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EDITORIAL

Metabolic syndrome, rheumatoid and psoriatic arthritis:
Managing cardiovascular risk
There is an increased risk of cardiovascular disease (CVD) and mor-

risk factors and MetS that drive the higher CVD risk in RA. The

tality in people with rheumatoid arthritis (RA) and psoriatic arthritis

European League Against Rheumatism (EULAR) guidelines recom-

(PsA).1-4 There have been improvements in disease-specific rheu-

mend early and aggressive screening and management of traditional

matological outcomes in these conditions, aided by earlier recog-

CVD risk factors and components of MetS for all inflammatory joint

nition, tighter control approaches and more effective treatments.

disorders including PsA and RA.5 While CVD risk management is a

The focus is now shifting to concurrently preventing and managing

sensible first step in high-risk populations, the strength of these rec-

co-morbidities, with some international rheumatology and derma-

ommendations are moderate to low in PsA or RA. There is a lack

tology guidelines now incorporating advice on co-morbidity man-

of good-quality evidence that this risk management actually results

agement.5-8 However, it remains uncertain if the increased CVD risk

in reduced CVD events or death in PsA or RA. The limited use of

is simply due to an increased clustering of established risk factors, or

nonsteroidal anti-inflammatory drugs and corticosteroids is also

whether people with RA and PsA have a higher intrinsic risk of CVD.

suggested due to the potential of increased CVD risk and/or wors-

Metabolic syndrome (MetS) is one such established CVD risk

ening of hypertension/hyperglycemia. Given that the prevalence of

factor. It is defined as a cluster of 3 out of 5 risk factors including

CVD in RA is significantly higher than the general population, the

central obesity, hyperglycemia, raised triglyceride levels, reduced

current studies support these EULAR guidelines that also suggest

high-density lipoprotein (HDL) levels or hypertension.9,10 Both

that CVD risk prediction models should be adapted for patients with

central obesity/adiposity and MetS are linked to chronic inflamma-

RA by a 1.5 multiplication factor. Another factor to consider is that

tion and insulin resistance,11,12 with inflammation also being linked

the presence of MetS is often considered as binary –present or ab-

to CVD risk.13,14 According to the World Health Organization, the

sent, based on whether 3 of 5 of the criteria are met.9,10 However,

worldwide prevalence of obesity in adults has tripled since 1975, and

age or gender may have a role in the significance of the presence of

in 2016 the prevalence of overweight and obesity was 39% and 13%

MetS, as may clustering of the individual components of MetS. 20 For

15

The prevalence does vary significantly by country or

example, a person with 0 or 2 risk factors would be considered to

region, and in the USA, the obesity prevalence in adults was much

respectively.

have no MetS, while a person with 3, 4 or 5 risk factors would all be

higher at 42.4%.16 With the increasing prevalence of obesity, the

considered to have MetS, with actual risk of CVD being on a spec-

prevalence of MetS has also been increasing over time in the USA

trum. Findings from the study by Kong et al.19 showed that although

17

from 25.3% in 1988-1994 to 34.2% in 2007-2012.

the prevalence of MetS in those with and without RA was similar,

A systematic review by Loganathan et al.18 in this issue of the

there was a greater prevalence of hypertension and low HDL levels

Journal has clearly demonstrated a higher prevalence of MetS in

in the RA patients, and they also had lower body mass indexes and

patients with PsA (46%) compared to psoriasis (31%). The higher

triglyceride levels compared to patients without RA.

disease activity and inflammation in PsA compared to psoriasis may

Regular screening for MetS components as well as lifestyle advice

explain this difference in prevalence. Interestingly, in this study, the

on smoking cessation, healthy eating and increased physical activity

prevalence of MetS in RA is significantly lower (34%) than PsA, and

where practical, should be offered to all patients. This may be with

is comparable to psoriasis. In another hospital-based study from

the rheumatologist or general practitioner or other healthcare pro-

Eastern China by Kong et al.,19 also published in this issue of this

fessional, depending on the healthcare setting. The arrival of statins

Journal, the prevalence of MetS in RA was actually very similar to

was a major game changer when it came to reducing CVD risk, but

healthy comparators, 31% vs 34%, and similar to the prevalence in

the arrival of proprotein convertase subtilisin/kexin type 9 (PCSK9)

the systematic review. These findings do raise some questions, given

inhibitors has the potential to take lipid lowering to the next level. 21

that RA is clearly an inflammatory condition, and as previously men-

And in people with type 2 diabetes mellitus (T2DM), the evidence

tioned, is associated with a higher CVD risk.

that sodium glucose transporter 2 (SGLT2) inhibitors and glucagon-

A higher prevalence of MetS in PsA may potentially account

like peptide 1 (GLP1) agonists help with weight loss and improved

for a higher CVD risk, although other factors could still be at play.

glycemia, and also independently reduce cardiovascular risk makes

However, there certainly seem to be factors beyond the traditional

them an attractive therapeutic option. 22 These new medications are

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

not without cost implications, and some of these may require the

goals, particularly with the availability of PCSK9 inhibitors for lipid

involvement of healthcare providers other than rheumatologists.

lowering, and of SGLT2 inhibitors and GLP1 agonists for glycemic

Given that central obesity and adiposity are integrally linked to

control in T2DM. And although options for significant weight loss

inflammation and insulin resistance in MetS, significant weight loss

are available, including bariatric surgery and newer pharmacological

may be an option to reduce CVD risk. In addition to the metabolic

options, further studies are required to determine if this weight loss

improvements, weight loss could also reduce the mechanical load

results in improvement in disease activity in inflammatory arthritis.

on joints. However, there is ample evidence that just asking people

The use of anti-inflammatory therapies for the reduction of CVD risk

to improve lifestyle and attempt to lose weight does not work, and

may not be recommended at the moment, due to the prohibitive cost

specific targeted interventions with appropriate support are more

and risk of side effects, but they may influence the decision to start

likely to result in change. This may be in the form of intensive life-

biological therapies in patients with RA or PsA if they have a higher

style interventions, low energy diets, pharmacotherapy or bariatric

CVD risk. With existing and emerging therapies to help reduce in-

surgery. While low or very low energy diets can result in significant

flammation and manage CVD risk factors, rheumatologists need to

weight loss, they are not always sustained, whereas bariatric sur-

be prepared for the increasingly expanding role beyond simply man-

gery is often linked to significant and sustained weight loss and im-

aging the inflammatory joint disease itself.

provement in glycemia. Current pharmacotherapy results in modest
weight loss but new and emerging therapies have been shown to

K E Y WO R D S

result in significant weight loss of around 15% body weight, that

cardiovascular risk, inflammation, metabolic syndrome, psoriatic

is sustained with once a week subcutaneous injections.

23,24

These

arthritis, rheumatoid arthritis

options, along with the increasing availability of bariatric surgery
Milan K. Piya1,2

present significant weight loss as an achievable option for many people with RA or PsA. However, data from the prospective Swedish
Obesity Study on patients without RA or PsA at baseline showed a

1

School of Medicine, Western Sydney University, Sydney, NSW,

reduced risk of developing psoriasis in those who had bariatric surgery compared to controls but no difference in development of PsA

Australia
2

Camden and Campbelltown Hospitals, Sydney, NSW, Australia

or RA during follow-up. 25,26 The total number of people developing
these conditions was very low in this study though, despite up to

Correspondence

26 years follow-up data. There are a few studies of bariatric surgery

Milan K. Piya, 2nd Floor, Macarthur Clinical School, Western

in people with pre-existing psoriasis or PsA 27-29 or RA,30,31 but the

Sydney University, Parkside Crescent, Campbelltown, NSW

results of these studies are mixed with no clear benefit in RA or PsA

2560, Australia.

following bariatric surgery. Moreover, the number of patients were

Email: m.piya@westernsydney.edu.au

quite small, and the follow-up duration limited.
The other question that remains is whether treatments targeting
inflammation itself which improve inflammatory arthritis, also influence inflammation linked to obesity, MetS and CVD. There is limited
evidence of the effect of the newer biological therapies on CVD risk.
Previous attempts to treat inflammation have had mixed results with
some suggestion that methotrexate reduces CVD risk in RA, and
tumor necrosis factor inhibitors reduce CVD risk in psoriasis/PsA as
well as RA.32,33 Results from the trial on the monoclonal antibody
targeting interleukin-1b, canakinumab, showed reduced CV events
with 150 mg dose but not 50 mg or 300 mg, and it had a higher risk
of fatal infection compared to placebo.34
In summary, while chronic inflammation may link PsA and RA
with an increased CVD risk, the prevalence of MetS alone may not
account for this, particularly in RA where the prevalence of MetS
was comparable to the background population. Attention may need
to be paid to the individual components of MetS as well as the influence of age and gender when considering CVD risk. Early screening
for and aggressive management of traditional CVD risk factors including the components of MetS are recommended. However, good-
quality long-term studies are needed to demonstrate if managing
risk factors brings CVD risk down to the level of the background
population. Newer therapeutic options may help achieve these
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Abstract
Rheumatoid arthritis (RA) is a major health burden in Asia Pacific affecting the quality
of life of patients and consuming healthcare resources. According to recent estimates
from the World Health Organization-International League Against Rheumatism-
Community Oriented Program for Control of Rheumatic Diseases, prevalence is
around 0.3%-0.5%. Management guidelines have helped to improve treatment
across this diverse region. To gain better insight into current real-world management
applications in view of these guidelines, virtual meetings were conducted in mid-
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gists from Hong Kong, Malaysia, Singapore, the Philippines, Thailand, India, Pakistan,
ethnicity and culture. Despite many countries having prospered in recent years,
similar challenges in RA diagnosis and treatment were identified. The daily impact
and patient experience of RA were also similar across countries, marked by “silent”
pain and disability, and universal misunderstanding of the disease. Late diagnosis and
treatment, and barriers to access to appropriate treatment, remain problematic. The
experience shared by Taiwan offers a glimmer of hope, however, wherein patient
advocacy groups have succeeded in being included in policy-making decisions and
securing access to advanced treatment. Real-world solutions that pay heed to the
unique local needs and diversity of Asia Pacific are required to improve RA management, which will take time. In the interim, help can be sought from the trained, non-
rheumatologist community to reduce some of the disease burden.
KEYWORDS

APLAR region, current management, patient journey, rheumatoid arthritis
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the clinical evaluation and management of rheumatic diseases, and
trained rheumatologists are few and far between.”10

Asia Pacific is a vast, diverse region, with a sizeable burden of rheu-

Since 2007, healthcare infrastructure has markedly improved

matoid arthritis (RA), which affects the quality of life of patients

in many low- and middle-income countries (LMICs) in Asia Pacific,

and consumes healthcare resources1-3 The prevalence of RA in Asia

whereas higher-income countries (HICs) have become more system-

Pacific (around 0.30%-0.50%) compared with North America (0.70%)

atic in their approach to healthcare delivery. In 2015, the Asia Pacific

and Europe (0.59%) is relatively lower but, given the large popula-

League of Associations for Rheumatology (APLAR) took the lead to

tions, this translates to a huge burden in the region (Figure 1).4-8

develop treatment guidelines specific for the region, which took into

The World Health Organization-International League Against
Rheumatism-Community

Oriented

Program

for

Control

account the diversity in healthcare delivery, and other differences

of

across countries. Indeed, the APLAR executive has been at the fore-

Rheumatic Diseases (WHO-ILAR-COPCORD) survey data were col-

front of improving the rheumatology landscape and has established

lected in phases using a near-similar methodology and in particular a

special interest groups for RA and COPCORD epidemiology, with

uniform core set of questions (to identify respondents), thereby al-

recent COPCORD publications being readily available online.11

lowing comparison of point prevalence across countries and regions.

From the patient perspective, the management of RA has

The surveys were planned and supervised by rheumatologists and

evolved to incorporate more shared decision-making, individual-

the diagnosis of rheumatic disorders was essentially clinical.

ized therapy, and patient-centered outcomes. Treatment options

In some countries there is an urban-rural divide but this is likely

have increased significantly with the availability of newer advanced

to become blurred over time with rapid urbanization and modern

disease-modifying antirheumatic drugs (DMARDs). How have these

development, and migration of people to the cities.9

developments benefited RA patients and rheumatology practice in

In 2007, the opportunities and challenges for rheumatology in

Asia Pacific? To gain more insight into current real-life management

Asia Pacific were discussed in an editorial, which noted that “many

and the perspectives of RA patients, a series of virtual meetings was

countries in the Asia Pacific region have failing economies, and are

held with experienced rheumatologists (the authors of this article)

still struggling to establish rheumatology as a medical subspecialty.

and their patients (N = 7) from Hong Kong, Malaysia, Singapore,

There is a general lack of awareness about musculoskeletal diseases

Philippines, Thailand, India, Pakistan, and Taiwan in July 2020, and

and their effect on society. Diagnosis and treatment are often de-

we expected there to be disparities between affluent countries (eg,

layed because primary-care physicians have limited knowledge of

Taiwan, Hong Kong, and Singapore) and LMICs (eg, India, Pakistan).

F I G U R E 1 WHO-ILAR-COPCORD prevalence map of rheumatoid arthritis.4 Prevalence rates for Asia-Pacific countries were determined
from population surveys conducted from 1988 to 2015. U, urban; R, rural
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Previously unpublished data from WHO-ILAR-COPCORD (available

patients and reminds them to be compliant with their medication,

at www.copcord.org), courtesy of Arvind Chopra, one of the au-

the reverse—stopping medication—often happens when they are

thors, were included to support this commentary.

not in pain. It is very important that patients are educated about
the “silent” progression of RA even when pain is absent. Many RA

2 | TH E R A PATI E NT J O U R N E Y, M A R K E D
BY “ I N V I S I B LE ” PA I N A N D D I S A B I LIT Y, A N D
LOW AWA R E N E S S

patients also do not grasp that, despite the absence of pain, poor
disease control can still increase the risk of bone destruction and
disability. More needs to be done to ensure that patients understand
why it is important to reach treatment goals.
Perhaps the defining feature of the RA patient journey in Asia

Patients were asked to describe their journey from diagnosis to

Pacific is invisibility: the pain is invisible, the damage is invisible until

treatment, and how RA had impacted their lives and that of their

it has progressed to significant disability, the patient population is

families. Very similar experiences emerged regardless of where pa-

often invisible, and the patient voice is imperceptible and fragmented

tients came from, their personal means and background. Notably,

because there are few patient support and advocacy groups. Where

the majority of patients were diagnosed late, some beyond 2 years

patient groups exist, activities tend to center on lifestyle support

from symptom onset. Patients had difficulty finding the right infor-

and experience sharing. In the arena of advocacy, patient groups in

mation about RA or sought treatment solely for pain relief including

Singapore, Hong Kong, the Philippines, and Malaysia have tried to

use of traditional Chinese medicines and acupuncture, which de-

get involved, but their influence has been limited, with little say in

layed diagnosis. All the patients were on DMARD treatment, but this

the decisions that directly affect them. In India, patient support (eg,

may not be the case in large stretches of the region where medical

Mission Arthritis India) mainly focuses on education but patients

services are sparse and medical practice is non-specialized. In these

have no influence on public health policy. Yet, to increase awareness

scenarios, patients tend to be managed with painkillers and steroids

and understanding of RA and to improve outcomes, patients in Asia

for prolonged periods, which is consistent with several COPCORD

Pacific must be seen and heard. The success of RA patient advo-

population surveys that reported surreptitious and often rampant

cacy groups in Taiwan, which have made good use of social media

use of steroids (sometimes mixed with herbal remedies) to treat

platforms such as LINE, WeChat, and Facebook to stay connected

RA. In terms of advanced DMARD therapy (biologics and targeted-

and vocal—and through which they have been included in policy

synthetic DMARDs), some had received biologic therapy in the past,

decision-making and secured greater and longer access to effective

some were still receiving biologic therapy, and some had never tried

advanced DMARD therapy18—demonstrates that patients, given the

because of cost, but felt that this type of treatment would be benefi-

opportunity, have a valid voice, and can work with physicians and

cial. Moreover, the RA patient journey was shown to be an isolating

policy-makers to improve their own outcomes. Taiwan serves as an

and lonely one. RA can be perceived as an “invisible” illness, and it

effective model for multi-stakeholder collaboration, which can be

is difficult to imagine the severity and type of pain that RA patients

applied to both HICs and LMICs in Asia Pacific.

feel when, on the outside, they “look normal”. Patients referred to
having “silent pain” that was difficult even for family members to
believe, let alone comprehend.
Throughout the work day, an RA patient may feel morning stiff-

3 | C H A LLE N G E S I N TH E M A N AG E M E NT
O F R A I N A S I A PAC I FI C

ness, breakthrough pain, and occasional nausea or other medication
adverse effects while appearing “normal”. The lack of understand-

Rheumatologists were asked to provide their opinion on RA manage-

ing around RA extends further to employers and the workplace,

ment in their respective countries to illuminate challenges in cur-

and there are no concessions for RA patients when they are feeling

rent practice. They also provided specific details on epidemiology,

unwell. It is not surprising that many RA patients give up work pre-

diagnosis of RA, the treatment pathway for patients and access to

maturely, often at the height of their careers, as the result of symp-

advanced DMARD therapy.

toms and increasing disability. In the last decade, despite goals of

The challenges in RA management in HICs and LMICs in Asia

inclusivity and diversity having been indoctrinated into most work-

Pacific are interlinked, like pillars underlying a vast structure. Viewed

places, there remains a growing need for recognition from employ-

this way, improvements to one pillar should benefit and strengthen

ers, as well as protection of RA patients in the workplace. Moreover,

the support of the whole structure, and the more pillars that are

this loss in peak productivity and its consequences on the economic

improved, the greater and stronger the structure becomes. Hence,

and social health of a country have yet to be fully appreciated by

improvements in RA management, ideally, should not be made in

governments.12-17

isolation, although small isolated improvements are still beneficial.

Individuals with RA can also be misinformed and lack under-

The first major challenge lies in the shortage of rheumatologists

standing on the pathophysiology of their disease, which can ham-

in some Asia-Pacific countries, which contributes to late diagnosis

per outcomes by delaying diagnosis and the provision of adequate

and delayed appropriate treatment. This challenge was also men-

treatment. In the minds of many RA patients, the pain caused by

tioned in the APLAR guidelines.1 Indeed, in countries like India, RA

RA is the disease, which is a double-edged sword. While pain alerts

is largely neglected in public health, there are no national arthritis

|
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programs,19 and public funding is often diverted to other diseases

usage of biologics and other advanced DMARD therapies amount

(eg, infectious diseases, diabetes, hypertension, cancer). In this re-

to around 5% in the represented countries, whereas the data would

spect, the comments of the 2007 editorial still ring true in 2020.10

suggest that a greater proportion of the RA population is indicated

The shortage of rheumatologists is more evident in LMICs like the

for advanced DMARD treatment. 27 This implies considerable under-

Philippines, Thailand, India, and Pakistan where an urban-rural di-

treatment of a proportion of patients with moderate to severe RA,

vide exists. Rural areas are at a major disadvantage in terms of avail-

though more data are needed to support this. The APLAR guidelines

ability of and access to rheumatologists and rheumatology services,

give more attention to the role of conventional DMARDs, as these

which often leads to misdiagnosis or late diagnosis.

are more accessible and affordable for many countries in the APLAR

To address the shortage of rheumatologists in some countries,

region.1 The guidelines also highlight the elevated risk of biologic-

healthcare providers have found creative solutions, such as the

associated infection in Asian populations, particularly tuberculosis, 28

training of non-rheumatologists to help with diagnosis and parts

which must be taken into account when managing RA patients in the

of routine follow up. In Thailand, the Thai Rheumatism Association

region, but which may also deter use.

developed evidence-based recommendations on RA diagnosis and

Cost is an obvious barrier to greater uptake of advanced DMARD

and local medical societies

therapy in all countries, regardless of wealth or resources. 29 Other

in India and Pakistan are working with associations such as APLAR

barriers include clinical inertia on the part of physicians, and reluc-

and COPCORD to develop and implement formal training courses

tance of patients to intensify treatment even in the presence of active

for non-rheumatologists. For example, in Pakistan, a tertiary-care

disease, some of whom are unwilling to “risk” new treatments. 22,30

management for non-rheumatologists,

20

rheumatology center developed a 9-month course for family phy-

These barriers underscore the fact that the value and clinical ben-

sicians using a blended learning technique, which was partly funded

efits of advanced DMARD therapy are under-appreciated, even

by a grant from ILAR. The curriculum was developed using American

though biologics have been available for almost two decades and

College of Rheumatology Rheum 2 modules and international

the development of biosimilars has the potential to expand access to

guidelines.

21

This model can be replicated to address the extreme

more patients. The best approach to overcome these barriers may be

shortage of experts in the field of rheumatology in other LMICs.

to continue to reinforce evidence from clinical trials and real-world

Meanwhile, in some centers, such as the one at the University of

data to convince clinicians and patients, and change behaviors, prej-

Santo Tomas Hospital in the Philippines, education workshop mod-

udices, and mindsets.

ules to establish efficient networking with non-rheumatologists, as

Several ethnic and traditional medicinal systems are in popu-

well as trained clinic assistants, have increased resources for provid-

lar practice in the APLAR region and many have existed since an-

ing physician and patient education.

tiquity. Some of these (such as the Chinese traditional system and

A second challenge lies in the implementation of the treat-to-

Indian Ayurveda) are encouraged and promoted by the respective

target (T2T) approach—the reference standard for RA manage-

national healthcare systems. These treatments are considered ho-

ment—in which individualized care and the attainment of treatment

listic and individualized, but often compete with modern medicine,

goals are prioritized. 22-25 However, in the public health sector of

because they are widely perceived by the general public to be safer

Asia-Pacific countries, regardless of wealth, most rheumatologists

with some patients taking these medicines for prolonged periods. As

do not have sufficient consultation time to implement a T2T ap-

such, it is important to determine and evaluate the clinical benefits

proach. This is compounded by the shortage of rheumatologists

of some of these alternative therapies using modern science, neces-

in some countries as mentioned above, a shortage of facilities to

sitating a comprehensive, integrative research agenda.

enable regular follow up, and resistance towards intensification of

It is prudent to add, however, that several non-pharmacologic

treatment, which is discussed further in the third challenge, below.

modalities of treatment are important in the management of RA.

In LMICs where RA is managed at the primary-care level, the man-

Diet, exercise, and physiotherapy are pivotal to patients but are

agement needs to be surveyed and evaluated, because it is likely that

often neglected by doctors in clinical practice. Traditional methods

no specific, consistent strategy is being followed to treat the disease.

of physical and mental fitness (such as tai chi and yoga) are popular

Only a small fraction of RA patients in these countries are likely to be

and their potential benefits should be recognized and integrated into

treated with reasonable standards of care.

guidelines and recommendations.

In short, the many limitations in healthcare infrastructure and
delivery that exist currently in Asia Pacific, particularly in LMICs,
combine to make the T2T approach difficult to implement in real-life
practice. A solution may be to modify the T2T approach, tailoring it

3.1 | The impact of COVID-19 on RA management
in Asia Pacific

to RA clinical practice in Asia Pacific, without compromising effectiveness. Another may be to use the T2T approach with conventional

At the time of our meetings in 2020, it was imperative to include

DMARDs earlier in the course of disease, which can lead to remis-

the impact of coronavirus disease 2019 (COVID-19) into the discus-

sion in up to one-third of patients. 26

sions. Every aspect of healthcare has been affected by COVID-19

A third challenge involves the under-utilization of biologics and

and rheumatology practice is no exception.31,32 Rheumatologists

other advanced DMARDs in the region. In real-life practice, the

have had to adapt rapidly to an evolving situation, as clinics closed
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and fear among patients set in. Through this process, a major les-

in places like Taiwan on how to amplify the patient voice, may also

son has been the utilization of telemedicine in rheumatology, with

help to improve awareness, disease education, and patient auton-

increasing understanding among clinicians regarding its capacity to

omy and responsibility, and may improve treatment and care, includ-

support practice, especially in providing continuity of care.33 Most

ing increasing access to advanced DMARD therapy when needed.

rheumatologists in the region have used telemedicine during the

From the rheumatologists’ perspective, many challenges remain

COVID-19 pandemic and patients have responded well, with some

the same, such as the shortage of rheumatologists, late diagnosis,

even expressing a preference to continue with telemedicine after

and late or suboptimal treatment. Real-world, tailored, and prag-

COVID-19. On the one hand, telemedicine's obvious limitation lies

matic solutions are needed in Asia Pacific to improve outcomes,

in confirming a new diagnosis, which usually requires in-person con-

such as the training of and networking with non-rheumatologists; it

sultation (indeed, COVID-19 has likely created a sizeable backlog of

may be a while before the rheumatology workforce is sufficient to

new cases, which countries will have to prepare for once the pan-

meet the disease burden. WHO-ILAR-COPCORD needs to further

demic subsides). On the other hand, telemedicine will likely continue

explore ways to serve its primary purpose in determining disease

to play a role in the routine follow up of patients with stable RA,

burden and risk factors, imparting education to the community and

which is more convenient for patients and reduces the in-clinic bur-

doctors, and implementing control and preventive strategies at a

den on doctors and staff. Moreover, as digital technology continues

grass-root level.

to advance, new opportunities for telemedicine will arise. For exam-

One legacy of COVID-19 is the march of telemedicine onto the

ple, in Malaysia, an automated repeat-prescription system linked to

global stage and, post-pandemic, rheumatologists must determine

pharmacies, without the need for a face-to-face doctor consultation,

how and in whom telemedicine should be best used. Finally, if we are

greatly supported the use of telemedicine during lockdown, enabling

to improve patient outcomes on a wider scale, the RA population of

patients with stable disease to continue getting their medications

Asia Pacific must become “visible”. Policy-makers need to hear and

without having to set foot in a clinic. Nevertheless, in some LMICs,

see these patients, and understand how their decisions profoundly

patients may live in areas that are remote or underdeveloped, and

affect not only the individual and their families, but also the health

without internet access or even reliable sources of electricity; many

and productivity of a state or nation. Reducing the RA burden means

of these patients may also not be digitally savvy. Hence, the uptake

that a whole society benefits, and actions must be taken to achieve

of telemedicine should be guided by individual patients’ preferences,

this.

access to digital resources, and their level of comfort with using
telemedicine.
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coming issues of access but, from our discussions, there may be a real
opportunity to effect change through patient advocacy in countries
where governments and public health systems are beginning to realize that involving patients in policy decisions can improve long-term
outcomes and care. Many countries in Asia Pacific, on face value,
claim to include patients in their healthcare policy-making; however
small the window, this opportunity should be explored further with
more organized, consolidated patient group efforts. Greater collaborations with bodies such as APLAR, and learning from patient groups
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are associated with systemic inflammation and increased cardiovascular mortality
and morbidity. Metabolic syndrome (MetS) is associated with systemic inflammation,
and conditions associated with MetS, such as obesity, are associated with difficulty
in attaining minimal disease activity (MDA) in individuals with inflammatory arthritis.
This systematic review aims to determine whether there is an increased prevalence
of MetS in PsA populations compared with PsO and RA populations.
Methods: A systematic review was conducted to assess the prevalence of MetS in
PsA, PsO, and RA populations following Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines. The quality of the studies reviewed was assessed using the Joanna Briggs Institute Checklist for Prevalence Studies.
Results: The pooled prevalence of MetS in PsA populations was 0.46 ± 0.06 (95% CI
0.40-0.51). In comparison, the prevalence of MetS in PsO and RA populations was
0.34 ± 0.03 (95% CI 0.32-0.37) and 0.31 ± 0.04 (95% CI 0.27-0.35), respectively.
Patients with PsA were 1.62 ± 0.036 (95% CI 1.50-1.74) and 1.66 ± 0.038 (95% CI
1.54-1.79) times more likely to have MetS compared with PsO and RA populations.
Conclusion: The prevalence of MetS is significantly increased in PsA populations
compared with PsO and RA populations. Further studies should be performed using
a standardized definition of MetS in PsA, RA, and PsO populations to determine
whether addressing the metabolic components in MetS offers any therapeutic benefits and in terms of attaining MDA and improving cardiovascular health.
KEYWORDS

psoriatic arthritis, rheumatoid arthritis, psoriasis, metabolic syndrome, cardiovascular risk

1 | I NTRO D U C TI O N

inflammation in PsO due to inappropriate activation of the innate
and adaptive immune system. Persistent activation of the immune

Psoriasis (PsO) is an immune-mediated chronic inflammatory dis1

system in psoriatic patients results in disease expression and sys-

ease of the skin that affects 2%-3% of the world's population. The

temic inflammation through cytokine release. Sustained inflamma-

concept of the “psoriatic march” supports the presence of systemic

tion is associated with insulin resistance, which increases the risk of

© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.
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endothelial dysfunction, atherosclerosis, myocardial infarction (MI)
and cerebrovascular accident (CVA).

2-4

Psoriatic arthritis (PsA) is a seronegative inflammatory arthropathy with a prevalence of 25%-3 0% in psoriatic populations. 5,6

1113

have higher levels of baseline inflammation, as demonstrated by
elevated inflammatory markers, such as C-reactive protein.16 Pro-
inflammatory cytokines, such as tumor necrosis factor (TNF)-α
and interleukin (IL)-6 , which promote insulin resistance, also con-

The estimated prevalence of PsA in the general population is 6-25

tribute to abdominal obesity. Visceral fat modulates and secretes

per 10 000. 5 While there are several different subtypes of PsO,

adipocytokines, such as leptin, adiponectin, plasminogen acti-

plaque, scalp, and inverse and psoriatic nail involvement are all

vator inhibitor 1, IL-6 and resistin. These inflammatory proteins

associated with a high risk of developing PsA. Psoriatic patients

play critical roles in the inflammation cascade and can induce

with higher Psoriasis Area and Sensitivity Index (PASI) scores are

hypertension, atherosclerotic vascular disease, and endothelial

more likely to develop PsA, which could be due to the burden of

dysfunction.17

increased systemic inflammation. The presence of psoriatic plaque

The purpose of the present systematic review is to analyze

is an important biomarker for future risk of developing synovio-

whether there is an increased prevalence of MetS in patients with

entheseal inflammation. Metabolic risk factors that increase the

PsA compared with patients with RA and PsO. Previous studies have

risk of PsA include obesity, hyperlipidemia, and hyperuricemia,

demonstrated that MetS and obesity are poor prognostic indicators

while non-m etabolic risk factors include first-d egree family rela-

in the minimal disease activity (MDA) state in patients with PsA,

tives with PsA, smoking, infections (eg, streptococcal) and retinoid

despite recent advancements in disease-modifying anti-rheumatic

medications.7

drugs therapy. 2,18,19

More than 10% of newly diagnosed PsA patients develop cardiovascular disease (CVD) within 10 years of developing new-onset
inflammatory arthritis.8 PsA patients, like PsO patients, are more
likely to suffer significant mortality from CVD, including MI, angina,
CVA, heart failure, atherosclerosis, and hypertension.9 The pres-

2 | M E TH O D O LO G Y
2.1 | Protocol and registration

ence of diabetes, hyperlipidemia, hypertension, obesity, and PsO
are known predictors of cardiovascular morbidity.9,10 A systematic

This review was conducted in accordance with Preferred Reporting

review involving 26 studies showed that psoriatic patients were

Items for Systematic Reviews and Meta-analyses (PRISMA) guide-

more likely to suffer from hypertension (odds ratio [OR] 2.31, 95%

lines, and the methodology is available to review on the PROSPERO

CI 1.12-4.74), abdominal obesity (OR 1.9, 95% CI 1.45-2.5) and hy-

database (CRD42019129131).

pertriglyceridemia (OR 1.8, 95% CI 1.29-2.51) compared with non-
psoriatic patients.3
Traditional cardiovascular risk factors in patients suffering

2.2 | Search strategy and study selection

from rheumatoid arthritis (RA) are not entirely representative of
these patients’ increased cardiovascular mortality and morbid-

The databases MEDLINE, PubMed, EMBASE, Google Scholar,

ity risks. Patients with RA are twice as likely to develop CVD in

ProQuest, Ebsco CINAHL, Scopus, ScienceDirect, Web of Science,

comparison to the general population, which is similar to diabetic

and the Cochrane Library were searched, with a date range of

populations.11-13 Recent European League Against Rheumatism

January 1990 to 19 August 2019. The search parameters used

(EULAR) recommendations for CVD risk management in patients

during database searches included human studies only, while no

with RA and other forms of inflammatory joint disorders stress

restrictions were placed on geography or language (non-English

that rheumatologists should manage traditional CVD risk factors

language articles were only included if an English translation was

while optimizing RA treatment concurrently.14 CVD risk assess-

available). The databases listed above were searched using the fol-

ments should be performed every 5 years and reviewed each time

lowing medical subject headings (MeSH): “MetS,” “Dysmetabolic

there is a change in the management of inflammatory arthritis.14

Syndrome,” “Insulin Resistance Syndrome”, and “Cardiovascular

Systemic inflammation plays a role in accelerated atherosclero-

Syndrome.” Various MeSH search terms for PsA, RA, and PsO were

sis, as plaque formation is triggered by endothelial dysfunction,

also utilized. Detailed information on the search strategy is pro-

which is often impaired in RA patients. Circulating inflammatory

vided in Table S1.

proteins and antibodies, such as anticyclic citrullinated peptide
antibodies and rheumatoid factor, increase the likelihood of endothelial dysfunction.15 In addition, certain medications, such as

2.3 | Inclusion criteria

non-
s teroidal anti-
inflammatory drugs and glucocorticoids, can
exacerbate hypertension and lead to impaired glucose tolerance
11

and lipid profiles.

The inclusion criteria for the studies for all 3 population groups are
listed in Table S2.

