to adalimumab treatment. This patient was 
on the 12th month of adalimumab treatment and was being moni-
tored in remission. In addition, 1 patient was switched to tocilizumab 
treatment due to the development of acute neurological attacks in 
the 11th month of combination treatment with infliximab, metho-
trexate 15 mg/wk, colchicine 1.5 mg/d, and methylprednisolone 
4 mg/d, and the patient was monitored in remission for 24 months 
with tocilizumab treatment. For 1 patient being followed in remis-
sion after 24 months of infliximab treatment and another patient 
after 39 months of infliximab treatment, infliximab treatment was 
discontinued as per their request, and treatment with azathioprine 
150 mg/d and colchicine 1 mg/d was started; they are still being 
monitored in remission (24 months and 9 months, respectively).

In the follow- up of the 19 patients included in the study, no la-
tent tuberculosis or hepatitis B or C reactivation or malignancy was 
observed in any patient. Except for an allergic reaction that occurred 
in 1 patient, no side effects were observed that required the discon-
tinuation of infliximab treatment.

4  | DISCUSSION

In this retrospective study, the results of 19 patients who were diag-
nosed with Behçet's disease, had parenchymal neurological involve-
ment, and underwent infliximab treatment were evaluated. Mean 

follow- up in our study was 32.3 months (min 11, max 79). Only 1 pa-
tient had a new neurological event under infliximab treatment. With 
infliximab treatment, remission was achieved in 11 patients and 
stable disease was observed in 7 patients in terms of neurological 
involvement. In addition, remission or pronounced clinical response 
was achieved in terms of other clinical manifestations of Behçet's 
disease. Corticosteroid treatment was discontinued in all 18 patients 
who had remission or stable disease with infliximab treatment; only 
5 patients required concomitant immunosuppressive drugs.

Behçet's disease is a heterogeneous disease and therefore, is also 
called Behçet's syndrome. Neurological involvement in Behçet's dis-
ease is also divided into 2 groups: parenchymal and vascular. Neuro- 
Behçet’s disease vascular involvement is often associated with the 
involvement of venous structures in other parts of the body, while 
parenchymal neuro- Behçet's disease is more often associated with 
ocular involvement.17 In our study, we found that parenchymal in-
volvement was accompanied by ocular involvement in 14 (74%) of 
the 19 patients, which is consistent with previous studies. This sug-
gests that the treatment approaches for vascular neuro- Behçet’s 
and parenchymal neuro- Behçet’s involvement cannot be the same.

Neurological involvement is responsible for 25% of permanent 
sequela in Behçet's disease.18 Since no controlled therapeutic tri-
als in neuro- Behçet's disease with parenchymal involvement exist, 
treatments are prescribed based on clinical experience and expert 
opinion. In the acute stage, after high- dose intravenous methyl-
prednisolone pulse therapy for 7- 10 days, 1 mg/kg oral steroid 
treatment was administered, and the dose was gradually reduced in 
3- 6 months.11 Immunosuppressive treatments are recommended as 
maintenance to prevent relapse after acute treatment.19 High- dose 
and long- term use of corticosteroid treatment leads to a lot of side 
effects. In addition, pulse cyclophosphamide treatment, which is an-
other option in neuro- Behçet’s involvement, is a more toxic treat-
ment modality compared to anti- TNF treatments.11 The literature 
includes case reports on the effectiveness of anti- TNF treatments in 
parenchymal neuro- Behçet’s involvement and observational studies 
involving a small number of patients.20,21 In this respect, new data on 
the effectiveness and safety of anti- TNF treatments are needed in 
the involvement of parenchymal neuro- Behçet’s.

Desbois et al.20 published a multi- center study involving 17 
parenchymal neuro- Behçet’s disease patients with a follow- up pe-
riod of 17 (3- 163) months in 2016 and reported complete response 
in 6 (35%) patients and partial response in 10 (59%) patients with 
infliximab treatment. In their study, 4 patients received adalim-
umab treatment and 13 received infliximab treatment. Moreover, 
all patients continued to receive concomitant corticosteroids in 
addition to anti- TNF treatments, and 9 patients continued to re-
ceive concomitant immunosuppressive treatment (azathioprine, 
methotrexate, and mycophenolate mofetil). In our single- center 
study, which comprises 19 parenchymal neuro- Behçet’s disease 
patients with an average follow- up period of 32 (11- 79) months, 
all patients were treated with infliximab. Remission was achieved 
in 11 (58%) patients, disease stability was achieved in 7 (37%), and 
steroid treatments of all patients were discontinued. In addition, 
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TA B L E  1   Clinical characteristics of the patients with parenchymal neuro- Behçet's disease

Gender / age

Age at 
diagnosis
(y)

Duration of 
neuro- Behçet’s
(mo)

Previous treatment for 
neuro- Behçet’s

Duration of 
infliximab treatment
(mo) Current treatment Outcome

M/24 17 48 Cyclosporine
Azathioprine
Corticosteroid
Colchicine

24 Azathioprine
Colchicine

Remission

F/33 27 48 Cyclophosphamide
Colchicine

44 Infliximab Stable disease

M/33 32 13 Azathioprine
Cyclosporine
Colchicine

13 Infliximab Remission

M/48 34 36 Azathioprine
Corticosteroid
Colchicine

24 Infliximab Remission

M/25 16 72 Azathioprine
Corticosteroid
Colchicine

39 Azathioprine
Colchicine

Stable disease

F/18 15 16 Azathioprine
Corticosteroid
Colchicine
Cyclosporine

14 Infliximab Remission

M/40 18 144 Pulse steroid
Cyclophosphamide
Azathioprine
Cyclosporine

60 Infliximab Stable Disease

M/24 18 72 Corticosteroid 41 Infliximab Remission

M/36 21 48 Interferon
Imuran

45 Infliximab Remission

F/41 15 years 192 Cyclophosphamide 
Corticosteroid

Azathioprine
Colchicine

52 Infliximab
Colchicine
Azathioprine

Remission

M/48 18 180 Cyclosporine
Corticosteroid
Azathioprine

22 Infliximab
Azathioprine

Stable disease

M/44 37 23 Cyclosporine
Corticosteroid
Azathioprine

23 Infliximab Remission

M/48 41 27 Cyclosporine
Corticosteroid
Azathioprine
Colchicine

25 Infliximab
Azathioprine

Stable disease

F/40 29 72 Interferon
Azathioprine
Cyclosporine

21 Infliximab
Azathioprine

Remission

M/67 56 96 Azathioprine
Colchicine
Corticosteroid

79 Infliximab Stable disease

F/25 12 46 Azathioprine
Corticosteroid
Colchicine

38 Infliximab Stable disease

M/36 23 30 Interferon
Azathioprine
Cyclosporine
Colchicine

11 Tocilizumab
Methotrexate
Colchicine

Relapse

(Continues)
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only 5 patients were administered concomitant immunosuppres-
sive drugs with infliximab treatment. These results show that in-
fliximab treatment, which has low toxicity, eliminates the need 
for steroid treatment in neuro- Behçet’s patients and reduces the 
need for immunosuppressive treatment.

In the study by Zeydan et al.21 which was published in 2016 and 
investigated the effectiveness of infliximab treatment in 14 patients 
with parenchymal neuro- Behçet’s involvement with an average fol-
low- up period of 39 months (range: 16- 105), no patient had relapse, 
and 4 patients had improved scores in the expanded disability sta-
tus scale modified for neuro- Behçet’s syndrome. In our study, only 
1 patient had a new neurological attack under infliximab treatment, 
and significant improvement in modified Rankin16 scores was ob-
served, indicating neurological disability after infliximab treatment. 
Our study as well as the study by Zeydan et al.21 show that inflix-
imab treatment is effective and safe in preventing relapses in the 
long term.

In our study, there was found no difference between those 
who received infliximab treatment alone and those who received 
infliximab plus other synthetic disease- modifying antirheumatic 
drug treatment. In previous studies with small number of cases, it 
has been reported that combined treatments may be more effec-
tive.22- 23 However, these studies included only a small number of 
cases and their design was not aimed to compare combined treat-
ments with the infliximab treatment alone. Different results have 
been reported also regarding the effect of infliximab treatment in 
patients with parenchymal neuro- Behçet's disease20- 23. However, 
the initiation of treatments at different stages of the disease and the 
presence of neurological damage at the time of the initiation of the 
infliximab treatment can explain these different results.

This study has some limitations. First of all, the retrospective 
nature of this study is the most important limitation. In addition, ob-
taining reliable data on the effectiveness of treatment in a disease 
without new attacks is difficult, even in some patients who have 
intermittent attacks and do not receive treatment. Furthermore, 
prospective recording and data collection starting from the moment 
of diagnosis could have been better. However, in this rare disease, 
we think that achieving remission and/or stable disease in 95% of 
patients, discontinuation of corticosteroid therapies, and significant 
reduction in immunosuppressive use with infliximab treatment are 
important data.

As a result, in parenchymal neuro- Behçet’s involvement, which 
is an important cause of disability in Behçet's disease and requires 
highly effective and less toxic treatments, infliximab treatment ap-
pears to be effective and safe in preventing neurological attacks in 
the long term and reducing or stopping corticosteroid doses.
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Gender / age

Age at 
diagnosis
(y)

Duration of 
neuro- Behçet’s
(mo)

Previous treatment for 
neuro- Behçet’s

Duration of 
infliximab treatment
(mo) Current treatment Outcome

F/35 24 27 Azathioprine
Cyclosporine
Colchicine

14 Adalimumab
Methotrexate

Remission
Allergic 

reaction

F/30 25 30 Azathioprine
Cyclosporine
Colchicine

24 Infliximab Remission

TA B L E  1   (Continued)

TA B L E  2   Summary of the study results

Gender, female/male 7/12

Age, y 36.0 (18- 67)

Age at diagnosis, y 23.2 (12- 56)

Duration of neuro- Behçet’s, mo 48 (13- 192)

Duration of infliximab treatment, mo 24 (11- 79)

Concomitant treatment, yes/no 8/11

Outcome, remission/stable disease, n 11/7

Adverse reaction, n 1
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1  | INTRODUC TION

Systemic sclerosis (SSc) is a rare autoimmune connective tissue disease 
of unknown etiology. The incidence of SSc peaks between the ages 
of 30 and 60 years, with women having a higher incidence (6:1).1 The 

clinical characteristics of SSc vary greatly in terms of internal organ 
involvement and the extent of skin involvement.2 The major causes of 
morbidity and mortality of this disease include vasculopathy, dysregu-
lation of lymphokine production, and increased fibrosis of the skin and 
internal organs (heart, lung, kidney, and gastrointestinal organs).1,3- 7
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Abstract
Objective: To evaluate choroidal thickness (CT), corneal parameters, and scleral 
thickness (ST) in patients with systemic sclerosis (SSc) and to determine their rela-
tionship with disease- related quality of life (QoL).
Methods: The study included 38 patients with SSc and 40 healthy controls. A detailed 
ocular examination was performed on all participants. Corneal parameters such as K1, 
K2, Km, corneal volume (CV), central corneal thickness (CCT), and ST at a distance of 
1000, 2000, and 3000 μm from the scleral spur were measured. CT was measured at 
five points, including the subfoveal area and the temporal and nasal points at radii of 
750.0 and 1500.0 μm. The scleroderma health assessment questionnaire (SHAQ) was 
administered to SSc patients to investigate the disease- related QoL.
Results: Individuals with SSc had thicker ST at all distances from the scleral spur 
(P=0.008, P=0.001, P=0.002, respectively). All corneal parameters were signifi-
cantly lower in the SSc group than in the control group (P < 0.05). Moreover, SSc 
patients had significantly lower median CT at N750.0, N1500.0, T750.0, and T1500.0 
points and thinner subfoveal CT than healthy controls (P < 0.05). There was a weak- 
moderate negative correlation between ST and the components of the SHAQ scale 
and SHAQ- global.
Conclusion: Despite not having ocular involvement, SSc patients had thicker ST but 
thinner CT and corneal parameters than healthy controls. This may indicate subclini-
cal inflammation in patients with SSc. Only ST was affected by organ involvement 
and QoL among the ocular parameters.
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In the literature, there are many reported ocular manifesta-
tions of SSc, some of which are well- known, whereas others have 
been reported first in case reports. Among the described ocu-
lar findings are telangiectasia, eyelid skin changes, conjunctival 
changes, shallowing of the fornices, keratoconjunctivitis sicca, eye 
dryness, pinguecula, uveitis, and peripheral ulcerative keratitis.8- 14 
The study of Zina and Faıq reported dry eye more commonly than 
eyelid skin thickening, keratoconjunctivitis sicca, and telangiecta-
sia.15 Kreps et al reported increased CT and more frequent dry eye 
than other ocular findings in patients with SSc.16 However, a study 
reported that the CT of these patients was not different from that 
of healthy controls.17

The sclera is the outermost layer of the eye, consisting of dense 
fibrous connective tissue, which is responsible for protecting the 
eye from external injuries, maintaining its structure, and providing 
shape to the eye. The sclera is mainly composed of type 1 and type 3 
collagen.18 Its structure and biochemical properties are affected by 
factors such as age, refractive errors, and glaucoma.19 SSc patients 
rarely have corneal involvement. However, rich collagen tissue and 
the rich vascular structure of the episclera and conjunctiva pose a 
risk for corneal involvement.20 The stromal structure of the cornea 
is mainly composed of type 1 and type 5 collagen. Although sclera 
and corneal involvement have been reported in SSc patients, the 
number of studies on these anatomical structures is limited.12,13 This 
study aimed to evaluate scleral thickness (ST), choroidal thickness 
(CT), and corneal parameters in patients with SSc, and to determine 
their relationship with clinical parameters and health- related quality 
of life (QoL). We hypothesized that these ocular parameters may be 
altered in the eyes of SSc patients as the result of collagen and vas-
cular tissue involvement of the disease.

2  | MATERIAL S AND METHODS

This study has a cross- sectional design. The study was conducted 
with the participation of patients with SSc and healthy participants 
between 1 February 2021 and 1 May 2021. The participants were 
informed about the content of the study. Their written informed 
consent was obtained. The study was designed in accordance with 
the principles of the Helsinki Declaration, and approval for the study 
was obtained from the local ethics committee (Approval number: 
60116787- 020/25922).

Two groups were created for the study: the SSc group compris-
ing patients who were followed up by the Rheumatology Clinic and 
the control group comprising age-  and gender- matched healthy in-
dividuals who presented to the Eye Clinic of the same hospital for a 
routine ophthalmological examination. SSc was diagnosed by a rheu-
matologist based on the diagnostic criteria of the American College 
of Rheumatology for SSc, defining two major subsets of the disease 
as diffuse or limited based on the diagnostic criteria proposed by 
LeRoy et al.21,22

A thorough physical examination was performed on all patients. 
Their hematological parameters including complete blood count, 

C- reactive protein, erythrocyte sedimentation rate, clinical chemis-
try (glucose, sodium, potassium, creatinine, uric acid, triglycerides, 
total cholesterol, aspartate aminotransferase, alanine aminotrans-
ferase, γ- glutamyl transferase, total protein, and total bilirubin), and 
anti- nuclear antibodies were measured. An indirect immunofluo-
rescence assay was performed to determine the presence of anti- 
nuclear antibodies.

A detailed ophthalmological examination including visual acu-
ity testing, refractive error assessment, biomicroscopy, intraocular 
pressure measurement, fundus examination, ST, corneal parameters, 
and CT measurement was also performed on all participants. The 
study exclusion criteria were as follows: the presence of glaucoma, 
active ocular inflammation, any ocular active surface disease (eg, dry 
eye), corneal or lenticular opacity, refractive errors of more than ±2 
diopters, a history of ocular trauma and surgery, failure of adaptation 
to any of the measurement techniques, and recent or current use of 
topical eye drops.

Based on the exclusion criteria, seven patients with SSc were ex-
cluded from the study for various reasons, such as overlap syndrome, 
diabetes mellitus, dry eye, and failure of adaptation to measurement 
techniques. The study flow diagram is presented in Figure 1.

2.1 | Measurement techniques

One eye of each participant was randomly selected and included in 
the analysis. A random number generator was used for randomiza-
tion. The ST, CT, and corneal parameters of the participants were 
evaluated by an independent expert who was blinded to the infor-
mation of the participants.

Scleroidal thickness was measured using Spectralis Anterior 
Segment Module Optical Coherence Tomography (AS- OCT) 
(Heidelberg Engineering GmbH, Heidelberg, Germany). The mea-
surements were carried out with the eye at 45° nasal gaze fixated 
upon a fixation target. At least three measurements were made 
to achieve the optimal image quality. The image quality was then 
evaluated for feasibility for ST measurement. Patients with unsuit-
able images for measurement or non- cooperative patients were ex-
cluded from the study. All measurements were performed between 
09:00am and 11:00am to rule out the possibility of diurnal variations. 
ST and the location of the scleral spur (SS) were manually marked. 
Because of the risk of imprecise measurement of ST at 4- 5 mm and 
to exclude the margin of error that would be caused by single- level 
measurement, the measurement of ST was performed at distances 
of approximately 1000, 2000, and 3000 μm from SS. The deep epis-
cleral vascular plexus visualized as a thin hyporeflective space above 
the solid scleral tissue was used to determine the outer limit of the 
sclera. ST was measured only at the temporal point. Figure 2 illus-
trates ST measured at the temporal point on the OCT image.

An Oculus Pentacam HR (Oculus, Wetzlar, Germany) was used to 
measure the corneal parameters of the participants. The Pentacam 
HR automatically measured the central corneal thickness (CCT) 
and corneal volume (CV). The measurements of corneal curvatures 
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including flat keratometry (K1), steep keratometry (K2), and mean 
keratometry (Km) were recorded from screen readings of the re-
fractive power map of the Pentacam HR. The measurements were 
repeated several times to achieve one high- quality image for calcula-
tions of corneal density. The images from 90° to 270° were obtained 
for each participant.

The HD 5 Line Raster scan protocol was followed to acquire the 
image of the choroid. This protocol offers the ability to obtain high- 
quality images, consisting of 6.0 mm parallel lines with 1024 A- scans/
B- scans, with an average of four B- scans per image. Inversion of the 

image causes pixellation and low resolution, so Cirrus software was 
used; in this way, the choroid could be brought into closer proximity 
to the zero- delay line. The thinnest point of the macula was selected 
on the image to avoid the effect of positioning on the measured fo-
veal thickness. The image size was enlarged twice and centered on 
the fovea. The linear measurement tool of the Cirrus software was 
used for manual measurement of the subfoveal choroidal thickness 
(sfCT) through the outer part of the hyperreflective line that corre-
sponds to the pigmented layer of retina attached to the inner sur-
face of the sclera.23 CT was also measured from the points 750 μm 

F I G U R E  1   Flow chart of participants recruited in the study

F I G U R E  2   Illustration of the optical coherence tomography imaging performed on each participant. Scleral thickness was measured by 
anterior segment optical coherence tomography 
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F I G U R E  3   Enhanced- depth imaging optical coherence tomographic images of a healthy participant. Yellow lines show choroidal 
thickness measurements retrieved perpendicularly from the outer edge of the hyper- reflective retinal pigment epithelium. Measurements 
were made at five points: the subfoveal area and the temporal and nasal points at radii of 750 and 1500 pm

TA B L E  1   Age- matched and disease duration- matched comparison of all ocular parameters

Patients with SSc
(n = 38)

Healthy controls
(n = 40)

P- valueMean (SD) Range A Range

Age, years 48.3 (11.7) 27- 68 42.9 (10.5) 20- 60 0.074

Disease duration, years 11.4 (9.6) 1- 40 – – – 

Choroidal thickness, μm

T750 208.3 (49.2) 111- 312 420 (75.3) 244- 586 <0.001*

T1500 218.7 (37) 135- 303 440.9 (81.9) 301- 577 <0.001*

SFCT 212 (36.3) 162- 321 405 (73.1) 235- 560 0.03*

N750 212.8 (38) 130- 322 420 (73.9) 279- 557 <0.001*

N1500 219 (42.5) 150- 331 464.1 (74) 324- 589 0.001*

Scleral thickness, μm

ST1000 613.7 (90.6) 461- 899 571.8 (49.2) 475- 681 0.008*

ST2000 611.6 (82.8) 501- 844 547.7 (57.2) 425- 696 <0.001

ST3000 613.9 (82.6) 470- 767 567 (44.3) 452- 648 0.002*

Corneal parameters

 CV, mm3 57.7 (3.7) 51.1- 68.7 59.7 (2.6) 53.7- 66.7 0.009*

CCT, μm 526 (30.5) 456- 593 547.9 (27.9) 491- 618 0.007

K1, D 42.6 (6.2) 36.3- 47.5 45.1 (3.5) 41.6- 63 0.025*

K2, D 44.3 (1.5) 40.60- 49.3 46.6 (3.9) 43.5- 66.2 0.001*

Km, D 44 (1.5) 40.30- 48.4 45.9 (3.6) 43.4- 66.4 0.004*

Abbreviations: SSc, systemic sclerosis; SFCT, subfoveal choroidal thickness; N750, 750 μm nasal; N1500, 1500 μm nasal; T750 μm, 750 μm temporal; 
T1500, 1500 μm temporal; ST1000, scleral thickness at a distance of 1000 m from scleral spur (SS); ST2000, scleral thickness at a distance of 2000 m 
from SS; ST3000, scleral thickness at a distance of 3000 m from SS; CCT, ccntral corneal thickness; CV, corneal volume; D, diopter; SD, standard 
deviation; K1, flat keratometry; K2, steep keratometry; Km, mean keratometry.
*P <0.05: statistically significant.
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(T750.0) and 1500 μm (T1500.0) temporal and 750 μm (N750.0) and 
1500 μm (N1500.0) nasal to the fovea (Figure 3).

2.2 | Scleroderma Health Assessment 
Questionnaire (SHAQ)

The Scleroderma Health Assessment Questionnaire (SHAQ), which 
has been validated in Turkish patients, was used to evaluate health- 
related QoL.24 The SHAQ was constructed by the addition of the five 
following questions related to symptoms: ''In the past week, how 
much have your— Raynaud phenomenon, digital ulcers, gastrointesti-
nal symptoms, lung symptoms, and overall scleroderma symptoms— 
interfered with your activity?'' The answer is marked on a VAS with 
a length of 15 cm. The ends of the line are ''does not interfere'' and 
''very severe limitations.'' The final VAS score is calculated by multi-
plying the value by 0.2. The score ranges from 0 to 3 representing a 
minimum to maximum limitation, respectively.

2.3 | Definition of Organ Involvement

The presence of isolated pulmonary hypertension and/or pulmonary 
interstitial fibrosis was considered pulmonary manifestation. The 
pulmonary hypertension was defined as mean pulmonary artery 

pressure >20 mm Hg at rest as measured by right heart catheteriza-
tion. In addition, when right ventricular systolic pressure >40 mm Hg 
was detected on echocardiography, the diagnosis of pulmonary hy-
pertension was suspected. But pulmonary arterial hypertension is a 
rare form of pulmonary hypertension characterized by a progressive 
obliterative vasculopathy of the distal pulmonary arterial circulation. 
It was defined as pulmonary capillary wedge pressure of 15 mm Hg 
or less and pulmonary vascular resistance at least 3 Wood Units.25 
The definition of pulmonary interstitial fibrosis was established as 
SSc- associated interstitial lung disease after the exclusion of other 
probable causes of lung fibrosis. Chest X- ray and pulmonary func-
tion test- based parameters (usually forced vital capacity less than 
80%) defined suspected interstitial lung disease.26 High- resolution 
CT imaging has become the main method in the evaluation of pul-
monary interstitial fibrosis. Compared with chest radiographs, high- 
resolution CT can detect more subtle structural abnormalities in the 
lung tissue at earlier disease stages.

Cardiac diseases may present with non- specific symptoms such 
as chest pain, lipothymia, syncope, and palpitations, which can also 
be seen in other diseases. However, cardiac involvement was de-
fined in the presence of rhythm or conduction disorders on electro-
cardiography and diastolic dysfunction on echocardiography.