Metabolic syndrome (MetS) is a cluster of metabolic abnormal-

In the PsA group, the following classification criteria were ac-

ities that includes hypertension, obesity, increased waist circum-

cepted for inclusion: Classification Criteria for Psoriatic Arthritis

ference, insulin resistance, and dyslipidemia. Patients with MetS

(CASPAR), Moll and Wright, Bennett, Vasey and Espinoza, Modified

1114
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European Spondyloarthropathy Study Group, Modified McGonagle,

criteria was used to determine the prevalence values at the end of

Fournie et al. Criteria and rheumatologist diagnosis. In RA, studies

the entire data extraction period.

used the American College of Rheumatology (ACR)/EULAR 2010,
1987 ACR Classification criteria or included patients diagnosed with
RA by a rheumatologist.

2.7 | Bias assessment
The Critical Appraisal Checklist for Studies Reporting Prevalence

2.3.1 | Types of studies

Data by the Joanna Briggs Institute was used to conduct a quality assessment of the studies and assess for the presence of bias.

Cross-sectional studies, randomized controlled trials, cohort studies,

Publication bias and the effect of smaller studies were evaluated

and case-control studies were included. The studies included data

for asymmetry using the Doi plot rather than an Egger's regression.

collected both prospectively and retrospectively.

This is because the Egger's regression has lower power in relation to
detecting asymmetry compared with a Doi plot, particularly when

2.4 | Exclusion criteria

smaller studies are included. In addition, the Egger's regression
requires the interpretation of a funnel plot, and the Luis Furuya-
Kanamori (LFK) index from the Doi plot has been shown to outper-

Published conference abstracts, literature reviews, and editorials were excluded; however, references from these articles were

form the Egger's P value. LFK values outside the range −1 to +1 were
suggestive of asymmetry and publication bias. 20

screened for suitability for inclusion. Studies with 20 or fewer patients were also excluded. Articles that included multiple studies
with primary data were excluded, although each study in these arti-

2.8 | Statistical analysis

cles was considered separately. If the studies met the Joanna Briggs
minimal quality checklist and were not included in the initial pre-

Statistical analysis was conducted using Microsoft Excel and

liminary search, they were manually added to the list of accepted

MetaXL. The statistical heterogeneity of the population was as-

articles.

sessed using an I2 index. A random-effects model was used to calculate the prevalence in MetS for an I2 index of >0.6. 21 I2 values >75%

2.5 | Study records

were considered as having significant heterogeneity. 22 As there was

a high level of heterogeneity within the study populations, a sensitivity analysis was conducted to investigate whether the study design

One reviewer (AL) screened all the titles and abstracts of the iden-

could account for this. The ORs and 95% CIs for MetS in PsA, RA,

tified records. Covidence© online software was used during the

and PsO were calculated based on the different classification criteria

initial screening stage to determine which studies to include or ex-

and gross national income (GNI; Table S3) from the June 2018 World

clude. Accepted abstracts underwent a full-text review to determine

Bank list of economies. 23 The OR was calculated using a Chi-squared

whether they met the eligibility criteria for inclusion. Endnote™ X9

table and the cumulative prevalence of MetS across PsA, RA, and

software was used to maintain a comprehensive database of all the

PsO populations.

studies included in the review.

2.6 | Data extraction

3 | R E S U LT S
3.1 | Search results

For each study included, the following data were collected in a
Microsoft Excel data extraction spreadsheet: year of study; country

Figure 1 shows the PRISMA flow diagrams. The initial literature

of the study population; number of patients included in the study;

search yielded an initial 3156, 3181 and 7555 studies in the PsA,

prevalence of MetS in PsA, PsO, and RA; criteria used to diagnose

PsO, and RA cohorts, respectively. After screening, removing dupli-

MetS in PsA, PsO, and RA populations and the prevalence of the

cate studies and conducting a full-text review of studies that met the

different metabolic components of MetS in PsA, PsO, and RA popu-

eligibility criteria, 24, 89 and 53 studies were included in the final

lations. Extracted data for the included studies are available in the

analysis for PsA, PsO, and RA, respectively.

appendix (Table S8a–c). The ORs and relative risk were not extracted
from individual studies. Studies that applied more than one MetS
criteria to report multiple prevalence values recorded each preva-

3.2 | Heterogeneity

lence value separately. A sensitivity analysis was conducted to check
for bias and over/under-estimation due to bias. When multiple MetS

There was a high degree of heterogeneity between the studies

criteria were used in the same study population, the most-used MetS

in all the analyses performed. The I2 values for PsA, PsO, and RA

|
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FIGURE 1
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Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram

populations were 91%, 95% and 91%, respectively. The studies

0.60 ± 0.09 (95% CI 0.51-0 .68). In comparison, in populations from

included had different sample sizes and definitions for MetS and

countries classified as GNI 3 and GNI 4, the prevalence of MetS

classification criteria, which explained the studies’ heterogeneity

was 0.52 ± 0.07 (95% CI 0.45-0 .59) and 0.39 ± 0.09 (95% CI 0.29-

(Figure 2).

0.47), respectively.

3.3 | Prevalence of MetS in PsA

3.4 | Prevalence of MetS in PsO

Using the random-effects model (Table 1), the prevalence of MetS

The pooled prevalence (Table 1) of MetS in the PsO population was

in patients classified as having PsA was 0.46 ± 0.06 (95% CI 0.40-

0.34 ± 0.03 (95% CI 0.32-0.37) using the random-effects model. This

0.51). When duplicate prevalence data sets using different criteria

value did not significantly change when duplicate MetS prevalence

for MetS were removed, and only the prevalence of MetS according

values were removed and remained the same at 0.34 ± 0.03 (95%

to the National Cholesterol Education Program – Adult Treatment

CI 0.31-0.37; Table S5). When defined using the NCEP-ATP criteria,

Panel (NCEP-ATP) was included (Table S4), the pooled prevalence

the prevalence of MetS was 0.34 ± 0.04 (95% CI 0.30-0.37). Unlike

reduced to 0.43 ± 0.07 (95% CI 0.37-0.5). Among the different cri-

the PsA groups, the prevalence of MetS showed no clear trend ac-

teria used to define MetS, harmonized and International Diabetes

cording to GNI.

Federation (IDF) criteria showed the highest prevalence of MetS at
0.52 ± 0.16 (95% CI 0.36-0.68) and 0.52 ± 0.12 (95% CI 0.40-0.63;
Table S4).

3.5 | Prevalence of MetS in RA

When different classification criteria were used to define PsA
(Table S4), the prevalence of MetS when using the CASPAR, Moll

The pooled prevalence (Table 1) for RA was 0.31 ± 0.04 (95% CI

and Wright, and diagnosis by a rheumatologist was 0.42 ± 0.07 (95%

0.27-0.35), and when multiple MetS criteria were removed, the

CI 0.36-0.49), 0.60 ± 0.06 (95% CI 0.54-0.66) and 0.47 ± 0.27 (95%

prevalence remained the same at 0.31 ± 0.06 (95% CI 0.26-0.36;

CI 0.21-0.75), respectively.

Table S6). As with the PsO cohort, the RA population showed no

The prevalence of MetS in patients with PsA was higher in

clear trend according to the population's GNI. When the NCEP-ATP

study populations from lower GNI countries (Table S4). While

criteria were used, the prevalence of MetS was 0.32 ± 0.06 (95% CI

there were only 2 studies in the GNI 2 group, the prevalence was

0.27- 0.3).
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(A-C) Forest plot for psoriatic arthritis, psoriasis, and rheumatoid arthritis [Colour figure can be viewed at wileyonlinelibrary.
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3.6 | Comparison of PsA, PsO, and RA populations

1117

3.8 | Prevalence of MetS in PsA populations based
on area of study

Patients with PsA were 1.61 ± 0.036 (95% CI 1.49-1 .74) and
1.66 ± 0.038 (95% CI 1.54-1 .79) times more likely to have

The prevalence of MetS in the PsA population based on the geo-

MetS compared with patients with PsO and RA, respectively

graphical location of the studies included in the present research

(Table 2).

was calculated. The different geographical areas included Europe,
Asia, North America, and the Middle East. The countries included in

3.7 | Prevalence of individual components of MetS
in PsA, PsO, and RA

the Europe group were Italy, Spain, Belgium, Ireland, and Romania.
Hong Kong and India were included in the Asia group; the USA made
up the North America group; and Turkey, Iran, and Israel comprised
the Middle East group. The percentages of patients with PsA and

Data were also collected on the presence of the individual com-

MetS in the Europe, Asian, North American, and Middle Eastern

ponents of MetS (Table 3). These definitions varied based on

groups were 47.2%, 45.78%, 34.88% and 48.4%, respectively.

the definition of MetS used in studies that reported relevant
data.
While the prevalence rates of the individual components of

3.9 | Sensitivity analysis PsA

MetS among the PsA, PsO, and RA populations were similar, MetS
was significantly more prevalent in the PsA population. This sug-

A sensitivity analysis (Table S7) was conducted to determine the in-

gests that patients with PsA are at higher risk of suffering from more

fluence of certain variables on the prevalence of MetS in PsA popula-

than one cardiovascular risk factor compared with patients with RA

tions. The variables assessed were the different classification criteria

and PsO.

for PsA, the criteria for MetS and countries’ GNI. There was no significant difference in the prevalence of MetS when duplicate studies
were removed, and the studies were compared with different clas-

TA B L E 1 Prevalence of metabolic syndrome in psoriatic
arthritis, psoriasis and rheumatoid arthritis (random-effects model)
Population group

Prevalence

SE

95% CI

I2

Psoriatic arthritis

0.46

0.06

0.40-0.51

91

Psoriasis

0.34

0.03

0.32-0.37

95

Rheumatoid arthritis

0.31

0.04

0.27-0.35

91

sification criteria for PsA (CASPAR classification vs rheumatologist
diagnosis) or MetS criteria (Harmonized vs NCEP-ATP). However,
patients with PsA who were classified according to Moll and Wright
were more likely to have MetS when compared with patients classified using CASPAR and those diagnosed by a rheumatologist.
Studies that used the NCEP-ATP criteria were more likely to
suggest the presence of MetS compared with studies that used the
WHO and American Heart Association / National Heart and Blood
Institute (AHA/NHLBI) criteria. However, the IDF criteria were more

TA B L E 2 Odds ratios (OR) for metabolic syndrome for psoriatic
arthritis vs psoriasis and rheumatoid arthritis

likely to predict MetS compared with NCEP-ATP. Populations from
countries with a lower socioeconomic status were more likely to
have MetS compared with those from countries with a higher socio-

MetS

economic status.

Disease

Yes

Psoriatic arthritis

1447

2003

N/A
(reference
group)

4 | D I S CU S S I O N

Psoriasis

8718

19 448

1.61
(1.49-1.73)

4.1 | Synthesis of the findings

Rheumatoid arthritis

4625

10 628

1.66
(1.54-1.79)

MetS was significantly more prevalent in PsA populations

TA B L E 3

No

OR (95% CI)

(0.46 ± 0.06 [95% CI 0.40-0.52]) compared with PsO populations

Prevalence of individual characteristics of metabolic syndrome in psoriatic arthritis, psoriasis and rheumatoid arthritis

Population group

Central obesity/
elevated WC (%)

Hyper-triglyceridemia
(%)

Reduced
HDL (%)

DM/insulin
resistance (%)

Impaired fasting
glucose (%)

HTN
(%)

Psoriatic arthritis

62.1

35.6

36.6

20.6

25.8

50.2

Psoriasis

49.5

37.3

42.6

21.3

32.9

40.2

Rheumatoid arthritis

62.5

35.4

43.6

19.9

26.4

51.9

Abbreviations: HDL, high-density lipoprotein; HTN, hypertension; WC, white cells.
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(0.34 ± 0.03 [95% CI 0.32-0.37]) and RA (0.31 ± 0.04 [95% CI 0.27-

MDA, of whom 77.4% had MetS. The univariate and multivariate

0.35]) by 1.61- and 1.66-fold, respectively. The prevalence of MetS

analyses conducted in the present study found that the presence of

varied depending on different population groups, and a pooled

MetS resulted in a lower likelihood of attaining MDA.19

analysis conducted using similar MetS definitions to those used in

Evidence regarding the impact of MetS on RA is mixed. Several

the present study suggested a prevalence of MetS in young adults

studies that assessed patients with RA with MetS showed this

of 4.8%, 5.2%, 7% and 6.5%. 24 Research by Sigit et al., who used

population is more likely to have higher Health Assessment

the IDF and AHA/NHLBI criteria, noted a prevalence of MetS in an

Questionnaire (HAQ) scores than patients without MetS; however,

Indonesian population (GNI 2) of 39% and a Dutch population (GNI

other studies have not shown a significant difference.37-41 Two

4) of 29.2%. 25

large-scale studies that included 100 patients showed that MetS

Recent research has suggested that the risk of CVD mortality is

was associated with high systemic inflammatory markers, disease

similar in RA and PsA populations.26-28 However, the use of tradi-

activity, and disability scores compared with patients with RA but

tional CVD risk scores, such as the Framingham Risk Score, underes-

without MetS.42,43 Disease Activity Score of 28 joints (DAS-28)

timates the true risk of CVD in PsA cohorts because the presence of

in patients with RA varied, with some studies showing a statisti-

CVD risk factors, including obesity, dyslipidemia, and hypertension,

cally insignificant increase in disease activity with the presence of

are higher in PsA populations compared with the general population.

MetS and others failing to demonstrate any link.38,44 Some small

In addition, traditional CVD risk-scoring systems do not consider

studies have failed to show any correlation between disease ac-

chronic inflammation, which can lead to endothelial dysfunction and

tivity using different disease activity scores, such as PASI, DAS28,

8

atherosclerosis. Chronic inflammation may play an essential role in

Multidimensional HAQ –Routine Assessment of Patient Index Data

maintaining MetS and may be influenced by white adipose tissue

3 [MDHAQ-R APID3], and other parameters in MetS using NCEP

(WAT). WAT provides energy and promotes inflammation through

and WHO definitions.45

adipokines, which affects both PsA inflammation and the metabolic
state, such as by causing insulin resistance.29 PsO has been identified
as an independent risk factor for MI, with patients with severe PsO

4.2 | Strengths of systematic review

at higher risk.30
PsO severity correlates with body mass index (BMI), with a

This is the first systematic review to examine the prevalence of MetS

higher BMI associated with severe PsO. In addition, PsO patients

in PsA populations. A variety of studies that included different vali-

with a higher BMI are more likely to show an impaired response to

dated definitions of MetS were included. Different classification cri-

systemic therapy. 31 Research has shown an increased prevalence

teria for RA and PsA were included in this study to best reproduce

of obesity in patients with PsO and notably higher rates of obesity

patients seen in the community. Studies that did not state how the

in PsA populations compared with RA populations; however, no

study population was defined and studies that used International

significant difference was noted in the present systematic review.

Classification of Diseases coding were excluded to improve diag-

Studies have identified obesity as an important risk factor for the

nostic accuracy of the study population. There were also no geo-

development of PsO and PsA. 27,32,33 Obesity, depending on age,

graphical and language limitations placed on studies included in this

gender, and serological status, can increase a patient's predisposi-

systematic review.

tion to RA by 40%–70%. 34,35 An elevated BMI also promotes low-
grade inflammation through the production of cytokines, such as
TNF and IL-6 , in adipose tissue. The presence of obesity makes

4.3 | Limitations of the systematic review

it more difficult for RA patients to reduce their overall disease
activity and decreases the likelihood of remission using TNF-α
inhibitors.18

In the PsO group, determining how many patients with PsO had
concurrent PsA was difficult. Publication bias should also be con-

In their systematic review, Shan et al. reported a correlation

sidered, as studies that report positive outcomes are more likely

between obesity and the reduced efficacy of anti-TNF agents. In

to be published than those that do not, which could, in this case,

RA patients, reaching MDA was reduced in obese RA patients on

lead to an over-estimation of MetS. Some data, specifically those

TNF therapies compared with non-obese RA patients. PsO and PsA

relating to the prevalence of different MetS criteria, were not al-

patients with obesity treated with anti-TNF agents also showed re-

ways available. The Doi plot suggested in both PsA and PsO study

duced efficacy in the study. Weight loss using a low-calorie diet has

groups was minor (LFK = 1.71), and there was major asymmetry

been shown to improve the response to anti-TNF agents in over-

(LFK = 2.02), which indicated bias. Potential sources of bias in-

weight and obese patients with PsA and PsO, which suggests that

cluded the sample variance sizes included and the different defini-

addressing obesity could represent an essential therapeutic strat-

tions of MetS, PsA, and RA used.46 The asymmetry noted could be

egy in managing obese patients with inflammatory arthritis.

36

Costa

attributable to the multiple classification criteria for inflammatory

et al. assessed the correlation between MetS and the attainment of

arthritis and diagnostic criteria of MetS used. Lastly, there was geo-

MDA in 330 patients who met the CASPAR classification criteria for

graphic variance in the prevalence of MetS, which may have also

PsA. At the end of the study period, 134/330 patients did not attain

resulted in bias.
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4.4 | Implications for clinical practice
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significantly elevated in PsA populations compared with PsO and
RA cohorts; in addition, it showed that the true prevalence was
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Objective: The purpose of this hospital clinic based study was to evaluate the poten-
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tial risk factors associated with the prevalence of MetS in RA population.
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Results: The prevalence of MetS were 31.2% and 34.2% in case and control groups,
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respectively (P = .22). There were lower levels of HDL-C , obesity, TG, LDL-C and
TC in case group than control group (all P < .05). The hypertension levels in healthy
controls was decreased in compared with patients with RA (P < .05). Nevertheless, in
patients with RA, complement 3 (OR: 1.02; 95% CI: 1.01-1.03, P = .007) and less glucocorticoids use (OR: 0.63, 95% CI: 0.39-0.99, P = .046) were associated with MetS.
Conclusion: The prevalence of MetS was not associated with RA. Complement 3 may
be associated with the higher prevalence of MetS in patients with RA. Glucocorticoids
treatment may be associated with MetS.
KEYWORDS

influencing factors, metabolic syndrome, prevalence, rheumatoid arthritis

1 | I NTRO D U C TI O N

For rheumatoid arthritis (RA), the risk factors for MetS include
higher levels of inflammation, functional status, disease activity

Metabolic syndrome (MetS) is a state of aggregation of multiple met-

(DAS28), pain, disability score, the drugs used and rheumatoid ca-

abolic risk factors of cardiovascular disease (CVD). MetS includes

chexia.8-14 An American study has indicated that several chronic in-

1

high blood sugar, hypertension (HBP), central obesity, dyslipidemia.

flammatory diseases, such as RA, have higher incidence of MetS.15

A previous study has suggested that all-cause mortality and CVD

However, this result is contrary to an Iranian study.16 Therefore, it

2

prevalence are both associated with MetS. Furthermore, MetS is

needs to further explore the prevalence of MetS in patients with RA

also associated with cholelithiasis,3 chronic kidney disease,4 hyper-

in comparison with healthy controls in different regional population.

5

6

uricemia, obstructive sleep apnea (OSA), and nonalcoholic fatty
liver disease.7

Therefore, we aimed to investigate the prevalence of MetS in
patients with RA, and to evaluate the potential risk factors for MetS.
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2 | PATI E NT S A N D M E TH O DS

were analyzed by multivariate logistic regression model. All covariates in the present study were chosen referring to the previous

2.1 | Patients

studies. 20-24
Propensity scores were obtained by a logistic regression model

This study obtained the approval of the Ethics committee of Tianjin

and the following covariates, including Erythrocyte sedimentation

First Central Hospital. Informed consent provided by all participants.

rate, high-sensitivity C-reactive protein (CRP), Complement 3, Anti-

There were 717 patients with RA in Tianjin First Central Hospital

keratin antibody, Anti-cyclic citrullinated peptide antibodies, plasma

between January 2015 to October 2018 and 717 healthy controls

fibrinogen, drugs, glucocorticoid, and disease duration. Statistical

who were randomly selected from the Physical Examination Center.

Analysis System version 9.3 (SAS Institute Inc.) was used for statisti-

The healthy population were age-sex matched without rheumato-

cal analysis. P < .05 was showed notable difference.

logical disease, and they were the population in the health examination center of the hospital in the same period. Patients with RA
were admitted to the Department of Rheumatology and immunology of the hospital during the investigation period. Inclusion criteria: (a) patients with RA who met the diagnostic criteria of the

3 | R E S U LT S
3.1 | Descriptive characteristics of the subjects

2010 American College of Rheumatology/European League Against
Rheumatism classification criteria

17

; (b) subjects who were 18 or

The characteristics of subjects were presented in Table 1. The dif-

older; (c) patients signed informed consent; and (d) patients were se-

ference in the prevalence of MetS between RA and healthy controls

ropositive with newly diagnosed RA. Exclusion criteria: (a) patients

was NOT statistically significant in our study (P = .22). However, pa-

who were combined with other immune diseases, (b) patients with

tients with RA had higher percentages of HBP and diastolic blood

malignant tumor or benign tumor affecting endocrine function, (c)

pressure than healthy controls (P < .05). Additionally, the levels of

pregnant and lactating women. The list of medications was obtained

BMI, TG, HDL-C , LDL-C and TC were all higher in control group than

for all patients and included in the analysis.

RA group (P < .05).

2.2 | Assessments

3.2 | Analysis of potential factors associated with
metabolic syndrome in patients with RA

Patients with RA were provided with a questionnaire, which included information regarding age, sex, lifestyle, RA medications,

The potential risk factors of MetS in RA were shown in Table 2.

disease duration, and history of obesity, high blood pressure (HBP),

Higher C3 level and obesity prevalence were both risk factors of

diabetes mellitus (DM). The levels of blood pressure, TC, HDL-C , TG,

MetS in patients with RA (OR: 1.02 and 1.03; 95% CI: 1.03-1.10 and

and LDL-C were measured. ESR, hs-CRP, WBC, serum complement

1.01-1.04; P < .05). However, we found that GCs were inversely re-

3(C3), serum complement C4(C4), AKA, ACPA, D-Dimer, and plasma

lated to MetS and DM (OR: 0.63 and 0.46; 95% CI: 0.39-0.99 and

fibrinogen (Fib) were also measured.

0.25-0.84; P < .05). Furthermore, higher C3, higher ESR and less
DMARDS use were associated with the frequency of the HBP in

2.3 | Definition of MetS

patients with RA (OR: 1.02, 1.06 and 1.78; 95% CI: 1.01-1.04, 1.01-
1.12 and 1.30-3.09; P < .05). Furthermore, higher AKA and higher
Fib were both risk factors for DM in patients with RA (OR: 1.61 and

Chinese Diabetes Society (CDS) has defined the MetS,18 and Asian

1.56; 95% CI: 1.01-2.56 and 1.004-2.42; P < .05). C3 level was re-

criteria of central obesity was also used.19 Three or more of the

lated to TG level in patients with RA (OR: 1.03, 95% CI: 1.02-1.04,

following are defined as MetS. (a). Blood pressure is more than

P < .0001).

130/85 mmHg; (b) fasting blood glucose is more than 5.6 mmol/L) or
there is a history of DM; (c) BMI is more than 25 kg/m2; (d) serum TG
level is more than 1.7 mmol/L; (e) HDL-C level is less than 1.0 mmol/L

4 | D I S CU S S I O N

for male or 1.3 mmol/L for female.
The prevalence of MetS is 31.2% in patients with RA and 34.2% in

2.4 | Statistical analysis

healthy controls, respectively. In this study, we analyzed the characteristics of subjects, and explored the related risk factors of MetS in
patients with RA. We found that patients with RA had lower levels of

The continuous variables of normal distribution were described as

TC, TG, HDL-C , LDL-C and BMI in comparison with healthy controls.

means and 95% confidence interval (CI) and compared by t-test.

In addition, the prevalence of HBP in patients with RA was higher

Categorical variables were presented as percentage or frequency

than healthy controls. Higher complement 3 and less glucocorticoids

and compared by chi-square test. The potential risk factors of MetS

were associated with MetS.

|
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TA B L E 1 Clinical characteristics of
patients with RA and healthy controls
(Age-and sex-matching) (n = 2108)

RA
Characteristics

No

Yes

No. of RA

n = 717

n = 717

Age (year)

60.6 (59.8, 61.5)

Sex (female, %)

79.7

MetS (%)

34.2

31.2

DBP (mm Hg)

78.7 (77.9, 79.6)

82.8 (82.0, 83.6)

SBP (mm Hg)

130.9 (129.4, 132.4)

132.5 (131.0, 133.9)

HBP (%)

58.4

69.6

BMI (kg/m2)

25.3 (25.1, 25.6)

TG (mmol/L)

1.60 (1.54, 1.67)

HDL-C (mmol/L)

1.45 (1.42, 1.48)

LDL (mmol/L)

3.27 (3.21, 3.34)

TC (mmol/L)
C3 (mg/dL)

F/χ2
value

1123

P value

—

—

61.0 (60.2, 61.8)

0.33

.56

78.8

0.22

.64

1.49

.22

46.38

<.0001

2.15

.14

20.55

<.0001

23.4 (23.1, 23.7)

96.82

<.0001

1.20 (1.14, 1.27)

70.25

<.0001

1.27 (1.24, 1.30)

78.40

<.0001

2.95 (2.89, 3.02)

43.01

<.0001

5.42 (5.34, 5.5)

4.60 (4.52, 4.68)

208.69

<.0001

103.7 (102.0, 105.3)

98.9 (97.2, 100.6)

15.55

<.0001

C4 (mg/dL)

22.6 (22.1, 23.1)

21.6 (21.0, 22.1)

7.35

<.01

DM (%)

16

16.2

0.01

.94

WBC (×10 /L)

5.56 (5.42, 5.70)

6.39 (6.22, 6.56)

55.57

<.0001

hs-CRP (mg/L)

2.12 (1.72, 2.52)

2.67 (2.22, 3.11)

3.24

.07

9

Note: Data are expressed as Geometric mean (95% confidence interval).
Abbreviations: BMI, body mass index; C3, Complement 3; C4, Complement 4; DBP, diastolic blood
pressure; DM, diabetes; HBP, hypertension; HDL, high-density lipoprotein-cholesterol; hs-CRP,
Hypersensitive C-reactive protein; LDL, low density lipoprotein cholesterol; MetS, Metabolic
syndrome; RA, rheumatoid arthritis; SBP, systolic blood pressure; TC, total cholesterol; TG,
Triglyceride; WBC, white blood cell count.

The frequency of MetS varies depending on the geographical
region of the population.

25

The prevalence of MetS in patients with

RA ranges from 10.6% to 55.5%.

26

prescribe patients to check blood pressure regularly and take relevant measures.37

For example, the prevalence of

In addition, we find that the patients in the control group is over-

MetS is 27.2% in Iran, 27 31.3% in Pakistan21 and 39.28% in India. 20

weight. This may be contributed to the nutritional status or the ca-

Moreover, different diagnostic criteria of MetS also leads to differ-

chexia caused by RA.38 It has been pointed out that excessive levels

ent prevalence.

25,28

Yi KH et al

29

pointed out that the prevalence of

of inflammatory factors are contributed to the cachexia in patients

MetS in patients with RA was not widespread in Asia than that in

with RA,39 which may be due to increased hydrolysis of muscle

non-A sian populations. It might be related to ethnic differences in the
prevalence of obesity and dairy-related product consumption.30,31
MetS components include HBP, hyperglycemia, decreased
HDL-C level, elevated TG level, and central obesity. We found that
there was a high prevalence of HBP in RA group in comparison with
the healthy controls, which was similar to previous studies.9,32,33

protein by acting on nuclear factor (NF)-κB through the ubiquitin-

proteasome pathway.40 These cytokines, such as interleukin-1β (IL-
1β) and tumor necrosis factor-α (TNF-α), influence on energy and

protein metabolism.41 In addition to IL-1β and TNF-α , IL-6 and inter-

feron-γ are also involved in the pathogenesis of cachexia.41 The GCs
are also associated with BMI, which are related to steroid myopathy

Patients with RA had many risk factors related to HBP, including

by acting on the transcription factor FOXO and increased protein

chronic inflammation and disease duration.34,35 Inflammatory cy-

catabolism that cause muscle atrophy.42

tokines may increase the incidence of arterial stiffness, which lead

In the present study, patients with RA had lower TG level

to the possibility that higher levels of inflammatory cytokines could

compared with the healthy controls. However, some researchers

contribute to increased frequency of HBP in patients with RA.36

reported contradictory TG levels in patients with RA.43,44 Anti-

Additionally, medicines, including GCs, NSAIDs and leflunomide,

rheumatic drugs, including prednisolone, hydroxychloroquine and

might induce the prevalence of HBP in patients with RA. GCs in-

methotrexate, can reduce TG levels.45 Hydroxychloroquine is one of

crease the cardiac output and the circulatory volume, which make

the disease-modifying antirheumatic drugs, which is frequently used

vascular tissues more sensitive to catecholamine.

37

Side effects of

in patients with RA. It has a positive effect on the levels of serum

NSAIDs, including blocking the synthesis of prostaglandins, result

lipids, so that it can decrease the TG level.45 Another meta-analysis

Therefore, when

has pointed out that statin could reduce the TG level.46 However,

prescribing drugs that may affect blood pressure, doctors should

decreased PON1 activity, increasing BMI, the presence of diabetes,

in increased water retention and serum sodium.

37

1.00 (1.00, 1.00)

1.01 (0.73, 1.41)

1.40 (0.83, 2.40)

0.63 (0.39, 0.99)

1.17 (0.75, 1.83)

1.64 (0.64, 4.51)

0.95 (0.53, 1.71)

0.99 (0.96, 1.01)

D-Dimer (μL)

Fib (g/l)

DMARDS

GC

NSAIDs

Amenorrhea

Smoke

Course (year)

.36

.88

.32

.49

.046

.21

.94

.2

.68

.62

<.01

.83

0.98 (0.95, 1.00)

0.92 (0.50, 1.67)

1.46 (0.58, 3.72)

1.22 (0.78, 1.91)

0.82 (0.52, 1.29)

0.89 (0.53, 1.51)

0.79 (0.56, 1.10)

1.00 (1.00, 1.00)

1.00 (1.00, 1.00)

0.87 (0.60, 1.26)

1.03 (1.01, 1.04)

1.00 (0.92, 1.08)

0.95 (0.91, 1.00)

1.10 (0.36, 3.37)

1.00 (0.98, 1.03)

Obesity (%)

.09

.78

.43

.38

.39

.67

.16

.26

.056

.46

<.001

.99

.06

.87

.89

P value

1.00 (0.97, 1.03)

0.85 (0.45, 1.60)

1.27 (0.44, 4.08)

0.91 (0.56, 1.47)

0.82 (0.50, 1.34)

1.22 (0.70, 2.14)

0.81 (0.56, 1.17)

1.00 (1.00, 1.00)

1.00 (1.00, 1.00)

1.08 (0.73, 1.60)

1.03 (1.02, 1.04)

1.03 (0.94, 1.12)

0.96 (0.91, 1.01)

0.45 (0.12, 1.56)

1.04 (1.01, 1.07)

TG (mmol/L)

1.00

.63

.68

.69

.42

.49

.27

.19

.84

.69

<.0001

.54

.18

.22

<.01

P value

1.02 (0.99, 1.04)

1.75 (0.99, 3.15)

0.80 (0.30, 2.03)

1.05 (0.67, 1.62)

0.94 (0.60, 1.47)

1.36 (0.82, 2.24)

1.20 (0.87, 1.68)

1.00 (1.00, 1.00)

1.00 (1.00, 1.00)

0.91 (0.64, 1.31)

1.00 (0.99, 1.01)

1.01 (0.93, 1.10)

1.03 (0.99, 1.08)

1.72 (0.58, 5.28)

0.95 (0.93, 0.98)

HDL (mmol/L)

.24

.055

.64

.84

.79

.23

.28

.56

.86

.62

.76

.83

.21

.33

<.0001

P value

0.997 (0.97, 1.03)

0.91 (0.48, 1.76)

1.08 (0.44, 2.66)

0.66 (0.41, 1.08)

1.39 (0.85, 2.28)

1.78 (1.03, 3.09)

1.27 (0.88, 1.87)

1.00 (1.00, 1.00)

1.00 (1.00, 1.00)

0.98 (0.66, 1.48)

1.02 (1.01, 1.04)

0.92 (0.84, 1.00)

1.06 (1.01, 1.12)

0.53 (0.17, 1.67)

1.06 (1.03, 1.09)

HBP (%)

.85

.78

.86

.1

.19

.04

.21

.73

.7

.92

<.01

.06

.04

.28

<.0001

P value

0.99 (0.96, 1.03)

1.24 (0.60, 2.51)

1.33 (0.29, 9.58)

1.34 (0.74, 2.44)

0.46 (0.25, 0.84)

0.81 (0.43, 1.57)

1.56 (1.00, 2.42)

1.00 (1.00, 1.00)

1.00 (1.00, 1.00)

1.61 (1.01, 2.56)

0.99 (0.98, 1.01)

1.08 (0.98, 1.20)

0.92 (0.83, 1.00)

0.57 (0.07, 3.06)

1.06 (1.03, 1.10)

DM (%)

.72

.56

.74

.33

.01

.53

.047

.04

.046

.045

.45

.1

.07

.54

<.001

P value

Abbreviations: ACCP, Anti-c yclic citrullinated peptide antibodies; AKA, Anti-keratin antibody; C3, Complement 3; Course, Course of the disease; DMARDS, disease-modifying anti-rheumatic drugs; ESR,
Erythrocyte sedimentation rate; Fib, plasma fibrinogen; GC, glucocorticoid; hs-CRP, Hypersensitive C-reactive protein; NSAIDs, nonsteroidal anti-inflammatory drugs; RA, rheumatoid arthritis.

Note: Data were expressed as Odds ratios (95% confidence interval).