Muscular involvement was defined by proximal muscle weak-
ness and increased serum levels of muscle enzymes (creati-
nine phosphokinase, lactate dehydrogenase, and aldolase) and 

TA B L E  2   Comparison of ocular parameters according to steroid use and organ involvement

Ocular 
Parameters

Medical treatment Digital ulcer Pulmonary involvement Muscular involvement CVS involvement

With steroid Without steroid

P

Presence Absence

P

Presence Absence

P

Presence Absence

P

Presence Absence

PMean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

SFCT, μm 202 (23) 214 (38.9) 0.426 208 (40.6) 214.3 (33.9) 0.622 203.4 (33.7) 226.7 (37.1) 0.056 205 (25.6) 213.5 (38.5) 0.580 205 (37.2) 220 (34.3) 0.197

T750, μm 191 (78) 212.9 (39) 0.272 200 (62) 213.4 (39.5) 0.438 206.8 (32.8) 210.9 (70.6) 0.809 193.5 (18) 211.6 (53.5) 0.387 197.1 (55.5) 222 (37.3) 0.122

T1500, μm 216 (35) 219.3 (38) 0.836 217 (35.4) 219.3 (38.7) 0.891 214 (32.8) 226.7 (43.3) 0.315 200.2 (21.9) 222 (38.6) 0.147 210.1 (34.6) 229.2 (38) 0.114

N750, μm 216 (25) 211 (41.2) 0.795 209 (44.2) 215.1 (34.5) 0.644 201.5 (38) 232 (30.9) 0.015* 181.8 (32) 219 (36.3) 0.015* 203.9 (41.7) 223 (30.9) 0.113

N1500, μm 208 (39) 221 (43.6) 0.448 215 (39.6) 221.7 (45) 0.648 206.9 (38) 240 (42) 0.018* 200.4 (35.3) 223(43.4) 0.201 204 (39) 237 (40.7) 0.018*

ST1000, μm 626 (70) 610 (96.1) 0.658 584 (74.4) 633.1 (96.4) 0.104 575 (68.6) 680.2 (86.7) <0.001* 539 (39.8) 630 (90.7) 0.014* 571 (68) 665(89.7) 0.001*

ST2000, μm 639 (91) 604.2 (80) 0.293 604 (85.3) 616 (82.7) 0.660 581 (74.3) 663.2 (72) 0.002* 529.8 (16.3) 630 (80.6) <0.001* 588 (78) 640 (81.2) 0.046*

ST3000, μm 635 (94) 608 (79.9) 0.408 594 (79.1) 636.7 (84) 0.241 579.8 (77) 672.3 (55.8) <0.001* 546.1 (33) 629.2 (83) <0.001* 587 (80) 647 (75) 0.024*

K1, D 42.9 (1) 42.5 (7) 0.876 41.3 (9.8) 43.4 (1) 0.334 42 (7.5) 43.6 (1.5) 0.460 43.5 (2.2) 42.4 (6.8) 0.668 41.5 (8.1) 43.9 (1.4) 0.412

K2, D 43.5 (0.8) 44.5 (1.6) 0.093 44.8 (1.5) 44 (1.5) 0.108 44.4 (1.6) 44.2 (1.4) 0.640 44.5 (2.5) 44.3 (1.3) 0.741 44 (1.5) 44.6 (1.5) 0.655

Km, D 43.2 (0.9) 44.2 (1.5) 0.102 44.4 (1.4) 43 (1.5) 0.196 44.1 (1.5) 43.9 (1.4) 0.700 44 (2.3) 44 (1.3) 0.937 43.7 (1.6) 44.3 (1.4) 0.227

CV, mm3 57.3 (1.8) 57.9 (4.1) 0.694 58.1 (3.4) 57.5 (4) 0.670 58.2 (3.7) 57 (3.8) 0.351 58.3 (5.7) 57.6 (3.3) 0.659 57.3 (3.4) 58.3 (4.2) 0.248

CCT, μm 527 (21) 525 (32.7) 0.886 523 (28.4) 527 (32.3) 0.708 530 (30.1) 519.2 (31) 0.301 535 (37.2) 524 (29.1) 0.399 524 (28) 528.5 (34) 0.260

Abbreviations: SFCT, subfoveal choroidal thickness; N750, 750 μm nasal; N1500, 1500 μm nasal; T750 μm, 750 μm temporal; 

T1500, 1500 μm temporal; ST, scleral thickness; ST1000, scleral thickness at a distance of 1000 m from scleral spur (SS); 

ST2000, scleral thickness at a distance of 2000 m from SS; ST3000, scleral thickness at a distance of 3000 m from SS; CCT, 

central corneal thickness; CV, corneal volume; D, diopter; SD, standard deviation; CVS, cardiovascular system; 

K1, flat keratometry; K2, steep keratometry; Km: mean keratometry.
*P <0.05, statistically significant.
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electromyography- confirmed myopathy and muscle biopsy/ mag-
netic resonance imaging demonstrated myositis.27

2.4 | Statistical analysis

All statistical analyses of the study were carried out using SPSS 
version 22.0 for Windows (IBM, Armonk, NY, USA). Continuous 
variables were expressed as the mean ± standard deviation or the 
median (minimum and maximum values), and categorical variables 
were expressed as number and percentage. Demographic character-
istics were presented using descriptive statistics. The Kolmogorov- 
Smirnov test was used to test the normality assumption of the data. 
Nonparametric tests were used for the statistical evaluation of non- 
normally distributed data. The independent samples t test and χ2 
test were used for the analysis of two- group differences in measured 
parameters. Correlations between variables were analyzed using 
Pearson's or Spearman's correlation coefficients. A P value less than 
0.05 was considered statistically significant.

We targeted a sample size based on discerning differences in ST 
among groups as the primary outcome. The sample size capable of 
detecting a change of the difference between groups was estimated 
using the mean and expected standard deviation of change in ST data 
obtained from a previous study28 (ST for Group 1: 573.40 ± 45.39 vs 
ST for Group 2: 544.61 ± 47.47). The effect size obtained in this 

study was found to be medium (Cohen's d = 0.619). As a result of the 
power analysis carried out considering that a lower level of effect 
size could also be obtained, a sample size of at least 72 patients (at 
least 36 individuals for each group) was estimated to provide 80% 
power at a confidence interval of 95% for a medium effect size value 
(Cohen's d = 0.6).

3  | RESULTS

The mean age of the 38 patients with SSc consisting of 34 females 
(89%) and 4 males (11%) was 48 years, while the mean age of the 40 
healthy participants consisting of 27 females (67.5%) and 13 males 
(32.5%) was 42.9 years. There was no significant difference be-
tween the groups in terms of age and gender distribution (P =0.074, 
P =0.881, respectively).

The age- matched and disease duration- matched comparison of 
the ocular parameters is shown in Table 1. There were significant 
differences between SSc patients and healthy controls in terms of 
mean CT values measured from nasal or temporal points (at N750: 
212 versus 405 μm [P <0.001]; at N1500: 219 versus 464 μm 
[P <0.001]; at T750: 208 versus 440 μm [P <0.001]; and at T1500: 
219 versus 441 μm [P <0.001]. Likewise, the SSc group had a lower 
mean SFCT than the healthy control group, which was also statisti-
cally significant (212 vs 405 μm; P =0.003).

TA B L E  2   Comparison of ocular parameters according to steroid use and organ involvement

Ocular 
Parameters

Medical treatment Digital ulcer Pulmonary involvement Muscular involvement CVS involvement

With steroid Without steroid

P

Presence Absence

P

Presence Absence

P

Presence Absence

P

Presence Absence

PMean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

SFCT, μm 202 (23) 214 (38.9) 0.426 208 (40.6) 214.3 (33.9) 0.622 203.4 (33.7) 226.7 (37.1) 0.056 205 (25.6) 213.5 (38.5) 0.580 205 (37.2) 220 (34.3) 0.197

T750, μm 191 (78) 212.9 (39) 0.272 200 (62) 213.4 (39.5) 0.438 206.8 (32.8) 210.9 (70.6) 0.809 193.5 (18) 211.6 (53.5) 0.387 197.1 (55.5) 222 (37.3) 0.122

T1500, μm 216 (35) 219.3 (38) 0.836 217 (35.4) 219.3 (38.7) 0.891 214 (32.8) 226.7 (43.3) 0.315 200.2 (21.9) 222 (38.6) 0.147 210.1 (34.6) 229.2 (38) 0.114

N750, μm 216 (25) 211 (41.2) 0.795 209 (44.2) 215.1 (34.5) 0.644 201.5 (38) 232 (30.9) 0.015* 181.8 (32) 219 (36.3) 0.015* 203.9 (41.7) 223 (30.9) 0.113

N1500, μm 208 (39) 221 (43.6) 0.448 215 (39.6) 221.7 (45) 0.648 206.9 (38) 240 (42) 0.018* 200.4 (35.3) 223(43.4) 0.201 204 (39) 237 (40.7) 0.018*

ST1000, μm 626 (70) 610 (96.1) 0.658 584 (74.4) 633.1 (96.4) 0.104 575 (68.6) 680.2 (86.7) <0.001* 539 (39.8) 630 (90.7) 0.014* 571 (68) 665(89.7) 0.001*

ST2000, μm 639 (91) 604.2 (80) 0.293 604 (85.3) 616 (82.7) 0.660 581 (74.3) 663.2 (72) 0.002* 529.8 (16.3) 630 (80.6) <0.001* 588 (78) 640 (81.2) 0.046*

ST3000, μm 635 (94) 608 (79.9) 0.408 594 (79.1) 636.7 (84) 0.241 579.8 (77) 672.3 (55.8) <0.001* 546.1 (33) 629.2 (83) <0.001* 587 (80) 647 (75) 0.024*

K1, D 42.9 (1) 42.5 (7) 0.876 41.3 (9.8) 43.4 (1) 0.334 42 (7.5) 43.6 (1.5) 0.460 43.5 (2.2) 42.4 (6.8) 0.668 41.5 (8.1) 43.9 (1.4) 0.412

K2, D 43.5 (0.8) 44.5 (1.6) 0.093 44.8 (1.5) 44 (1.5) 0.108 44.4 (1.6) 44.2 (1.4) 0.640 44.5 (2.5) 44.3 (1.3) 0.741 44 (1.5) 44.6 (1.5) 0.655

Km, D 43.2 (0.9) 44.2 (1.5) 0.102 44.4 (1.4) 43 (1.5) 0.196 44.1 (1.5) 43.9 (1.4) 0.700 44 (2.3) 44 (1.3) 0.937 43.7 (1.6) 44.3 (1.4) 0.227

CV, mm3 57.3 (1.8) 57.9 (4.1) 0.694 58.1 (3.4) 57.5 (4) 0.670 58.2 (3.7) 57 (3.8) 0.351 58.3 (5.7) 57.6 (3.3) 0.659 57.3 (3.4) 58.3 (4.2) 0.248

CCT, μm 527 (21) 525 (32.7) 0.886 523 (28.4) 527 (32.3) 0.708 530 (30.1) 519.2 (31) 0.301 535 (37.2) 524 (29.1) 0.399 524 (28) 528.5 (34) 0.260

Abbreviations: SFCT, subfoveal choroidal thickness; N750, 750 μm nasal; N1500, 1500 μm nasal; T750 μm, 750 μm temporal; 

T1500, 1500 μm temporal; ST, scleral thickness; ST1000, scleral thickness at a distance of 1000 m from scleral spur (SS); 

ST2000, scleral thickness at a distance of 2000 m from SS; ST3000, scleral thickness at a distance of 3000 m from SS; CCT, 

central corneal thickness; CV, corneal volume; D, diopter; SD, standard deviation; CVS, cardiovascular system; 

K1, flat keratometry; K2, steep keratometry; Km: mean keratometry.
*P <0.05, statistically significant.
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The SSc group had a thicker ST than the control group. This differ-
ence was significant at all distances (P=0.008, P=0.001, P=0.002, re-
spectively). The SSc group had mean K1, K2, and Km values of 43, 44, 
and 44 diopters, respectively, while the healthy controls had mean 
K1, K2, and Km values of 45, 46, and 46 diopters, respectively. There 
was a significant difference between the SSc and healthy control 
groups in terms of K1, K2, Km, CV, and CCT parameters (P=0.025, 
P=0.001, P=0.004, P=0.007, and P=0.009, respectively) (Table 1).

The patients with SSc were grouped among themselves based 
on the medical treatment, presence of digital ulcer, and organ in-
volvement (Table 2). Those with muscular, pulmonary, and cardiac 
involvement had statistically significantly thinner ST at three levels 
than those without muscular, pulmonary, and cardiac involvement 
(P=0.014, P <0.001, P =0.001, respectively).

Among the ocular parameters, only ST had a statistically signif-
icant correlation with the SHAQ- global and its components. There 
was a weak- moderate negative correlation between ST and the com-
ponents of this scale (RP- VAS, DU- VAS, pulmonary symptoms- VAS, 
digestive symptoms- VAS) and SHAQ- global at three levels (Table 3).