0.91 (0.63, 1.31)

1.00 (1.00, 1.00)

1.02 (1.01, 1.03)

C3 (mg/dL)

ACC (μ/mL)

0.99 (0.91, 1.07)

AKA

.81

1.00 (0.95, 1.04)

ESR (mm/h)

hs-CRP (mg/L)

.3
.27

1.01 (0.99, 1.04)

0.53 (0.16, 1.62)

Age (year)

Sex

P value

Mets (%)

Multivariate logistic regression of the odds ratios (95% confidence interval) or variance for the Characteristic of patients with RA according to presence or absence of metabolic
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and systemic inflammation outcome on TNF-α blockade can increase
TG levels.

47,48

Therefore, medication and treatment used in patients

with RA have a potential effect on the levels of the serum lipids.45
C3 plays an important role not only in immune complexes and
microorganisms, but also in inflammation.49 Previous studies have
indicated that the inflammatory pathway is activated, especially the
complement factor, which is responsible for the increased prevalence of MetS.50 We found that C3 was a risk factor for MetS. At the
same time, we found that C3 was positively correlated with TG level
in patients with RA. C3 can generate C3a, a C3 fragment consisting
of 77 amino acids, by interacting with factor B and factor D. Its terminal arginine is excised to form C3adesArg, such as ASP.51 ASP can
increase the synthesis and release of TG in fat cells, 52 that is, the C3
level increases, the TG level also increases.
We found that GCs are inversely related to MetS. The relationship between GCs and the prevalence of MetS remains controversial.
GCs promote the proliferation and differentiation of adipocytes.53
However, Peckett AJ et al54 pointed out that the effect of GCs on
adipose tissue depended on the duration of exposure and dose. GCs
also are associated with HBP,55 central obesity,56 and induction of
blood glucose fluctuations.57 These factors can increase the prevalence of MetS. 26 Whereas others studies have suggested that GCs
were not notably related to the prevalence of MetS.58 This may be
due to immunological intervention that effectively improves the patient's lipid mass spectrometry, especially the level of HDL-C .59
There are also some limitations in this study. For example, patients take many kinds of drugs to treat the disease, and those drugs
may affect the efficacy and the patient's condition. Drugs produced
by different manufacturers may have different efficacy, which cannot be corrected one by one. Second, the prednisone dose was not
collected.

5 | CO N C LU S I O N
In conclusion, there was no statistically significant difference in
prevalence of MetS in our population. Complement 3 may be increase the prevalence of MetS in patients with RA. Glucocorticoids
treatment may be associated with MetS.
ORCID
Wufang Qi
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A Benchmarking Study Evaluating Axial Spondyloarthritis
Burden in Spain and Other European Countries. Results
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Abstract

2

Aim: To compare the burden of disease in Spanish patients with axial spondyloarthri-
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tis (axSpA) vs other European countries (OEC).
Methods: Data from 2846 unselected patients from the European Map of Axial
Spondyloarthritis (EMAS) and the Atlas of Axial Spondyloarthritis in Spain (Atlas)
were collected through online surveys. Comparative analysis was carried out between Spanish patients (2016) and patients from 12 OEC ( 2017-2018). Socio-
demographic characteristics, life habits, and patient-reported outcomes (Bath
Ankylosing Spondylitis Disease Activity Index 0-10, spinal stiffness 3-12, functional
limitation 0-54, the 12-Item General Health Questionnaire [GHQ-12] for psychological distress 0-12) were compared. Chi-square and Mann-Whitney tests were used for
qualitative and quantitative variables respectively.
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Results: 680 (23.9%) Spanish axSpA patients were compared to 2166 axSpA patients
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females (64.1% vs 52.5%; P < .001) and university-educated participants (51.7% vs

Funding information
Novartis Pharma AG

(76.1%) from OEC. Compared to Spain, the OEC group had a higher percentage of
36.9%; P < .001). Spanish patients showed a greater diagnostic delay (8.5 ± 7.7 vs
7.2 ± 8.6 years; P < .001), visits to orthopedic specialists before diagnosis (56.9%
vs 25.3%; P < .001), human leukocyte antigen-B27 carriership (77.1% vs 70.1%;
P = .003), disease activity (5.7 ± 2.0 vs 5.4 ± 2.0; P = .024), and higher unemployment rates (21.7% vs 9.2%; P < .001). Despite lower rates of diagnosed anxiety and
depression, Spanish patients were at higher risk of psychological distress according
to the GHQ-12 (5.7 ± 4.5 vs 4.8 ± 4.0; P < .001).
Conclusion: Compared to European axSpA patients, Spanish patients experience a
longer diagnostic delay and greater psychological distress. Being wrongly referred
to orthopedic specialists and facing a more precarious labor scenario appear as
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possible causal factors, highlighting the need to increase the number of rheumatologists, the training of healthcare professionals, and improving axSpA patients' working
conditions.
KEYWORDS

ankylosing spondylitis, axial spondyloarthritis, diagnostic delay, employment status, patient-
reported outcomes, psychological distress

1 | I NTRO D U C TI O N

All of these reasons made it necessary to conduct a study on
axSpA from the patient's perspective, collecting representative

Axial spondyloarthritis (axSpA) is a disease associated with a high
1

country samples under 1 common methodology, thereby allowing

degree of disease burden and disability, and consequently with a

comparisons of national data in relation to a European framework.

high cost per patient to European national health systems. 2-4 This

That is one of the main objectives of the European Map of Axial

disease has been the focus of extensive research in recent decades.

Spondyloarthritis (EMAS), upon which data for this study is based.

From this growing interest in axSpA, different research registries

Benchmarking studies in axSpA may provide evidence of disparities,

and cohorts have emerged at national levels in Europe. Some exam-

making it necessary to improve the healthcare and management of these

ples are the DANBIO,5 DESIR,6 GESPIC,7 OASIS,8 SPACE,9 SWISS,10

patients. The aim of this study is to analyze the burden of the disease

or REGISPONSER,11 the objectives of which are to study the char-

in axSpA patients in Spain compared with that of patients from other

acteristics of axSpA and understand the clinical aspects to improve

European countries (OEC) in terms of sociodemographic characteristics,

patient management and treatment. However, despite the relevant

diagnostic journey, disease activity, function, and psychosocial wellbeing.

clinical value of these studies, which allowed researchers to reach a
better understanding of the functioning of axSpA and related conditions, these records have some limitations in providing answers
to further research questions. On the one hand, there is a trend in
these studies to leave aside life spheres that are of key importance

2 | M ATE R I A L S A N D M E TH O DS
2.1 | The Atlas and EMAS working groups

from the patient's perspective, such as work experience or mental
health. On the other hand, most of these registries and cohorts have

The Atlas of Axial Spondyloarthritis in Spain is an initiative of the

been carried out on a national level and it is therefore not possible to

Spanish Federation of Spondyloarthritis Associations (CEADE),

compare data between different countries.

carried out by the Health & Territory Research (HTR) group of the

The systematic study of other life spheres, also affected by the

University of Seville and the Max Weber Institute, with the collabo-

disease either in a direct or indirect way, escapes clinical studies al-

ration of the Spanish Society of Rheumatology (SER), and the sup-

most entirely. To give an example, only the DESIR cohort study col-

port of Novartis Spain. Results from the Atlas raised international

lects some data on the impact of axSpA on working life for the total

interest and thus, an equivalent research following the same meth-

study population, based on indirect measures such as absenteeism

odology was carried out. This extension of the project to OEC was

through sick leave or level of disability.6 There is a wide research

addressed as EMAS, and it was also led by HTR in collaboration with

gap not only on the disease's impact on working life, but also in the

the Axial Spondyloarthritis International Federation (ASIF), along

association of the condition with poorer psychological health or the

with patient organizations in participating countries, and the support

patient's perspective with respect to their own disease.

of Novartis headquarters. The EMAS project continues expanding,

Additionally, despite the rigor of the studies presented, they

being currently carried out in additional countries in Africa, America,

utilize different methodologies in terms of sample inclusion crite-

Asia, and Europe under the new brand International Map of Axial

ria, sampling method and variables collected, so a comparison of the

Spondyloarthritis (IMAS). More information about the Atlas14 and

disease characteristics and status of patients with axSpA between

EMAS15 can be found in their seminal studies.

European countries is not possible. Some studies are international,
like the OASIS. However, its scope covers only 3 countries of similar
geographical and socio-economic conditions (France, Belgium, and

2.2 | Design and survey development

the Netherlands).8 Even if great efforts are being made in order to
carry out joint studies of different registries that allow for greater

The Atlas of Axial Spondyloarthritis in Spain is a cross-sectional study

generalizability of results, this research is still subject to problems

gathering data through an online survey of 680 unselected patients

due to the different methodologies used by said registries, leading

with self-reported axSpA diagnosis.14 This Spanish survey was adapted

to sample bias

12

or lack of comparability of the relevant indicators

for axSpA patients’ health.13

into the EMAS survey, which recruited an additional 2166 axSpA patients from 12 different European countries other than Spain: Austria,

|
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Belgium, France, Germany, Italy, the Netherlands, Norway, Russia,

survey link to their members. The questionnaire was completed via an

Slovenia, Sweden, Switzerland, the United Kingdom. To develop the

online platform for survey data collection. In addition, the database

EMAS questionnaire, the steering committee and participating coun-

from the Atlas18 was adapted to fit the EMAS database in order to allow

tries were asked to assess and modify questions for local relevance, with

comparisons between Spanish and the OEC axSpA patients.

guidance to only make essential changes in order to maintain consistency between the Atlas and EMAS studies, on a pan-European level.
The EMAS questionnaire was developed in English and subsequently

2.4 | Statistical analysis

translated into the languages of the other European countries involved
(Dutch, French, German, Italian, Russian, Swedish, and Slovenian). The

Socio-demographic characteristics, life habits, and patient-reported

final EMAS patient questionnaire included 108 items of the original 116

outcomes (BASDAI, spinal stiffness, functional limitation and psycho-

of the Atlas, related to 12 different areas: socio-demographic and an-

logical distress through GHQ-12) were compared between Spanish and

thropometric characteristics, disability and performance, work life, daily

OEC axSpA patients. Chi-square test was used for qualitative variables

life, lifestyle habits, diagnostic process, healthcare resource use, treat-

and Mann-Whitney test for quantitative variables. All analyses were car-

ment, other disorders/diseases, psychological health, disease outcomes,

ried out using the Statistics Package for Social Sciences (SPSS) v. 25.0.

and patient experience of living with the disease. All indicators collected
for the EMAS survey were patient-reported outcomes.
In addition, a range of supplementary indices were collected in

3 | R E S U LT S

the questionnaire to assess specific areas.
The Spanish sample was characterized by a slightly higher age and
1. BASDAI (Bath Ankylosing Spondylitis Disease Activity Index):

lower presence of women than in the OEC sample. The number of

a validated self-administered questionnaire assessing disease

people with university studies and the overall income level was lower

16

activity in axSpA patients.

than the European average. Regarding harmful lifestyle habits, com-

2. Spinal Stiffness Index: this index assessed the degree of stiffness

pared to the OEC, a higher percentage of Spanish axSpA patients

experienced in the spinal column, distinguishing between the cer-

declared that they smoke. However, although both groups followed

vical, dorsal, and lumbar areas. The scale ranges from 3 (no stiff-

a similar trend regarding regular alcohol consumption (more than

14

ness) to 12 (maximum level of stiffness).

twice a week), the Spanish sample less frequently reported moder-

3. Functional Limitation Index: it assessed the degree of functional

ate consumption (between 1 and 2 times a week) and more partici-

limitation in 18 activities of daily life through a 4-point Likert scale

pants reported occasional drinking or abstinence compared to their

(0 to 3). Total scores range from 0 (no limitation) to 54 (maximum

European counterparts (Table 1).

14

level of functional limitation).

The average mean age of onset of first symptoms of Spanish

4. GHQ-12 (The 12-Item General Health Questionnaire): this vali-

axSpA participants was more than 3 years lower than in the OEC,

dated scale evaluates psychological distress using 12 questions.

overall disease duration was reported to be around 4 years lon-

The cut-off point of 3 implied those with a score of 3 or more may

ger, and diagnostic delay more than 1 year greater. As for patient-

17

be experiencing psychological distress.

reported outcomes, the Spanish sample also reported a higher
rate of human leukocyte antigen (HLA)-B27 positivity. Moreover,

2.3 | Sample selection and recruitment

the Spanish sample had a slightly higher BASDAI score. However,
BASDAI differences were not clinically relevant according to rheumatologic standards. Additionally, Spanish axSpA patients declared a

Sample selection inclusion criteria for both the Atlas and EMAS

much greater functional limitation than the OEC. They also reported

studies were the same: to be aged ≥18 years, resident in any of the

half the rate of inflammatory bowel disease than the OEC (Table 2).

13 participating European countries, have a diagnosis of axSpA, in-

A total of 21.7% of the Spanish sample in the active population

cluding ankylosing spondylitis (also known as radiographic axSpA)

was unemployed, while for OEC this figure drops to 9.2%. Moreover,

and non-radiographic axSpA, and to have paid an axSpA-related visit

unemployed patients were asked whether they considered that they

to a healthcare professional in the 12 months prior to participation.

had to leave or lost their job due to axSpA, to which 62.8% of Spanish

Participants from the Atlas were recruited from January to March

and 65.3% of OEC respondents answered “yes”. Furthermore,

2016. Survey dissemination of the Atlas was made through press re-

95.5% of Spanish axSpA patients stated that their disease made it or

leases, e-mails and website and social media announcements. EMAS

would make it difficult to find a job compared to 70.3% of the OEC.

participants were recruited between July 2017 and March 2018 by Ipsos

However, in the case of Spanish patients who had a job, they reported

SA (formerly GfK) through its online panel of respondents. This firm en-

fewer work-related issues, and less need for workplace adaptation

sures that patients are fully validated through their connected health-

than their European counterparts. Although the reported prevalence

care professionals around the world who refer patients for research. In

of mental disorders (anxiety, depression, and sleep disorders) was

Austria, Norway, Slovenia, Sweden, the Netherlands, Italy, Russia, and

significantly lower in the Spanish sample compared to the OEC, the

Spain, patient organizations supported recruitment by distributing the

average GHQ-12 score was higher in Spanish axSpA patients. Finally,
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Spain mean ± SD; n (%)

OEC mean ± SD; n (%)

P value

Age, years

45.7 ± 10.8

43.4 ± 12.6

<.001*

Gender, female

357 (52.5)

1389 (64.1)

<.001*

Single

126 (18.5)

475 (21.9)

.152

Married

486 (71.5)

1447 (66.8)

Separated/divorced

60 (8.8)

213 (9.8)

Widowed

8 (1.2)

31 (1.4)

9 (1.3)

23 (1.1)

Primary school

119 (17.5)

144 (6.6)

High school

301 (44.3)

880 (40.6)

Sociodemographic

TA B L E 1 Sociodemographic,
anthropometric characteristics, and
lifestyle habits (N = 680 for Spain and
N = 2,166 for OEC, unless otherwise
specify)

Marital status

Educational level
No schooling completed

University

<.001*

251 (36.9)

1119 (51.7)

Monthly income (euros) per
household member

823.2 ± 656.4; n = 333

1173.5 ± 928.8; n = 1956

<.001*

Patient organization,
member

301 (44.3)

806 (37.2)

.001*

.069

Anthropometric characteristics
Body mass index
Underweight, < 18.5

17 (2.5)

91 (4.2)

Normal weight,
18.5-24.9

309 (45.4)

943 (43.5)

Overweight, 25-29.9

240 (35.3)

713 (32.9)

Obese, > 30

114 (16.8)

419 (19.3)

417 (71.3); n = 585

1679 (77.5)

Lifestyle habits
Smoking
Non-smoker or socially
<10 cigarettes/day

24 (4.1); n = 585

111 (5.1)

More than 10 cigarettes/
day

144 (24.6); n = 585

376 (17.4)

Never or occasionally

503 (86.0); n = 585

1723 (79.5)

1-2 times per week

37 (6.3); n = 585

292 (13.5)

More than twice per
week

45 (7.7); n = 585

151 (7.0)

<.001*

Alcohol
<.001*

Abbreviation: OEC, other European countries.
*P-value ≤.05.

95.6% of the Spanish sample reported benefiting from public health

patients, such as long diagnostic delay and psychosocial conse-

insurance while for OEC this figure fell to 77.7% (P < .001; Table 3).

quences including the deterioration of mental health and high im-

With respect to EMAS data, Spanish patients show a systemati-

pact of axSpA on working life.

cally longer diagnostic delay than their European counterparts over
the last 2 decades (Table 4).

4 | D I S CU S S I O N

4.1 | Country profiles
Despite the organizational heterogeneity of European health systems, some peculiarities of the Spanish health system can be high-

The results of the EMAS survey allow us to verify a series of unmet

lighted. Spain has more physicians than the European average (381

needs at the European level as well as particular needs of Spanish

vs 353 per 100 000 inhabitants).19 In fact, this figure places Spain
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TA B L E 2 Disease characteristics
and functioning (N = 680 for Spain and
N = 2,166 for OEC, unless otherwise
specify)

Variable

1131

Spain mean ± SD;
n (%)

OEC mean ± SD; n (%)

P value

24.4 ± 8.8; n = 555

27.2 ± 11.6

<.001*

Diagnosis
Age at onset of first symptoms,
years
Age at diagnosis, years

32.9 ± 9.6; n = 556

33.9 ± 11.9

.053

Diagnostic delay, years

8.5 ± 7.7; n = 550

7.2 ± 8.6; n = 2,102

<.001*

Disease duration, years

20.9 ± 12.2; n = 555

16.2 ± 12.3; n = 2,161

<.001*

Extra-musculoskeletal manifestations
Uveitis

122 (17.9)

347 (18.2); n = 1,902

.860

Crohn's disease

21 (3.1)

133 (6.8); n = 1,961

<.001*

Ulcerative colitis

22 (3.2)

153 (7.7); n = 1,981

<.001*

391 (77.1); n = 507

892 (70.1); n = 1,272

.003*

BASDAI, 0-10

5.7 ± 2.0; n = 418

5.4 ± 2.0

.024*

BASDAI, <4

81 (19.4); n = 418

484 (22.3)

.179

BASDAI, ≥4

337 (80.6); n = 418

1682 (77.7)

7.5 ± 2.7; n = 494

7.8 ± 2.4

.009*
<.001*

Human leukocyte antigen-B27
Positive
Disease activity

Spinal stiffness index, 3-12
Overall spinal stiffness

Maximum degree of spinal stiffness
No stiffness

59 (10.9); n = 541

128 (5.9)

Mild

102 (18.9); n = 541

369 (17.0)

Moderate

182 (33.6); n = 541

752 (34.7)

Severe

198 (36.6); n = 541

917 (42.3)

Overall limitation

27.7 ± 13.2; n = 605

14.3 ± 11.8

<.001*

Low, 0-17

152 (25.1); n = 605

1383 (63.9)

<.001*

Medium, 18-35

282 (46.6); n = 605

660 (30.5)

High, 36-54

171 (28.3); n = 605

123 (5.7)

Functional limitation index, 0-54

Abbreviations: BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; OEC, other European
countries.
*P-value ≤ .05.

among the 10 countries within the Organization for Economic

with a private spending in health that could match that of the Russian

Co-operation and Development (OECD) with the highest number

Federation (both comprising less than 5%) while surpassing that of

of doctors per inhabitant. 20 However, in relation to the number

Norway (<1%), and being much lower than that of France (>10%).25 On

of rheumatologists, it has been estimated that Spain has 2.0 per

the other hand, it is important to acknowledge that compared to other

100 000 inhabitants.

21

According to workforce planning models for

EMAS participating countries, Spain is among the countries that spend

the year 2021, the as yet unreached estimate required to meet the

a lower percentage of its gross domestic product (GDP) on health. In

needs of rheumatic patients is 3.5 per 100 000 inhabitants for Spain

fact, 9.2% of Spain's total GDP is allocated to the health sector. This

(calculated for 2021), while for the United Kingdom the need is only

percentage surpasses only that of Italy (9.0%), Slovenia (8.5%), and

22

Russia (5.6%), and differs by about 2% with the largest health inves-

0.7 rheumatologists per 86 000 inhabitants (calculated for 1988).

In other healthcare systems the needed rates may be higher. For
example, in Austria the needed rate has been established as 4.3
rheumatologists per 100 000 inhabitants (calculated for 2017). 23

tors: France (11.5%), Germany (11.2%) and Sweden (11.0%).26
Additionally, Spanish expenditure per capita on health is
$2354, the 3rd lowest among EMAS countries, only above Slovenia

According to the data presented, the situation of Spanish patients

and Russia;27 it is also 3rd with the lowest numbers of hospital

with axSpA is more precarious than that of their European neighbors.

beds per 100 000 inhabitants (297.28, while the Euro 28 average

On the one hand, Spanish statutory health insurance is universal in

is 504.02). 28 Furthermore, in comparison with the OEC sample,

coverage and financed almost entirely through the public sector,24

Spanish axSpA patients were characterized by being less educated
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Variable

Spain mean ± SD;
n (%)

OEC mean ± SD;
n (%)

Employment status of labor force

n = 415

n = 1247

Employed

325 (78.3)

1132 (90.8)

Unemployed

90 (21.7)

115 (9.2)

n = 238

n = 804

Temporary sick leave

63 (26.5)

241 (30.0)

Permanent sick leave

64 (26.9)

228 (28.4)

Retired

63 (26.5)

167 (20.8)

Early retirement

10 (4.2)

33 (4.1)

Homemaker

29 (12.2)

85 (10.6)

Student

9 (3.8)

50 (6.2)

Work-related issues due to axSpA

170 (54.3); n = 313

795 (71.6); n = 1111

<.001*

Workplace adaptation due to
axSpA

116 (23.9); n = 485

1047 (48.3)

<.001*

axSpA influenced job choice

186 (33.8); n = 551

970 (49.1); n = 1976

<.001*

Difficulties finding a job due to
axSpA

294 (95.5); n = 308

1240 (70.3); n = 1763

<.001*

Sleep disorder

134 (19.7)

924 (45.5); n = 2033

<.001*

Anxiety

135 (19.9)

674 (33.1); n = 2038

<.001*

Depression

100 (14.7)

610 (30.0); n = 2034

<.001*

GHQ-12 score, 0-12

5.7 ± 4.5; n = 474

4.8 ± 4.0

<.001*

At risk for psychological distress,
GHQ-12 ≥3

310 (65.4); n = 474

1314 (60.7)

338 (75.8); n = 446

1325 (64.6); n = 2050

<.001*

Public health insurance

526 (95.6); n = 550

1110 (77.7); n = 1428

<.001*

Private health insurance

22 (4.0); n = 550

214 (15.0); n = 1428

Private care, self-pay

2 (0.4); n = 550

104 (7.3); n = 1428

Employment status of
economically inactive

P value

<.001*

TA B L E 3 Patient-reported outcomes
for working life, psychological health,
and disease-related perceptions (N = 680
for Spain and N = 2166 for OEC, unless
otherwise specified)

.308

Psychological health

.055

Disease-related perceptions
Talked with your physician about
treatment goals
Main health insurance

Abbreviations: axSpA, axial spondyloarthritis; GHQ-12, The 12-Item General Health
Questionnaire; OEC, other European countries.
*P-value ≤ .05.

and having a lower income level per household member. Low pub-

Spanish REGISPONSER study (mean 6.3 years and median 3.0 years)

lic investment coupled with low income levels means that Spanish

conducted in 2007.11 This could lead to the unlikely conclusion of

axSpA patients face a disabling disease with limited resources.

an increase in diagnostic delay in Spain in recent years. However, a

The Spanish sample also had a lower representation of female

more plausible explanation would be the longer disease duration for

members, slightly older and with a higher rate of membership to na-

participants in the Atlas study with respect to that of REGISPONSER

tional patient organizations. These facts, in particular educational

(6 years longer on average). Therefore, the Atlas study, although

level, income and gender, may mediate the differences found in the

more recent, would be reporting adiagnostic delay in patients with

burden of disease across Europe.

longer disease duration.
Comparison of the Atlas and EMAS studies showed that the

4.2 | Diagnostic delay

diagnostic delay in Spain was significantly longer than in the OEC,
with an average of more than 18 months. This difference is even
more significant when considering there is a higher percentage of

The Spanish sample shows an average diagnostic delay of 8.5 years

HLA-B27 positive patients and a lower proportion of women in the

and a median of 6 years, a figure higher than that reported by the

Spanish sample, as these 2 characteristics have been associated with
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TA B L E 4 Distribution of diagnostic
delay of Spanish and European Map of
Axial Spondyloarthritis patients through
the decades

OEC
n

1133

Spain
Mean ± SD

Median
[Q1, Q3]

n

Mean ± SD

Median
[Q1, Q3]

≤1980

154

14.9 ± 14.2

10 [2, 27]

77

12.7 ± 11.3

9 [5, 16]

1981-1990

275

14.8 ± 10.9

15 [4, 25]

90

12.3 ± 8.3

11 [5, 19]

1991-2000

447

10.2 ± 7.6

10 [3, 17]

162

9.2 ± 6.8

8 [3, 15]

2001-2010

668

4.9 ± 4.0

4.5 [1, 8]

156

6.2 ± 4.2

6 [2, 9]

>2010

551

1.4 ± 1.5

1 [0, 2]

65

2.3 ± 1.9

2 [1, 4]

Total

2095

7.2 ± 8.6

4 [1, 10]

550

8.5 ± 7.7

6 [3, 12]

Abbreviation: OEC, other European countries; Q1, quartile 1; Q3, quartile 3.

a shorter diagnostic delay in other studies. 29 In fact, a meta-analysis

4.3 | Burden of the disease

conducted on the Spanish population finds that women with axSpA
are diagnosed later.30

The burden of disease reported by both samples was significant, de-

With respect to the diagnosis of axSpA in Spain, patients should

claring high levels of disease activity, spinal stiffness and functional

first visit their general practitioner who, after clinical examination,

limitation overall. However, Spanish axSpA patients reported an

would decide to refer them to a rheumatologist,18 as in many OEC.

even higher BASDAI score than the EMAS OEC average, even higher

Additional delay to diagnosis could be influenced by a higher per-

than the values recorded by other Spain-based axSpA registries like

centage in the Spanish sample of referrals to orthopedic specialists

the REGISPONSER.11 However, mean differences, although statisti-

(56.9% of Spanish axSpA patients visited orthopedic specialists prior

cally significant, were not clinically relevant. Spanish patients also

to diagnosis, compared to only 25.3% in the OEC). However, when

reported greater functional limitation. However, we cannot be sure

examining the total number of healthcare professionals visited before

whether this is due to longer disease duration or whether it is actu-

diagnosis, both Spain and the OEC reported a similar average of 2

ally associated with the longer diagnostic delay of these patients.

visits to different physicians before diagnosis. It would be necessary
throughout Europe to improve disease education related to inflammatory vs mechanical back pain among healthcare professionals,

4.4 | Working impact

specifically among those responsible for referring patients to rheumatologists. More precisely, Spanish general practitioners should be

Unemployment rates differ greatly from the Spanish general pop-

better trained to identify suspicious cases of axSpA in order to refer

ulation (17.2%) to that estimated for the EU-28 (6.8%).36 When

them to a rheumatologist, rather than an orthopedic specialist.

employment status is examined for axSpA patients, an increase in

More specifically, general practitioners need to be better

unemployment rates is appreciated in both Spain and Europe despite

trained in axSpA clinical patterns and the typical features of the

both samples reporting a higher level of education than the general

disease, such as disease onset <45 years old, extra-articular man-

population.37 However, Spanish axSpA patients’ unemployment

ifestations and response to nonsteroidal anti-inflammatory drug

rates show a steeper increase than that of their European counter-

treatment, 31 while also understanding that axSpA is not a disease

parts, and the unemployment gap becomes larger between both

exclusive to older men, affecting young people of both genders,

32

groups.

with the potential to manifest in both radiographic and non-

When examining employed patients, the Spanish were less likely

radiographic forms. 33 This could be achieved by training medicine

to report interference of the disease in their work performance com-

students in general practice consultations where they could en-

pared to the OEC. Spanish participants declared fewer work-related

counter axSpA patients

34

or through training activities aimed at

issues overall, fewer workplace adaptations, and a smaller influence

general practitioners and conducted by rheumatologists, as in the

of axSpA on work choice. This is striking, as research points to a

case of the ESPeranza program. 35 Moreover, general practitioners

strong relationship between problems and needs in working life

should have easier access to medical tests for detecting axSpA fea-

and burden of disease.38 If burden of disease is equivalent between

tures, such as imaging of the sacroiliac joints or HLA-B27 testing,

Spain and OEC, interference of the condition at work should also be

and procedures should be habilitated in order to allow preferential

similar.

referral to the rheumatologist of suspected cases. Additionally, it

Therefore, it is more likely that work outcomes reported by the

would be of utmost importance for Spain to increase its rate of

Spanish sample are due to a more precarious labor scenario (charac-

rheumatologists per 100 000 inhabitants to meet the healthcare

terized by high unemployment rates, short-term duration jobs, low

demand. Nevertheless, optimizing collaboration between different

salaries, and gender inequalities), compared to the European Union

specialties should shorten the patient journey to diagnosis, and ul-

context.39 Thus, Spanish axSpA patients would not report an influ-

timately effective treatment.

ence of axSpA on work choice in an already constrained market,
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would not have access to as many workplace adaptations as in OEC,

was preferred. Second, as 1 of the inclusion criteria was to have had

and would refrain from asking for sick days or reductions in working

at least 1 visit to a rheumatologist in the last 12 months, the sam-

hours for fear of losing their job. Additional data from the Atlas and

ple could be biased in excluding patients not requiring a follow-up

EMAS surveys would indicate that this fear may be common among

appointment and thus, with controlled disease activity. In this way,

those with the condition, especially in the Spanish context: if we

this study could have overestimated the severity of some disease

consider what European axSpA patients stated about job hunting,

outcomes, especially those related to disease activity.

70% of OEC patients stated they found or expected to find difficul-

Additionally, non-validated indices were used for assessing func-

ties in job searches, compared to 95% of the Spanish sample. This

tional limitations in daily activities and spinal stiffness. This was due

difficult labor scenario could be influencing the levels of psycholog-

to patients expressing their concern during the preliminary phase

ical distress reported by Spanish survey participants as it has been

of the survey development about not being able to report relevant

noted how the financial crisis has been involved in the increased

aspects of their disease not included in other scales or indices con-

prevalence of mental disorders in Spain.40

sidered. In any case, Cronbach alpha values obtained for the indices employed in EMAS showed good reliability of these instruments

4.5 | Mental burden

in this sample.14 Lastly, the 2 recruitment methods employed (GfK
patient panel and patient organizations) resulted in differences in
sample sizes between countries, naturally skewing the aggregated

The impact of axSpA on mental health is well documented.41,42

European data toward the experiences of patients in countries with

The EMAS sample showed a high prevalence of mental health is-

a greater sample weight.

sues among axSpA patients, higher than those collected by the

Despite these limitations, EMAS adopts a multidisciplinary ap-

World Health Organization for the European region, which situates

proach, including the medical and patient community within the

the prevalence of anxiety and depression in the general population

research team aiming to understand the patient experience from a

below 5%.

43

However, Spanish axSpA patients showed particu-

holistic perspective.

larities regarding their self-reported mental health, declaring lower
rates of the mental disorders explored (anxiety, depression, and
sleep disorders), while reporting much higher levels of psychologi-

5 | CO N C LU S I O N S

cal distress through the GHQ-12, a validated screening scale. The
fact that Spanish participants reported fewer diagnosed mental dis-

The EMAS results show how, compared to OEC, Spanish axSpA pa-

orders (anxiety, depression, and sleep disorders) than OEC axSpA

tients show longer diagnostic delay. The results highlight the need to

patients, while ranking much higher in the GHQ-12 score, points to

improve the diagnostic pathway of axSpA patients as well as psycho-

an underdiagnosis of mental disorders in Spain.

logical care within the Spanish health system in order to deal with
the high psychological distress levels reported by Spanish patients

4.6 | Strengths and limitations

and the rates of underdiagnosed mood disorders suggested by the
present study. Low numbers of rheumatology specialists, in addition
to a high percentage of erroneous referrals to orthopedic specialists

The EMAS project represents the largest axSpA patient survey to

in Spanish patients, has highlighted the need to increase human re-

date, including 2846 respondents from 13 European countries. Its

sources for health in order to adapt international recommendations

main objective was to understand the patient's perspective through

to the national context.

a holistic approach using a questionnaire developed for patients by

However, the unmet needs of Spanish axSpA patients are not

patients. As such, EMAS collected not only clinical characteristics

only limited to the quality of health care. Compared to the EMAS

of the disease but also the patient-reported impact on psychologi-

sample, the Spanish cohort had much higher unemployment rates.

cal health, daily activities, work, and lifestyle, all of which are con-

Additionally, workers with axSpA with a similar burden of disease, as

sidered relevant aspects by axSpA patients. The focus of its design

their European counterparts, receive less support in the workplace.

added to its international scope, enables a head-to-head comparison

All this could be affecting patients’ levels of psychological distress.

of patient-reported outcomes at the pan-European level in areas
that are often overlooked by research.
We acknowledge that EMAS has some limitations. First, the survey was based on self-reported data and did not attempt to con-

Managing axSpA from a holistic approach, including the perspective of health psychologists, rehabilitation therapists, social workers,
and related professions, should be key for clinical improvement and
quality of life in these patients in Spain, as well as in Europe.

firm participant diagnosis, nor did it seek to support participant
responses with clinician-reported assessments. Nevertheless, the
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Abstract
Aim: To evaluate clinical characteristics and natural history of non-radiographic axial
spondyloarthritis (nr-axSpA) using KOrean Nonradiographic Axial SPondyloArthritis
(KONASPA) data.
Methods: Data were collected from 11 centers in South Korea. A total of 278 patients with nr-axSpA from January 2018 to July 2020 were included. Demographic
data, clinical features, comorbidities, disease activity, medications, and laboratory
results were collected.
Results: Mean age at symptom onset was 28.2 ± 14.2 years. Of 278 patients, 152
(54.7%) were male. Mean Bath Ankylosing Spondylitis Disease Activity Index at diagnosis was 3.5 ± 2.1. Dyslipidemia was the most common comorbidity (8.4%), followed by hypertension (6.1%). Mean age at diagnosis of nr-axSpA was older in female
patients than in male patients (31.8 ± 15.8 years vs 24.9 ± 12.0 years, P < 0.001).
Enthesitis and uveitis were more frequently found in female patients than in male
patients. Thirty-one (11.1%) participants with nr-axSpA progressed to ankylosing
spondylitis. The median follow-up duration was 48 months. In multivariable Cox
regression analysis, age at symptom onset (hazard ratio [HR] 0.93, 95% confidence
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interval (CI) 0.88-0.97, P = 0.006), body mass index (BMI) (HR 1.24, 95% CI 1.06-1.44,
P = 0.005) and sacroiliitis grade (HR 1.86, 95% CI 1.19-2.92, P = 0.006) were associated with progression to ankylosing spondylitis.
Conclusions: Results of nationwide data revealed that women with nr-axSpA showed
a late disease onset and more extra-articular manifestations than men. Young age at
symptom onset, high BMI, and presence of radiographic sacroiliitis at diagnosis were
risk factors for progression to AS.
KEYWORDS

ankylosing spondylitis, body mass index, disease progression, sacroiliitis, spondyloarthritis

1 | I NTRO D U C TI O N

natural course of nr-axSpA using KOrean Nonradiographic Axial
SPondyloArthritis (KONASPA) data.

Ankylosing spondylitis (AS) is a chronic inflammatory disease that
mainly affects sacroiliac joints and spine with clear radiographic
changes in the sacroiliac joint. In 1985, Khan et al first described
spondylitic disease showing no radiographic damage in the sacroiliac
joint.1 Magnetic resonance imaging (MRI) was introduced for the di-

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Study population

2

agnosis of spondyloarthritis (SpA) in 2005. Reversible inflammatory
changes can be detected by MRI before irreversible joint damage

KONASPA is a retrospective and prospective cohort of nr-axSpA or-

appears on X-ray. MRI was first included in the 2009 Assessment of

ganized by the Korean Society of Spondyloarthritis Research. The

SpondyloArthritis International Society (ASAS) classification crite-

KONASPA registry is a multicenter database representing 11 ter-

3

ria for spondyloarthritis. After the introduction of the 2009 ASAS

tiary academic hospitals across Korea. Patients were included in the

classification criteria, axial spondyloarthritis is classified as radio-

KONASPA cohort if they met the following conditions: (a) age over

graphic axial spondyloarthritis (r-axSpA) or non-radiographic axial

18 years; (b) fulfillment of the ASAS classification criteria for axial

spondyloarthritis (nr-axSpA). Also known as AS, r-axSpA is manda-

SpA;3 and (c) not fulfilling the radiologic modified New York criteria

torily defined by evident radiographic structural damage in the con-

for AS, which required either bilateral grade 2 or unilateral grade

ventional X-ray that satisfied modified New York criteria;4 nr-axSpA

3 or 4 sacroiliac joint changes.4 KONASPA was started in January

is ax-SpA without definitive structural damage on X-ray. Several

2018. It is an ongoing cohort. Patients who met the above inclu-

studies have compared nr-axSpA and AS. Patients with nr-axSpA

sion criteria for nr-axSpA at the first rheumatologic outpatient clinic

and AS show similar disease activity and functional activity assessed

were enrolled. These enrolled patients were followed up every year.

by the Bath AS Disease Activity Index (BASDAI) and the Bath AS

Patients who progressed to AS by fulfilling the modified New York

Functional Index (BASFI), respectively.5-8 However, patients with nr-

criteria during the follow-up period were defined as progressors.

axSpA show shorter disease duration, lower C-reactive protein, and

Non-progressors were defined as remaining patients with nr-axSpA

6,9

Patients

who did not fulfill the radiologic modified NY criteria during the fol-

with nr-axSpA also have lower proportions of male patients and

low-up period. This study was approved by the institutional review

smokers than AS patients.9 There are heterogeneous results about

boards of all participating sites. Informed consent was obtained from

the evolution of nr-axSpA into AS. Studies have reported that pro-

each patient before registration.

a lower Bath AS Mobility Index than patients with AS.

10-12

gression to AS occurs in 5%-28% of nr-axSpA patients.

Smoking,

human leukocyte antigen (HLA) -B27 positivity, and inflammation
of the sacroiliac joint on MRI were risk factors for sacroiliac joint

2.2 | Data collection

progression.13 The concept of nr-axSpA is still under debate. Some
researchers have suggested that nr-axSpA is an early form of AS.

Demographic profile, socioeconomic characteristics, comorbidities,

Other researchers have considered nr-axspA to be a mild form of

clinical features of SpA, disease activity, medications, and laboratory

AS with favorable clinical outcome. Although considerable research

results were collected on a Case Record Form. Data were obtained

has identified clinical characteristics of nr-axSpA from nationwide

through interview by rheumatologists or expert nurses. Physical

cohorts in western European populations, the natural history and

examinations were performed by a physician. Data on age, gender,

characterization of nr-axSpA are not completely known. The aim of

income, region, education, alcohol consumption, and smoking sta-

the present study was to evaluate the clinical characteristics and

tus were obtained. Medical comorbidities including cardiovascular

|
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disease, infectious disease—such as pulmonary tuberculosis and
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3 | R E S U LT S

varicellar zoster, endocrine disease, and malignancy were noted.
Main clinical features of SpA, including peripheral arthritis, en-

A total of 278 patients with nr-axSpA in the KONASPA cohort from

thesitis, uveitis, dactylitis, psoriasis, inflammatory bowel disease,

January 2018 to July 2020 were analyzed. Demographic data of

non-steroidal anti-inflammatory drug (NSAID) response, and family

these 278 patients are shown in Table 1. Mean age at symptom onset

history of SpA, were assessed. Ongoing treatment and past medica-

was 28.2 years. About half (54.7%) of patients were male. In this reg-

tions including NSAIDs, conventional synthetic disease-modifying

istry, more than 86% of patients lived in urban areas. Table 2 shows

antirheumatic drugs (csDMARDs), biologic DMARDs (bDMARDs),

clinical manifestations and comorbidities of nr-axSpA. Peripheral

and systemic glucocorticoid were collected.

arthritis, enthesitis, and uveitis were common features of patients
with nr-axSpA. Forty-six (16.5%) patients had a family history of

2.3 | Disease activity parameters

SpA. The sum of two sacroiliac joints grades was 0 in 69 (24.8%)
patients, 1 in 32 (11.5%) patients, 2 in 92 (33.1%) patients, and 3 in
69 (24.8%) patients. Two patients had syndesmophytes. The median

Patients were asked to complete a self-assessed questionnaire.

time from onset of inflammatory back pain to the diagnosis of SpA

Disease activity parameters including BASDAI,14 BASFI,15 and Visual

was 12 months (interquartile range 2-48 months). The initial mean

Analog Scale for global assessment of patients on a numerical rating

BASDAI score was 3.5 ± 2.1. Dyslipidemia was the most common

scale (range: 0-10) were assessed. Modified Schober's test and chest

comorbidity in nr-axSpA, followed by hypertension.

expansion were also measured. Physical examination was performed
to assess the presence of swelling or tenderness for 64 joints.

Naproxen and celecoxib were frequently used drugs as the first
NSAIDs (Table 3). About half of patients discontinued their first
NSAIDs after 8 months. The most common reason for discontin-

2.4 | Laboratory findings

uation of first NSAIDs was inefficacy. Sulfasalazine was the most
frequently used as a first csDMARD. Infliximab was the most common bDMARD in this registry. The number of users was almost

Results of laboratory tests performed during their initial visits to the

the same for adalimumab, etanercept, and golimumab. Among 49

rheumatology clinic as a part of their usual diagnostic work up were

patients using biologics, 12 patients discontinued the first biolog-

collected. Laboratory parameters included erythrocyte sedimenta-

ics. Among 12 patients who discontinued the first bDMARD, five

tion rate, C-reactive protein (CRP), and HLA-B27.

patients discontinued the bDMARD due to inefficacy. One patient
discontinued the bDMARD after 2 months, which was referred to

2.5 | Imaging

as primary failure. The remaining four patients discontinued the
bDMARD after 8, 22, 45, and 52 months, respectively, which was
referred to as secondary failure. Patients with peripheral arthritis

Plain X-rays of the sacroiliac joint, lumbar spine, and cervical spine

more frequently used csDMARDs and glucocorticoid than patients

were obtained at baseline for patients. MRI images were not essential

without peripheral arthritis, (68.9% vs 43.0%, P <0.001 and 33.3%

for cohort registration. Rheumatologists or radiologists scored the

vs 14.8%, P <0.001, respectively).

sacroiliitis from grade 0 to grade 4 according to the modified New

Clinical characteristics of male patients in comparison with fe-

York criteria.4 Spine radiography was scored using the modified Stoke

male patients are shown in Table 4. Mean age at symptom onset

Ankylosing Spondylitis Spine Score.16 Information about the presence

and diagnosis of SpA was older for female patients than for male pa-

of syndesmophytes in the cervical or lumbar spine was also collected.

tients. Enthesitis and uveitis were more frequently found in female
patients than in male patients. Although neither BASDAI nor BASFI

2.6 | Statistical analysis

was significantly different between male and female patients, initial CRP was lower in female patients than in male patients. Among
278 participants, 31 patients progressed to AS. The median duration

Descriptive statistics were used to describe characteristics of the

from the diagnosis of nr-axSpA to the diagnosis of AS was 48 months

population using absolute frequencies and percentages. Categorical

(interquartile range 23-77 months). There was no significant differ-

variables were compared using χ2 test or Fisher’s exact test.

ence in the proportion of AS progressors between male and female

Continuous variables were compared using t test and presented as

patients. Table 5 shows the results of a comparison of baseline clin-

mean (standard deviation). Univariable and multivariable Cox regres-

ical characteristics between non-progressors and progressors. The

sions were used to identify factors associated with radiographic pro-

mean age of symptom onset was younger for AS progressors than

gression from nr-axSpA to AS over time. Variables associated with

for non-progressors. The prevalence of current smokers was higher

P value outcomes of 0.10 or less were included in the multivariable

for progressors. Alcohol consumption was more common in progres-

analysis. All analyses were performed using SPSS software, version

sors. Erythrocyte sedimentation rate was higher in non-progressors.

26.0 (IBM, Armonk, NY, USA). Statistical significance was considered

Baseline sacroiliitis grade was higher for progressors. Risk factors of

when P values were less than 0.05.

progression to AS from nr-axSpA are shown in Table 6. In univariable
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TA B L E 1 Demographic features of the
study population in KONASPA

Variables
Age at symptom onset, y, mean ± SD, median (IQR)

28.2 ± 14.2
26.5 (20.0-35.0)

Age at diagnosis, y, mean ± SD, median (IQR)

32.2 ± 12.2
29.0 (23.0-39.0)

Male, n (%)

152 (54.7)

Smoking, n (%)
Never smoker

179 (64.4)

Ex-smoker

27 (9.7)

Current smoker

45 (16.2)

Missing

27 (9.7)

Alcohol, frequency, n (%)
Never

94 (33.8)

≤1/wk

78 (28.1)

2-3/wk

48 (17.3)

≥4/wk

16 (5.8)

Missing

42 (15.1)

Education, n (%)
Elementary school

2 (0.7)

Middle school

4 (1.4)

High school

71 (25.5)

College graduation

67 (24.1)

Missing

134 (48.2)

Living area, n (%)
Urban

239 (86.0)

Rural

33 (11.9)

Missing

6 (2.2)

Abbreviations: IQR, interquartile range; SD, standard deviation.

Cox regression analysis, age at symptom onset (hazard ratio [HR]

and BASFI were 3.5 and 1.6, respectively, lower than results of

0.96, 95% confidence interval [CI] 0.93-0.99, P =0.037), body mass

above-mentioned western cohorts’ data that reported a BASDAI

index (BMI) (HR 1.16, 95% CI 1.04-1.30, P =0.006), and sacroiliitis

range of 3.9 to 4.7 and a BASFI range of 2.5 to 3.3. Recently, Lopez-

grade (HR 1.56, 95% CI 1.08-2.27, P =0.017) were associated with

Medina et al9 have performed a meta-analysis and analyzed the clini-

radiographic progression. In multivariable Cox regression analysis,

cal characteristics of nr-axSpA. They reported that 35.2%, 14.3%,

age at symptom onset (HR 0.93, 95% CI 0.88-0.97, P =0.006), BMI

and 9.3% of patients with nr-axSpA had peripheral arthritis, uveitis,

(HR 1.24, 95% CI 1.06-1.44, P =0.005), and sacroiliitis grade (HR

and psoriasis, respectively. In the current study, peripheral arthritis

1.86, 95% CI 1.19-2.92, P =0.006) were significantly associated with

(48.6%) was more frequently observed, psoriasis (3.9%) was less fre-

progression to AS.

quently observed, and uveitis was similar compared with the results
of their meta-analysis. In the current study, most (95.6%) patients

4 | D I S CU S S I O N

with nr-axSpA were taking NSAIDs. This percentage was compatible with the Herne cohort, which reported that 94% patients used
NSAIDs.5 However, the proportion of patients using NSAIDs seemed

We evaluated clinical features and natural history of nr-axSpA using a

to be higher than results of the meta-analysis and other western

nationwide real-life cohort. Male and female patients with nr-axSpA

cohorts, which revealed that approximately 40%-70% of patients

accounted for 54.7% and 45.3%, respectively. These percentages

were treated with NSAIDs.9,17-19 Patients in KONASPA more fre-

were compatible with results of the GESPIC, Canada, CORRONA,

quently used both csDMARDs (55.8%) and systemic glucocorticoids

and DESIR studies,

6,17-19

reporting a male to female ratio of nr-axSpA

(23.7%) but less frequently used bDMARDs (19.4%) compared with

of approximately 1:1. HLA-B27 positivity was 79.5% in the current

the meta-analysis, which reported that 28.5% of nr-axSpA patients

study, similar to the results of the GESPIC, Canada, CORRNA, and

used csDMARDs, 26.2% of patients used bDMARDs, and 10.1% of

DESIR cohort studies.6,17-19 In KONASPA, mean values of BASDAI

patients used systemic glucocorticoids. The reason to explain the

|
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TA B L E 2 Clinical characteristics and comorbidities of the study
population

relative lower proportion of bDMARDs might be an insurance issue.
Currently, unlike patients with AS, patients with nr-axSpA cannot receive special insurance benefit in Korea. Therefore, it is not easy for

Variables

patients with nr-axSpA to use bDMARDs. Recommendations for use

SpA features, ever, n (%)
Peripheral arthritis

1141

135 (48.6)

Enthesitis

83 (29.8)

Uveitis

47 (16.9)

of bDMARDs published by the Korean College of Rheumatology do
not include nr-axSpA patients. 20
This study reported that the age at diagnosis of SpA and the
age at symptom onset were older in women than in men. This cor-

Dactylitis

14 (5.0)

Psoriasis

11 (3.9)

onset and age at diagnosis were older in female patients with nr-

Inflammatory bowel disease

13 (4.7)

axSpA than in male patients. 21 In KONASPA, there was no statisti-

189 (68.0)

cal difference in the duration from onset of inflammatory back pain

46 (16.5)

to diagnosis of nr-axSpA Hence, there was no worsening of diag-

NSAID response
Family history of SpA

nostic delay in female patients compared with male patients in this

Sum of both sacroiliitis grades, n (%)
0

69 (24.8)

1

32 (11.5)

2

92 (33.1)

3

69 (24.8)

Missing

16 (5.8)

Syndesmophytes, n (%)
mSASSS, (n = 49), mean ± SD
Duration from onset of IBP to diagnosis,
median, mo (n = 254), median (IQR)
Schober’s test, cm (n = 71), mean ± SD

responded well with a previous study showing that age at disease

2 (0.7)
0.6 ± 1.8
12 (2-48)
5.2 ± 2.0

cohort. However, these findings were different from those of the
Swiss Clinical Quality Management Cohort study, which reported
that women with nr-axSpA had longer diagnostic delay and that the
age at symptom onset was comparable between male and female
patients. 22 A meta-analysis has shown that female patients have a
longer diagnostic delay of 2.3 years compared with male patients. 23
Slower progression of radiographic change of lower frequency of
typical inflammatory back pain as a presenting manifestation might
be the reason for such diagnostic delay in female patients. 24
This study found that female patients more often presented enthesitis and uveitis than male patients, corresponding well with pre-

Chest expansion, cm (n = 57), mean ± SD

4.3 ± 1.6

VAS for patient`s global assessment (n = 171),
mean ± SD

4.1 ± 2.3

BASDAI (n = 176), mean ± SD

3.5 ± 2.1

BASFI (n = 167), mean ± SD

1.5 ± 1.9

ESR, mm/h, mean ± SD, median (IQR), (n = 265)

33.4 ± 30.7,
23.0 (10.0-49.0)

BASDAI or BASFI between male and female patients. Initial CRP lev-

CRP, mm/h, mean ± SD, median (IQR), (n = 255)

1.91 ± 3.82,
0.46 (0.10-1.94)

patients with AS, female patients showed higher disease burden and

BMI, kg/m2, mean ± SD

23.3 ± 3.6

HLA-B27, positive, n (%)

221 (79.5)

Comorbidities, n (%)

vious studies reporting that female patients more often presented
peripheral enthesitis. 22,25 Uveitis seemed to be more frequently
found among male patients. 26,27 However, a meta-analysis has reported that uveitis is more common in female patients than in male
patients. 24,28 There was no difference in disease activity assessed by
els were higher in male than in female patients in this cohort. Among
BASDAI score for measuring fatigue, total back pain, and duration
of morning stiffness than male patients. 26,29,30 However, previous
studies have shown no significant difference in BASFI score between
male and female patients. 22,25 Studies have shown that baseline CRP

Dyslipidemia

23 (8.3)

levels are higher in male patients than in female patients, 25,26,30 cor-

Hypertension

17 (6.1)

responding well with the current study.

8 (2.9)

The present study found that 11.2% of patients progressed to

Ischemic heart disease

3 (1.1)

AS. The median duration from diagnosis of nr-axSpA to diagnosis of

Peptic ulcer

5 (1.8)

AS was 48 months. Younger age at symptom onset was associated

Pulmonary tuberculosis

3 (1.1)

Varicellar zoster

1 (0.4)

Diabetes

Abbreviations: BASDAI, Bath Ankylosing Spondylitis Disease Activity
Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BMI, body
mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; HLA, human leukocyte antigen; IBP, inflammatory back pain; IQR,
interquartile range; mSASSS, modified Stoke Ankylosing Spondylitis
Spine Score; NSAID, non-steroidal anti-inflammatory drug; SD, standard
deviation; SpA, spondyloarthritis; VAS, Visual Analog Scale.

with radiographic progression in patients with nr-axSpA in this study.
Dougados et al reported that mean age was younger in patients
with radiographic progression of the sacroiliac joint than patients
without radiographic progression.13 HLA-B27 positivity and smoking were risk factors for radiographic progression in AS.13,31 Early
disease onset was significantly higher in HLA-B27-positive patients
and late disease onset was significantly higher in HLA-B27-negative
patients.32 Patients with late-onset AS more often showed involvement of peripheral arthritis whereas those with early-onset AS more
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TA B L E 3

Medications used by the study population

Variables

Variables
Initiation of NSAIDs, n (%)

(Continued)

266 (95.6)

Reason for discontinuation (n = 12), n (%)

Naproxen

86 (32.3)

Adverse event

3 (25.0)

Celecoxib

83 (31.2)

Inefficacy

5 (41.7)

Meloxicam

52 (19.5)

Improved symptom

0 (0.0)

Aceclofenac

21 (7.9)

Nabumetone

14 (5.3)

Indomethacin

4 (1.5)

Others

6 (2.3)

Not use of NSAIDs

6 (2.2)

Missing

6 (2.2)

First NSAID adherence, n (%)
Continue

112 (42.1)

Stop

142 (53.4)

Missing
Mean duration of use of first NSAID, mo, mean
± SD

12 (4.5)
8.7 ± 13.1

4 (33.3)
66 (23.7)

Abbreviations: bDMARDs, biologic disease-modifying antirheumatic
drugs; csDMARDs, conventional synthetic disease-modifying
antirheumatic drugs; NSAID, non-steroidal anti-inflammatory drug; SD,
standard deviation.

often showed axial symptoms.33 More frequent smoking, HLA-B27
positivity, and tendency for axial involvement may contribute to radiographic progression in patients with younger age onset nr-axSpA.
Baseline sacroiliitis and BMI were associated with progression to
AS. High BMI is an independent predictor of spinal radiographic progression in patients with AS.34,35 Adipokines are cytokines secreted

Reason for discontinuation (n = 142), n (%)
Adverse event

Missing or unknown
Initiation of systemic glucocorticoids, n (%)

8 (5.6)

by white adipose tissues. They can modulate inflammation and immune responses.36 Adipokines such as leptin, resistin, and visfatin

Inefficacy

75 (52.8)

are associated with radiographic progression.37,38 Biomechanical

Improved symptom

46 (32.4)

factors could influence radiographic progression. Jacques et al

Missing or unknown

13 (9.2)

demonstrated that mechanical strain can drive entheseal inflamma-

39

155 (55.8)

tion and new bone formation in SpA via the Erk1/2 signaling pathway.

Sulfasalazine

139 (89.7)

Occupational exposure to vibration or physical activity is associated

Methotrexate

15 (9.7)

with radiographic damage.40,41 The rapid radiographic progression in

1 (0.6)

obese patients could be explained by inflammation associated with

Initiation of csDMARDs

Hydroxychloroquine
Not use of csDMARDs

123 (44.3)

First csDMARDsadherence, n (%)
Continue

87 (56.1)

Stop

68 (43.9)

Reason for discontinuation (n = 68), n (%)
Adverse event

5 (7.4)

mechanotransduction and immune response factors.
Baseline sacroiliitis grade was a risk factor for progression to AS
from nr-axSpA. Previous studies have also identified that baseline
radiographic damage is a marker of future radiographic progression.31 A Rochester population-based cohort study has shown that
progression from nr-axSpA to AS is significantly more frequent and
faster in patients in the imaging arm than in those in the clinical

Inefficacy

30 (44.1)

Improved symptom

26 (38.2)

Missing or unknown

7 (10.3)

Initiation of bDMARDs

49 (17.6)

The current study has some limitations. First, we did not use cen-

Infliximab

18 (36.7)

tral reading. Sacroiliitis grade and classification of nr-axSpA and AS

Adalimumab

10 (20.4)

were done in each hospital. Although the rheumatologist or radiolo-

Etanercept

9 (18.4)

gist in each tertiary center scored X-ray images, reliability might not

Golimumab

11 (22.4)

Secukinumab
Not use of bDMARDs

1 (2.1)
229 (82.4)

First bDMARDs adherence, n (%)
Continue

37 (75.5)

Stop

12 (24.5)

Mean time of first biologic use, mo, mean ± SD

24.9 ± 32.6

arm.12 In patients with early inflammatory back pain, a combination
of sacroiliitis on MRI and HLA-B27 positivity is a strong predictor of
the development of AS.42

be good in grading radiographic sacroiliitis because different readers
scored the X-ray images. Second, X-rays for sacroiliac joint were not
performed yearly in all study population. Pelvis X-rays were performed at various intervals for each patient. Therefore, the inherent
bias should be considered in this study design. Third, KONASPA was
a retrospective and prospective cohort. Patients who were diagnosed with nr-axSpA at their first visit to the rheumatology clinic
can be included, regardless of their condition at the time of cohort
enrollment. Therefore, for some patients who were enrolled retro-

(Continues)

spectively, pre-existing data were not sufficient with possible recall
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TA B L E 4 Comparison of baseline
characteristics between male and female
patients
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Variable

Male patients
(n = 152)

Female patients
(n = 126)

P value

Age at symptom onset, y, mean ± SD

24.9 ± 12.0

31.8 ± 15.8

<0.001

Age at diagnosis, y, mean ± SD

29.7 ± 9.7

35.1 ± 14.1

Smoking (n = 251), n (%)

<0.001
< 0.001

never smoker

77 (56.6)

102 (88.7)

ex-smoker

21 (15.4)

6 (5.2)

current smoker

38 (27.9)

7 (6.1)

Alcohol, frequency (n = 236), n (%)

< 0.001

Never

31 (23.8)

63 (59.4)

≤1/wk

48 (36.9)

30 (28.3)

2-3/wk

40 (30.8)

8 (7.5)

≥4/wk

11 (8.5)

5 (4.7)

Peripheral arthritis, n (%)

70/146 (47.9)

65/124 (52.4)

0.464

Enthesitis, n (%)

36/146 (24.7)

47/121 (38.8)

0.013

Dactylitis, n (%)

5/145 (3.4)

9/123 (7.3)

0.156

17/146 (11.6)

30/123 (24.4)

0.006

Psoriasis, n (%)

4/146 (2.7)

7/123 (5.7)

0.355

Inflammatory bowel disease, n (%)

6/146 (4.1)

7/123 (5.7)

0.547

Uveitis, n (%)

Family history of SpA

23/143 (16.1)

24/122 (19.7)

0.446

Duration from onset of IBP to diagnosis,
mo, mean ± SD

152.4 ± 392.8

78.6 ± 249.7

0.072

VAS for patient`s global assessment,
mean ± SD

3.9 ± 2.4

4.4 ± 2.3

0.228

BASDAI (n = 176)

3.4 ± 2.2

3.5 ± 1.9

0.620

BASFI (n = 167)

1.5 ± 1.8

1.7 ± 1.9

0.524

BMI, kg/m2, mean ± SD

24.1 ± 3.4

22.2 ± 3.7

ESR, mm/h, mean ± SD

31.0 ± 31.7

36.5 ± 29.2

<0.001
0.148

CRP, mg/dL, mean ± SD

2.48 ± 4.82

1.23 ± 1.91

0.006

HLA-B27 positive, n (%)

120/152 (78.9)

101/126 (80.2)

0.803

SIJ grade, total, mean ± SD

1.6 ± 1.1

1.5 ± 1.1

0.252

NSAIDs, n (%)

148 (97.4)

118 (93.7)

0.148

csDMARDs, n (%)

87 (57.2)

68 (54.0)

0.585

bDMARDs, n (%)

30 (19.7)

19 (15.1)

0.310

Systemic glucocorticoids, n (%)

31 (20.4)

35 (27.8)

0.150

Progression to AS, n (%)

18 (11.8)

13 (10.3)

0.688

Abbreviations: AS, ankylosing spondylitis; BASDAI, Bath Ankylosing Spondylitis Disease Activity
Index; BASFI, Bath Ankylosing Spondylitis Functional Index; bDMARDs, biologic disease-modifying
antirheumatic drugs; BMI, body mass index; CRP, C-reactive protein; csDMARDs, conventional
synthetic disease-modifying antirheumatic drugs; ESR, erythrocyte sedimentation rate; HLA,
human leukocyte antigen; IBP, inflammatory back pain; NSAID, non-steroidal anti-inflammatory
drug; SD, standard deviation; SIJ, sacroiliac joint; SpA, spondyloarthritis; VAS, Visual Analog Scale.

bias. As the study design is actually not a prospective study, it is

disease burden, and treatment modality, and comorbidities of nr-

necessary to analyze the characteristics of progressors among the

axSpA in detail using a nationwide cohort.

patients who were enrolled prospectively. Fourth, the number of pa-

In conclusion, characteristics of nr-axSpA in KONASPA were

tients who had radiographic progression is small. Thirty-one patients

comparable with those shown in western cohort studies. This study

progressed to AS and were used to assess factors for radiographic

revealed that women with nr-axSpA showed a late disease onset and

progression. A small sample size may estimate the effect imprecisely.

more extra-articular manifestations than men. Younger age at symp-

The strength of our study was that we evaluated characteristics,

tom onset, high BMI, and the presence of radiographic sacroiliitis at
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Variable

Non-progressor
(n = 247)

Progressor
(n = 31)

Male, n (%)

134 (54.3)

18 (58.1)

0.688

Age at symptom onset, y, mean ± SD

29.1 ± 14.5

22.5 ± 10.2

0.016

Age at diagnosis, y, mean ± SD

32.7 ± 12.4

27.6 ± 9.8

0.028

161 (72.9)

18 (60.0)

Smoking (n = 251), n (%)
never smoker

0.016

ex-smoker

26 (11.8)

1 (3.3)

current smoker

34 (15.4)

11 (36.7)

89 (42.8)

5 (17.9)

≤1/wk

67 (32.2)

11 (39.3)

2-3/wk

39 (18.8)

9 (32.1)

Alcohol, frequency (n = 236), n (%)
Never

≥4/wk

P value

0.040

13 (6.2)

3 (10.7)

118 (49.4)

17 (54.8)

0.567

Enthesitis, n (%)

78 (32.9)

5 (16.7)

0.070

Dactylitis, n (%)

13 (5.5)

1 (3.2)

1.000

Uveitis, n (%)

41 (17.2)

6 (19.4)

0.769

Psoriasis, n (%)

11 (4.6)

0 (0.0)

0.622

Peripheral arthritis, n (%)

Inflammatory bowel disease, n (%)

12 (5.0)

1 (3.2)

1.000

Family history of SpA, n (%)

43 (18.3)

4 (13.3)

0.618

Duration from onset of IBP to
diagnosis, mo, mean ± SD

117.2 ± 335.2

125.2 ± 342.5

0.902

Schober, cm (n = 71), mean ± SD

5.3 ± 1.9

5.1 ± 2.5

0.838

Chest expansion, cm (n = 57), mean
± SD

4.3 ± 1.6

4.4 ± 1.3

0.780

VAS for patient’s global assessment
(n = 171), mean ± SD

4.2 ± 2.3

3.6 ± 2.3

0.251

BASDAI (n = 176), mean ± SD

3.4 ± 2.1

3.5 ± 2.0

0.818

BASFI (n = 167), mean ± SD

1.6 ± 1.2

1.9 ± 1.6

0.553

2

BMI, kg/m , mean ± SD

23.3 ± 3.6

23.5 ± 4.1

0.774

Systolic blood pressure, mmHg, mean
± SD

122.8 ± 14.0

123.9 ± 15.8

0.981

Diastolic blood pressure, mmHg,
mean ± SD

74.3 ± 11.7

76.1 ± 11.5

0.441

ESR, mm/hr, mean ± SD

35.3 ± 31.5

19.2 ± 19.1

<0.001

CRP, mg/dL, mean ± SD

2.03 ± 3.91

1.04 ± 1.98

0.183

HLA-B27-positive, n (%)

198 (80.2)

23 (74.2)

0.438

SIJ grade, total, mean ± SD

1.5 ± 1.1

2.3 ± 0.9

<0.001

NSAIDs, n (%)

235 (95.1)

31 (100)

0.373

csDMARDs, n (%)

133 (53.8)

22 (71.0)

0.070

bDMARDS, n (%)

40 (16.2)

9 (29.0)

0.077

Systemic glucocorticoids, n (%)

55 (22.3)

11 (35.5)

0.103

Abbreviations: AS, ankylosing spondylitis; BASDAI, Bath Ankylosing Spondylitis Disease Activity
Index; BASFI, Bath Ankylosing Spondylitis Functional Index; bDMARDs, biologic disease-modifying
antirheumatic drugs; BMI, body mass index; CRP, C-reactive protein; csDMARDs, conventional
synthetic disease-modifying antirheumatic drugs; ESR, erythrocyte sedimentation rate; HLA,
human leukocyte antigen; IBP, inflammatory back pain; NSAID, non-steroidal anti-inflammatory
drug; SD, standard deviation; SIJ, sacroiliac joint; SpA, spondyloarthritis; VAS, Visual Analog Scale.