4  | DISCUSSION

The results of the present study showed that ST was thicker but CT 
and corneas were thinner in patients with SSc. In addition, ST was as-
sociated with a health assessment questionnaire at all three levels. 
When SSc patients were grouped based on the presence or absence 
of organ involvement, those with pulmonary, cardiac, or muscular in-
volvement were found to have thinner ST. Although choroidal and cor-
neal parameters have been evaluated in SSc patients in the literature, 
ST has not been evaluated. Therefore, this study is the first to evaluate 
the correlation of all ocular parameters with health- related QoL.

The cornea is susceptible to be affected by connective tissue dis-
eases due to its rich collagen structure. The fact that type 1 collagen 
is dominant in human corneal structure compared with other colla-
gen types and the effect of interleukin- 35 (IL- 35) on type 1 collagen 
in SSc dermal fibroblasts has not yet been determined is a point to 
be taken into account.29,30 This condition may alter the biochemical 

structure or thickness of the cornea. Many studies support this the-
ory. Serup et al found increased central CT in patients with SSc com-
pared with healthy controls.31 Nagy et al, on the other hand, found 
that pachymetric values (corneal anterior surface, corneal volume, 
and anterior chamber measurements) were statistically significantly 
lower in the SSc group than in the control group.32 Similarly, an-
other study reported thinner CT in the SSc group than in the control 
group.33 SSc patients in our study had significantly lower corneal pa-
rameters (K1, K2, Km, CCT, CV) than healthy controls. This suggests 
that biochemical and ultrastructural changes occur in the cornea as 
a result of the immunological dysregulation process.32

In the literature, there are studies investigating choroidal involve-
ment in patients with SSc. This anatomical structure has a critical role 
because it has a highly vascular structure, regulates the temperature 
in the eye, especially in the fovea, and supplies oxygen to the retina.34 
Grennan and Forrester found that 50 per cent of SSc patients had 
hypoperfusion in the choroidal capillaries.35 Kraus et al found retinal 
pigment epithelial atrophy secondary to choroidal hypoperfusion in 
26.3% of patients with SSc.36 However, there are studies stating that 
choroidal and central foveal thicknesses are not different from healthy 
controls 17. SSc patients in our study had significantly thinner CT than 
healthy controls. Endothelial cell injury, basement membrane thicken-
ing, and pericyte loss in choroidal vessels, which have been shown in 
histological studies, may explain why the thickness changes.37

Although scleritis and episcleritis have been reported in patients 
with SSc in the literature, no studies have evaluated ST. Scleral thick-
ening was observed secondary to edema and inflammatory cell infil-
tration, especially in the case of scleritis.38,39 Although another study 
found no scleritis, it reported thicker ST in patients with systemic 
lupus erythematosus compared with healthy controls.28 Our study 
similarly showed thicker ST at all three levels compared with healthy 
control. There are several important reasons for this. First, the sclera 
is mainly composed of 90% type 1 collagen and 5% type III collagen.40 
In patients with SSc, the cellular infiltration process occurs in the 
early period, whereas the fibrotic process occurs in the late period. 
In the early period, the ratio of type 1/type 3 collagen in the body 
has been shown to change secondary to cellular infiltration (lympho-
cyte, macrophage, fibroblast).40 So ST may increase due to scleral 

TA B L E  3   Correlation of component of SHAQ with scleral thickness at three levels

ST100 ST2000 ST3000

P r P r P r

RP- VAS <0.001* – 0.588 <0.001* – 0.522 0.001* – 0.508

DU- VAS <0.001* – 0.577 0.004* – 0.459 0.004* – 0.460

Digestive- VAS <0.001* – 0.546 0.013* – 0.398 0.045* – 0.328

Pulmonary- VAS <0.001* – 0.559 0.005* – 0.451 0.016* – 0.389

Overall disease severity- VAS 0.754 – 0.053 0.997 0.001 0.596 0.089

SHAQ- global 0.006* – 0.437 0.005* – 0.449 0.008* – 0.426

Abbreviations: ST, scleral thickness; SHAQ, Scleroderma Health Assessment Questionnaire; RP, Raynaud's phenomenon; VAS, visual analogue scale; 
DU, digital ulcer; r, Spearman's rho coefficient.
*P <0.05, statistically significant.
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edema and cellular infiltration in the early phase. Furthermore, fi-
broblastic transformation, breakdown of proteoglycan linkages, and 
degeneration of collagen fibrils in the sclera may alter its thickness.38 
Therefore, thicker ST of SSc patients compared with healthy controls 
despite having no ophthalmologic symptoms also suggests subclini-
cal inflammation. In summary, biochemical and structural changes in 
the sclera may have caused an increase in thickness. However, histo-
logical studies are needed to verify this result.

There are a limited number of studies that review the relationship 
between demographic data, clinical parameters, medical treatment, and 
ocular parameters in rheumatologic diseases. Coskun et al stated that 
age, gender, and the form of the disease did not affect the CT.41 Aydin 
et al reported that CT was not associated with organ involvement.17 Our 
study also showed that organ involvement did not affect the CT. Kaya 
et al reported that steroid use and disease activity had no effect on ST 
in patients with systemic lupus erythematosus.28 Although there was 
no association between the use of steroids and ST, there was a correla-
tion between the health assessment questionnaire and ST in our study. 
Moreover, SSc patients with organ involvement (pulmonary, cardiac, 
muscle) had thinner ST than those without organ involvement. This may 
be related to the cytokine levels released as a result of immunological 
dysregulation, because T- helper cells have been shown to be effective 
in the pathophysiology and activity of SSc. It has been reported that in-
creased serum levels of T helper type 17 increase fibroblast proliferation 
and aggregate cytokine release, so causing severe fibrosis.42 Likewise, 
another study reported that IL- 6 and IL- 10 were variably associated with 
internal organ involvement.43 A similar study showed that increased 
serum levels of IL- 1β and IL- 6 in SSc patients caused the active inflam-
mation phase, whereas IL- 4 caused fibrotic activation.44 Therefore, the 
thinner ST thickness of the patients with a poor functional status and 
organ involvement may be the result of higher serum cytokine levels 
and higher severity of secondary fibrosis of the sclera.

There is a limited number of studies in the literature reviewing the 
relationship between ocular involvement and QoL in patients with 
SSc. Two published studies showed that ocular symptoms decrease 
the QoL.45,46 Another study reported that ocular superficial diseases 
had a moderate effect on the QoL.47 Interestingly, although there 
was no involvement in any of the ocular parameters studied in our 
study, only ST was correlated with the QoL among them. In addition, 
patients with organ involvement (muscular, pulmonary, and cardiovas-
cular) had statistically thinner ST than those without organ involve-
ment. This indicates that organ involvement or SSc- specific symptoms 
that negatively affect the QoL may have an associational relationship 
with scleral thinning (despite the absence of any scleral involvement 
or scleritis), either causal or non- causal that would need more studies 
to confirm.

4.1 | Limitations

Due to the cross- sectional nature of the study, it could not be de-
termined whether the patients who were evaluated in the study had 
scleritis later. Furthermore, evaluating ST only on the temporal side 
is another limitation of our study, because the radius of the scleral 

curvature has been found to be different from the different scleral 
points.28 Moreover, the study period had to be shortened to mini-
mize the potential risk of exposure to coronavirus disease 2019 be-
cause the study was conducted during the pandemic.

5  | CONCLUSION

Ocular involvement leads to serious problems in patients with SSc. 
Therefore, early diagnosis has a crucial role. Despite not having 
ocular involvement, SSc patients had thicker ST but thinner CT and 
corneal parameters than healthy controls in our study. This may in-
dicate subclinical inflammation and connective tissue involvement 
in patients with SSc. AS- OCT and Oculus Pentacam can be used for 
screening SSc patients as they are useful tools for the detection of 
ocular involvement. Furthermore, only ST was affected by organ in-
volvement and QoL among the ocular parameters. However, further 
studies are needed for the verification or clarification of this result.
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1  | INFL AMMAGING AND INTERLEUKIN 
(IL ) -  6

Inflammaging is a low- grade, clinically undetectable inflammation 
in the elderly due to a progressive age- related increase of serum 
levels of pro- inflammatory cytokines (i.e., IL- 1, IL- 6, and tumor ne-
crosis factor [TNF]- α), provoked by a continuous antigenic load and 
stress.1 Among these pro- inflammatory cytokines, IL- 6 has gained a 
remarkable research interest, since its pathway has resulted as cru-
cially implicated in immune regulation in several diseases, such as the 
rheumatic ones.1 Nonetheless, elevated IL- 6 levels may also play a 
role in cancer.2 Indeed, although the link between inflammation and 
cancer has been historically debated, IL- 6 has been reported to be in-
volved in inflammation- associated tumorigenesis, and a role for IL- 6 
has emerged in several oncological scenarios.3 All these conditions, 
rheumatic diseases, as osteoarthritis (OA) and rheumatoid arthritis 
(RA), and cancer, typically arise among older people.4- 6 Thus, the el-
derly typically represents a population with various comorbidities, 

and, interestingly, a common cytokine- based pro- inflammatory path 
is bonding these age- related conditions (Figure 1).

The current coronavirus disease 19 (COVID- 19) pandemic has 
placed under the spotlight the role of the cytokine release syndrome 
and IL- 6, with the advent of targeted therapies in this setting.7 
Indeed, a hyperinflammation state, dependent on cytokine release 
syndrome (CRS) and IL- 6, has been linked with the COVID- 19 fatality 
rate.8

Targeting the IL- 6 pathway might lead to innovative therapeutic 
approaches not only for rheumatic diseases9,10 and cancer11 but also 
for COVID- 19.7 In this context, the COVID- 19 pandemic has dras-
tically affected the management and treatment strategies of rheu-
matic diseases as well as cancer.12- 14

Therefore, given the enhanced relevance during the present pan-
demic, we sought to recall the common pro- inflammatory bond be-
tween these age- related conditions, rheumatic diseases, and cancer, 
focusing on the IL- 6 role and its targeting with potential implications 
for future therapeutic approaches.
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Abstract
Interleukin (IL)- 6 is a soluble factor secreted by T lymphocytes, involved in anti-
body generation by B lymphocytes. The IL- 6 pathway has risen as a pivotal pathway 
implicated in immune regulation and dysregulation in various rheumatic diseases. 
Nonetheless, elevated IL- 6 levels can also play a role in cancer. Targeting the IL- 6 
pathway has led to innovative therapeutic approaches for rheumatic diseases and 
for COVID- 19, particularly in the elderly. Indeed, tocilizumab, an agent targeting IL- 6, 
has recently amassed significant attention as a promising univocal agent for different 
conditions. In this viewpoint, we sought to recall and describe the common pathway 
among osteoarthritis, rheumatoid arthritis, and cancer, suggesting that anti- IL- 6 may 
be considered a jack- of- all- trades against inflammaging in the elderly.
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2  | RHEUMATIC DISE A SES AND IL-  6

OA is considered a chronic, low- grade inflammatory disease with a 
high cytokine content, involving the entire joint rather than the car-
tilage surface.15- 18

OA etiopathogenic pathways can include epigenetic modifi-
cations, cellular senescence, and an age- related rise in a resulting 
continuous pro- inflammatory state, defined as "inflammaging".1,18,19 
Synovial fluid contains a variety of pro- inflammatory cytokines, at 
low concentrations (IL- 1β, TNF) or at high concentrations (IL- 6).15 
Therefore, biological drugs that inhibit inflammatory mediators, such 

as IL- 1, TNF- α, and IL- 6, have been proposed to block cartilage ca-
tabolism.20 Indeed, targeted inhibition of these cytokines has been 
hypothesized to down- regulate chemotactic cascades and matrix 
enzyme proteases, preventing and delaying the progression of OA 
disease.20

RA is an autoimmune disease exhibited in chronic and progres-
sive inflammatory tissues and joints disorder which often involves 
irreversible joint damage and systemic complications.21

This severe disease progression is correlated with IL- 6/IL- 6R 
complex elevated levels in the synovium of RA patients. IL- 6 gen-
erated by bone marrow stromal cells can stimulate the receptor 
activator of nuclear factor- κB ligand (RANKL), critical for the differ-
entiation and up- regulation of osteoclasts and bone resorption.22 
In RA, IL- 6 stimulating vascular endothelial growth factor (VEGF) 
could modulate vascular permeability, enhancing inflammation 
recruitment into the tissues, aggravating the damage.23 Thus, the 
plan of IL- 6 inhibitor regimens for RA, the most prevalent chronic 
autoimmune disorder afflicting predominantly the joints, rose in 
the early 1990s; the principal purpose was alleviating symptoms 
like fever, fatigue, pain, joint damage, anemia.21 IL- 6 might become 
the key target of the acute phase response in RA, by modulating 
lymphocyte differentiation and influencing all the aforementioned 
clinical manifestations.