TA B L E 5 Comparison of baseline
characteristics between non-progressors
and AS progressors
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TA B L E 6 Predictors of progression to
AS from nr-axSpA

Univariable analysis

Multivariable analysis

Variable

HR (95% CI)

P value

HR (95% CI)

Male

1.09
(0.53-2.27)

0.800

Age at symptom onset

0.96
(0.93-0.99)

0.037

Age at diagnosis

0.98
(0.94-1.01)

0.267

Smoking

1.12
(0.53-2.35)

0.758

Alcohol consumption

1.85
(0.75-4.58)

0.181

Peripheral arthritis

0.95
(0.35-2.53)

0.924

Enthesitis

0.25
(0.05-1.11)

0.070

Dactylitis

3.12
(0.39-25.03)

0.283

Uveitis

0.90
(0.29-2.75)

0.856

Inflammatory bowel disease

0.61
(0.08-4.66)

0.640

Family history of SpA

0.28
(0.03-2.12)

0.291

Duration from onset of IBP
to diagnosis

1.00
(1.00-1.01)

0.235

Schober (n = 71)

1.15
(0.85-1.55)

0.345

VAS for patient’s global
assessment (n = 171)

1.03
(0.85-1.24)

0.713

BASDAI (n = 176)

1.08
(0.90-1.30)

0.395

BASFI (n = 167)

1.16
(0.90-1.50)

0.237

BMI

1.16
(1.04-1.30)

ESR

1145

P
value

0.93
(0.88-0.97)

0.006

0.006

1.24
(1.06-1.44)

0.005

0.98
(0.96-1.00)

0.056

0.99 (0.97-1.01)

0.681

CRP

0.91 (0.75-1.12)

0.404

HLA-B27-positive

1.04
(0.45-2.38)

0.920

SIJ grade, total

1.56
(1.08-2.27)

0.017

1.86 (1.19-2.92)

0.006

csDMARDs

1.40
(0.63-3.08)

0.401

bDMARDs

0.95
(0.43-2.09)

0.915

Systemic glucocorticoids

0.85
(0.40-1.80)

0.681

Abbreviations: AS, ankylosing spondylitis; BASDAI, Bath Ankylosing Spondylitis Disease Activity
Index; BASFI, Bath Ankylosing Spondylitis Functional Index; bDMARDs, biologic disease-modifying
antirheumatic drugs; BMI, body mass index; CI, confidence interval; CRP, C-reactive protein;
csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; ESR, erythrocyte
sedimentation rate; HLA, human leukocyte antigen; HR, hazard ratio; IBP, inflammatory back pain;
nr-axSpA, non-radiographic axial spondyloarthritis; SIJ, sacroiliac joint; VAS, Visual Analog Scale.
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diagnosis were associated with progression to AS. KONASPA is an
ongoing cohort. A larger number of patients and follow-up data are
expected to be collected in the future. KONASPA will contribute to
the identification of characteristics and natural course of nr-axSpA.
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Abstract
Aim: Postural abnormalities of the foot are common in rheumatic diseases. Static foot
posture is a poorly studied clinical parameter in ankylosing spondylitis (AS). The aim
of the study was to evaluate static foot posture in patients with AS and to determine
the potential impact of clinical variables on foot posture.
Method: Fifty patients with AS and 40 age-and sex-matched healthy controls were
enrolled in the study. Disease activity was measured using the Ankylosing Spondylitis
Disease Activity Score. Axial mobility was evaluated with the Bath Ankylosing Spondylitis
Metrology Index three-
point answer scale. Functional status was assessed by the
Bath Ankylosing Spondylitis Functional Index and Health Assessment Questionnaire-
Disability Index. Enthesitis and foot posture were evaluated by the Maastricht Ankylosing
Spondylitis Enthesitis Score (MASES) and Foot Posture Index-6, respectively.
Results: Patients with AS revealed significantly higher scores of foot posture index
when compared with controls (P = 0.005). Abnormal foot posture (pronated and supinated) was more common in the patient group (P < 0.01). According to the multinomial logistic regression analysis, a higher MASES score was associated with supinated
foot posture in AS patients (odds ratio 1.47, 95% confidence interval 1.03-2.09,
P = 0.035). In addition, supinated foot posture was associated with enthesitis of the
Achilles tendon (P = 0.002).
Conclusion: Enthesitis is related to deteriorated static foot posture in patients with AS.
Enthesitis of the Achilles tendon is closely associated with the supinated foot posture.
KEYWORDS

Ankylosing spondylitis, enthesitis, foot posture, foot posture index, Maastricht Ankylosing
Spondylitis Enthesitis Score

1 | I NTRO D U C TI O N

characterized by primarily axial skeleton involvement. Although
arthritis and enthesitis are the most common manifestations of

Spondyloarthritis (SpA) is an umbrella term including arthritic dis-

peripheral spondyloarthritis, these are also observed in axial spon-

eases with similar pathophysiological, clinical, and imaging fea-

dyloarthritis (30%-50%). 2,3

tures.1 It is classified according to the predominant clinical sign as

Ankylosing

spondylitis

contributes

to

several

postural

peripheral SpA and axial SpA. Ankylosing spondylitis (AS), the pro-

changes during the disease course. Frequently expected postural

totype of axial spondyloarthritis, is a chronic inflammatory disease

changes are cervical flexion, decreased lumbar lordosis, pelvic

© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd
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anteversion along with hip and knee flexion, and ankle dorsiflexion.

4,5

Accordingly, foot posture may also change in view of the

1149

supinated feet. FPI-6 from 0 to +5, ≥+6 and ≤−1 were regarded as

neutral, pronated, and supinated, respectively.10

misalignment of axial skeleton, hip and knee joint. Not only can the
ankle joint be affected, but also other parts of the foot (hindfoot,
forefoot) may be influenced.1,5

2.3 | Evaluation of the clinical variables

Arthritis and enthesitis may contribute to abnormal foot posture
in patients with AS. Sahli et al1 studied foot involvement in SpA. The

The disease activity was calculated based on Ankylosing Spondylitis

authors found that 39% of the AS patients had foot involvement. A

Disease Activity Score (ASDAS). According to ASDAS, back pain,

recent study conducted by Koca et al6 investigated the relationship

peripheral pain/swelling, patient assessment of global disease activ-

between foot function and clinical variables, particularly enthesitis.

ity, and duration of morning stiffness were evaluated by a numerical

Consequently, impaired foot function due to enthesitis, tarsitis, and

rating scale (from 0 to 10). Additionally, C-reactive protein level was

deformities was found to be more frequent in AS patients than in

added to the ASDAS formula before final calculation. Results were

healthy controls. Although the influence of enthesitis on foot func-

classified into four disease activity states including inactive disease

tion has been discussed, its effect on foot posture has not been men-

(<1.3), moderate disease activity (≥1.3 to <2.1), high disease activity

tioned in the literature. Given the limited data in the literature, the

(≥2.1 to ≤3.5), and very high disease activity (>3.5) proposed by the

aim of the present study was to assess static foot posture and its

Assessment of SpondyloArthritis of the International Society.11,12

relation to clinical variables in patients with AS.

The Health Assessment Questionnaire-Disability Index (HAQ-DI)
was used to evaluate physical function. The HAQ-DI comprises 20

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Study design and study population

items in eight categories including dressing, rising, eating, walking,
hygiene, reach, grip, and daily activities. The index assesses physical
function during the previous week. Each item is scored from 0 to 3,
where 0 represents the capability of doing the activity and 3 states
the highest incapability to perform the activity. Higher scores indi-

This case-control study was conducted between May 2018 and May

cate impaired function.13-15

2019. The inclusion criteria were as follows; (a) AS patients who met

The Bath Ankylosing Spondylitis Metrology Index (BASMI)

the 2010 Assessment of SpondyloArthritis International Society

three-point answer scale was used to assess the axial mobility of

classification criteria,7 (b) being between the ages of 18 and 65 years,

patients. Accordingly, tragus to wall distance, lumbar flexion (mod-

and (c) having sufficient cognitive skills to be effectively questioned.

ified Schober), lateral lumbar flexion, and maximum intermalleolar

The control group comprised 40 age-and sex-matched healthy par-

distance, and cervical rotation are evaluated. Each of the five clinical

ticipants. Patients with (a) hip, knee, or ankle joint involvement, (b)

parameters is graded from 0 to 2. Total score is calculated from 0 to

history of major trauma and/or surgery to the ankle-foot complex, (c)

10 with higher scores indicating impaired mobility.16,17

congenital deformities of the foot/ankle, or (d) distal polyneuropa-

The Bath Ankylosing Spondylitis Functional Index (BASFI) was

thies were excluded. Written informed consent was obtained from

used to evaluate the functional status of patients. It includes 10

each patient according to the Declaration of Helsinki. The local eth-

items assessing daily activities. Each item is scored on a 0-10 scale

ics committee of Cukurova University approved the study protocol

and high scores indicate decreased function. The mean score of the

(Date: April 13, 2018, Ethical approval number: 76).

sum of all items is recorded as the final score. Increased scores indicate impaired function.17-19

2.2 | Foot posture evaluation

Enthesitis was assessed using the Maastricht Ankylosing
Spondylitis Enthesitis Score (MASES). A total of 13 entheses including the spinous process of the fifth lumbar vertebra, bilateral of

Static foot posture was assessed by the Foot Posture Index-6 (FPI-6)

first and seventh costochondral joint, spina iliaca anterior superior,

while the patient was standing barefoot. FPI-6 includes six anatomi-

crista iliaca, spina iliaca posterior superior, and proximal insertion of

cal evaluations: (a) talar head palpation, (b) supra-and infra-lateral

Achilles tendons are assessed. Each site is scored as 0 or 1 point,

malleolar curvature, (c) calcaneal frontal plane position, (d) promi-

which is calculated according to the presence or absence of pain by

nence in the region of talonavicular joint, (e) congruence of the me-

local pressure. The sum of all sites is noted as the final score (from 0

dial longitudinal arch, (f) abduction/adduction of forefoot on the

to 13). High scores are related to clinically important enthesitis.17,20

rearfoot. Each anatomical assessment is scored from −2 to +2. The
total score ranges from −12 to +12. The foot posture is categorized
into five as follows: (a) normal/neutral (from 0 to +5), (b) pronated

2.4 | Statistical analysis

foot (from +6 to +9), (c) highly pronated foot (from +10 to +12), (d)
supinated foot (from −1 to −4), (e) highly supinated foot (from −5

Data distribution was evaluated by the Shapiro-Wilk test.

to −12).8-10 Further categorization was performed by merging the

Descriptive analysis was used to analyze the demographic vari-

highly pronated and pronated feet, and the highly supinated and

ables. Comparative analyses between groups were performed using
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Fisher’s exact test and Mann-Whitney U test for categorical and
continuous variables, respectively. Comparison of continuous vari-

TA B L E 2
groups

The comparison of the static foot posture between

ables among foot posture groups was done by the Kruskal-Wallis
test. Spearman’s correlation analysis was used to evaluate potential
correlations between foot posture and clinical variables. Univariate

FPI-6 score

analysis was performed as a means of identifying the predictive variperformed to determine the risk factors related to impaired foot
posture. Results with P values less than 0.05 were considered statistically significant. SPSS version 20.0 (IBM, Armonk, NY, USA) was
used for statistical analysis.

Controls
(n = 40)

P

2.0 (0-5.0)

0 (0-1.0)

0.005*
0.007*

6 (12)

2 (5)

Neutralb

36 (72)

38 (95)

Pronatedb

8 (16)

0

Supinated

ables for foot posture. Multinomial logistic regression analysis was

b

a

Patients
(n = 50)

Abbreviation: FPI-6, Foot Posture Index-6.
a

Values are given as median (interquartile range). P value is derived from
the Mann-Whitney U test.

b

Values are given as n (%). P value is derived from the Fisher's exact
test.

3 | R E S U LT S

*P < 0.05.

Fifty patients (29 males, 21 females) and 40 age-and sex-matched
controls (19 males, 21 females) were included in the study. The de-

In the patient group, there were no statistically significant

mographic and clinical characteristics of the participants are given in

differences in clinical variables among static foot posture groups

Table 1. Median age of the patients was 44 years. Of the patients,

(Table 3). In addition, the FPI-6 score showed no correlation with

42% were taking biological disease-modifying anti-rheumatic drugs,

the clinical variables including HAQ-DI, ASDAS, BASMI, BASFI,

and the rest were on non-steroid anti-inflammatory drug therapy.

and MASES (Table 4). However, patients with Achilles enthesi-

According to FPI-6, 36 (72%), 8 (16%), and 6 (12%) patients had

tis revealed significantly higher rates of supinated foot posture

neutral (from 0 to +5), pronated (≥+6), and supinated (≤−1) foot

(Fisher's exact test, P = 0.002). In univariate analysis, MASES and

posture, respectively. Of the healthy controls, only two showed su-

BASFI scores were found as the candidates for regression anal-

pinated foot posture and the rest had neutral FPI-6. When foot pos-

ysis (P = 0.025 and P = 0.003, respectively). Multinomial logistic

ture was compared between groups, abnormal posture (pronated

regression analysis was used to evaluate the potential risk factors

and supinated) was significantly more frequent in patients than

for impaired foot posture. Accordingly, a higher MASES score ap-

that in controls (28 vs 5, Fisher's exact test, P < 0.01). Additionally,

peared as a risk factor for supinated foot posture in AS patients

the FPI-6 score was significantly higher in patients than in controls

(odds ratio 1.47, 95% confidence interval 1.03-2 .09, P = 0.035).

(P = 0.005) (Table 2).

In addition, further multinomial logistic regression analysis was
performed by including other potentially affecting variables with
P values below 0.50. In this respect, a higher MASES score contin-

TA B L E 1 The baseline and clinical characteristics of the study
population

for age, BMI, BASMI, BASFI, and HAQ-DI (odds ratio 1.69, 95%
confidence interval 1.03-2 .78, P = 0.038).

Patients
(n = 50)

Controls
(n = 40)

44.0 (35.0-50.3)

43.0 (35.8-51.0)

BMI (kg/m )

27.9 (24.3-32.0)

26.4 (24.0-28.0)

Female/maleb

21 (42.0)/29 (58.0)

21 (52.5)/19 (47.5)

A number of studies so far have investigated foot involvement in SpA.1,21

CRP (mg/dL)a

0.86 (0.38-1.44)

—

Foot involvement includes bone erosions, para-articular enthesophyte

HAQ-DIa

6.0 (0.8-10.3)

—

ASDASa

2.4 (1.8-3.2)

—

BASMIa

1.0 (0-4.0)

—

BASFIa

2.9 (1.0-4.4)

—

MASESa

2.0 (0-3.0)

—

Age (years)a
2 a

Abbreviations: ASDAS, Ankylosing Spondylitis Disease Activity Score;
BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, Bath
Ankylosing Spondylitis Metrology Index; BMI, body mass index; CRP, C-
reactive protein; HAQ-DI, Health Assessment Questionnaire-Disability
Index; MASES, Maastricht Ankylosing Spondylitis Enthesitis Score.
a

Values are given as median (interquartile range).

b

ued being a risk factor for supinated foot posture after adjusting

Values are given as n (%).

4 | D I S CU S S I O N

formation, and Achilles enthesitis.21 Achilles enthesitis was found to be
associated with higher BASFI and HAQ-DI scores.22 Koca et al6 studied
the determinants of foot function in patients with AS. Both the foot
function index total score and the subscores were significantly higher
in the AS group when compared with controls. The foot function index
subscores for pain, disability, and activity limitation showed significant
correlation with BASFI and the Bath Ankylosing Spondylitis Disease
Activity Index scores.6 Another study found that late-onset SpA, peripheral SpA, shorter disease duration, and higher CRP were associated
with foot involvement. However, there was no association with BASFI
score.1 In the present study, patients with AS revealed impaired foot
posture and those with Achilles enthesitis revealed higher impairment

|
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TA B L E 3 The evaluation of clinical
variables in accordance with static foot
posture in patients with ankylosing
spondylitis
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Supinated (n = 6)

Neutral (n = 36)

Pronated (n = 8)

P

47.5 (34.5-58.0)

44.5 (35.5-49.8)

37.5 (22.8-54.5)

0.612

BMI (kg/m )

29.3 (26.6-31.9)

28.0 (24.8-31.6)

24.4 (20.7-36.3)

0.537

CRP (mg/dL)

0.6 (0.4-0.9)

1.0 (0.4-1.5)

0.5 (0.3-2.3)

0.459

HAQ-DI

8.5 (0.8-12.5)

6.0 (0-10.5)

4.0 (1.5-13.0)

0.620

ASDAS

2.7 (1.5-3.5)

2.4 (1.8-3.2)

2.2 (1.7-3.3)

0.975

BASMI

1.0 (0.8-4.0)

1.0 (0-4.0)

3.0 (0.3-4.8)

0.838

Age (years)
2

BASFI

3.6 (1.8-4.4)

2.8 (0.5-4.4)

3.1 (1.2-4.4)

0.675

MASES

2.0 (2.0-7.3)

1.5 (0-3.0)

1.5 (0.3-6.0)

0.137

Note: Values are given as median (interquartile range). P value represents Kruskal-Wallis test.
Abbreviations: ASDAS, Ankylosing Spondylitis Disease Activity Score; BASFI, Bath Ankylosing
Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; BMI, Body
Mass Index; CRP, C-reactive protein; HAQ-DI, Health Assessment Questionnaire-Disability Index;
MASES, Maastricht Ankylosing Spondylitis Enthesitis Score.

TA B L E 4

Intercorrelation of study variables in patients with ankylosing spondylitis
1

2

3

1. Age (years)

1

2. BMI (kg/m2)

0.376**

1

3. CRP (mg/dL)

0.082

0.071

1

4. HAQ-DI

0.146

0.172

0.183

4

5

6

7

8

9

1

5. ASDAS

−0.009

0.076

0.544***

0.606***

1

6. BASMI

0.416**

0.204

0.072

0.371**

0.050

1

7. BASFI

0.097

0.079

0.200

0.867***

0.584***

0.512***

1

8. MASES

−0.194

0.086

0.203

0.452***

0.567***

−0.048

0.367**

1

9. FPI-6

−0.194

−0.043

0.005

−0.078

−0.095

0.094

−0.107

0.022

1

Note: Values represent Spearman's correlation coefficients. *P < 0.05, **P < 0.01, ***P < 0.001.
Abbreviations: ASDAS, Ankylosing Spondylitis Disease Activity Score; BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, Bath Ankylosing
Spondylitis Metrology Index; BMI, body mass index; CRP, C-reactive protein; FPI-6, Foot Posture Index-6; HAQ, Health Assessment Questionnaire-
Disability Index; MASES, Maastricht Ankylosing Spondylitis Enthesitis Score.

in physical function. On the other hand, Achilles enthesitis was not cor-

is influenced not only by stable position but also by movement.

related with BASFI scores or disease activity.

In the present study, only the static component of foot posture

The biomechanical background of impaired foot function in
AS has been studied by a number of researchers. Sawacha et al 5

was assessed and Achilles enthesitis appeared as a determinant
of supinated foot posture.

assessed balance and posture using a pocket compass needle

There are some limitations of the current study. The study exam-

goniometer and stereo-p hotogrammetric imaging system. They

ined static foot posture. Therefore, the results do not provide any

found that decreased pelvic anteversion and hip flexion could

insight into the dynamic component of foot posture in AS. Besides,

cause increased knee flexion and ankle dorsiflexion. Overall

enthesitis was evaluated only by physical examination. No imaging

lower extremity alignment may also be important and may af-

techniques such as ultrasound or magnetic resonance imaging were

fect the posture of the foot. Further studies evaluating the ef-

performed to further support the examination findings. In addition,

fect of hip and knee alignment on foot posture are required.

radiographic evaluation that would allow us to determine poten-

Another study investigating the link between static foot posture

tial foot abnormalities such as epin calcanei was not carried out.

and plantar pressure in healthy participants showed that lower

Although the results revealed a close relationship between enthesi-

arch posture was related to greater pressure under the hallux

tis and foot posture, the case-control study design was unable to

along with medial mid-f oot. 23 Aydin et al24 evaluated static and

provide any causative relation.

dynamic foot postures of AS patients by using pedobarography.

In conclusion, the present study revealed that static foot pos-

There was no difference between AS patients and healthy con-

ture is impaired in patients with AS. Achilles enthesitis is closely re-

trols in terms of static foot posture. However, during dynamic

lated to supinated foot posture. Preventive measures would be of

assessment, increased plantar pressure was observed at the fore-

importance for AS patients, particularly for those presenting with

foot and mid-f oot in AS patients. Accordingly, the foot posture

enthesitis.
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Multiple studies have been conducted using the WHO-International League of

(COPCORD) is intended to reduce the information deficit about the epidemiology
of rheumatic diseases, particularly in rural communities in high-income countries.
Associations for Rheumatology (ILAR)-COPCORD core questionnaire in Bangladesh
using the translated version in the Bangla language. Cross-cultural adaptation and
validation of the questionnaire are important to achieve better outcomes.
Aim: To develop a culturally adapted, valid, and reliable Bangla version of the WHO-
ILAR-COPCORD Core English Questionnaire to use as a rheumatic screening instrument among Bangla-speaking people.
Methods: The original English WHO-ILAR-COPCORD questionnaire was translated
into Bangla and adapted in the local socio-cultural context maintaining idiomatic, semantic, experiential, and conceptual equivalence between the English and Bangla
versions. Pretesting was carried out among 30 patients and healthy attendants, following standard international recommendations. Content validity of the adapted
Bangla version was assessed by the item- and scale-level content validity indices
(I-CVI and S-CVI). The adapted Bangla version of the WHO-ILAR-COPCORD questionnaire was used to assess 120 patients with rheumatic problems and healthy individuals. Test-retest reliability was assessed using intraclass correlation coefficients.
Results: The Bangla version of the WHO-ILAR-COPCORD questionnaire showed
excellent content validity (I-CVI = 1, S-CVI = 1). The test-retest reliability was also
acceptable (intraclass correlation coefficient > 0.7).
Conclusion: The adapted Bangla version of the WHO-ILAR-COPCORD questionnaire demonstrated acceptable psychometric properties, in terms of content validity
and test-retest reliability, for evaluating rheumatic problems in Bangladeshi patients.
KEYWORDS

arthritis, infection, rheumatoid arthritis
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1 | I NTRO D U C TI O N

2 | M ATE R I A L S A N D M E TH O DS

Rheumatic diseases, which have been identified as a major cause of

2.1 | Type of study

disability worldwide, are associated with substantial personal, family, and socio-economic burden.1 The individual and social burden of

The observational study was conducted in two phases: phase I and

these diseases has a substantial negative impact on the quality of

phase II. Phase I consisted of translation and cross-cultural adapta-

life of the patients and the use of healthcare resources. 2 The World

tion of the original English WHO-ILAR-COPCORD questionnaire

Health Organization (WHO) in collaboration with the International

to Bangla based on the recommendations by Beaton et al.16 Phase

League of Associations for Rheumatology (ILAR) founded the

II consisted of assessment of the psychometric properties of the

Community-Oriented Program for Control of Rheumatic Disorders

adapted Bangla version of the WHO-ILAR-COPCORD questionnaire

(COPCORD) in 1981(Appendix 1) to recognize, prevent, and con-

i.e, testing its content validity and test-retest reliability.

trol rheumatic and allied musculoskeletal disorders.3 The program
is intended to collect data on the burden associated with rheumatic
disorders and to provide preventive measures including educa-

2.2 | Study population

tional interventions.4 The COPCORD comprises three main stages.
Stage 1 has the following three phases to collect the community

The study was conducted at the Department of Rheumatology

data on rheumatic musculoskeletal disorders based on house-to-

(outpatient and inpatient), Bangabandhu Sheikh Mujib Medical

house survey—phase I: collection of demographic data and identi-

University, Shahbag, Dhaka. The study included adult Bangladeshi

fying cases/respondents, phase II: data on pain and disability, and

patients with rheumatic problems, healthy attendants, and volun-

phase III: rheumatologic examination/evaluation. Phases I and II

teers. The criteria for exclusion were severely ill patients, individu-

are conducted by community health workers/nurses (WHO-ILAR-

als with intellectual and physical disabilities, and persons who were

COPCORD Questionnaire 2006). The phase I questionnaire includes

not willing to participate in the study. The estimated sample size for

basic demographic data with questions on age, gender, marital sta-

phase I pretest was 30 individuals (15 patients with rheumatic disor-

tus, physical activity, the nature of the respondent's work/employ-

ders and 15 healthy volunteers).

ment, monthly income, chronic medical illness, and presence/nature

Sample size for phase II was determined based on the test-retest

of traumatic events. In phase II, respondents who answered ‘yes’ to

reliability. This was measured by the intraclass correlation coeffi-

the presence of pain for ≤7 days are requested to mark the location

cient (r). The expected r of the Bangla version of the Revised WHO-

and the severity of the pain (graded as mild, moderate, severe, and

ILAR-COPCORD Core English Questionnaire was 0.8 with an r of 0.7

very severe) on a human manikin. The respondents are also asked

or higher being acceptable. The defined H0:ρ0 was 0.7 and H1:ρ1

to complete the sections of the questionnaire regarding functional

was 0.8. Using a two-sided test, as suggested by Walter et al 17, with

disability, difficulty in performing specific tasks, and the treatment
received.5
The past decade has witnessed newer insights regarding

β (probability of type II error) = 0.2 (80% power) and α (probability
of type I error) = 0.05, the sample size was estimated to be at least
117 individuals.

the epidemiology and comorbidity associated with rheumatic
diseases. 6 It has been projected that the health burden of rheumatic diseases will increase in the new millennium. Prevalence

2.3 | Translation procedure

data for the major rheumatic diseases are available from high-
income countries, but figures from low- and middle-i ncome

Translation and adaptation of the English WHO-ILAR-COPCORD

countries are still emerging. The COPCORD methodology

questionnaire to Bangla was accomplished in five stages, namely

is designed to be simple and cost effective, and local health

forward translation, synthesis of Bangla version, back translation,

workers are designated to perform a house-t o-h ouse survey,

expert committee review, and test of the pre-final Bangla version (as

collecting data on rheumatic complaints and disability from the

per the recommendations by Beaton et al16). The forward transla-

adult population. COPCORD has been adapted and validated

tion was carried out by two translators whose mother tongue was

in Iran, 3 China,9,10 the Philippines,9 Indonesia, 5,10 Taiwan,11

Bangla. One of the translators was the first author and the other

Thailand,12 Canada,13 Brazil, Chile, Mexico,14 and Pakistan.15

was a Bangla teacher working at the University of Dhaka. A synthe-

Although, there were some previous efforts for the translation

sized Bangla version was generated from both the translations and

and adoption of the questionnaire into Bangla, it has not yet

the same was back translated into English by two English linguistic

been published because of problems with data collection and

professionals working at the University of Dhaka. An expert com-

determining the prevalence of rheumatic diseases. The present

mittee, comprising two rheumatologists, a language professional, a

study is intended to develop a version of the revised WHO-

translator (forward and back translators), and a translation synthe-

ILAR-C OPCORD questionnaire to evaluate its validity and reli-

sis recorder reviewed all the translations and compared them with

ability among Bangladeshi patients.

the original English WHO-ILAR-COPCORD questionnaire. The
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committee verified the idiomatic, semantic, experiential, and con-
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ceptual equivalence between the English and Bangla versions, and
a consensus was reached to form the pre-final Bangla version of the

During phase I pretesting, several Bangla words were given to re-

questionnaire.

spondents for their input on better understandability, chosen responses and any alternate suggestions. During probing, individual

2.4 | Testing of pre-final Bangla version

questions of the COPCORD questionnaire were labelled as individual items. There were 11 items in phase I and seven items in phase
II, and each item corresponded with that in the original WHO-ILAR-

The pre-final Bangla version of the WHO-ILAR-COPCORD ques-

COPCORD questionnaire translated to Bangla. In phase I, items 1,

tionnaire was tested in a sample of 30 adults (15 patients with rheu-

2, 7, and 9 were understood by all (100%) of the respondents. The

matic disorders and 15 healthy attendants). The expert committee

expert committee decided to keep two Bangla options for the term

review was carried out before and after cross-cultural adaptation.

“rheumatic musculoskeletal disorder” [8(a) and 8(b)] for item 8 of

Each individual who completed the questionnaire was interviewed

the English questionnaire during pretesting and 8(b) was found to

to investigate what he or she meant by each questionnaire item and

be more understandable (100%) when compared with 8(a) (20%).

the chosen response. This ensured that the adapted version had re-

Hence, the committee decided to retain item 8(b), so that all the

tained its equivalence in an applied situation.

target population would be able to understand the item. Item 4 represented literacy status of the respondents. Understandability by

2.5 | Assessment of psychometric properties

the respondents was 66%, as the educational qualification of the
remaining participants (34%) was below the higher educational option given in item 4. The expert committee decided to retain item 4.

In the second phase, validity and reliability testing of the Bangla

The adapted version was made by compiling the items, which were

version of the questionnaire were carried out among 120 patients.

best understood and best chosen. Understandability and chosen

Content validity was assessed by the item-level content validity

responses were also tested for two alternate Bangla translations

index (I-C VI) and the scale-level content validity index (S-C VI).18

given for item 3, 5, 6, 10, and 11—the corresponding words were

For test-retest reliability, the Bangla version of the WHO-ILAR-

“widowed”, “drugs”, “housework” and “housemaid”, “high BP” and

COPCORD questionnaire was reapplied to the participants 7 days

“paralysis”. The best understood words (100%) and the best-chosen

after the first interview.

items by the participants were chosen from the pre-f inal version to
frame the adapted version. According to the decision of the expert

2.6 | Statistical analysis

committee, necessary modifications were made to achieve conceptual and experiential forms of equivalence for the items 4, 10, 11,
and item ka-3 (which is a Bengali alphabet ক, translated into Bangla

Data were assessed using SPSS 23.0 (IBM, Armonk, NY, USA).

from the original COPCORD questionnaire A3 in stage I, Phase II).

A P value less than 0.05 was considered statistically significant.

During probing of phase II, understandability and chosen re-

Content validity was assessed by the I-C VI and the S-C VI. Test-

sponses were tested by providing three alternate Bangla translations

retest reliability was assessed by demonstrating the correlation

of the word “stiffness” for item ka-1 (Bangla term of A1 of original

between the test and retest responses using intraclass correlation

phase II questionnaire) and ka-2 (Bangla term of A2 of original phase

coefficient (r). The expected r was at least 0.7 for good test-retest

II questionnaire), and two alternate Bangla words for English word

reliability.

“severe” of items ka-1 and ka-2. Item ka-3 (Bangla term of A3 of original phase II questionnaire) was understood by all the respondents.

2.7 | Ethical clearance

Item kha (Bangla term of Section B of original questionnaire) with
two parts (kha-1, B1 and kha-2, B2) represented the impact of functional disability. As this section was marked as optional in the original

The participants were informed in detail about the non-

English WHO-ILAR-COPCORD core questionnaire (asking to strike

interventional nature of the study. There were no physical, psycho-

out any activity that is not applicable or of interest), and there was

logical, and social risks to the participants and a detailed interview

no specific definition of impact of functional disability and consider-

was performed in each case. Ethical clearance was obtained from

ing the increased time taken, the expert committee decided to omit

the Institutional Review Board of Bangabandhu Sheikh Mujib

the item ‘kha’ (Bangla term of Section B) from the adapted version.

Medical University before the study. Spontaneous informed writ-

Difficulty in performing specific tasks, which can be measured by

ten consent was taken from the participants and an informed con-

a health assessment questionnaire, was translated and validated

sent form in Bangla (completed by the participant) was attached

earlier in Bangla (Section C). The item “ga” (Bangla term of Section

to the questionnaire. Each patient was free to withdraw from the

D of original phase II questionnaire) was understood by all (100%)

study at any stage, and privacy, anonymity, and confidentiality of

respondents. Hence, the expert committee decided to provide item

data were strictly maintained.

“ga” of the pre-final version as item “kha” in the adapted version.
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Content validity of the adapted version was assessed by four

communities. The corresponding point prevalence of musculoskele-

rheumatologists. Both the I-C VI (Table 1 and 2) for each item and

tal pain reported by the Bangladesh COPCORD study group in rural,

the S-C VI were estimated as 1 by the averaging calculation method.

urban slum, and affluent urban communities were 26.2%, 24.9%, and

Tables 1 and 3 depict the rating of each item by the experts, corre-

27.9%, respectively.19

sponding to I-C VI and S-C VI.

Questionnaires are frequently used tools in medical research for

Statistical analysis showed a strong correlation of Item 8a* (stop

data collection and evaluation. Several multinational and multicul-

work) with 8a** (rs = 0.891, P ≤ 0.001), item 8b*(change work) with

tural research studies have adopted questionnaires in local languages

8b** (rs = 1.000), item 11*(trauma) with 11**(rs = 0.939, P < 0.001),

to improve the interaction and response of the participants. 20 The

item ka-1* (pain in 7 days) with ka-1** (rs = 0.929, P < 0.001), Item

present study used a standard approach16 to adapt the question-

Ka-2* (pain before 7 days) with ka-2** (rs = 0.704, P < 0.001), Item ka

naire with respect to translation, cross-cultural equivalence, back

3* (recurrent pain) with ka-3** (rs = 0.922, P < 0.001), item kha*(past

translation, and reliability. The study enrolled 120 individuals (pa-

treatment) with kha** (rs = 1.000).

tients of rheumatic diseases and healthy attendants) and the cross-

The test-retest reliability of the Bangla version of the WHO-

cultural adaptation of the original WHO-ILAR-COPCORD English

ILAR-COPCORD questionnaire items was measured by intraclass

questionnaire was mainly concentrated on semantic and conceptual

correlation coefficient, which was found to be greater than 0.7

forms of equivalence. The adapted version of the questionnaire was

(P < 0.001), indicative of strong correlation between test and

found to have acceptable content validity in the form of I-C VI (=1), S-

retest scores, and hence giving acceptable test-retest reliability

CVI (=1). At the first visit, the COPCORD questionnaire was given to

(Table 4).

patients with rheumatic diseases and healthy attendants and the an-

.

swers to each individual item were recorded. Retest was conducted
after 7 days for the same respondents.
A study by Islam et al assessed translation and validation of the

4 | D I S CU S S I O N

COPCORD questionnaire into Bangla. 21 The study, comprising forward translation, back translation and validation, was carried out

Rheumatic disorders are the most common cause for long-term dis-

among a Bangladeshi population. Face validity was not done and

abilities, morbidity, substantial healthcare expenditures, and loss of

during test-retest reliability some questions showed poor correla-

work. The clinical and socio-economic burden of rheumatic disor-

tion using Spearman's correlation, and Phase I and Phase II of the

ders has been reported to be higher in Bangladeshi rural and urban

questionnaire were merged during translation. However, the current

Item

Rating by
expert 1

Rating by
expert 2

Rating by
expert 3

Rating by
expert 4

I-C VI

Item 1

4

4

4

3

1.0

Item 2

4

3

4

4

1.0

Item 3

4

3

4

4

1.0

Item 4

4

4

4

3

1.0

Item 5

4

4

4

4

1.0

Item 6

3

3

3

3

1.0

Item 7

3

4

3

3

1.0

Item 8

4

3

3

4

1.0

Item 9

4

4

4

3

1.0

Item 10

3

4

3

4

1.0

Item 11

3

4

3

4

1.0

Proportion
relevantc

4/4 = 1.0

4/4 = 1.0

4/4 = 1.0

4/4 = 1.0

S-C VI/Aveb (Mean
I-C VI) = 1.0

a

Abbreviations: COPCORD, Community-Oriented Program for Control of Rheumatic Disorders;
I-C VI, item-level content validity index; ILAR, International League of Associations for
Rheumatology; S-C VI, scale-level content validity index; WHO, World Health Organization.
Rating by each expert (rheumatologist) for all four questions: 1 = not relevant, 2 = somewhat
relevant, 3 = quite relevant, 4 = highly relevant; S-C VI/Aveb = (1.0 + 1.0 + 1.0 + 1.0)/4 = 1.0; I-CVIa,
item-level content validity index; I-C VI is the proportion of expert giving a rating of either 3 or 4;
S-C VI/Aveb, scale-level content validity index, averaging calculation method; Proportion relevantc,
proportion of questions that are quite or highly relevant; Excellent content validity means S-C VI/
Ave ≥0.9; Item, individual question. (Each item indicates corresponding questionnaire in original
phase I questionnaire translated to Bangla).

TA B L E 1 Content validity of the
adapted Bangla version of the WHO-
ILAR-COPCORD questionnaire (phase I)

|
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TA B L E 2 Content validity of the
adapted Bangla version of the WHO-
ILAR-COPCORD questionnaire (phase II)

Item

Rating by
expert 1

Rating by
expert 2

Rating by
expert 3

Rating by
expert 4

Mean I-C VIa

Item Ka-1

3

3

3

3

1.0

1157

Item Ka-2

4

3

3

4

1.0

Item Ka-3

4

4

3

4

1.0

Item Kha

4

4

3

3

1.0

Proportion
relevantc

4/4 = 1.0

4/4 = 1.0

4/4 = 1.0

4/4 = 1.0

S-C VI/Aveb
(Mean I-C VI) = 1.0

Abbreviations: COPCORD, Community-Oriented Program for Control of Rheumatic Disorders;
I-C VI, item-level content validity index; ILAR, International League of Associations for
Rheumatology; S-C VI, scale-level content validity index; WHO, World Health Organization.
Rating by each expert (rheumatologist) for all four questions: 1 = not relevant, 2 = somewhat
relevant, 3 = quite relevant, 4 = highly relevant; S-C VI/Aveb = (1.0 + 1.0 + 1.0 + 1.0)/4 = 1.0;
I-C VIa, item-level content validity index; I-C VI is the proportion of expert giving a rating of either
3 or 4; S-C VI /Aveb, scale-level content validity index, averaging calculation method; Proportion
relevantc, proportion of questions that are quite or highly relevant; Excellent content validity
means S-C VI/Ave ≥0.9; Item, individual question. (Each item indicates corresponding questionnaire
in Phase II questionnaire).

study has shown good face validity and test-retest reliability was
assessed using intraclass correlation coefficient (ICC). The ICC of

TA B L E 3 Brief description of each of the items considered in
phases I and II

all questions ranged from 0.704 to 1.00, which was indicative of a

Item 1

Personal data (question 1 of phase I)

strong correlation between test response and retest response. To

Item 2

Religion (question 2 phase I)

maintain the basic structural framework of the questionnaire, the

Item 3

Marital status (question 3 phase I)

Item 4

Literacy (question 4 phase I)

Item 5

Habit (question 5 phase I)

Item 6

Current occupation (question 6 phase I)

Item 7

Nature of work (question 7 phase I)

Item 8

Stopped work/change work (question 8
phase I)

Item 9

Monthly family income (question 9 phase I)

Item 10

Chronic medical illness/disorders question
10 phase I)

Item 11

Trauma (question 11 phase I)

Item ka 1 (Bangla
term of A1)

Painful joint and/or soft tissue, swollen
joints, less movement during last 7 days
(question A1 phase II)

Item ka 2 (Bangla
term of A2)

Painful joint and/or soft tissue, swollen
joints, less movement in the past
(question A2 phase II)

Item ka 3 (Bangla
term of A3)

Intensity of pain (question A3 phase II)

Item kha (Bangla
term of Section D)

Treatment (question D phase II)

adapted Bangla version was also segregated as Phase I and Phase II,
as in the original English questionnaire.
A study by Anshory et al20 assessed the validity of a modified
Indonesian version of the COPCORD questionnaire for screening joint pain and musculoskeletal disease compared with examination by rheumatologists. The study involved adaptation of the
COPCORD questionnaire in stage 1 and the community validation
in stage 2 to evaluate the usefulness of the modified questionnaire
to detect joint pain and musculoskeletal diseases compared with
physical examination performed by rheumatologists. The reliability
study showed that ICC analysis was good for all questions (range
0.754-1.000).
A study by Al-Awadhi et al evaluated the use of the Arabic
version of the WHO-ILAR COPCORD Core Questionnaire for
community screening of rheumatic diseases in Kuwaiti citizens
including translation, back translation, and assessment of cross-
cultural equivalence. The study concluded that the questionnaire
is a promising screening tool for Arabic-speaking communities
with satisfactory reliability of 0.800-1.000.4 In the current study,
the Bangla version of the WHO-ILAR-COPCORD questionnaire
showed excellent content validity (I-C VI = 1, S-C VI = 1). The test-
retest reliability was also acceptable (ICC > 0.7). Cross-cultural adaptation was performed following standard recommendations by

level. Understandability by all the respondents indicated its simplic-

Beaton et al16 and on the basis of statistical calculations, an opti-

ity as well as its applicability to a wider range of patients in larger

mum number of patients was enrolled in the second phase of the

studies. The adapted Bangla version demonstrated excellent con-

study. Patients from all parts of the country were included to avoid

tent validity as well as good reliability.

bias due to minor differences in the local languages while using the

Though the present study showed acceptable validity and re-

valid Bangla version of the WHO-ILAR-COPCORD questionnaire.

liability of the Bangla version of the WHO-ILAR-COPCORD ques-

Nearly 49% of the study population had education up to primary

tionnaire, there were a few limitations. As the study was carried
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TA B L E 4 Test-retest reliability (intraclass correlation
coefficients, r)
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P-value
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Item 8b*(change work)
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Item Ka-1**
Item Ka-2*(pain before 7 days)
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Item Kha*(past treatment)
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Item Kha**
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out in a tertiary-level hospital, it was not fully representative of the
whole population of Bangladesh. As there were no self-reported or
composite tools, including any reference standard tool other than
the COPCORD questionnaire, construct validity and internal consistency could not be assessed. This study has some weak points
and limitations. Some questions in the questionnaire pertaining to
the recall of complaints by the interviewed individual may not be
precise enough obtain the exact information. For example, there
would be variation in data on musculoskeletal pain, especially disease duration, when the person was interviewed for the second
time.

5 | CO N C LU S I O N
The Bangla version of the WHO-ILAR-COPCORD questionnaire,
being a valid and reliable tool with acceptable psychometric properties, may be used to determine the prevalence of rheumatic diseases. A community validation study is highly warranted to assess
the validity of the Bangla version of the COPCORD questionnaire
in screening joint pain and musculoskeletal diseases compared with
examination by rheumatologists.
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Performance of myositis-specific antibodies detected on
myositis line immunoassay to diagnose and sub-classify
patients with suspected idiopathic inflammatory myopathy, a
retrospective records-based review
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Abstract
Aim: To evaluate myositis line immunoassay (LIA) for diagnosis and sub-classification
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of suspected idiopathic inflammatory myopathy (IIM). To investigate if test perfor-

3
Department of Respiratory Medicine,
Sunshine Coast University Hospital,
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(MSA) or combining MSA with indirect immunofluorescence (IIF).

mance is improved by increasing signal strength cut-off for myositis-specific antibody
Methods: A retrospective, consecutive case series of patients investigated for MSAs
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from June 2013 to June 2020 for suspected IIM. Specificity, sensitivity, positive pre-

Present address
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Immunology, Princess Alexandra Hospital,
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Fisher’s exact test in MSA-positive patients.

dictive value, and negative predictive value were calculated with 95% confidence
intervals for diagnosis of IIM. Association of IIM diagnosis with increased signal
strength and presence of an expected IIF pattern on Hep-2 cells was assessed by
Results: A total of 195 patients were evaluated. IIM was diagnosed in 32/195 (16.4%)
patients. MSAs were detected in 41/195 (21%) patients, 18/41 (43.9%) patients with
an MSA had a diagnosis of IIM. The probability of an IIM diagnosis was increased in
MSA-positive patients with high compared with low signal strength (83.3% vs 43.5%;
P = 0.01) and an expected compared with unexpected IIF pattern (61.5% vs 23.8%;
P = 0.04). Specificity for IIM was not significantly improved by increasing signal
strength cut-off (85.9% vs 93.8%). Positive predictive value of myositis LIA was only
modest and not significantly improved by either increasing signal strength cut-off or
requiring an expected IIF pattern for determination of MSA positivity (43.9% vs 60%
vs 61.5%). Sub-classification of IIM correlated closely for respective MSAs (88.9%).
Conclusion: Increased MSA signal strength on myositis LIA and the presence of an
expected IIF pattern were associated with IIM diagnosis. Test performance was non-
significantly improved by these methods. Prevalence of IIM in this patient cohort was
low; it is not excluded that LIA performance could be improved by these methods in
a higher prevalence cohort.

© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.
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1 | I NTRO D U C TI O N

problematic in view of the lack of consensus on reporting cytoplasmic staining results.9,21 Counter immune electrophoresis (CIEP) or IP

Idiopathic inflammatory myopathies (IIM) are rare, heterogeneous

are highly specific methods for MSA detection; however, they are

immune-mediated disorders that were initially characterized by

labor intensive and only available in highly specialized centers. CIEP

muscle inflammation and proximal muscle weakness. However,

is not available for all MSAs. 22

other organ involvement is common, particularly cutaneous dis-

This retrospective series examines MSA results from a consecu-

ease and interstitial lung disease (ILD). This heterogeneity has led

tive series of patients suspected of having IIM and referred for MSA

to sub-classification of IIM including polymyositis, dermatomyositis,

testing at a tertiary health service. We hypothesized that of patients

sporadic inclusion body myositis, immune-mediated necrotizing my-

who have a positive MSA by the LIA technique, those with increased

opathy (IMNM), and the anti-synthetase syndrome (ASS).1,2

signal strength on semi-quantitative analysis and an expected indi-

Autoantibodies are frequently associated with IIM and have

rect immunofluorescence (IIF) pattern on Hep-2 cells are more likely

been proposed to both aid diagnosis and further sub-classify IIM

to fulfill clinical criteria for IIM. As a result of this association, we

3

patients. Developments of technology and especially the develop-

hypothesized that the specificity and positive predictive value (PPV)

ment of a commercially available line immunoassay (LIA) have lent

of myositis LIA for the diagnosis of IIM may be improved by increas-

support to their use. These autoantibodies are considered either

ing the signal intensity cut-off for MSA to >1+ or the presence of an

myositis-associated antibodies, that are not specific for IIM and are

expected IIF on Hep-2 result in conjunction with MSA.

commonly present in overlap disease and other systemic autoimmune diseases, or myositis-specific antibodies (MSAs), which are
reported to be highly specific for IIM.4 The association of MSAs with

2 | M ATE R I A L S A N D M E TH O DS

specific clinical syndromes, pattern of organ involvement, and prognostic information has been well described by previous authors.3,5-8

Consecutive patients who had MSA testing performed at an

Myositis-specific antibodies were initially described using immu-

Australian tertiary hospital for the period June 2013 to June 2020

noprecipitation (IP); however, these techniques are not performed

were included in this retrospective series. Patients were identified

on a routine basis for diagnosis and classification due to the labori-

from the pathology reporting system AUSLAB. All patients who had

9

ous nature of testing and level of expertise required. Commercially

myositis LIA completed or who had an MSA identified by extract-

available myositis LIA have the potential to allow the identification of

able nuclear antigen testing using CIEP (anti-Jo-1 antibody) were

most described MSAs with greater ease.10 Cohort studies assessing

included. Tests were ordered by hospital specialty teams with no

myositis LIA for IIM patients have reported very high specificity, (up

pre-specified criteria.

to 100% for anti-Jo-1, Pl-7, and Pl-12).

4,10

Despite the high specificity

A chart review of identified participants was completed.

reported in these studies, LIA testing has limitations. Agreement be-

IIM was diagnosed and sub-classified if patients met the 2017

tween myositis LIA and IP techniques can be poor, varying between

American College of Rheumatology (ACR)/European League Against

individual MSAs.11,12 Frequent false-positive MSA results have been

Rheumatism (EULAR) classification criteria for IIM. 23 Criteria were

identified by some authors, particularly in populations with relatively

retrospectively applied to documented clinical information and

lower disease prevalence.13-15 Furthermore, discordant results occur

pathology results. Patients with a sub-classification of sporadic in-

on direct comparison of different manufacturers’ commercially

clusion body myositis were excluded from diagnosis of IIM for the

available LIAs.15,16 Accuracy of individual antibodies (as studied in

purposes of this study. ASS was diagnosed in patients who did not

comparison with clinical presentation) on different manufacturers’

meet 2017 ACR/EULAR criteria for IIM but met proposed criteria for

LIAs can vary with rarer MSAs in general being less reliable.12,16,17

ASS by Connors et al24 Diagnosis was made by the primary investiga-

The association of positive MSA with clinical IIM can potentially be

tor and confirmed on independent review of clinical and pathological

improved by increased LIA signal intensity cut-off for a positive re-

information by an associate investigator with expertise in IIM. ILD

14,15

sult and is supported by small patient series.

was required to be diagnosed and recorded in the clinical notes by a

Combining myositis LIA with a second technique for measuring

thoracic physician. The radiological pattern of ILD was reviewed by

autoantibodies may also reduce the frequency of false-positive MSA

two thoracic physicians independently with a third reviewer if there

results. Widely available antinuclear antibody testing in conjunction

was disagreement in pattern.

15,18,19

with line immunoassay has been investigated.

Antinuclear

The myositis LIA performed on patient serum for the pe-

antibody reporting alone as a screening test for MSA is insensitive

riod of 2013 and early 2014 was the Euroline myositis profile 3

and complicated by the presence of cytoplasmic staining rather than

(Euroimmun, Lübeck, Germany). MSA antigens on this LIA are

nuclear correlation with several MSAs. 20 Cytoplasmic staining is

anti-J o-1, PL-7, PL-12, EJ, OJ, SRP, Mi-2α, and Mi-2β, and four

|
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myositis-associated antibodies: Ro52, Ku, PM/Scl-100, and PM/
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Scl-75. The Euroline autoimmune inflammatory myopathies 16Ag
(Euroimmun) was used from 2014 onwards. This includes the same

In total, 251 myositis LIAs were performed in 195 patients during

antigens with the addition of anti-MDA5, TIF1γ, SAE, and NXP2.

the prescribed period. Three patients were identified by CIEP result.

In patients with anti-J o1 antibody identified by CIEP, Myositis

Fifty-six myositis LIAs were repeated in 42 patients with a single

LIA with Euroline autoimmune inflammatory myopathies 16Ag

change (positive Mi2 antibody became negative on repeat). An MSA

(Euroimmun) was performed on serum stored from the time of ini-

was detected in 41/195 (21%) patients. IIF on Hep-2 cells was per-

tial antibody testing to assess LIA signal intensity. Results were

formed on 34 of 41 patients with a detectable MSA. Stored serum

recorded in a semi-quantitative fashion using Euroline software

was unavailable for the remaining seven patients (Figure 1).

(Euroimmun) as low (1+), moderate (2+), and high (3+). If myositis

Idiopathic inflammatory myopathy was diagnosed in 32/195

LIA was repeated in a patient, the first result was considered as

(16.4%) patients, which included 31 adults. Average age of diag-

the MSA result. An in-h ouse enzyme-linked immunosorbent assay

nosis in adults was 60.8 years. Thirteen patients had a sub-group

performed at an external laboratory was used for reported anti-

of dermatomyositis, five with polymyositis, eight with ASS, and six

HMGCA antibodies.

had IMNM. IIM was associated with cancer in five patients. ILD was

Indirect immunofluorescence was performed on Hep-2 cells on

present in 11 patients, of whom eight had radiological non-specific

stored serum of MSA-positive patients using the NOVA lite DAPI an-

interstitial pneumonia and/or organizing pneumonia and three had

tinuclear antibody kit (Werfen Ltd., Warrington, UK). Samples were

unclassifiable radiological ILD patterns (Tables 1 and 2). Patients

diluted to a starting concentration of 1:40. Results were confirmed

with alternative diagnoses are detailed in Tables 3 and 4.

by two laboratory scientists.

An MSA was detected in 18/32 (56.3%) IIM patients (Table 1)

Sensitivity, specificity, PPV, and negative predictive value for

and 23/163 (14.1%) patients with an alternative diagnosis (Table 3).

MSA were calculated for a diagnosis of IIM (including those diag-

In patients with a detectable MSA, IIM patients were significantly

nosed with ASS). Exact (Clopper-Pearson) method was used for 95%

more likely to have signal strength >1+ compared with patients with

confidence intervals.

another diagnosis (15/18, 83.3% vs 10/23, 43.5%; P = 0.01).

Fisher exact test was used to assess the association of a diagno-

Indirect immunofluorescence was assessed in 13/18 MSA-

sis of IIM (including those diagnosed with ASS) with increased signal

positive IIM patients (Table 1) and 21/23 MSA-positive patients with

strength and expected IIF pattern on Hep-2 cells in MSA-positive

an alternative diagnosis (Table 3). In patients with a detectable MSA

patients. The P value was set at less than 0.05.

and IIF completed, IIM patients were significantly more likely to have

The study plan was approved by the local ethics committee
LNR/2020/QPCH/65164 (Jul ver 3).

F I G U R E 1 Flow diagram of patients
with myositis LIA testing including
further analyses performed and
diagnosis. Abbreviations: IIF, indirect
immunofluorescence; IIM, idiopathic
inflammatory myopathy; LIA, line
immunoassay; MSA, myositis-specific
antibody

an expected IIF pattern compared with patients with another diagnosis (8/13, 61.5% vs 5/21, 23.8%; P = 0.04).

1170

|

TA B L E 1

BEATON et al.

MSA-positive IIM patients

Age/sex

MSA

Signal
intensity

IIF patternb

MAA

Criteria led
diagnosisa

Sub-group

Clinical features

46M

NXP2

>1+

Centriole (U)

–

pIIM

PM

Myositis (proximal myopathy, raised CK),
no cutaneous signs of DM

63M

NXP2

>1+

NA

–

dIIM

DM

Myositis (muscle biopsy), shawl sign,
Gottron's papules, heliotrope rash

45F

Jo-1

>1+

Negative (U)

Ro52

dIIM

ASS

ILD (OP and NSIP), myositis (muscle
biopsy), arthritis, mechanics hand

46M

Jo-1

>1+

NA

–

dIIM

ASS

ILD (NSIP), myositis (muscle biopsy),
arthritis

83F

Jo-1

1+

Cytoplasmic(E)

Ro52

dIIM

ASS

ILD (NSIP), raised CK, malignancy-
associated (cervical)
Deceased: malignancy

79M

PL-12, SRP

>1+,1+

Cytoplasmic (E)

–

dIIM

ASS

ILD (unclassifiable), myositis (proximal
myopathy, raised CK)

76F

PL-12, Mi2

1+,1+

Homogeneous (U)

–

ASS

ASS

ILD (unclassifiable), Raynaud syndrome

46M

PL-7

>1+

Cytoplasmic dots
(U)

–

dIIM

ASS

Myositis (muscle biopsy), ILD (NSIP)

72M

PL-7

>1+

Cytoplasmic (E)

–

dIIM

IMNM

Necrotizing myositis (muscle biopsy)

87F

OJ, Mi2

>1+,1+

Cytoplasmic (E)

–

ASS

ASS

ILD (NSIP)

75F

EJ

>1+

NA

Ro52

dIIM

DM

Myositis (muscle biopsy), ILD
(unclassifiable), Gottron's papules,
heliotrope rash

60F

EJ, PL-12

1+,1+

Homogeneous (U)

Ro52

dIIM

ASS

Myositis (muscle biopsy), Raynaud
syndrome, ILD (OP)

7M

MDA-5

>1+

NA

Ro52

dIIM

JDM

Inflammatory arthritis, Gottron's sign,
heliotrope rash, raised CK

58F

MDA-5,
PL-7

>1+,1+

Negative (E)

–

dIIM

DM

Amyopathic DM, peripheral ulcerating
lesions

58F

MDA-5

>1+

Negative (E)

–

dIIM

DM

Amyopathic DM, ILD (OP), inflammatory
arthritis, esophageal dysmotility

78F

Tif1y

>1+

Speckled (E)

Ro52

dIIM

DM

Myositis (raised CK, proximal myopathy),
erythroderma, heliotrope rash Gottron's
papules, dysphagia, malignancy-
associated (lung). Deceased: malignancy

50F

Tif1y

>1+

Speckled (E)

–

dIIM

DM

Erythema, Gottron's sign and papules,
heliotrope rash, raised CK malignancy-
associated (melanoma)

67F

Mi2

>1+

NA

–

dIIM

DM

Myositis (proximal myopathy, raised CK),
Gottron's sign

Abbreviations: ASS, anti-synthetase syndrome; CK, creatinine kinase; DM, dermatomyositis; IIF, indirect immunofluorescence; IIM, idiopathic
inflammatory myopathy; ILD, interstitial lung disease; IMNM, immune-mediated necrotizing myositis; JDM, juvenile dermatomyositis; MAA, myositis-
associated antibody; MSA, myositis-specific antibody; NSIP, non-specific interstitial pneumonia; OP, organizing pneumonia; PM, polymyositis.
a

Diagnostic criteria: ACR/EULAR classification criteria23 used for diagnosis of definite or probable IIM (dIIM or pIIM), Connors et al criteria24 for anti-
synthetase syndrome (ASS) if not meeting criteria for IIM.

b
IIF pattern on Hep-2 cells at lowest concentration of 1:40. Reported as expected (E) if IIF pattern for MSA with strongest signal strength present on
IIF analysis or unexpected (U) if not present. Expected IIF patterns for MSAs as per Damoiseaux et al (2019) and Palterer et al (2018).9,22 NA if serum
unavailable for evaluation.

Test specificity for an MSA detected by LIA for the diagnosis of
IIM in this series of patients was 85.9%, with a sensitivity of 56.3%,

improved by requiring an expected IIF pattern with an MSA to consider the test positive (Table 5).

and a PPV of 43.9% (Table 5). MSA specificity and PPV for a diag-

Clinical syndrome and sub-classification of IIM patients

nosis of IIM was not significantly improved when considering only

were predicted by MSA result in 16/18 (88.9%) cases (Table 1).

MSA with signal strength >1+ positive. PPV was not significantly

Unexpected

sub-classification

occurred

in

a

patient

with
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MSA-negative IIM patients

Age/sex

Antibody

Criteria-led
diagnosis

Sub-group

Clinical features

36F

–

dIIM

IMNM

Necrotizing myositis (muscle biopsy)

27F

Pm/Scl

dIIM

PM

Myositis (muscle biopsy), dysphagia, no cutaneous
features of scleroderma

43M

Ro-52

dIIM

PM

Myositis (muscle biopsy), ILD (OP + NSIP), fever

60M

Ro-52

dIIM

DM

Myositis (muscle biopsy), heliotrope rash, Gottron's
sign, dysphagia—malignancy-associated (melanoma)
Deceased: malignancy

32F

–

dIIM

DM

Myositis (raised CK, proximal myopathy), dysphagia,
Gottron's sign, heliotrope rash, shawl sign

49F

–

dIIM

DM

Myositis (muscle biopsy), Gottron's papules,
heliotrope sign

60F

–

dIIM

DM

Myositis (proximal myopathy, raised CK), Gottron's
sign, heliotrope rash, shawl sign, erythema (skin
biopsy consistent with DM)

48M

–

dIIM

PM

Myositis (proximal myopathy, raised CK)

64F

–

dIIM

PM

Myositis (muscle biopsy)

78F

–

dIIM

IMNM

Necrotizing myositis (muscle biopsy)

91F

–

dIIM

DM

Myositis (proximal myopathy, raised enzymes),
heliotrope rash, malignancy-associated (lymphoma)
Deceased: malignancy

63M

–

dIIM

IMNM

Necrotizing myositis (muscle biopsy), dysphagia
Deceased: comorbidities

71F

HMGCA

dIIM

IMNM

necrotizing myositis (muscle biopsy)

74M

HMGCA

dIIM

IMNM

necrotizing myositis (muscle biopsy)

Abbreviations: CK, creatine kinase; dIIM, definite idiopathic inflammatory myopathy; DM, dermatomyositis; IIM, idiopathic inflammatory myopathy;
ILD, interstitial lung disease; IMNM, immune-mediated necrotizing myopathy; IVIg, intravenous immunoglobulin; MSA, myositis-specific antibody;
NSIP, non-specific interstitial pneumonia; OP, organizing pneumonia; PM, polymyositis.

anti-N XP2 presenting with polymyositis and a patient with anti-

MSA, there was an increased probability of a diagnosis of IIM in pa-

PL-7 and IMNM. Two patients with IMNM and a negative myositis

tients with an expected IIF pattern compared with an unexpected IIF

LIA had anti-HMGCA antibodies identified on enzyme-linked im-

pattern (61.5% vs 23.8%). The PPV was not significantly improved

munosorbent assay.

if only MSA results with an expected IIF pattern were considered
positive (61.5%). Sensitivity of MSA in this series was low and too

4 | D I S CU S S I O N

underpowered to assess accurately. The detection of an MSA in IIM
patients was predictive of sub-classification in the majority of cases
(88.9%). The prevalence of IIM in this cohort was 16.4% as a result of

In view of the increased availability and use of myositis LIA in clini-

the inclusion of consecutive patients tested for MSA with no limita-

cal practice, it is important to assess its performance in different

tions or clinical criteria required to be referred for MSA testing. It is

population groups. Myositis LIA performs well in high pre-test prob-

not ruled out that such approaches could improve test performance

ability populations studied in cohort studies but less consistently in

(especially PPV) in a higher prevalence population.

consecutive series of patients with a lower prevalence of disease.

The association of increased MSA signal strength and a diagnosis

Approaches that could improve test performance were assessed in

of IIM has previously been reported in small studies with comparable

this study.

patient numbers, prevalence of IIM in their cohorts, and definition of

In this retrospective series, patients who had a detectable MSA

increased signal strength.14,15 One of the studies observed increased

had an increased probability of a diagnosis of IIM if MSA signal

specificity (from 88% to 96%); however, confidence intervals were

strength was >1+ (83.3% vs 43.5%). Test specificity, however, did

not reported.14 Neither study, in similarly low-prevalence popula-

not significantly improve by increasing the signal cut-off for a posi-

tions, significantly improved the diagnostic performance of myositis

tive result to >1+ (from 85.9% to 93.9%). PPV of a detectable MSA on

LIA by increasing the signal intensity cut-off for a positive MSA result.

LIA was relatively low (43.5%), increasing the cut-off to >1+ did not

There are limitations for comparing studies investigating sig-

significantly improve the PPV (60%). Of patients with a detectable

nal strength associations for myositis LIAs. Commercially available
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TA B L E 3

MSA-positive patients with an alternative diagnosis

MSA

Signal strength

IIF pattern, expected/unexpected
pattern (E/U)

Diagnosis

NXP2

1+

NA

Infection-induced myositis

1+

Homogeneous (U)

Scleroderma

PL-12

1+

Speckled (U)

Scleroderma

PL-7

Tif1y
Mi2α/β

SRP

SAE

>1+

Negative (U)

Polyarteritis nodosa

1+

Cytoplasmic (E) + speckled

Lymphoma

>1+

Negative (U)

Myalgia without other diagnosis

>1+

Speckled (U)

Unclear diagnosis—no evidence
of myositis

>1+

Speckled (E)

Myalgias—no evidence of
myositis

>1+

Negative (U)

Cramp syndrome

1+

Homogeneous (U)

Croglobulinemic vasculitis

1+

Cytoplasmic + speckled (U)

Statin-induced myopathy

>1+

NA

Limited scleroderma (myositis
not meeting IIM criteria)

1+

Nucleolar (U)

Transient CK elevation

>1+

Negative (U)

Hepatitis C

1+

Cytoplasmic (U)

Idiopathic pulmonary fibrosis

1+

Speckled (U)

Lung infiltrates of unclear cause

>1+

Homogeneous (U)

Febrile illness—unclear diagnosis

1+

Speckled (E) + Cytoplasmic

Hepatitis C

1+

Speckled (E)

Systemic lupus erythematosus

>1+,1+,1+

Negative (U)

Myalgia

Multiple antibodies
(NXP2, Tif1y, MDA-5)
(Jo-1, Tif1y)

1+,1+

Dense fine speckled (U)

Chronic infection

(Tif1y, SRP)

>1+,>1+

Negative (U)

No disease

(Pl-12, Mi-2)

1+,1+

Cytoplasmic (E)

Pneumonia

Abbreviations: CK, creatinine kinase; IIF, indirect immunofluorescence; IIM, idiopathic inflammatory myopathy; MSA, myositis-specific antibody.
a

IIF pattern on Hep-2 cells at lowest concentration of 1:40. Reported as expected (E) if IIF pattern for MSA with strongest signal strength present on
IIF analysis or unexpected (U) if not present. Expected IIF patterns for MSAs as per Damoiseaux et al (2019) and Palterer et al (2018).9,22 NA if serum
unavailable for evaluation.

products perform differently for individual antibodies.16 The lack

with another diagnosis. A starting dilution of 1:40 was used for IIF.15

of analyte controls for myositis LIA makes individual laboratory au-

It is unclear if an MSA with expected IIF pattern significantly im-

diting of variability in performance a necessity. 25 A universal signal

proves the specificity or PPV of myositis LIA from these studies.

intensity cut-off value for positive MSA on LIA may not be appropriate.

26,27

Comparing findings of IIF patterns across studies is limited by

Minimal validation of normal MSA signal intensity among

cohort and laboratory differences, including other autoantibodies

normal and disease populations, particularly in different regions and

in patients’ serum impacting their ability to detect IIF patterns, dif-

across patient demographics, is needed. Other individual laboratory

ferent strength of correlation between IIF pattern and MSA in indi-

factors, such as temperature, may also influence results.4

vidual antibodies and a lack of international consensus on reporting

The association of an MSA with an expected IIF pattern and a

cytoplasmic IIF staining present in many MSAs.15,18,20,28

diagnosis of IIM is supported by other small studies. A series of MSA-

This cohort had no clinical criteria required for ordering myosi-

positive patients with high prevalence (79.8%) of IIM found that 59%

tis LIA reflecting current practices of specialist teams in a tertiary

of IIM patients had an expected IIF pattern compared with 21% of

hospital. Common alternative diagnoses in this patient group in-

19

A higher starting dilution of 1:80 was used for

cluded other systemic autoimmune diseases, primary lung diseases,

IIF compared with our series.19 Another series with a low prevalence

non-IIM patients.

neurological disease, and other muscle disease in MSA-positive and

(26%) of IIM found that 88% of MSA-positive IIM patients had an

MSA-negative patients. Chronic infections and malignancy occurred

expected IIF pattern compared with 54% of MSA-positive patients

less commonly. Other studies with inclusion criteria of myositis LIA

|
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TA B L E 4

MSA-negative patients with an alternative diagnosis

TA B L E 4

(Continued)

System diagnosis (N, %)

Specific diagnosis (N)

System diagnosis (N, %)

Specific diagnosis (N)

Primary lung disease (17, 13.3%)

Idiopathic pulmonary fibrosis
(10)

Malignancy (6, 4.7%)

Hematological (3)
Lung (1)

Cryptogenic organizing
pneumonia (2)
Idiopathic ILD (2)
(Radiological pattern: NSIP
(1), unclassifiable (1))

Mesothelioma (1)
Cholangiocarcinoma (1)
No diagnosis (24, 18.8%)

Unclear diagnosis from
documentation (6)

Alveolar proteinosis (1)
Muscle disease (28, 21.9%)

Sporadic inclusion body
myositis (7)

Acute febrile/inflammatory
illness (3)
Myalgia/elevated CK without
diagnosis (15)

Hypersensitivity pneumonitis
(1)
CTD –ILD (1)

1173

Miscellaneous (5, 3.9%)

Erythroderma (1)
Acute kidney injury (1)
Pericarditis (2)

Toxic myopathy (7)

Thrombotic microangiopathy
(1)

Inherited myopathy (2)
Rhabdomyolysis (5)
Muscular dystrophy (2)
Fasciculation-cramp
syndrome (3)

Abbreviations: CK, creatinine kinase; CTD, connective tissue disease;
HIV, human immunodeficiency virus; ILD, interstitial lung disease; MSA,
myositis-specific antibody; NSIP, non-specific interstitial pneumonia.

Focal myositis (2)
Neurological disease (15, 11.7%)

Peripheral neuropathy (5)

testing rather than myositis diagnosis have limited information on

Acute demyelinating
encephalomyelopathy (1)

immune diseases are common.14,15

Parkinson's disease (2)
Motor neuron disease (3)
Multiple sclerosis (1)
Functional neurological
disorder (1)
Myoclonus (1)
Myasthenia gravis (1)
Systemic autoimmune disease (39,
30.5%)

Systemic lupus
erythematosus (10)
Scleroderma (6)
Inflammatory arthritis (14)
Undifferentiated CTD (1)
Mixed CTD (1)
Sjögren syndrome (2)

Infectious disease (4, 3.1%)

diagnosis of MSA-negative patients although other systemic autoThe low prevalence of IIM (16.4%) in this cohort impacts its PPV
and therefore its utility as a diagnostic test. This is consistent with
disease prevalence of IIM in studies including consecutive myositis
LIA testing, which is similar to the prevalence in this series, suggesting that myositis LIA is frequently used in low to moderate pre-test
probability patients in clinical practice around the world.13-15 In
contrast, cohorts with very high pre-test probability have reported
improved correlation of IIM classification criteria and clinical IIM
diagnosis with addition of other MSAs. 29,30 Assessing patients’
pre-test probability is particularly important in ASS-associated ILD
without other features of IIM due to the low incidence of MSAs in
idiopathic ILD, the heavy reliance on the presence of ASS antibodies
in current proposed criteria, and the lack of a clinical reference standard for diagnosis. 24,31,32
Despite low prevalence, this series had a relatively high per-

Sarcoidosis (1)

centage of MSA-positive IIM patients (56.3%) compared with large

IgG4-related disease (1)

Indian and European cohorts (38% and 43%).3,8 Differences may be

Inflammatory bowel disease
(2)

explained by lower age in other cohorts, numerous overlap myosi-

Behçet's disease (1)

technique with IP in the European cohort and increased LIA signal

Large-vessel vasculitis (1)

cut-off in the Indian cohort.3,8

Non-tuberculous
mycobacterium (1)

patients and patients with IIM. Sub-analysis of individual MSA

Hepatitis C (1)

performance is not possible because of the low numbers.