3  | C ANCER AND IL-  6

In terms of cancer pathogenesis, overexpressed IL- 6 leads to Janus- 
activated kinase / signal transducer and activator of transcription 3 
(JAK/STAT3) signaling hyperactivation, often associated with dismal 
patient outcomes.2 The IL- 6/JAK/STAT3 aberrant hyperactivation 
significantly impacts the tumor microenvironment acting as a driver 
of tumor cell proliferation and scattering capacity and as well sup-
pressing the anti- tumor immune response.2

Specifically, STAT3 hyperactivation has been related to che-
motherapy and radiotherapy (RT) resistance, given its crucial role 
in the interaction between tumor- associated macrophages and 
tumors.24 Tumor- associated macrophages are major supportive 
components within neoplasms, characterized by many functions 
that might facilitate tumor outgrowth. Tumor- associated macro-
phages' elevated numbers are associated with poor cancer prog-
nosis.25 Thus, targeting IL- 6 may pave the way to enhanced tumor 
control.26

The interplay between IL- 6 and RT has been investigated in head 
and neck cancer (HNC).24,27 Of interest, in a series of 26 HNC pa-
tients, serum levels of pro- inflammatory markers, such as IL- 6, were 
observed to increase after RT and chemo- radiotherapy.27

Thereupon, paradoxically, oncological treatments may favor a 
tumor- promoting pro- inflammatory microenvironment.27 Accordingly, 
Matsuoka et al.24 hypothesized improved outcomes, such as treat-
ment response and survival, in oral squamous cell carcinoma patients, 
with the addition of tocilizumab to RT, given its capacity to limit the 
IL- 6 effect in reducing radiation- induced DNA damage.

F I G U R E  1   Interleukin (IL)- 6 signaling interaction with the 
immune- modulation system. IL- 6 is a B cell differentiation switcher 
that can be synthesized by an ample variety of cells, including 
monocytes, lymphocytes, fibroblasts, endothelial cells, and some 
cancer cells. The IL- 6 receptor (IL- 6R, CD126) can subsist as a 
soluble or transmembrane form; the membrane- bound molecule 
of IL- 6R is an 80 kDa protein that expresses the extracellular 
binding site and a minimal cytoplasmic domain. This receptor, unlike 
its mediator, is expressed only by leukocytes and hepatocytes. 
IL- 6R changes its conformation after binding IL- 6, providing the 
enrollment of a glycoprotein Gp130, a cytoplasmic mediator, also 
known as CD130. In this scenario, Gp130 becomes the IL- 6R/
IL- 6 complex activated mediator, sharing the molecular pathway 
of other molecules such as IL- 11, IL- 27, IL- 31, cardiotropin- 1 
(CTF1), cardiotropin- like cytokine (CLC), ciliary neurotrophic 
factor (CNTF), oncostatin M and leukemia inhibitory factor (LIF). 
Gp130 overexpresses the tyrosine kinase pathway Janus- activated 
kinases (JAKs) and tyrosine kinases, promoting phosphorylation 
and activation of signal transducers and activators of transcriptions 
1 and 3 (STAT1 and STAT3). STAT3 is not a unique transducer for 
IL- 6, as STAT3 is a target gene for anti- apoptotic pathways, thus 
acting as an angiogenic mediator, tumor, and metastatic growth 
factor. Furthermore, the JAKs and IL- 6 signaling might stimulate 
the PI3K/AKT (protein kinase B), RAS, and mitogen- activated 
protein kinase pathways, thus upregulating anti- apoptosis and cell 
survival. NFκB, nuclear factor κB
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Moreover, this treatment- induced pro- inflammatory microen-
vironment could lead to lymphocyte deficiency.28 Lymphopenia is 
associated with an increased risk of opportunistic infections (a sig-
nificant implication during the present pandemic), and worse onco-
logic outcomes due to the lymphocytes' essential roles within the 
anti- tumor immune response.29,30

Finally, the present times may represent a boost for further in-
vestigation regarding IL- 6 targeting in cancer patients.

4  | CONCLUSIONS

Considering inflammation as a common denominator for aging, 
rheumatic diseases, and cancer, we highlighted the need to guide 
treatments against the cytokine storm. By the present viewpoint, 
we sought to recall the role played by IL- 6 for rheumatic diseases 
and cancer, with enhanced relevance during the COVID- 19 era. We 
are aware that future studies are necessary to better investigate the 
bond between rheumatic diseases and cancer in elderly. Therefore, 
we could affirm that anti- IL- 6 might be considered a jack- of- all- 
trades against inflammaging, potentially paving the way to future 
synergistic treatment perspectives.
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1  | IGG AND IGA AUTOANTIBODIES 
AGAINST L1 ORF1P E XPRESSED IN 
GR ANULOCY TES CORREL ATE WITH 
GR ANULOCY TE CONSUMPTION AND 
DISE A SE AC TIVIT Y IN PEDIATRIC 
SYSTEMIC LUPUS ERY THEMATOSUS

Ukadike K, Ni K, Wang X, Taylor M, LaCava J, Pachman L, Eckert M, 
Stevens A, Lood C, Mustelin T. Arthritis Res Ther 2021 May 29; 23(1): 
153. 10.1186/s1307 5- 021- 02538 - 3.

Systemic lupus erythematosus (SLE) is characterized by vari-
ous autoantibodies in association with Type 1 interferons. It has 
been reported in recent literature that SLE patients have autoan-
tibodies of immunoglobulin G class (IgG) produced against RNA- 
binding p40 (ORF1p) protein that is coded by L1 retroelement. In 
this multicenter study from the USA, Ukadike et al. analyzed the 
presence of these autoantibodies in pediatric SLE (pSLE). In their 
cohort of 30 pSLE patients, the authors reported that both IgG 
and immunoglobulin A (IgA) autoantibodies against p40/ORF1p 
were elevated in comparison to healthy controls and disease 
controls ( juvenile dermatomyositis; juvenile idiopathic arthritis). 
They also correlated well with disease activity. It was also ob-
served that neutrophil activation and death markers correlated 
with these autoantibodies and indirectly with disease activity, 
thereby indicating that p40 may be expressed by neutrophils. 
Although the sample size is small, this study is an important 

addition to the list of novel biomarkers for defining disease ac-
tivity in pSLE.

2  | THE IMPAC T OF SERUM ANTI- 
NEUTROPHIL CY TOPL A SMIC ANTIBODY 
ON CLINIC AL CHAR AC TERISTIC S AND 
OUTCOMES IN PEDIATRIC-  ONSET 
SYSTEMIC LUPUS ERY THEMATOSUS 
PATIENTS

Gau C, Tseng M, Wu C, Yang H, Huang J. Front Med (Lausanne) 2021 
Apr 16; 8: 647510. 10.3389/fmed.2021.647510.

SLE is an autoimmune disorder with multi- system involvement. It 
is characterized by development of several autoantibodies that may, 
at times, include anti- neutrophil cytoplasmic antibodies (ANCAs). 
Recent studies in adults suggest that SLE patients with ANCA pos-
itivity are more likely to have renal involvement and increased dis-
ease activity. However, there is paucity of literature on this aspect in 
pSLE. Gau et al. conducted a retrospective case- control study from 
Taiwan involving 70 pSLE patients –  9 among these were also ANCA 
positive. The authors reported that pSLE patients who were ANCA 
positive had increased incidence of hematuria and lacked the typical 
renal biopsy findings. However, there was no discernible difference 
with respect to other clinical parameters including renal involve-
ment. This study provides a new perspective to pSLE.

© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.
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3  | FINDINGS AND FE A SIBILIT Y OF 
MA JOR SALIVARY GL AND ULTR A SOUND 
IN CHILDHOOD -  ONSET SYSTEMIC LUPUS 
ERY THEMATOSUS: A PILOT STUDY

McDonald J, Vega- Fernandez P, Ting T. Pediatr Rheumatol Online J 
2021 May 17; 19(1): 73. 10.1186/s1296 9- 021- 00561 - x.

SLE in children (cSLE) is a multisystemic autoimmune disorder as-
sociated with multiple autoantibodies. At times, cSLE can present in 
conjunction with other autoimmune disorders like Sjögren’s syndrome 
(SS). SS remains an underdiagnosed entity in children because diagnosis 
depends on the classical clinical manifestations of xerostomia and ker-
atoconjunctivitis sicca that are uncommon in the pediatric population. 
Further, invasive tests like parotid sialography and salivary scintigraphy 
are rarely performed in children. However, salivary gland ultrasound 
(SGUS) can be a useful non- invasive diagnostic modality to look for 
salivary gland involvement in patients with cSLE. McDonald et al. have 
carried out a cross- sectional study on 31 patients with cSLE (without 
diagnosis of SS) at Cincinnati Children’s Hospital Medical Center, USA, 
to determine anomalies in salivary gland compatible with the diagnosis 
of secondary SS. Among 31 cSLE patients, 11 (35%) showed abnor-
mal findings on SGUS. Significant statistical correlations were noted 
between SGUS positive scores and presence of anti- Ro, anti- La anti-
bodies, and mean immunoglobulin G value at diagnosis. The authors 
suggest that SGUS is a useful diagnostic modality for detecting early 
secondary SS in patients with cSLE.

4  | IDENTIFIC ATION OF A SHARED 
GENETIC RISK LOCUS  FOR K AWA SAKI 
DISE A SE AND IGA VA SCULITIS BY A 
CROSS-  PHENOT YPE META- ANALYSIS

Carmona E, García- Giménez J, López- Mejías R, Khor C, Lee J- K, 
Taskiran E, Ozen S, Hocevar A, Liu L, Gorenjak M, Potoènik U, 
Kiryluk K, Ortego- Centeno N, Cid M, Hernández- Rodríguez J, 
Castañeda S, González- Gay M, Burgner D, Martín J, Márquez A, 
Spanish IgA Vasculitis Consortium and International Kawasaki 
Disease Genetics Consortium. Rheumatology (Oxford) 2021 May 16; 
keab443. 10.1093/rheum atolo gy/keab443

Kawasaki disease (KD) and IgA vasculitis (IgAV) are the 2 common-
est vasculitides in children. Recent studies suggest a probable common 
genetic overlap in pathogenesis of these conditions. Carmona et al. 
provide the first cross- disease meta- analysis using genome- wide as-
sociation studies from previously published data. Authors discovered 
a unique intronic variant, rs3743841, located in NAGPA gene, that had 
attained genome- wide significance and had pleiotropic effects on evo-
lution of these 2 conditions. In addition, this variant also represented 
the most significant non- human leukocyte antigen signal described 
in relation to IgAV. This study has important clinical implications as it 
suggests a common mechanism in pathogenesis of these 2 disorders. 
However, as the genetic footprint of KD varies among different ethnic-
ities, it is necessary to gather data from other populations.

5  | THE " INTERMEDIATE" CD14 +  CD16 +   
MONOCY TE SUBPOPUL ATION PL AYS 
A ROLE IN IVIG RESPONSIVENESS OF 
CHILDREN WITH K AWA SAKI DISE A SE

Kim YS, Yang HJ, Kee SJ, Choi I, Ha K, Ki KK, Jeong IS, Cho HJ. 
Pediatr Rheumatol Online J 2021 May 31; 19(1): 76. 10.1186/s1296 
9- 021- 00573 - 7.

KD is now the most common cause of acquired heart disease in 
children in developed countries. Cardiac complications are more com-
mon in children with KD who develop intravenous immunoglobulin 
(IVIg) resistance. Studies carried out over the last 2 decades have de-
scribed different risk factors associated with IVIg resistance in KD. Kim 
et al. conducted this single- center, prospective study from South Korea 
to reveal whether there was any correlation between CD14+CD16+ 
intermediate monocytes and IVIg responsiveness in children with KD. 
They enrolled 62 KD patients, 20 healthy controls without fever and 
15 controls with fever. Monocyte subtypes were assayed by flow cy-
tometry. The authors reported that intermediate monocytes were sig-
nificantly reduced before IVIg infusion in patients who subsequently 
developed IVIg resistance compared to those who responded to IVIg. 
While a decreasing trend of intermediate monocytes was noted in the 
IVIg- responsive group after IVIg infusion, the resistant group showed 
increasing trend. Low pre- IVIg level of intermediate monocytes with 
significant increase after IVIg infusion predicted IVIg resistance. 
However, the results of this study need to be replicated in children 
from other ethnicities before firm conclusions can be drawn.