Infective enteritis (1)

Retrospective diagnosis increases the risk of bias; this was miti-

HIV (1)

gated by application of published clinical criteria and a second cli-

tis in other cohorts, racial differences, and differences in pathology

This study is limited by its small number of MSA-p ositive

nician independently confirming diagnosis. This study was further
(Continues)

limited by unavailability of stored serum for IIF analysis for seven
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Diagnostic performance of MSAs for the diagnosis of IIM
MSA positive as per manufacturers’
guidelines % [95% CI]

MSA positive only with signal strength
>1+ % [95% CI]

MSA positive only with an expected IIF
pattern % [95% CI]

Sensitivity

56.3% [37.7%-73.6%]

46.9% [29.1%-65.3%]

a

Specificity

85.9% [79.6%-90.8%]

93.9% [89.0%-97.0%]

a

PPV

43.9% [32.5%-56.0%]

60% [42.6%-75.2%]

61.5% [36.1%-81.9%]

NPV

90.9% [87.0%-93.7%]

90% [86.6%-92.6%]

89.1% [86.5%-91.3%]

Abbreviations: CI, confidence interval; IIF, indirect immunofluorescence; IIM, idiopathic inflammatory myopathy; MSA, myositis-specific antibody;
NPV, negative predictive value; PPV, positive predictive value.
a

Not calculated due to inability to perform IIF on serum of seven MSA-positive patients

patients with a positive MSA. This series is, however, reflective of
the practical use of myositis LIA in a tertiary hospital setting and
highlights the issue of frequent false-p ositive results in a relatively
low-p revalence population despite the high specificity reported in
cohort studies.

5 | CO N C LU S I O N
At present, the use of MSA testing by myositis LIA has a limited diagnostic role with the exception of populations with high pre-test probability. Myositis LIA is, however, a valuable tool for sub-classification
of patients with high suspicion of IIM. Improving accuracy and understanding the limitations of MSA testing is imperative for clinicians
managing patients with suspected IIM.
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Abstract
Objective: To investigate the relationship between interferon-γ (IFN-γ), IFN-γ-
producing immunocompetent cells, their related cytokines, and the clinical features
in adult-onset Still's disease (AOSD).
Methods: Twenty-five patients with AOSD before initiating treatment (acute AOSD),
9 patients after remission (remission AOSD), and 12 healthy controls (HC) were included. Circulating IFN-γ-producing CD4+ and CD8+ cells, natural killer (NK) cells,
and IFN-γ production in NK cells were evaluated by flow cytometry. Serum levels
of IFN-γ, interleukin (IL)-6, IL-12, IL-15, and IL-18 were also measured. The obtained
results were statistically analyzed with clinical findings.
Results: Serum levels of IFN-γ, IL-6, IL-12, IL-18, intracellular expression of IFN-γ in
CD4+, CD8+, and NK cells were significantly higher in acute AOSD than in HC. The
proportion of NK cells was significantly lower in acute AOSD than in HC. Serum
levels of IFN-γ and IFN-γ expression in CD4+ cells were significantly correlated with
serum ferritin levels. The proportion of NK cells had a significant inverse correlation
with serum IFN-γ levels. A lower proportion of NK cells was significantly noted in patients refractory to initial immunosuppressive treatment. In remission AOSD, serum
levels of IL-6, IL-12, and IL-18 were significantly higher than in HC.
Conclusion: Increased serum levels of IFN-γ, increased expression of IFN-γ in CD4+
cells, and decreased NK cell proportion correlate with disease activity in AOSD.
Moreover, a lower proportion of NK cells may be useful for predicting a refractory
clinical course. Meanwhile, increased serum levels of IL-6, IL-12, and IL-18 may persist
after clinical remission.
KEYWORDS

adult-onset Still's disease, CD4+ cells, interferon-γ, interleukin-12, interleukin-18, NK cells
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TA B L E 1 Clinical characteristics of patients with adult-onset
Still’s disease (N = 25)

Adult-onset Still's disease (AOSD) is a systemic inflammatory disor-

Epidemiological findings

der with characteristic symptoms such as high fever, polyarthritis,

Age, y, median [IQR]

51 [39‒66]

Gender, M/F

6/19

evanescent rash, and increases in inflammatory laboratory parameters, including high serum ferritin levels. Considering the clinical
course of AOSD, there is a concern that some patients may show

Physical findings, n (%)
Fever

25 (100)

Eruption

23 (92)

Sore throat/pharyngitis

19 (76)

Lymphadenopathy

12 (48)

Arthritis

22 (88)

composed of diverse immunological interactions, including enhanc-

Myalgia

18 (72)

ing proinflammatory cytokine profiles, innate and adaptive immune

Pleuritis

5 (20)

systems. Notably, macrophage activation contributes to the occur-

Pericarditis

1 (4)

rence of disease as a pathogenic hallmark in AOSD.3 In the process

Hepatomegaly

9 (36)

of activating macrophages, interferon-γ (IFN-γ) is a crucial cytokine

Splenomegaly

13 (52)

that is predominantly produced by natural killer (NK) cells and ef-

Clinical evaluation

resistance to initial immunosuppressive treatment, relapse, or life-
threatening involvement. It is still difficult to determine the prognosis of patients with AOSD, although the candidates for prognostic
disease factors have been suggested in some previous studies.1,2
The pathogenic mechanism underlying AOSD development may be

fector T cells.4,5 Increase in serum levels of IFN-γ and frequency of
IFN-γ-producing CD4+ cells (type 1 T helper [Th1] cells) were sig-

nificantly found in AOSD.6-8 In our recent investigation, increased
expression of IFN-γ in NK cells was also significantly demonstrated
in the acute phase of AOSD,9 whereas a decreased frequency of NK

Pouchot's score, median [IQR]

6 [4‒6]

Fulfilled MAS criteria, n (%)

7 (28)

Refractory course, n (%)

18 (72)

Laboratory findings, median [IQR]
White blood cells, /µL

15 380 [10 600‒19 080]

Neutrophils, /µL

13 396 [7935‒17 668]

AST, U/L

60 [41‒78]

it is still uncertain how these key mediators are relevant to clinical

ALT, U/L

51 [29‒91]

features and prognosis in AOSD.

C-reactive protein, mg/dL

9.66 [3.85‒13.1]

ESR, mm/h

48 [31‒96]

Ferritin, ng/mL

8191 [2863‒11 080]

cells was observed, similar to previous studies.9-11 Accordingly, it was
suggested that secreted IFN-γ and IFN-γ-producing immunocompetent cells might be implicated in developing the disease. However,

In this study, we investigated how serum levels of IFN-γ and the
kinetic profiles of IFN-γ-producing cells, including Th1 cells and NK
cells, are related to the clinical features of AOSD. In addition, the
participation of IL-12, IL-15, and IL-18, which play a role in IFN-γ pro-

duction in both Th1 cells and NK cells,12-15 was also evaluated.

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase;
ESR, erythrocyte sedimentation rate; IQR, interquartile range; MAS,
macrophage activation syndrome.

differences in age and gender distribution between acute AOSD and

2 | M E TH O DS

HC (median age: 43.5 years; interquartile range [IQR] 40.8‒60.0; 6
men and 6 women). Of the 25 patients, blood samples were provided

2.1 | Patients and samples

from 9 patients who achieved remission with the Pouchot's score of
0 (remission AOSD) to evaluate the remission phase results. Blood

Blood samples from 25 patients with AOSD before initiating immu-

samples were obtained at a median period of 18 months (IQR 10‒28)

nosuppressive treatments (acute AOSD) and 12 healthy controls (HC)

after initiating immunosuppressive therapy. The maintenance thera-

were included in this study. The diagnosis of AOSD was definitively

pies at the point of obtaining blood sample were as follows: predni-

made according to the criteria proposed by Yamaguchi et al.16 in our

solone (PSL; n = 7), cyclosporine (n = 3), methotrexate (n = 3), and

hospital. The clinical findings in acute AOSD are shown in Table 1, in

tocilizumab (n = 2). The local ethics committee in Shinshu University

which the overall disease activity score (Pouchot's score)17 and the
18,19

complication of macrophage activation syndrome (MAS)

were

approved this study (the approval number: 601/4294). All participants provided informed consent.

also evaluated. These findings in Table 1 were obtained and evaluated as the baseline when blood samples were provided. Patients
resistant to initial immunosuppressive treatment were defined as

2.2 | Flow cytometry

having a refractory course, which was determined by requiring additional treatment before tapering initial immunosuppressive agents:

Peripheral blood mononuclear cells (PBMCs) were isolated from

(1) increase in corticosteroid; (2) another immunosuppressant;

whole blood samples collected into ethylenediaminetetraacetic

(3) biologics; and/or (4) plasmapheresis. There were no significant

acid-coated tubes by gradient centrifugation with Ficoll-Hypaque
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PLUS (GE Healthcare, Pittsburgh, PA, USA). CD4+ cells, NK cells,

a refractory course (refractory patients). In the comparison of clini-

and intracellular IFN-γ expression in CD4+ cells or NK cells were de-

cal and laboratory findings between refractory patients and those

termined by flow cytometric analysis. CD8+ cells and their IFN-γ ex-

who did not have a refractory course (non-refractory patients), the

pression were also evaluated. PBMCs were stimulated with 0.5 μg/

number of white blood cells (WBC) was significantly higher in re-

mL of ionomycin, 0.04 μg/mL of phorbol myristate acetate (both

fractory patients than in non-refractory patients (P =.034), despite

from Sigma-Aldrich, St. Louis, MO, USA), and 2 μmol/L monensin

no other significant differences (Table 2). MAS ultimately developed

(BD Bioscience, San Diego, CA, USA) at 37℃ for 4 hours. To detect

in 11 refractory patients until they were defined as having a refrac-

CD4+ cells, CD8+ cells, or NK cells that were phenotypically defined

tory course, whereas no MAS occurrence was newly shown in non-

as CD3−CD16+CD56+ cells, stimulated PBMCs were stained with

refractory patients except for 3 presenting with MAS at baseline.

phycoerythrin (PE)/Cy7 anti-CD4 (BioLegend, San Diego, CA, USA),

In the initial therapy, intravenous infusion of methylprednisolone

fluorescein isothiocyanate (FITC)-conjugated anti-CD8 (Beckman

(mPSL: 1 g daily for 3 days) was administered to 11 refractory pa-

Coulter, Brea, CA, USA), or Pacific blue-conjugated anti-CD3

tients, while non-refractory patients did not entirely require mPSL

(BioLegend) together with FITC-conjugated anti-CD16 (Beckman

(P =.007). The initial dosage of oral PSL was significantly higher

Coulter) and PE-conjugated anti-CD56 (Beckman Coulter). PBMCs

in refractory patients than in non-refractory patients (P =.001).

stained with the above-mentioned cell-surface markers were per-

Immunosuppressive agents were concomitantly initiated in 6 refrac-

meabilized with Cytofix/Cytoperm (BD Bioscience) to determine in-

tory patients, and not in non-refractory patients, resulting in no sig-

tracellular IFN-γ expression. Permeabilized cells were subsequently

nificant difference (P =.080). Of the 18 refractory patients, mPSL

stained with allophycocyanin-conjugated anti-IFN-γ (BioLegend) in

was additionally required in 16 (89%), and increase in the dosage

NK cells or CD8+ cells, or FITC-conjugated anti-IFN-γ (Beckman

of PSL was given in 7 (39%) (Table S1). Immunosuppressive agents,

Coulter) in CD4+ cells. Treated cells were acquired on a FACSCanto

intravenous immunoglobulin, and plasma exchange were addition-

II flow cytometer (BD Bioscience), and the acquired data were ana-

ally administered for 11 (61%), 4 (22%), and 7 (39%), respectively.

lyzed using FlowJo version 7.6.5 software (Tree Star Inc, Ashland,

In remission AOSD, improved laboratory findings were significantly

OR, USA).

demonstrated as follows: WBC counts (7120/μL; IQR 6610‒7560;
P =.005), serum levels of C-reactive protein (0.03 mg/dL; IQR 0‒

2.3 | Enzyme-linked immunosorbent assay (ELISA)
Serum samples were stored at −80℃ until ELISA was performed.
Serum concentrations of IFN-γ, IL-6, IL-12 (R&D System, Minneapolis,
MN, USA), IL-15 (Abcam, San Francisco, CA, USA), and IL-18 (Medical
and Biological Laboratories, Nagoya, Japan) were assayed using
commercially available ELISA kits.

0.04; P <.0001), and ferritin (71 ng/mL; IQR 54‒83; P <.0001).

3.2 | Expression of IFN-γ-producing cells and serum
IFN-γ in AOSD
The proportion of CD4+ cells was not significantly different between patients with AOSD and HC (Table 3). The proportion of
CD4+IFN-γ+ cells was significantly higher in acute AOSD than in HC

2.4 | Statistical analysis

(P =.0002). In addition, the frequency and median fluorescence intensity (MFI) of IFN-γ in CD4+ cells were significantly higher in acute
AOSD than in HC (P =.0002 and P <.0001, respectively) (Table 3,

All data are presented as the median with IQR. P values of less than

Figure 1A,B). The frequency and MFI of IFN-γ in CD8+ cells, as well

.05 were defined as statistically significant. The Mann-Whitney U

as the proportion of CD8+IFN-γ+ cells, were significantly higher in

test was used to compare 2 independent groups. In comparing

acute AOSD than in HC (P =.0002, P =.0002, P =.041, respectively),

the results of subsequent patients before and after treatment, the

whereas the proportion of CD8+ cells was significantly lower in

Wilcoxon signed ranked test was employed. A correlation coefficient

acute AOSD than in HC (P =.003) (Table S2, Figure S1). The pro-

test was performed to evaluate a significant relationship. All statisti-

portion of NK cells was significantly lower in acute AOSD than HC

cal analyses were performed using BellCurve for Excel (SSRI, Tokyo,

(P =.0026) (Table 3, Figure 1C), whereas the frequency and MFI of

Japan).

IFN-γ in NK cells were significantly higher in acute AOSD than in HC
(P =.0001 and P <.0001, respectively) (Table 3, Figure 1D,E). Serum

3 | R E S U LT S
3.1 | Clinical findings in patients with AOSD

levels of IFN-γ were also significantly higher in acute AOSD than in
HC (P <.0001). Meanwhile, there were no significant differences in
these results between remission AOSD and HC.
In comparison with consecutive results of 9 patients before and
after treatment, decreases in the proportion of CD4+IFN-γ+ cells,

The median Pouchot's score before initiating treatment was 6 (IQR

frequencies and MFI of IFN-γ expression in CD4+ cells and NK cells,

4‒6) in acute AOSD (Table 1). Of the 25 patients, 7 (28%) fulfilled

serum levels of IFN-γ, and increase in the proportion of NK cells were

the criteria of MAS at baseline, and 18 (72%) were defined as having

significantly demonstrated (P <.05) (Figure 2). The frequency and MFI
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Comparison of clinical findings and initial treatment between refractory and non-refractory patients
Refractory patients

Non-refractory patients

(N = 18)

(N = 7)

P values

Epidemiological findings
Age, y, median [IQR]

54 [38‒75]

43 [42‒53]

.467

Gender, M/F

3/15

3/4

.194

7 (100)

.623

Physical findings, n (%)
Fever

18 (100)

Eruption

16 (89)

7 (100)

.510

Sore throat/pharyngitis

15 (83)

4 (57)

.194

Lymphadenopathy

10 (56)

2 (29)

.223

Arthritis

17 (94)

6 (86)

.820

Myalgia

5 (28)

2 (29)

.663

Pleuritis

5 (28)

0 (0)

.161

Pericarditis

1 (6)

0 (0)

.720

Hepatomegaly

7 (39)

2 (29)

.501

Splenomegaly

11 (61)

2 (29)

.155

5.5 [4‒6]

6 [4‒7 ]

.828

Clinical evaluation
Pouchot's score, median [IQR]
Fulfilled MAS criteria
at baseline
throughout the clinical course

4 (22)

3 (42)

.934

11 (61)

3 (42)

.351

11 520 [8295‒13 035]

.034

Laboratory findings, median [IQR]
White blood cells, /µL

17 595 [11 430‒25 390]

Neutrophils, /µL

15 182 [9433‒23 078]

10 138 [6453‒11 879]

.061

AST, U/L

65 [42‒88]

54 [41‒62]

.397

ALT, U/L

63 [34‒99]

19 [14‒57]

.090

C-reactive protein, mg/dL

9.74 [4.75‒14.35]

ESR, mm/h

48 [33‒100]

48 [31‒8 0]

8.51 [3.58‒12.29]

.468
.507

Ferritin, ng/mL

8293 [3846‒17 757]

2863 [891‒8548]

.090

Initial treatment
mPSL, n (%)
Oral PSL, mg/kg/d, median [IQR]
Immunosuppressive agents, n (%)

11 (61)
1.00 [0.90‒1.02]

0

.007

0.47 [0.38‒0.68]

.001

6 (33)

0

.105

CsA

4 (22)

0

.242

TAC

1 (1.25)

0

.617

MTX

1 (1.25)

0

.617

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CsA, cyclosporin; ESR, erythrocyte sedimentation rate; IQR, interquartile
range; MAS, macrophage activation syndrome; mPSL, intravenous infusion of methylprednisolone (1g daily for 3 d); MTX, methotrexate; PSL,
prednisolone; TAC, tacrolimus.

of IFN-γ in CD8+ cells also significantly decreased after treatment
(P =.027) (Figure S1). In remission AOSD, 7 refractory patients were

3.3 | Serum IL-6, IL-12, IL-15, and IL-18
expression, and their participation in AOSD

included. Of the 7 refractory patients, decrease in the proportion of
CD4+IFN-γ+ cells and increase in that of NK cells were shown in 6

Serum levels of IL-6, IL-12, and IL-18 were significantly higher in acute

after treatment, whereas neither the proportion of CD4+IFN-γ+ cells

and remission AOSD than in HC (Table 3). In comparisons between

nor that of NK cells were significantly different from those before

acute and remission AOSD, serum levels of IL-6 and IL-18 were sig-

treatment (P =.062) (Figure S2). MFI of IFN-γ in CD4+ cells and NK

nificantly decreased (P =.008, P =.011, respectively), whereas those

cells significantly decreased after treatment (P =.018).

of IL-12 were not significantly different (P =.313). Serum levels of

1180

|

TA B L E 3
HC

ICHIKAWA et al.

Phenotypes of lymphocytes and IFN-γ expression in patients with acute adult-onset Still’s disease (AOSD), remission AOSD, and
Acute AOSD

Remission AOSD

HC

P value

(n = 25)

(n = 9)

(n = 12)

Acute vs HC

% CD4+ cells

52.9 [38.9‒57.4]

48.7 [36.4‒61.5]

53.8 [38.9‒58.6]

.990

.840

% CD4+IFN-γ+ cells

5.89 [2.63‒11.86]

1.26 [0.68‒2.28]

1.06 [0.47‒1.72]

.0002

.693

% CD3-cells

45.0 [35.8‒56.1]

39.8 [29.5‒55.6]

41.9 [39.9‒4 4.3]

.807

.531

% NK cells

8.42 [2.54‒12.34]

10.75 [9.13‒15.44]

14.28 [11.71‒19.05]

.0026

.201

5.84 [2.41‒9.17]

2.84 [1.95‒5.25]

1.75 [0.55‒2.68]

.0002

.174

41.5 [32.2‒73.7]

17.5 [12.2‒18.5]

23.1 [18.5‒28.8]

.0001

.077

IFN-γ (pg/mL)

15.41 [6.81‒4 0.89]

4.16 [1.18‒4.82]

1.12 [0.39‒3.50]

<.0001

.254

IL-6 (pg/mL)

15.84 [7.58‒181.3]

3.53 [2.19‒12.38]

1.82 [1.29‒2.36]

<.0001

.024

IL-12 (pg/mL)

1.55 [1.32‒1.76]

1.34 [1.21‒1.56]

0.59 [0.54‒0.67]

<.0001

.0001

IL-15 (pg/mL)

6.97 [5.20‒9.61]

5.20 [4.32‒7.85]

5.20 [4.09‒8.06]

.174

.971

IL-18 (pg/mL)

2271 [1798‒2554]

98.5 [73.7‒213.9]

71.6 [70.7‒74.1]

<.0001

.006

Rem vs HC

In total lymphocytes

In CD4+ cells
%IFN-γ
In NK cells
%IFN-γ
In the serum

Note: Data are presented as median with interquartile range.
Abbreviations: Acute, acute AOSD; HC, healthy controls; IFN-γ, interferon-γ; IL, interleukin; NK cells, natural killer cells; Rem, remission AOSD.

IL-15 were not significantly different in acute AOSD, remission

4 | D I S CU S S I O N

AOSD, and HC. In the regression analyses with serum levels of IFN-
γ, intracellular expression of IFN-γ in CD4+ and NK cells, and the

In this study, we focused on the participation of IFN-γ expression

proportion of CD4+IFN-γ+ and NK cells, serum levels of IL-12, IL-15,

and IFN-γ-producing immunocompetent cells in the clinical features

and IL-18 demonstrated no significant correlations (data not shown).

of AOSD. Some investigations previously demonstrated an increase

Meanwhile, serum levels of IL-6 had a significant correlation with

in serum levels of IFN-γ in the acute phase of AOSD.3,6,7,20 It was also

frequency of IFN-γ in CD4+ cells (P =.009) (Table S3).

assumed that IFN-γ might be implicated in the pathogenic mechanism
underlying AOSD development as the promoter of macrophage and

3.4 | Relationship between IFN-γ-producing
cells and clinical findings

neutrophil activation.3,21-23 However, the role of IFN-γ in evaluating
the disease activity and prognosis of AOSD has not been evaluated
thus far, whereas the correlation between disease activity markers
and IFN-γ-induced chemokines was significantly demonstrated. 20 In

We analyzed the statistical relationship between the experimental

our study, serum levels of IFN-γ were significantly correlated with

results and clinical findings shown in Table 1. Serum ferritin levels

ferritin, suggesting that serum levels of IFN-γ may be regarded as an

were significantly correlated with serum levels of IFN-γ, frequency,

indicator of disease activity because serum ferritin is a well-known

and MFI of IFN-γ in CD4+ cells (P =.026, P =.016, P =.035, respectively) (Figure 3A-C). Serum levels of IFN-γ had a significant reverse

biomarker for estimating disease activity and prognosis. 24-26
Moreover, it has been known that macrophage activation leads

correlation with NK cells (P =.038) (Figure 3D). There were no other

to increased serum levels of ferritin in AOSD;1,2,27 namely, IFN-γ

significant relationships between the experimental data and clinical

expression may participate in disease activity by activating macro-

findings.

phages. Further, IFN-γ production in CD4+, CD8+, and NK cells was

Next, we compared the experimental data obtained between

significantly increased in acute AOSD. Although a previous study re-

refractory and non-r efractory patients. A lower proportion of NK

ported the predominance of Th1 cells in the active phase of AOSD,8

cells was significantly demonstrated in refractory patients than

our investigation found that the intracellular expression of IFN-γ in

in non-r efractory patients (median 5.6%, IQR 2.4‒10.9 vs. 14.1%,

CD4+ cells was significantly correlated with serum ferritin levels.

IQR 10.1‒16.2; P =.025) (Figure 3E). Meanwhile, there were no

The imbalance or implication of adaptive immunity in the patho-

significant differences between patients with and without MAS

genesis of AOSD has been described to date. 2,3 The relationship

at baseline in the comparison of experimental data (data not

between circulating effector T cells and disease activity has been

shown).

described in previous investigations of AOSD.8,28,29 The proportion
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F I G U R E 1 Comparisons of intracellular
IFN-γ expression and NK cells. A, The
representative histogram of IFN-γ
expression in CD4+ cells. B, Comparison
of MFI of IFN-γ in CD4+ cells. C, The
representative dot-plots of CD16+CD56+
cells in the population of CD3− cells. D,
The representative histogram of IFN-γ
expression in NK cells. E, Comparison
of MFI of IFN-γ in NK cells. Acute,
acute adult-onset Still’s disease (AOSD);
Remission, remission AOSD; HC, healthy
controls; IFN-γ, interferon-γ; MFI, median
fluorescence intensity; NK cells, natural
killer cells. ***P <.0001

of circulating IL-17-producing CD4+ (Th17) cells was found to be sig-

was not correlated with serum ferritin levels or the proportion of NK

nificantly correlated with serum ferritin levels in the acute phase of

cells (data not shown). Accordingly, IFN-γ produced in NK cells may

AOSD, 29 whereas our results first demonstrated a significant rela-

not be a parameter that correlates with disease activity even though

tionship between Th1 cells and serum ferritin levels, suggesting that

NK cells possess the ability to promote IFN-γ production in acute

the intracellular expression of IFN-γ in CD4+ cells is correlated with

AOSD. Taken together, a decreased proportion of NK cells, increased

disease activity in AOSD. In our recent investigation, the produc-

serum levels of IFN-γ, and intracellular IFN-γ expression in CD4+

tion of IFN-γ, which is usually shown mainly in the CD56bright NK cell

cells may be mediators that contribute to disease activity in AOSD.

population in healthy individuals, was predominant in the CD56dim

Serum levels of IL-18 were found to be implicated in the dis-

NK cell population in AOSD,9 ultimately resulting in significantly in-

ease activity, 2,3,30 and those of IL-12 were also increased in AOSD;31

creased IFN-γ in NK cells in acute AOSD. The percentage of CD56dim

however, the participation of serum IL-15 has remained obscure in

NK cell population is known to be around 90% in total circulating NK

AOSD. Our study ultimately demonstrated that serum levels of IL-

cells14 despite not being significantly different between acute AOSD

12 and IL-18 were significantly higher in AOSD than in HC, but those

and healthy individuals,9 allowing increased expression of IFN-γ in

of IL-15 showed no significant difference. Although serum levels of

NK cells because a majority of the NK cell population can produce

these cytokines were not correlated with those of IFN-γ, intracel-

IFN-γ in AOSD. In addition, the proportion of circulating NK cells

lular IFN-γ expression, and the proportion of CD4+IFN-γ+ and NK

was significantly decreased in acute AOSD and inversely correlated

cells, serum levels of IL-12 and IL-18 were significantly higher in re-

with serum levels of IFN-γ. However, intracellular IFN-γ in NK cells

mission AOSD than in HC. Moreover, this suggested that persistent
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F I G U R E 2 Alteration of IFN-γ and
IFN-γ-producing cells before and after
treatment. Acute, acute adult-onset Still’s
disease (AOSD); Remission, remission
AOSD; HC, healthy controls; IFN-γ,
interferon-γ; MFI, median fluorescence
intensity; NK cells, natural killer cells

increased serum levels of IL-12 and IL-18 may be the cause of re-

occurrence of that in non-refractory patients after initiating treat-

lapse, because IL-18 in combination with IL-12 upregulates IFN-

ment, suggesting that a lower proportion of NK cells at the onset

13,32-3 4

γ-producing signals in CD4+ and NK cells.

Serum levels of

of AOSD may also be predictive of MAS development. However, no

IL-6 , which were found to be associated with disease activity of

significant differences were found between patients with and with-

AOSD,1-3,35 were also significantly higher in acute and remission

out MAS at the diagnosis of AOSD in the analyses of experimental

AOSD than in HC. It was previously shown that exposure to high

results. It has been shown that multiple mediators are implicated in

concentrations of IL-6 might lead to suppressing NK cell cytotoxic-

the development of MAS, 2,19,44 suggesting it may be insufficient to

ity,

36

suggesting that IL-6 may partially affect NK cell activation in

the pathogenesis of AOSD.

predict the occurrence of MAS only by estimating the expression of
NK cells and/or IFN-γ.

Refractory patients were classified in this study to determine the

In conclusion, serum levels of IFN-γ and intracellular expression

predictive factors of severity. The frequency of mPSL administra-

of IFN-γ in CD4+, CD8+, and NK cells were significantly increased

tion and PSL dosage was significantly higher in the initial treatment

in acute AOSD. Notably, the expression of IFN-γ in the serum

of refractory patients than in non-refractory patients, demonstrat-

and CD4+ cells was significantly correlated with serum ferritin;

ing insufficient therapeutic efficacy even in the more potent initial

meanwhile, a decreased proportion of NK cells was significantly

treatment. The previous cohort indicated that a high dose of PSL

correlated with serum IFN-γ levels, suggesting that IFN-γ and IFN-

was usually required to achieve remission in AOSD,37,38 even though

γ-producing immunocompetent cells are the parameters of disease

there is a concern that the total dose of corticosteroid was ultimately

activity. Furthermore, a lower proportion of NK cells may be a use-

accumulated in refractory patients.37 Herein, a lower proportion of

ful indicator for predicting an intractable clinical course. Further,

circulating NK cells was also significantly indicated in refractory pa-

there is a concern that sustained increases in serum IL-6, IL-12, and

tients. Namely, the frequency of circulating NK cells may be valu-

IL-18 levels, which were significantly higher in remission AOSD than

able for predicting the severity of AOSD. It has been shown that

in HC, may be responsible for relapse. On the other hand, precise

impaired function of NK cells may result in the inability to regulate

machinery for NK cell reduction is still uncertain in AOSD. The

the immune system, leading to the activation of lymphocytes and

generation of NK cells is dependent on response to internal or ex-

macrophages in systemic juvenile idiopathic arthritis (s-JIA) and

ternal pathogens, neoplasm antigens, and immunological signals in

AOSD.10,11,39-41 Given our results and these immunological disor-

the host.45,46 Some investigations suggested possible mechanisms

ders, the induction of NK cells may regulate the pathological signal-

leading to NK cell reduction, such as the implication of inhibitory re-

ing underlying the development of AOSD. Further, the dysfunction

ceptors,47 reduced expression of activating receptors,48 or apoptosis

of NK cells was found to be implicated in developing MAS, which

mediated by induction of FcγR under IL-2 stimulation.49 However,

affects the prognosis of s-JIA and AOSD.

40,42,43

The development

this study focused on the limited area of the immune system; thus,

of MAS was sequentially observed in refractory patients despite no

further investigations are required to clarify more precise indicators
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F I G U R E 3 Regression analyses related
to disease activity, and comparison
between refractory and non-refractory
patients. IFN-γ, interferon-γ; MFI, median
fluorescence intensity; NK cells, natural
killer cells; Ref, refractory patients; Non-
Ref, non-refractory patients

of severity and prognosis in a wide range of immune mechanisms

investigations, and analyzed obtained data. Y-Shi and T-I prepared the

underlying AOSD.

draft of this manuscript. Y-Shi and Y-Se contributed to revising the
manuscript. All authors revised and approved of the final manuscript.
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Abstract
Background: Data on the prevalence and factors associated with low back pain (LBP)
in schoolchildren are scarce in Africa, particularly in sub-Saharan Africa.
Objectives: To assess the prevalence and factors associated with LBP in schoolchildren in Cameroon.
Patients and methods: We performed a cross-sectional study in 10 randomly selected schools (public and private) in Douala, Cameroon. Using a self-administrated
questionnaire, sociodemographic, usual physical activity, and clinical data were collected and all the schoolbags were weighted. Informed consent was obtained from
the parents. Statistical significance was established at P < .05. Logistic regression
was performed to identify factors associated with LBP.
Results: We included 1075 schoolchildren (543 boys, 50.5%). The prevalence of LBP
was 12.3% (132 children: 81 girls and 51 boys). The mean age was 11 ± 1 years (range,
8-14 years). Body mass index was normal in 110 schoolchildren (83.4%). Sixteen
schoolchildren had already met a physician for LBP. Among the factors evaluated,
those associated with LBP were female gender, doing competitive sport, sitting position, and LBP in at least 1 parent. The mean weight of the schoolbags was 4.9 ± 1.9 kg.
We had 99 children with LBP and a schoolbag weight ≥10% of their body weight. No
association was found between the weight of schoolbag and LBP.
Conclusion: LBP is common in Cameroonian schoolchildren, where 12.3% suffer
from it. The weight of schoolbags was not associated with LBP. However, female
gender, competitive sport, sitting position, and parental history of LBP were significantly associated with its occurrence.
KEYWORDS

Cameroon, low back pain, prevalence, schoolbag, schoolchildren
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studies on LBP in children and adolescents in Cameroon and the varying numbers of schoolchildren in each class and school, particularly in

Low back pain (LBP) is widely recognized as one of the most prevalent

public (≈76 per class) vs private school (≈30 per class), sampling was by

diseases of the musculoskeletal system and one of the most common

convenience in each school by recruiting all schoolchildren in the se-

causes of disability in developed countries.1-3 LBP is generally consid-

lected classes. We chose schoolchildren in the upper primary category

ered to be a condition of adults and elderly people. It is also considered

(classes 5 and 6) because we assumed they were most likely to provide

to be uncommon in children and adolescents and when it does occur

reliable answers to the questions they would be asked.

at this age, it is thought to be of short duration. Recent data contradict
this perception by showing that LBP may affect up to 37% of adolescents.4 In addition, adolescents with persistent LBP during the previ-

2.2 | LBP assessment

ous year were 3.5 times more likely to have LBP in adulthood.5
Data are scarce in Africa, particularly in sub-Saharan Africa

This study was performed in accordance with the ethics of the Helsinki

(SSA).6-10 However, data on the prevalence of LBP in Africa negates

Declaration. It was approved by the local ethics committee (CEI--

any assumption that LBP prevalence is lower in the developing world

UD/291/12/2015/T). Informed and signed consent forms were ob-

than in developed countries.6,7 The same is true for African children

tained from parents. Schoolchildren were surveyed during free hours.

and adolescents where the mean LBP prevalence is around 11%.6,7

In the absence of parents or guardians, schoolchildren completed a

Also, the factors associated with LBP in children and adolescents

self-administrated, validated, and pretested questionnaire (Appendix 1)

are age, female gender, trunk asymmetry, increased height, time

with the assistance of 1 of 2 trained interviewers for this survey.

spent watching television or using a computer, smoking, competitive

We included in this study all schoolchildren with LBP defined as

sports, depression and emotional factors, history of spinal trauma,

pain or discomfort in the area located between the lower margin of

and family history of LBP.3,7 Opinions differ on the role of school-

the 12th ribs to the lower gluteal folds with or without pain referred

Two systematic

into 1 or both lower limbs that lasts for at least 1 day.1 Prevalence esti-

reviews agree there is no convincing evidence that certain aspects of

mates are based upon schoolchildren who reported experiencing LBP

bags in the occurrence of LBP in schoolchildren.