6  | CLINIC AL FE ATURES AND OUTCOMES 
OF 76 PATIENTS WITH COVID - 19- 
REL ATED MULTI- SYSTEM INFL AMMATORY 
SYNDROME IN CHILDREN

Haslak F, Barut K, Durak C, Aliyeva A, Yildiz M, Guliyeva V, Varol 
SE, Cebeci SO, Aygun F, Varli YZ, Ozel A, Onan SH, Kocoglu U, Erol 
M, Karagozlu F, Ulug N, Dedeoglu R, Sahin S, Adrovic A, Oztunc F, 
Kasapcopur O. Clin Rheumatol 2021 Jun 5: 1– 12. 10.1007/s1006 7- 
021- 05780 - x.

Multi- system inflammatory syndrome in children (MIS- C) is an 
inflammatory condition that develops after SARS- CoV- 2 infection. 
It is characterized by fever, multisystemic involvement and raised 
inflammatory markers. The term MIS- C was coined by the Centers 
for Disease Control and Prevention in May 2020. Haslak et al. con-
ducted this multi- centric cross- sectional study from 3 pediatric 
referral centers in Turkey to define the clinical phenotype and se-
quelae in 76 children with MIS- C. Among 76 patients (24 female; 
mean age 8.17 ± 4.42 years), 27 (35.5%) required pediatric intensive 
care unit admission. Predominant systems involved were cardiovas-
cular and gastrointestinal. There was 1 mortality. While higher initial 
procalcitonin values were associated with prolonged hospital stay, 
low serum albumin values at time of admission and increased age 
were significant risk factors for admission to intensive care unit. This 
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study provides useful guidelines to clinicians in predicting severe 
MIS- C cases.

7  | SYSTEMATIC RE VIE W OF 
CHILDHOOD -  ONSET POLYARTERITIS 
NODOSA AND DADA 2

Cuceoglu M, Sener S, Batu E, Akca U, Demir S, Sag E, Atalay E, Balık 
Z, Basaran O, Bilginer Y, Ozen S. Semin Arthritis Rheum 2021 Apr 19; 
51(3): 559- 564. 10.1016/j.semar thrit.2021.04.009.

Since the first description of deficiency of adenosine deam-
inase 2 (DADA2) in 2014, the clinical approach to children with 
polyarteritis nodosa (PAN) has undergone a paradigm shift. 
Cuceoglu et al. present a detailed critique of pediatric PAN and 
DADA2. The authors report on 28 publications that described 613 
pediatric patients with PAN and 26 publications that described 
207 pediatric patients with DADA2. It was found that while chil-
dren with DADA2 had more frequent involvement of nervous, 
gastrointestinal and cardiac systems, testicular involvement and 
constitutional symptoms were more prominent in children with 
PAN. In their own cohort of 34 PAN and 18 DADA2 children, the 
authors noted that DADA2 patients had a younger age at onset 
with history of consanguinity in parents and clinical features of 
livedo reticularis, stroke, lymphopenia and hypogammaglobulin-
emia. PAN, on the other hand, was characterized by panniculitis 
and thrombocytosis. It is important to differentiate these condi-
tions as treatment modalities are completely different -  anti- tumor 
necrosis agents in DADA2, and corticosteroids (in conjunction 
with cyclophosphamide/azathioprine) in PAN. This is an important 
study for pediatric rheumatologists.

8  | GENETIC AND IMMUNOLOGIC 
FINDINGS IN CHILDREN WITH RECURRENT 
APHTHOUS STOMATITIS WITH SYSTEMIC 
INFL AMMATION

Girardelli M, Valencic E, Moressa V, Margagliotta R, Tesser A, Pastore 
S, Spadola O, Athanasakis E, Severini GM, Taddio A, Tommasini A. 
Pediatr Rheumatol Online J 2021 May 10; 19(1): 70. 10.1186/s1296 
9- 021- 00552 - y.

Although recurrent aphthous stomatitis (RAS) is usually a be-
nign and self- limiting entity in children, it may at times, be asso-
ciated with inflammatory diseases such as Behçet’s disease (BD), 
inflammatory bowel disease and SLE. Moreover, cases of RAS 
with very early age at onset may be associated with monogenic 
defects. In this single- center study from Italy, Girardelli et al. en-
rolled 15 patients with RAS (below 18 years of age) who had signs 
of systemic inflammation. The patients were subjected to lym-
phocyte subset analysis, gene sequencing and interferon scoring. 
Clinical diagnosis of BD, incomplete BD, BD/SLE overlap and SLE 
was made in 8, 5, 1 and 1 patients respectively. Immunological 
investigations showed increased proportion of natural killer cells 

(23%) and reduced B cells (5%) in 1 patient. Pathogenic variants 
identified on genetic testing were STAT1 gain of function mutation 
(GOF), TNFAIP3 mutation (A20 haploinsufficiency), DNASE1L3 and 
PTPN22. One patient with TNFAIP3, 2 patients with STAT1 GOF 
and 3 patients without any genetic defect had high interferon 
scores. This study shows that a subset of children with RAS may 
warrant detailed genetic and immunological analyses as this may 
impact therapeutic decision making.

9  | CLINIC AL SIGNIFIC ANCE OF 
INTERLEUKIN- 18 FOR THE DIAGNOSIS 
AND PREDIC TION OF DISE A SE COURSE 
IN SYSTEMIC JUVENILE IDIOPATHIC 
ARTHRITIS

Mizuta M, Shimizu M, Inoue N, Ikawa Y, Nakagishi Y, Yasuoka R, 
Iwata N, Yachie A. Rheumatology (Oxford) 2021 May 14; 60(5): 2421- 
2426. 10.1093/rheum atolo gy/keaa634.

Systemic juvenile idiopathic arthritis (s- JIA) is an inflamma-
tory disorder characterized by quotidian fever, evanescent rashes, 
generalized lymphadenopathy, hepatosplenomegaly and serositis. 
Arthritis may or may not be a part of initial presentation. Although 
its etiology is not known, proinflammatory cytokines (eg, interleu-
kin [IL]- 1, IL- 6 and IL- 18) have been shown to have an important role 
in pathogenesis of s- JIA. In this prospective study, Mizuta et al. have 
investigated the role of IL- 18 as a marker for diagnosis of s- JIA and 
for predicting its course. The authors assayed serum IL- 18 levels in 
116 patients with s- JIA, 151 with other diseases and 20 controls. A 
cut- off level of 4800 pg/mL was found to be predictive of a diag-
nosis of s- JIA. While a steady decline of serum IL- 18 level was seen 
during remission in patients with monocyclic course, patients with 
chronic course showed persistently raised IL- 18 levels even during 
remission. Serum IL- 18 levels correlated well with flares and remis-
sions in children with polycyclic course. IL- 18 levels of ≤ 595 pg/
mL correlated well with disease remission. This study suggests that 
serum IL- 18 may be a useful biomarker for monitoring disease activ-
ity and predicting remission in children with s- JIA. This is a landmark 
study that is likely to be referred to for clinical decision making.

10  | BONE MINER AL DENSIT Y AND 
E XPL ANATORY FAC TORS IN CHILDREN 
AND ADULTS WITH JUVENILE 
DERMATOMYOSITIS AT LONG TERM 
FOLLOW- UP: A CROSS SEC TIONAL STUDY

Marstein HS, Godang K, Flato B, Sjaastad I, Bollerslev J, Sanner H. 
Pediatr Rheumatol Online J 2021 Apr 26; 19(1): 56. 10.1186/s1296 
9- 021- 00543 - z.

Juvenile dermatomyositis (JDM) is the commonest inflammatory 
myopathy in children. It can adversely impact bone health in the 
long run. In this cross- sectional study from Norway, Marstein et al. 
compared bone mineral density (BMD) in 59 patients with JDM with 
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matched controls. The authors also evaluated bone turnover markers 
in context of BMD. It was found that BMD Z- scores (<−1 SD) were 
reduced in all patients. The Z- scores correlated negatively with in-
creased duration of prednisolone use during follow- up, high inflam-
matory markers and elevated interferon gamma- induced protein 10 
(IP- 10). While the adverse effects of steroids on BMD are well known, 
Marstein et al. have shown that high inflammatory markers and ele-
vated interferon gamma- induced protein 10 also independently im-
pact bone density. This aspect may be overlooked in clinical practice, 
especially when steroids have been discontinued in JDM.

11  | RUXOLITINIB TRE ATMENT 
PERMITS LOWER CUMUL ATIVE 
GLUCOCORTICOID DOSING IN CHILDREN 
WITH SECONDARY HEMOPHAGOCY TIC 
LYMPHOHISTIOCY TOSIS

Chi Y, Liu R, Zhou ZX, Shi XD, Ding YC, Li JG. Pediatr Rheumatol 
Online J 2021 Apr 1; 19(1): 49. 10.1186/s1296 9- 021- 00534 - 0.

Hemophagocytic lymphohistiocytosis (HLH) is a severe, life- 
threatening disorder characterized by uncontrolled proliferation of 
histiocytes leading to systemic inflammatory responses. While ge-
netic defects are the major causes of primary HLH, secondary HLH is 
associated with infection, connective tissue disease and malignancy. 
Ruxolitinib, a Janus- associated kinase 1/2 inhibitor, has been shown 
to improve survival in mice models with secondary HLH. In this ret-
rospective study, Chi et al. analyzed 11 children with secondary HLH 
who received ruxolitinib (group R) and compared the results with 11 
age- matched controls with HLH who underwent conventional treat-
ment (group C). Indications for ruxolitinib included persistence of 
fever even after methylprednisolone pulses and intravenous immu-
noglobulin (3 patients) and major organ involvement despite conven-
tional treatment with dexamethasone, etoposide and cyclosporine 
(4 patients). In 4 patients with HLH, ruxolitinib alone was used as 
primary therapy. Group R patients showed more rapid reduction of 
body temperature and lower glucocorticoid dosage requirement in 
comparison to group C. There was no adverse drug reaction noted 
with ruxolitinib during treatment or on follow- up over 2.5 years. 
Ruxolitinib can be an effective alternative in controlling fever and 
inflammation in patients with secondary HLH and it has also been 
shown to be effective as a glucocorticoid sparing agent. Although 
this novel therapeutic agent may impact clinical management in 
HLH, further studies with larger sample size would be necessary.

12  | IGG4- REL ATED DISE A SE IN 
PEDIATRIC PATIENTS:  A SINGLE-  CENTER 
E XPERIENCE

Akca Ü, Atalay E, Cüceoğlu M, Şener S, Balık Z, Başaran Ö, Batu E, 
Karadag Ö, Özen S, Bilginer Y. Rheumatol Int 2021 May 12. 10.1007/
s0029 6- 021- 04885 - 5.

Immunoglobulin G4- related disease (IgG4- RD) is a rare, chronic 
inflammatory disorder that may affect virtually any organ system. 
In this retrospective study from Ankara, Turkey, Akca et al. eval-
uated 8 children (including 4 girls) with IgG4- RD. All patients had 
varied clinical manifestations with the most common being oph-
thalmic involvement (n=6), followed by lymphadenopathy (n=1), 
sialadenitis, pancreatitis, ulcerative colitis, and pulmonary man-
ifestations (n=1). Serum IgG4 was increased in only 3 patients. 
The predominant histopathological feature (n=7) was fibrosis 
and lymphoplasmacytic infiltrates. The authors also alluded to 
various treatment regimens used in these children –  largely cor-
ticosteroids, followed by steroid- sparing agents in the form of 
azathioprine, methotrexate and rituximab. In one case of severe 
orbital disease, radiotherapy was used as a last resort as she did 
not respond to conventional therapy. This is an important study 
on IgG4- RD and its multifaceted nature and prompts increased 
awareness on the subject.

13  | WHOLE-  BODY MRI QUANTIFIC ATION 
FOR A SSESSMENT OF BONE LESIONS IN 
CHRONIC NONBAC TERIAL OSTEOMYELITIS 
PATIENTS TRE ATED WITH PAMIDRONATE: 
A PRE VALENCE , REPRODUCIBILIT Y,  AND 
RESPONSIVENESS STUDY

Panwar J, Tolend M, Lim L, Tse SM, Doria AS, Laxer RM, Stimec J. 
J Rheumatol 2021 May 1; 48(5): 751- 759. 10.3899/jrheum.200329.

Chronic nonbacterial osteomyelitis (CNO) is an uncommon 
autoinflammatory syndrome characterized by tender osteitis. 
Whole- body magnetic resonance imaging (WB- MRI) is the pre-
ferred imaging modality for diagnosing and following- up patients 
with CNO. However, there is paucity of literature with regard to 
objective assessment of treatment response to therapy using WB- 
MRI. In this single- center study involving 32 children with CNO, 
88 WB- MRI scans were analyzed by 2 radiologists who were 
blinded to the clinical details. Lesions were scored before and 
after pamidronate therapy. The authors noted good response to 
pamidronate, especially for vertebral lesions. They also observed 
that WB- MRI has a high degree of reliability in objectively quan-
tifying and assessing response to treatment and can be used in 
monitoring disease activity. This is an important study for pediat-
ric rheumatologists.
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1  | INTRODUC TION

Kawasaki disease (KD) is a syndrome that results in acute systemic 
vasculitis, affecting mainly infants and children, and is a major cause 
of acquired heart disease in developed countries.1 Although KD was 
first described by Tomisaku Kawasaki in 1967,2- 4 the cause of the 

disease is still unknown. Therefore, to date, KD is diagnosed based 
on certain characteristic symptoms and echocardiogram results.5

It has been reported that neck and abdominal ultrasound is of 
value in supporting the diagnosis of KD; for instance, character-
istics such as cervical lymphadenopathy resembling a cluster of 
grapes,6 severe dilatation of the gallbladder— called hydrops of the 
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Abstract
Background: Kawasaki disease (KD) is a syndrome that results in acute systemic vas-
culitis and is a major cause of acquired heart disease in developed countries. KD is 
diagnosed based on certain characteristic symptoms and echocardiogram results. It 
has been reported that abdominal ultrasound is of value in supporting the diagnosis of 
KD. Nevertheless, abdominal ultrasound is not a routine procedure in KD. Moreover, 
dilatation of the common bile duct (CBD) has been rarely reported in previous cases.
Case presentation: A 4- year- old boy presented with fever and markedly high 
transaminase level (aspartate aminotransferase, 5323 U/L; alanine aminotransferase, 
1554 U/L). The patient was diagnosed as having KD based on characteristic symp-
toms and echocardiogram findings. Ultrasound revealed dilatation of the CBD as well 
as cervical lymphadenopathy resembling a cluster of grapes, thickening of the gall-
bladder wall, and increased periportal echogenicity throughout the liver parenchyma. 
The patient received initial treatment with intravenous immunoglobulin at day 4 of 
fever and second- line treatment with intravenous immunoglobulin and predniso-
lone because of recurrent fever on day 6. Dilatation of the CBD was improved from 
6.6 mm on day 4 to 3.1 mm on day 8. Although re- dilatation was observed, it gradu-
ally diminished and normalized (4.3 mm on day 28, 4.0 mm on day 63, 3.3 mm on day 
105, and 2.8 mm on day 182).
Conclusion: This case highlights the usefulness of abdominal ultrasound and the im-
portance of considering dilatation of the CBD as one of the complications of KD.

K E Y W O R D S

abdominal ultrasound, cholangitis, cholecystitis, cytokine, hepatobiliary abnormalities, 
interleukin- 6, ultrasonography
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gallbladder,7 thickening of gallbladder wall,8 and segmental bowel- 
wall thickening9 support the diagnosis of KD. Nevertheless, abdomi-
nal ultrasound is not a routine procedure in KD. Moreover, dilatation 
of the common bile duct (CBD) has been rarely reported.

Herein, we report the case of a 4- year- old boy with KD, and with 
various ultrasound findings including dilatation of the CBD during 
the acute phase of the disease.

2  | C A SE PRESENTATION

A 4- year- old boy was admitted to our hospital because of markedly 
high levels of transaminase. The patient had been well until 3 days 
before admission, when a runny nose and fever were noted. On the 
day of symptom onset, the patient was evaluated by his primary- care 
pediatrician and was diagnosed as having bronchitis. After which, 
the patient experienced nausea and vomiting and was taken to the 
emergency department at another hospital. At the other hospital, 
the patient did not appear ill but had redness in the pharynx and 
cervical lymphadenopathy. The blood test results showed high 
transaminase levels, after which he was transferred to our hospital.

On arrival, the patient appeared ill and was febrile, with a body 
temperature of 40.4°C. His blood pressure was 97/48 mm Hg, pulse 
rate was 148 beats per minute, respiratory rate was 28 breaths per 
minute, with oxygen saturation of 96% while breathing ambient air. 
Physical examination revealed bilateral conjunctival congestion, er-
ythema around the navel, reddening and indurative edema of palms, 
and cervical lymphadenopathy. There was no evidence of redden-
ing of the lips, strawberry tongue, and redness at the site of bacille 
Calmette- Guèrin inoculation. The blood test results showed mark-
edly high level of transaminase with acute inflammatory response 
(white blood cell count, 16 400/µL; erythrocyte sedimentation rate, 
50 mm/h; C- reactive protein, 157 mg/L; aspartate aminotransfer-
ase, 5323 U/L; alanine aminotransferase, 1554 U/L; total bilirubin, 
1.5 mg/dL; γ- glutamyl transpeptidase, 149 U/L; and total bile acid, 
381.1 µmol/L). There was no evidence of viral hepatitis (negative 

results of hepatitis A virus antibody, hepatitis B surface antigen, hep-
atitis C virus antibody, and polymerase chain reaction for Epstein- 
Barr virus, cytomegalovirus, herpes simplex viruses 1 and 2, and 
human herpes virus 6) or autoimmune hepatitis. No bacterial growth 
was detected in any of the cultures. Some cytokines were measured 
using cytokine bead assay (BD™ CBA kit, Becton Dickinson, Franklin 
Lakes, NJ, USA); interleukin- 6 (IL- 6) level increased to 87.7 pg/mL 
(reference value <7.0 pg/mL), IL- 10 increased to 32.0 pg/mL (refer-
ence value <5.0 pg/mL), whereas IL- 1β and tumor necrosis factor- α 
levels were normal. Although the echocardiogram showed normal 
cardiac function with no evidence of valve regurgitation, slight dilata-
tion of the left main trunk was observed (Figure 1). Ultrasonographic 
evaluation of cervical lymph nodes revealed multiple hypoechoic- 
enlarged nodes, which resembled a cluster of grapes (Figure 2A). 
An abdominal ultrasound showed thickening of the gallbladder wall, 
increased periportal echogenicity throughout the liver parenchyma, 
and dilatation of the CBD with a maximum diameter of 6.6 mm at 
the intrapancreatic region (4- year- old standard value, 2.3 mm, upper 
limit, 3.7 mm)10 (Figure 2B- D). No evidence of biliary calculus and 
pancreatitis was observed.

After admission, intravenous administration of cefotaxime was 
initiated; however, it was ineffective. On the next day of hospital-
ization (day 4 of fever), reddening of lips was observed and the pa-
tient was diagnosed with KD based on the presence of five principal 
symptoms.5 Intravenous immunoglobulin (2 g/kg) was administered 
as initial therapy. Oral aspirin was not administered because of the 
high transaminase level. A Kobayashi score of 8 suggested that the 
patient was at high risk of intravenous immunoglobulin resistance.11 
Viral hepatitis could not be completely ruled out at this point; there-
fore, steroid administration was avoided. The patient’s fever rapidly 
decreased with the initiation of treatment, and transaminase level 
gradually improved. However, the patient's fever relapsed on day 
6, so intravenous immunoglobulin (2 g/kg) and intravenous pred-
nisolone (2 mg/kg/day) were administered as second- line therapy. 
Flurbiprofen, which is used as an alternative to oral aspirin in Japan 
when high transaminase levels are observed,12 was also administered 

F I G U R E  1   Echocardiogram of the patient, performed on day 4. Slight dilatation of the LMT was recognized. No evidence of valve 
regurgitation and cardiac dysfunction was observed. Each measured value was as follows: RCA (seg1): 2.2 mm (Z = 0.75), LMT (seg5): 3.4 mm 
(Z = 2.91), LAD (seg6): 2.6 mm (Z = 1.90), LCx (seg11): 2.5 mm (Z = 2.08). Abbreviations: Ao, aorta; LAD, left anterior descending artery; 
LCx, left circumflex artery; LMT, left main trunk; RCA, right coronary artery; Z, Z score
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because the transaminase level remained high (aspartate amino-
transferase, 171 IU/L; alanine aminotransferase, 468 IU/L). The pa-
tient maintained a defervesced state after second- line therapy. Oral 
medication was switched from flurbiprofen to oral aspirin (5 mg/
kg/day) on day 10 (aspartate aminotransferase, 45 IU/L; alanine 
aminotransferase, 171 IU/L), and prednisolone administration was 
simultaneously changed from intravenous to oral because the pa-
tient's C- reactive protein level normalized. Following which, pred-
nisolone administration was tapered in 5- day steps— from 2 mg/kg/

day to 1 mg/kg/day to 0.5 mg/kg/day. Membranous desquamation 
appeared on the fingertips on day 15.

The maximum diameter of the CBD reduced from 6.6 mm on day 
4 to 3.1 mm on day 8. Although re- dilatation was observed, it gradu-
ally diminished and normalized (4.3 mm on day 28, 4.0 mm on day 63, 
3.3 mm on day 105, and 2.8 mm on day 182). The thickening of the 
gallbladder wall was persistent on day 8; however, it improved after 
day 28. All abdominal ultrasound tests were performed in a fasting 
state (Figure 2D). No exacerbation of coronary lesions was observed.

F I G U R E  2   Neck and abdominal ultrasound and shift of maximum diameter of the common bile duct, performed on day 4. Neck 
ultrasound showed multiple hypoechoic- enlarged nodes which resembled a cluster of grapes (A). Abdominal ultrasound showed increased 
periportal echogenicity throughout the liver parenchyma (B), dilatation of common bile duct (C, D) and thickening of gallbladder wall (D). 
The maximum diameter of the common bile duct shifted as follows: day 4: 6.6 mm, day 8: 3.1 mm, day 28: 4.3 mm, day 63: 4.0 mm, day 
105: 3.3 mm, and day 182: 2.8 mm (4- year- old standard value is 2.3 mm, upper limit is 3.7 mm).9 All tests were performed in a fasting state. 
Thickening of the gallbladder wall remained on day 8, but it improved after day 28. Abbreviations: CBD, common bile duct; GB, gallbladder; 
SMV, superior mesenteric vein; TP, transverse portion of the portal vein; UP, umbilical portion of the portal vein
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3  | DISCUSSION

Our patient was diagnosed with acute KD and showed dilatation of 
the CBD. Very few reports are available on biliary dilatation in KD 
patients (Table 1). To the best of our knowledge, only one Japanese 
study has previously reported on a case of acute- phase KD (only 
available in the Japanese literature),13 and our case is the first of its 
kind to be reported in an international journal.

A Japanese report evaluated the hepatobiliary system using 
abdominal ultrasound in 68 patients with KD every 3 or 4 days.13 
Of the 68 patients, 20 had dilatation of the gallbladder, and among 
them, four patients had thickening of the gallbladder wall and three 
had dilatation of the CBD in acute phase. All three patients with 
dilatation of the CBD had high transaminase level and cholesta-
sis. Dilatation of the CBD regressed spontaneously in 2 weeks to 
1 month (Table 1, cases A1- A3). In the present case, the peak value 
of alanine aminotransferase and the maximum diameter of the CBD 
were most severe, and took longer to normalize.

In the subacute phase, which is also rare, a total of three cases 
of biliary dilatation have been reported.14,15 Petersen et al14 re-
ported on a 10- year- old with painless jaundice and elevated am-
ylase level, along with dilatation of the CBD and hydrops of the 
gallbladder. On endoscopic retrograde cholangiopancreatogra-
phy, the patient had string- like stenosis in the pre- papillary CBD 
(Table 1, case S1). Cherry et al reported two cases; one was of a 
6- year- old boy who experienced recurrent abdominal pain, jaun-
dice, and persistent elevation of transaminases with dilatation of 
the CBD. On computed tomography, the patient had CBD stenosis 
at the level of the pancreatic head (Table 1, case S2). The other 
case was of a 3- year- old boy who developed pancreatitis. On mag-
netic resonance cholangiopancreatography, the patient had dilata-
tion of the CBD with tapering near the ampulla of Vater, consistent 
with stenosis (Table 1, case S3).15 One of the three cases under-
went CBD stent placement, the others spontaneously improved. 

It is not described whether dilatation of the CBD in the subacute 
phase was also present in the acute phase. Although abdominal 
ultrasound as well as computed tomography, magnetic resonance 
cholangiopancreatography, and endoscopic retrograde chol-
angiopancreatography are not routine procedures for KD, past 
cases along with the present case suggest that the presentation 
of the CBD dilatation in KD may be quite latent if not investigated 
thoroughly.

Our patient also showed increased levels of transaminase 
and γ- glutamyl transpeptidase with thickening of the gallbladder 
wall, increased periportal echogenicity throughout the liver pa-
renchyma, along with dilatation of the CBD detected by abdom-
inal ultrasound, which suggested cholecystitis and intrahepatic/
extrahepatic cholangitis. Although there have been few patho-
logical investigations that consider hepatobiliary abnormalities 
in KD, it has been reported that patients with dilatation of the 
gallbladder and thickening of the gallbladder wall showed neutro-
phil infiltration around the gallbladder wall, cystic duct mucosa, 
and bile duct epithelial cells.16,17 Actually, 62.7% of patients with 
acute phase KD show an increased γ- glutamyl transpeptidase level 
and 40.3% show an increase in alanine aminotransferase level.18 
These findings indicate that KD may lead to cholecystitis and in-
trahepatic/extrahepatic cholangitis. The relationship between 
these pathological conditions and ultrasound findings remains 
unclear. However, it is presumed that inflammation of the cystic 
duct results in obstruction, causing hydrops of the gallbladder.13 
In addition, our case suggests that thickening of the gallbladder 
wall, increased periportal echogenicity throughout the liver pa-
renchyma, and dilatation of the CBD also relate to inflammation 
and subsequent edema and obstruction at each location (Figure 3).

Our patient demonstrated IL- 6 elevation detected using a cy-
tokine bead assay (BD™ CBA kit). Interleukin- 6 was discovered as 
a hepatocyte- stimulating factor 2 induced in acute liver inflamma-
tion.19 It reduces gene expression of excretory transporters such 

TA B L E  1   Cases of CBD dilatation in Kawasaki disease

Case
Age
(year)

Period of 
dilatation
(day)

Peak value

Maximum diameter of CBD
(mm) Reference

ALT
(U/mL)

GGT
(U/mL)

T- Bil
(mf/dL)

D- Bil
(mg/dL)

Cases of dilatation of CBD in acute phase

A1 5 9- 33 120 46 2.5 1.7 5.0 13

A2 3 6- 30 226 220 6.7 6.2 3.0 13

A3 2 6- 14 348 109 5.2 4.5 3.0 13

A4 4 4- 63 1554 149 1.5 0.9 6.6 Present 
case

Case of dilatation of CBD in subacute phase

S1 10 19- 67 n/a n/a 8.7 n/a n/a 14

S2 6 37- 97a  601 364 8.7 6.3 9.0 15

S3 3 21- 51 165 240 6.0 3.8 n/a 15

Abbreviations: ALT, alanine aminotransferase; CBD, common bile duct; D- Bil, direct bilirubin; GGT, γ- glutamyl transpeptidase; T- Bil, total bilirubin.
aCBD stent was placed on day 37 and removed 2 months after the placement.
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as the bile salt export pump ABCB11 and multidrug- resistance- 
associated protein 2 in primary human hepatocyte cell lines,20 
which impair the secretion of bile acids into the bile ducts. Bile 
acids were also elevated in our patient. Elevated IL- 6 may have con-
tributed to cholestasis and led to hepatobiliary abnormalities in KD.

4  | CONCLUSION

This case of a 4- year- old with dilatation of the CBD in acute KD high-
lights the usefulness of abdominal ultrasound and the importance of 
considering dilatation of the CBD as one of the complications of KD. 
Abdominal ultrasound is not a routine procedure in KD, so it is pos-
sible that CBD dilatation in KD may remain latent if not investigated 
thoroughly. Further prospective studies to support these findings 
are warranted.
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The aim of this commentary is to discuss the published Cochrane 
Review “Belimumab for systemic lupus erythematosus”1 by Singh 
et al.,a under the direct supervision of Cochrane Musculoskeletal 
Group. This Cochrane Corner is produced in agreement with 
International Journal of Rheumatic Diseases by Cochrane Rehabilitation.

1  | BACKGROUND

Systemic lupus erythematosus (SLE) is a multisystemic autoimmune 
disease associated with significant morbidity and mortality. Genetic, 
immunological, endocrine, and environmental factors contribute to 
the etiopathogenesis of SLE.2 Clinical features of SLE vary from a 
mild phenotype to a very severe multiorgan involvement, character-
izing a life- threatening disease with no cure.3 Poor functioning and 
quality of life frequently affect people with SLE, requiring a multi-
disciplinary approach, that includes specific physical and lifestyle 
measures, particularly to avoid flare- ups of the disease.4

Furthermore, several drugs such as glucocorticoids (GCs), anti-
malarials or cytotoxic drugs are largely used to treat mild to severe 

manifestations in this disease, often causing significant adverse 
events.4 To date, new therapeutic strategies to treat the acute phase 
of SLE are available, such as anifrolumab and belimumab. This lat-
ter was the first biologic disease- modifying anti- rheumatic drug 
(DMARD) approved for SLE. Belimumab is a human monoclonal an-
tibody directed against cytokine B- lymphocyte stimulator (BLyS).5

2  | BELIMUMAB FOR SYSTEMIC LUPUS 
ERY THEMATOSUS

(Jasvinder A Singh, Nipam P Shah, Amy S Mudano, 2021).

2.1 | What is the aim of this Cochrane Review?

The aim of this Cochrane Review was to assess the benefits and harms 
of belimumab (alone or in combination with other drugs) in SLE.

2.2 | What was studied in the Cochrane Review?

The population addressed in this review was people with SLE ac-
cording to the American College of Rheumatology classification 
criteria.6 The intervention studied was belimumab alone or in 

 aThis summary is based on a Cochrane Review previously published in the Cochrane Database of Systematic Reviews 2021, Issue 2, Art. No.:CD010668, DOI: 10.1002/14651 858.
CD010 668.pub2 (see www.cochr aneli brary.com for information). Cochrane Reviews are regularly updated as new evidence emerges and in response to feedback, and Cochrane 
Database of Systematic Reviews should be consulted for the most recent version of the review.

The views expressed in the summary with commentary are those of the Cochrane Corner author and do not represent the Cochrane Library or Wiley.
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© 2021 The Authors. International Journal of Rheumatic Diseases published by Asia Pacific League of Associations for Rheumatology and John Wiley & Sons 
Australia, Ltd.
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combination with other immunosuppressive drugs or another bio-
logic, compared to placebo or other DMARDs, DMARD combina-
tions, or biologics.

The major outcomes investigated were: intensity of disease 
assessed through the reduction of at least 4 points on Safety of 
Estrogen in Lupus National Assessment (SELENA) -  Systemic Lupus 
Erythematosus Disease Activity Index (SLEDAI) score, change in 
health- related quality of life (HR- QoL), glucocorticoid sparing (pred-
nisone dose reduced by 50% or more), participants with at least 1 
serious adverse event (AE) or serious infection, withdrawals due to 
AEs and deaths.

2.3 | What was the search methodology and search 
date of the Cochrane Review?

The Information Specialist searched for studies that had been pub-
lished from inception to 25 September 2019. The search methods for 
identification of studies were: Cochrane Central Register of Controlled 
Trials (CENTRAL; August 2019) in the Cochrane Library; MEDLINE 
Ovid; Embase Classic +Embase; CINAHL (Cumulative Index to Nursing 
and Allied Health Literature); Web of Science; and the World Health 
Organization (WHO) International Clinical Trials Registry Platform.

2.4 | What are the main results of the Cochrane 
Review?

The review included 6 randomized controlled trials (RCTs) involving 
a total of 2917 people, aged from 22 to 80 years and the majority 
were women. The risk of bias was generally low except for attrition 
bias, which was high in two- thirds of the studies. All RCTs compared 
belimumab to placebo. Some studies contained multiple dose com-
parisons and various follow- up lengths (from 84 days to 76 weeks).

This Cochrane systematic review showed that people on beli-
mumab 10 mg/kg (Food and Drug Administration [FDA]- approved 
dose) versus those receiving placebo experienced:

• statistically significant reduction in SELENA -  SLEDAI score (at 
least 4 points), with an absolute risk difference of 13% better in 
the treated group (95% confidence interval [CI] 8%- 17%) (risk ratio 
[RR] 1.33, 95% CI 1.22- 1.45 [high- certainty evidence]) (4 studies 
with 2666 participants)

• no clinically meaningful difference in terms of HR- QoL, with 
a mean difference of 1.6 points, 95% CI 0.30- 2.90 (moderate- 
certainty evidence) (2 studies with 801 participants)

• statistically significant reduction of GC dose (at least 50%), with 
a RR of 1.59 (95% CI 1.17- 2.15); 11% better absolute difference 
(95% CI 4%- 18%) (high- certainty evidence) (2 studies with 537 
participants)

• no significant difference in the number of participants who ex-
perienced serious AEs with an absolute risk difference of 2% less 
(RR 0.87, 95% CI: 0.68- 1.11) (5 studies with 2890 participants) or 

deaths (0% of absolute risk difference; Peto odds ratio 1.15, 95% 
CI 0.41- 3.25) (6 studies with 2917 participants) (low- certainty 
evidence), as well as for serious infections (0% of absolute risk 
difference; RR 1.01, 95% CI: 0.66- 1.54) (4 studies with 2185 par-
ticipants) and numbers of AEs that caused people to withdraw (1% 
of absolute risk difference; RR 0.82, 95% CI: 0.63- 1.07) (5 studies 
with 2890 participants) (moderate- certainty evidence).

2.5 | What did the authors conclude?

Compared to placebo, belimumab (10 mg/kg) probably reduces SLE 
intensity and glucocorticoid doses, while data about QoL and safety 
(AE, infections, withdrawals due to AE and death) are inconclusive.

3  | WHAT ARE THE IMPLIC ATIONS OF 
THE COCHR ANE E VIDENCE FOR PR AC TICE 
IN RHEUMATOLOGY?

SLE is a disabling chronic autoimmune disease with high clinical var-
iability and mortality.7 The fluctuating disease course characterized 
by sudden flares interspersed with a period of remission represents 
a huge challenge to the clinician.8 For patients affected by SLE, the 
pharmacological control of disease activity is the main goal, even 
if this target is not so commonly obtained in daily practice.9 In this 
scenario, the biologic therapies, particularly belimumab, are show-
ing promising results in the clinical management of SLE.9 Based on 
Cochrane Systematic Review evidence, belimumab showed bene-
fits in terms of modifying SLE disease activity. Moreover, this drug 
promotes GC sparing, which might further avoid bone and muscle 
impairments due to the chronic use of high- dose GC.10 However, its 
safety profile is still unclear, also due to the short- term duration of 
the included trials, and therefore long- term studies should clarify 
this unmet outcome. Moreover, investigating the efficacy and/or 
effectiveness of belimumab versus an active comparator should be 
an interesting topic for both research and clinical practice.
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Your help is needed in the fight against COVID- 19: Please 
contribute to the COVID- 19 Global rheumatology alliance 
registry
The COVID- 19 Global Rheumatology Alliance is a global collaboration of rheumatologists, scientists, patients and organisations all committed 
to addressing the issues in rheumatology created by the COVID- 19 global pandemic. To date the alliance has published important data on the 
effect of COVID- 19 infection on outcomes and the effect of rheumatic medications on COVID- 19 outcomes.

We currently have 3520 cases from all over the world but we still need to collect many more cases and we need cases from all around the 
world including the Asia- Pacific region. We are hoping for more cases from the Asia- Pacific region because this is currently under- represented 
in the registry.

To contribute we ask that you provide details of the case, rheumatic diagnosis details, treatments, and the outcome of the case.
You can join the mailing list for the COVID- 19 Global Rheumatology Alliance by signing up on our webpage (top right hand corner)
For more information please visit our website at www.rheum - covid.org, if you have questions or issues and would like to know more infor-

mation please email rheum.covid@gmail.com.
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