8-21

schoolbag use increase the risk of LBP, subject to the methodological

at least monthly for the last 3 months. The questionnaire assessed so-

quality of the studies included in these reviews.12,13

ciodemographic characteristics, anthropometric data, usual physical

To our knowledge, only 4 studies have been performed in SSA

activity, self-reported by schoolchildren of personal and familial med-

on back pain in children and adolescents.8-11 These studies showed

ical history (with a focus on the parental history of LBP), and location

that back pain was common among school-age adolescents. They

of LBP. Some suggested risk factors were screened, particularly the

identified certain factors associated with back pain such as age,

weight of schoolbags weighed during the screening. The weights of

grade level, schoolbag weight, method of bag carriage, sitting posi-

schoolchildren and schoolbags were measured with a mechanical cal-

tion, prolonged sitting position, long duration of walking, presence

ibrated scale. The weight of each schoolbag was compared with the

of stairs at home, history of LBP and smoking in at least 1 parent

weight of its owner. We have considered as normal of the schoolbag

and lumbar spine mobility.8-11 No similar study has been conducted

a weight <10% of the body weight of each child.22 Regarding sitting

in Cameroon. Thus, we carried out this study intending to deter-

position, schoolchildren had to choose among 4 figures representing

mine the prevalence of LBP in Cameroonian schoolchildren and to

different sitting positions in the classroom (Appendix 1).

describe the associated factors. In contrast to previous studies that
have assessed overall back pain, we deliberately chose to limit this
study to LBP. Special attention will be paid to the relationship be-

2.3 | Data analysis

tween LBP and schoolbag weight.
Data were analyzed using Epi Info 7.1.5 software (CDC). All variables

2 | PATI E NT S A N D M E TH O DS
2.1 | Study design and sample
Between December 2015 and May 2016, we performed a survey
of schoolchildren attending 10 public and private primary schools in
the city of Douala in Cameroon. Douala is the economic capital of
Cameroon with a cosmopolitan population with a catchment of 3 mil-

that were significantly associated with LBP in bivariate analysis were
included in a multiple logistic regression model to adjust the confounding effects. Statistical significance was established at P < .05.

3 | R E S U LT S
3.1 | Baseline characteristics of the study
population

lion inhabitants. The city of Douala is divided into 5 districts. From
the list of registered primary schools obtained from the Cameroonian

Among the 1137 schoolchildren surveyed, a total of 1075 were

ministry of basic education, we randomly selected in each district 1

included (39 were absent and 23 refused to participate), giving

public school and 1 private school. Because of the absence of previous

a response rate of 94.5%. The gender ratio was 1.02 with boys (n

1188
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[%] = 543 [50.5%]) and girls (n [%] = 532 [49.5%]). Table 1 summa-

were physiotherapy (n [%] = 52 [39.4%]), supine position (n [%] = 36

rized the main characteristics of schoolchildren participating in this

[27.3%]), and painkillers (n [%] = 24 [18.2%]).

surveys, and those with LBP.

3.2 | Characteristics of schoolchildren with LBP

3.3 | Factors associated with LBP
We did not find any difference according to the BMI, the onset of

Among the schoolchildren surveyed, 132 (12.3%) reported having

LBP, the type of school attended (private or public), the educational

LBP monthly. There were more girls (n [%] = 81 [61.4%]) than boys (n

level of the schoolchildren, the fact of being the oldest child of the

[%] = 51 [38.6%]). The median age of these schoolchildren with LBP

family, the presence of stairs at home, and access to running and

was 11 years (range, 8-14 years). The 10-12 years age group was the

drinking water at home.

most affected by LBP, without any statistical difference with the other

Factors associated with LBP in bivariate analysis were: age

age groups. Schoolchildren with LBP aged 14 and over were exclusively

more than 10 years, female gender, history of LBP in at least 1

male. Body mass index (BMI) was normal in 110 schoolchildren (83.4%)

parent, practice of competitive sports, and bad sitting position on

while 18 schoolchildren (13.6%) presented as overweight or obese. The

school benches (all P < .05). However, in multivariate analysis, only

course of LBP was more than 3 months in 120 of these schoolchildren

female gender (odds ratio [OR] = 1.73 [1.19-2 .52]; P = .004), com-

(90.9%) (girls, n [%] = 73 [90.1%]; boys, n [%] = 47 [92.2%]).

petitive sports (OR = 1.61 [1.03-2 .53]; P = .038), parental history

Sixteen schoolchildren had already met a physician for LBP. Sick

of LBP (OR = 3.01 [1.16-7.81]; P = .024), and bad sitting position

leave related to LBP was taken in the last 3 months by 2 schoolchil-

(OR = 1.89 [1.07-3 .33]; P = .004) were almost associated with LBP

dren. The main pain-relieving factors described by schoolchildren

(Table 2).

TA B L E 1

Baseline characteristics of schoolchildren experiencing low back pain
Entire population (N = 1075)

Schoolchildren with low back
pain (n = 132)

Schoolchildren without low
back pain (n = 943)

n (%)

n (%)

n (%)

Male

543 (50.5)

51 (38.6)

492 (52.2)

Female

532 (49.5)

81 (61.4)

451 (47.8)

<18.5

24 (2.1)

4 (3.0)

20 (2.1)

18-25

928 (86.5)

110 (83.4)

818 (86.8)

>25

123 (11.4)

18 (13.6)

105 (11.1)

429 (39.9)

45 (34.1)

384 (65.9)

Public

640 (59.5)

53 (40.1)

587 (62.2)

Private

435 (40.5)

79 (59.9)

356 (37.8)

Grade 6

434 (40.4)

60 (45.4)

374 (39.7)

Grade 7

641 (59.6)

72 (54.6)

569 (60.3)

No

580 (53.9)

44 (33.3)

536 (56.8)

At least 1 parent

495 (46.1)

88 (66.7)

407 (43.2)

Gender

Body mass index, kg/m

2

Oldest sibling
Type of school

Educational level

Parental history of low back pain

House with stairs

313 (29.1)

45 (34.1)

268 (28.4)

Home water supply

774 (72.0)

90 (68.2)

684 (72.5)

Housework

978 (91.0)

119 (90.1)

859 (91.1)

Passive smoking

160 (14.9)

19 (14.4)

141 (15.0)

Physical incapacity

39 (3.6)

7 (5.3)

32 (3.4)

Competitive sports activity

191 (17.8)

102 (77.3)

89 (9.4)
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TA B L E 2
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Factors associated with low back pain in schoolchildren
Bivariate analysis

Multivariate analysis

n (%)

OR

95% CI

P

OR

95% CI

P

≤10

29 (21.9)

1 (ref.)

–

–

–

–

–

>10

103 (78.1)

1.15

1.07-1.28

.04

0.93

0.81-1.06

.25

Boys

51 (38.4)

1 (ref.)

–

–

–

–

–

Girls

81 (61.6)

1.89

1.25-3.03

<.01

1.73

1.19-2.52

.004

Grade 6

60 (45.4)

1 (ref.)

–

–

–

–

–

Grade 7

72 (54.6)

0.94

0.83-1.05

.6

–

–

–

Yes

45 (34.1)

0.88

0.76-1.02

.5

–

–

–

No

87 (65.9)

1 (ref.)

–

–

–

–

–

With stairs

49 (37.1)

1.17

0.95-1.37

.1

–

–

–

Without stairs

83 (62.9)

1 (ref.)

–

–

–

–

–

<18.5

4 (3.1)

1.92

0.78-2.21

.5

–

–

–

18.5-25

110 (83.3)

1 (ref.)

–

–

–

–

–

>25

18 (13.6)

0.83

0.67-1.12

.4

Age, y

Gender

Educational level

Oldest sibling

Type of house

Body mass index, kg/m

2

Competitive sports
No

102 (77.3)

1 (ref.)

–

–

–

–

–

Yes

30 (22.7)

2.28

1.25-3.28

<.001

1.61

1.03-2.53

.038

No

44 (33.3)

1 (ref.)

–

–

–

–

–

Yes

88 (66.7)

4.99

1.64-8.19

<.001

3.01

1.16-7.81

.024

Parental low back pain

Weight of schoolbags
≤10%

33 (25.0)

1 (ref.)

–

–

–

–

–

>10%

99 (75.0)

1.22

0.92-1.0

.09

–

–

–

No

64 (45.1)

2.33

1.04-4.51

.012

1.89

1.07-3.33

.004

Yes

69 (55.1)

1 (ref.)

–

–

–

–

–

Bad sitting posture

Abbreviations: CI, confidence interval; OR, odds ratio; ref., reference.

3.4 | Relationship between schoolbags and LBP

over 3 months) was found in almost all children, with no difference

The mean weight of schoolbags was 4.9 ± 1.9 kg. Of the 132 school-

dren had seen a physician for LBP. Only 2 children were absent from

children with LBP, 99 had schoolbags weighing ≥10% of their body

class because of LBP. This may reflect mild to moderate pain. In addi-

weight. We did not find any relationship between LBP and the weight

tion, to estimate the point prevalence of LBP in schoolchildren in our

of the schoolbags, regardless of gender, BMI, duration of pain, type

setting, our study showed that the factors significantly associated

of school, distance from home to school, way of transportation from

with LBP were female gender, competitive sports, family history of

home to school, and age (P > .05).

LBP, and bad sitting position in the classroom. Schoolbag weight was

based on gender. Surprisingly, only a minority of these schoolchil-

also not associated with LBP, whatever the different confounding

4 | D I S CU S S I O N

factors evaluated.
The size of our sample is one of the main strengths of our study,
although it could have gained statistical power with a larger sample.

Almost 1 in 8 schoolchildren in Cameroon suffered from LBP at least

Moreover, it was performed in a cosmopolitan city in which inhabi-

monthly. LBP was more common in girls. Chronic LBP (pain that lasts

tants reflect baseline characteristics of SSAs (“Africa in miniature”).
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Also, interviewing schoolchildren in the absence of their parents

posture of the spine is observed as the schoolbag weight increases.

would have led to a reduction in the potential influence that their

However, the relationship with the development of scoliosis, lor-

parents could have on them by suggesting answers. However, our

dosis or kyphosis, and schoolbag weight has not yet been demon-

study has 5 main limitations. First, the uneven number of children per

strated. 21 Then, to cause LBP, the schoolbag weight alone would

school led us to a convenience sample, rather than a representative

not be sufficient but it would require the combination of some risk

sample in each school, randomly selected. This may limit the gener-

factors involved in the occurrence of LBP, including psychosocial

alizability of the findings. However, our results are similar to those of

factors.3,8,9,12,20,21 Indeed, a systematic review found that the per-

13,15,18-20

previous studies.

Second, a clinical examination performed

ception of heaviness or difficulty in carrying the schoolbag were as-

by a physician would have been ideal to provide a precise medical

sociated with back pain and persistent symptoms.14 Thus, it would

diagnosis for each schoolchild and provide greater qualitative data

be interesting to know through another study if reducing the weight

on the pain experience. It would have allowed us to find the other

of the schoolbag could have an impact on the occurrence of LBP, as

locations of the pain because somatic pain is very common in school-

suggested by some studies, even if it does not seem to be associated

children, more often coexisting than occurring in isolation.4 Trained

with LBP.18,22

interviewers in this study made sure that the anatomical area shown

Based on our data, and despite the limitations of the study,

by the schoolchildren matched the lumbar region. Thus, as pain is

policymakers should consider LBP as a public health problem not

the main characteristic of LBP, this survey is sufficient to make ac-

only in adults, but also in children and adolescents.6,7 Risk factors

curate diagnoses of LBP.1 Third, radiographic abnormalities were

significantly associated with LBP,3,12 especially those found in our

not also screened in this survey. However, the main radiographic

study, should be integrated into the algorithms for the preventive

abnormalities encountered in children are not correlated with clin-

and curative management of LBP. Emphasis should be placed on the

ical complaints from children.12,15 Indeed, in a study performed on

proper attitudes for schoolchildren to adopt when sitting. Programs

3441 students aged from 9 to 15 years, lordosis and scoliosis did

should be developed to teach children to sit up perfectly straight.

15

not correlate with LBP.

Fourth, we did not clearly appreciate the

Also, there is a need to standardize the type of classroom benches by

psychological aspects of the occurrence of LBP in children. This was

choosing seats ergonomically designed. Based on our results and ev-

indirectly assessed through social factors such as the means of travel

idence from a systematic review,13,14 no restrictions should be placed

to school, the performance of household and field work in the family,

on schoolbag use. However, further studies with rigorous design

and the availability of water at home. However, we did not find a sig-

should be carried out in order to appreciate aspects other than the

nificant association between these factors and LBP. Thus, it would

weight of the schoolbag in schoolchildren, in particular the percep-

be interesting to carry out further studies to assess the clinical, ra-

tion of heaviness14 and the way of carrying the schoolbag.11,15,16,19,21

diological, and also psychological characteristics of LBP in children

Further, the implication of schoolchildren's age, height, bodyweight

and adolescents in SSA. Fifth, it would have been interesting to fol-

as well as the magnitude of scoliosis, kyphosis, and lordosis remains

low these children in order to evaluate the evolution of their LBP

to be demonstrated.3,15,17

into adulthood because persistent LBP in childhood would predispose to the occurrence of LBP in adulthood.5,12,21 Indeed, a Danish
twins study found adolescents with persistent LBP in the previous

5 | CO N C LU S I O N

year had an OR of 3.5 for persistent LBP 8 years later.5 However, we
have not observed an increasing prevalence with age in our study as

LBP is common in school settings. It affects 12.3% of Cameroonian

in a previous study.15

schoolchildren. Factors associated with LBP in this study were fe-

Furthermore, we have identified factors associated with LBP

male gender, competitive sports, and parental history of LBP. The

as previously described, including female gender, competitive

place of schoolbags remains unclear in the pathogenesis of LBP

sports, and parental history of LBP. Bad seating position on school

in schoolchildren. Our data add to existing evidence showing that

benches is another factor identified in our study. This deserves to

schoolbag use does not increase the risk of LBP. Preventive meas-

be evaluated in further studies. The schoolbag weight was not as-

ures must be taken early in childhood to prevent LBP in schoolchil-

sociated with LBP. The controversy is thus relaunched on the role

dren and its persistence into adulthood. Appropriate strategies must

of the schoolbag weight in the occurrence of LBP in schoolchildren.

be adapted to the factors associated with LBP in schoolchildren. Our

Indeed, the involvement of the schoolbag on LBP in schoolchildren

findings support the need for further research to improve the under-

is suggested in some studies,

8,9,11,16,17

but not found in several other

standing of LBP in schoolchildren.

studies.13-15,18-20 Despite the methodological limitations of the studies included in the systematic reviews, we can cautiously state that

AC K N OW L E D G E M E N T S

schoolbag use does not appear to be a significant risk factor for LBP

The authors are grateful to the schoolchildren and their families who

13,14

in schoolchildren.

The results concerning the way of schoolbag

participated in this survey as well as to the school staff.

carrying (one-sided vs both shoulders) are also mitigated.11,15,16,19
Carrying the schoolbag with 2 shoulders strap affects posture and

C O N FL I C T O F I N T E R E S T

gait less than carrying it on 1 shoulder. 21 Further, a change in the
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Abstract
Aim: Previous studies have provided evidence linking the DPEP1 gene to the risk of
osteoarthritis (OA) in Europeans. In this study, we aimed to examine the relationship
between DPEP1 gene and the susceptibility and clinical severity of OA in a Chinese
Han population.
Methods: This study comprised two independent samples. For the discovery stage,
1022 patients with knee OA and 1864 controls were recruited. Fourteen tag single nucleotide polymorphisms (SNPs) covering the DPEP1 gene were selected and
genotyped. Associated SNPs in the discovery data set were subsequently genotyped
in the replication data set consisting of 826 hip OA cases and 1662 controls. Both
genotypic and allelic genetic associations were tested. The relationship of significant
SNPs to the expression of DPEP1 and its neighboring genes was examined using the
GTEx database.
Results: A nonsynonymous SNP, rs1126464, was determined to be associated with
the disease status of OA in both the discovery and replication stages (odds ratio [OR]
0.75, 95% confidence interval [95% CI] 0.68-0.82, P = 7.16 × 10−11). This SNP was further characterized as being significantly related to a higher Kellgren-L awrence grade
in OA patients (OR 0.64, 95% CI 0.55-0.74, P = 2.53 × 10−9). According to the GTEx
data, SNP rs1126464 was significantly related to the gene expression of 15 genes in
multiple types of human tissues.
Conclusion: We reported a common DNA variant in the DPEP1 gene that contributes
to the risk of OA, providing additional evidence that the DPEP1 gene plays a significant role in the pathological mechanisms of OA.
KEYWORDS

case-control study, DPEP1 gene, osteoarthritis, single nucleotide polymorphism

1 | I NTRO D U C TI O N

Affecting approximately 40% of elderly individuals aged over
70 years,4 OA places high social and economic burdens on society.

Osteoarthritis (OA) is the most common form of chronic joint de-

In the UK alone, there are more than 10 million OA patients, and

generation and is characterized by destruction of articular car-

the direct annual cost for treating this disease is approximately

1,2

tilage and bone remodeling.

OA can occur in all joint tissues,

14.8 billion GBP. 5 OA is co-regulated by environmental and genetic

3

factors. 6 However, the genetic underpinnings of the susceptibility

primarily causing pain and disabilities in the knee, hip, and hand.

© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd
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2 | M ATE R I A L S A N D M E TH O DS

to, development of, and therapeutic targets in OA remain to be
elucidated.

2.1 | Study participants

As a protease that hydrolyzes a variety of dipeptides, dipeptidase
1 has been indicated to play a key role in the metabolism of glutathione and its conjugates in the kidney.1 Dysregulation of dipeptidase

In the present study, we implemented a two-stage strategy. In

7

1 has been implicated in many diseases, including hypertension,

the discovery stage, we recruited 1022 patients with knee OA

esophageal8 and colorectal cancer,9 as well as OA.10 DPEP1, the gene

and 1864 controls from the Second Affiliated Hospital of Xi'an

encoding dipeptidase 1, is located on chromosome 16. Accumulating

Jiaotong University. Significantly associated SNPs identified in

evidence indicates that the DPEP1 gene plays an important role

the discovery data set were subsequently genotyped in the vali-

in the pathophysiology of OA. Expression of the DPEP1 gene was

dation stage, in which another independent sample consisting

found to be lower in OA samples than in non-OA samples in rodents

of 826 hip OA cases and 1662 controls was collected from the

by combining transcriptomics studies of murine OA models.11 The

Second Affiliated Hospital of Xi'an Jiaotong University, Xi'an

single nucleotide polymorphism (SNP) rs1126464, a missense vari-

Honghui Hospital and Shaanxi Provincial People's Hospital (all

ant in the DPEP1 gene, has been demonstrated to have a posterior

in Xi'an city). The OA was diagnosed based on American College

probability of causality of 0.89 for OA through analyzing UK Biobank

of Rheumatology guidelines. The Kellgren-L awrence (KL) scores

data.1 To target DPEP1, cilastatin, an inhibitor of DPEP1, is approved

of OA patients included in the present study were more than 1.

for use in combination with imipenem (an antibiotic medicine for OA)

There were no signs or symptoms of joint disease in all OA cases.

to avoid the influence of dehydropeptidase and further extend its

Those who suffered from abnormal bone development, inflam-

antibacterial effect.12 Hence, the DPEP1 gene has become a prom-

matory arthritis (regardless of the cause), and severe organic dis-

ising candidate target for treatment and prognosis prediction in OA.

eases were excluded. Additionally, to avoid potential population

Further experimental evidence or causal roles of DPEP1 in the sus-

stratification in the study, study participants who had immigration

ceptibility to and therapeutic effects in OA are required to obtain a

history within three generations were not included in the present

comprehensive view. To date, it is not clear whether the same or sim-

study. Demographic and clinical information was collected from

ilar association signals will be confirmed in non-European popula-

study participants using a questionnaire. All participants signed

tions. For this reason, we performed the candidate gene association

informed consent forms, and the study proposal was approved by

study to detect the correlation of DPEP1 gene with the susceptibility

the ethics committee of the Second Affiliated Hospital of Xi'an

and severity of OA in a Chinese Han population.

Jiaotong University.

TA B L E 1

Demographic and clinical characteristics of the study participants
Discovery stage

Replication stage

KOA cases
(N = 1022)

Controls
(N = 1864)

Statistics

P value

HOA cases
(N = 826)

Controls
(N = 1662)

Statistics

P value

Age, years

61.0 ± 7.1

61.2 ± 7.3

t = −0.67

0.50

61.9 ± 7.6

61.7 ± 7.5

t = 0.77

0.44

BMI, kg/m2

26.0 ± 1.4

26.1 ± 1.5

t = −1.73

0.08

25.7 ± 1.5

25.6 ± 1.7

t = 1.50

0.13

Male

487 (48)

888 (48)

χ2 = 0.00

1.00

393 (48)

791 (48)

χ2 = 0.00

1.00

Female

535 (52)

976 (52)

433 (52)

871 (52)

Yes

240 (23)

435 (23)

168 (20)

340 (20)

χ2 = 0.00

0.99

No

782 (77)

1429 (77)

658 (80)

1322 (80)

Yes

296 (29)

540 (29)

264 (32)

523 (31)

χ2 = 0.04

0.84

No

726 (71)

1324 (71)

562 (68)

1139 (69)

KL-2

374 (37)

—

289 (35)

—

KL-3

334 (33)

—

280 (34)

—

KL-4

314 (30)

—

257 (31)

—

—

—

Variables

Gender (%)

Smoking (%)
χ2 = 0.002

0.97

Alcohol (%)
χ2 = 0.00

1.00

KL (%)

—

—

Note: Age and BMI are presented as mean ± standard deviation.
Abbreviations: BMI, body mass index; KL, Kellgren and Lawrence classification system.
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2.2 | SNP selection and genotyping

2.4 | Bioinformatic analysis

To capture the maximum information while minimizing the ex-

To further investigate the functional consequences of the significant

perimental cost, we have selected tag SNPs of the DPEP1 gene

hits, two types of bioinformatic tools were used. We first examined

region for genotyping. A total of 87 SNPs in DPEP1 with minor

the relationship of the significant SNPs and expression for DPEP1

allele frequency of at least 0.05 were extracted. Then we obtained

and its neighboring genes using the database of Genotype-Tissue

tag SNPs from this candidate SNP set (r 2 ≥ 0.6). Finally, an SNP

Expression (GTEx).18 In addition, for nonsynonymous variants, the

set comprising 14 tag SNPs were selected and genotyped. Genetic

bioinformatic tools Polyphen219 and SIFT20 were subsequently used

information of these SNPs is summarized in Table S1. Genomic

to predict the biological functions of the DNA variants on the pro-

DNA was extracted from the peripheral blood samples collected

tein encoded by DPEP1.

from participants. Tiangen DNA extraction kits (TIANGEN Biotech
(Beijing) Co.,Ltd., Beijing, China) were utilized and the experiments were performed based on the manufacturer's protocol. The
Sequenom MassARRAY (Sequenom Inc., San Diego, CA, USA)
platform was used for SNP genotyping. To control the experiment
quality, technicians were blinded to the case-control labels.13,14 In

3 | R E S U LT S
3.1 | Demographic and clinical features of the study
participants

addition, 5% of the study samples were replicated for SNP genotyping. The genotype calls were successfully replicated for all of

A total of 1022 patients with knee OA and 1864 healthy controls

these samples.

were enrolled in the discovery stage. Another sample consisting of
826 patients with hip OA and 1662 healthy controls was recruited as
a replication sample. No significant differences were identified for

2.3 | Statistical analysis

any of the demographic and clinical variables, including BMI, gender, age, smoking and alcohol habits, in the samples of both stages

Power analyses were performed using the Genetic Association
Study

power

calculator

(Table 1 and Table S3).

(https://csg.sph.umich.edu/abecasis/

gas_power_calculator/). Parameters chosen for power analyses
are summarized in Table S2. The sample size level of the present
study could achieve more than 97% statistical power for detect-

3.2 | Genetic association between DPEP1 and
risk of OA

ing an SNP with effect size of 1.3 (Figure S1). Clinical and demographic characteristics were compared between OA cases and

All 14 genotyped SNPs in the discovery stage were in Hardy-Weinberg

controls in both discovery and replication samples. For categori-

equilibrium (Table S1). In the discovery stage, only one nonsynony-

cal variables χ2 tests were performed. For continuous variables

mous SNP, rs1126464, was determined to achieve significance in

Student's t tests were performed. Tests for Hardy-Weinberg

association with the risk of OA (Figure 1, Table S4). This SNP was sub-

2

equilibrium were performed in samples of controls. The χ tests

sequently genotyped and analyzed in the samples of the replication

were performed to compare the difference between observed

stage, and this association signal was still significant (Table 2). In gen-

and expected counts of genotypes. Genetic associations were

eral, the C allele of rs1126464 was found to be associated with the

tested between genotypes and disease status of the study par-

decreasing risk of OA (odds ratio [OR] 0.75, 95% confidence interval

ticipants. Genotypic and allelic analyses were implemented for

[95% CI] 0.68-0.82; Table 2). Patterns of dosage-dependent response

each genotyped SNP to investigate the imbalanced distribution

were identified. The OR of the CC genotype versus GG was 0.5 (95% CI

of genotypes and alleles in patients with OA and controls. In ad-

0.40-0.62), and the OR of the CG genotype versus GG was 0.81 (95%

dition, haplotype-b ased association was also examined between

CI 0.72-0.91) (Table 2). Four two-SNP LD blocks were constructed

haplotypes within linkage disequilibrium (LD) blocks and disease

(Figure S2). Association analyses based on haplotypes were performed

status. LD blocks were constructed based on data from the dis-

within each LD block (rs409170-rs117817715, rs78021403-rs258341,

covery stage. Furthermore, we have conducted association analy-

rs62068714-rs74966740, and rs908951-rs61217159). No significant

sis between KL grade and SNPs significantly associated with OA

haplotypes were identified within these LD blocks (Table S5).

status. This analysis enables us to investigate the connection between clinical severity of OA and relevant SNPs. In the discovery
stage, to control multiple comparisons, Bonferroni correction was
applied. We used 0.004 (0.05/14) as the threshold of P values for

3.3 | Association between SNP rs1126464 and
clinical severity of OA

SNP genetic association analysis in the discovery stage. Plink was
used for genetic association analyses.15 LD structure was visual-

Similar to the results of genetic association, we also identified a

ized using Haploview.16 Locus zoom was used to construct regional

significant signal between the clinical severity of OA and the geno-

association plots.17

types of SNP rs1126464 (Table 3). The C allele of rs1126464 was

|

ZHANG et al.

1195

F I G U R E 1 Regional association plots
for the genetic association of genotyped
single nucleotide polymorphisms with
osteoarthritis (OA) susceptibility in the
discovery data set

significantly correlated with a lower KL score (OR 0.64, 95% CI 0.55-

Han Chinese population. We first replicated the significant hit, SNP

0.74). A dose-dependent pattern could also be observed in the re-

rs1126464, identified based on meta-analysis using UK Biobank data.

sults of genotypic analyses. The OR value for genotypes CC versus

Our results indicated that the C allele of SNP rs1126464 was related

GG was 0.39 (95% CI 0.27-0.57), and for genotypes CG versus GG

to a decreased risk of OA, and the direction of effect was the same

was 0.62 (95% CI 0.51-0.76).

in a study performed by Tachmazidou et al1 using UK Biobank data
in which the G allele of rs1126464 was reported to be significantly

3.4 | Functional consequences of SNP rs1126464

associated with an increased prevalence of OA. The size of the effect for rs1126464 found in the present study was greater than that
observed in the study based on UK Biobank data. As the UK Biobank

Based on data obtained from the GTEx database, SNP rs1126464

data were primarily obtained from European populations, this di-

was significantly associated with 15 genes in multiple human tis-

vergence could be caused by the different structures of LD for the

sues. Notably, the DPEP1 gene was not on this 15-gene list (Figure 2,

DPEP1 gene region and minor allele frequency of SNP rs1126464 in

Table S6). The SNP rs1126464 was not related to the gene expres-

different populations. In addition to replicating the results of a previ-

sion level of DPEP1 (Table S7). In addition, both Polyphen2 and SIFT

ous study, we went one step further by examining the relationship

showed that SNP rs1126464 had very limited functional conse-

between genotypes of rs1126464 and the clinical severity of OA for

quences in variants of the protein encoded by DPEP1 (Figure S3).

cases. Our findings indicated that the C allele of rs1126464 was re-

Polyphen2 rated this SNP as "benign", and SIFT rated this SNP as

lated to a lower KL grade. In other words, OA patients carrying the C

"tolerated".

allele generally had milder symptoms than G allele carriers. Given that
it is difficult to draw solid conclusions only from SNP results, 21-25 this

4 | D I S CU S S I O N

finding should be confirmed by more supportive evidence to facilitate
the treatment of OA and guide personalized medicine for diagnosis
and treatment of this disease in the future.

In this study, we investigated the relationship between the risk of OA

SNP rs1126464 is a missense variant and changes one amino

and genetic polymorphisms of gene DPEP1 in a large sample from a

acid in the protein encoded by DEPE1. Previous GWA studies have

432 (52)

GG
1534 (44)

756 (41)
968 (52)

CG

GG

1585 (44)

407 (12)

746 (45)

725 (44)

124 (7)

CC

339 (41)

CG

191 (11)

839 (45)

809 (43)

216 (12)

Controls

—

0.81 [0.72-0.91]

0.50 [0.40-0.62]

—

0.81 [0.68-0.96]

0.50 [0.36-0.69]

—

0.81 [0.69-0.95]

0.50 [0.37-0.67]

OR [95% CI]

44.67

20.3

24.34

χ

2

2.00 × 10−10

−5

−6

3.90 × 10

5.17 × 10

P value

G

C

G

C

G

C

Alleles

2692 (73)

1004 (27)

1203 (73)

449 (27)

1489 (73)

555 (27)

Cases

Allelic analysis

448 (38)

678 (57)

CG

GG

290 (44)

308 (46)

65 (10)

KL-2

—

0.62
[0.51-0.76]

0.39
[0.27-0.57]

OR [95% CI]

Abbreviations: CI, confidence interval; OR, odds ratio.

37.26

χ

2

8.10 × 10−9

P value

G

C

Alleles

1804 (76)

566 (24)

KL-3/4

Severity

888 (67)

438 (33)

KL-2

4704 (67)

2348 (33)

2217 (67)

1107 (33)

2487 (67)

1241 (33)

Controls

—

0.64 [0.55-0.74]

OR [95% CI]

—

0.75 [0.68-0.82]

—

0.75 [0.66-0.85]

—

0.75 [0.66-0.84]

OR [95% CI]

35.52

χ2

42.48

19.26

23.19

χ2

2.53 × 10−9

P value

7.16 × 10 −11

1.14 × 10 −5

1.47 × 10 −6

P value

|

Note: Values are given as number (%) unless otherwise stated.

59 (5)

KL-3/4

CC

Genotypes

Severity

Allelic analysis

Genetic association between the single nucleotide polymorphism rs1126464 and severity of osteoarthritis

Genotypic analysis

TA B L E 3

Abbreviations: CI, confidence interval; OR, odds ratio.

Note: Threshold of P values applied in discovery stage was 0.05/14 ≈ 0.004. Values are given as number (%) unless otherwise stated.

Combined set

55 (7)

GG

CC

417 (41)
536 (52)

CG

Replication stage

69 (7)

CC

Discovery stage

Cases

Genotypes

Genotypic analysis

Genetic association between the single nucleotide polymorphism rs1126464 and disease status of osteoarthritis

Stage

TA B L E 2
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F I G U R E 2 Significant association signals between single nucleotide polymorphism rs1126464 and gene expression level for 15 loci in
multiple types of human tissues

linked SNP rs1126464 to multiple human traits and disorders
including human height,

26

obesity-related traits,

27

mapped, three of them are of particular interest, including CDK10

blood pres-

and CHMP1A. These two genes were significantly affected by SNP

sure, 28 and hypertension.7 Nevertheless, the results of bioinfor-

rs1126464 in a wide variety of human tissues. The CDK10 gene en-

matic analysis indicated that this change in one amino acid might

codes a type of cyclin-dependent kinase (CDK) that binds to cyclins

have very limited functional significance in proteins. This DNA

to form active holoenzymes. This kinase was indicated to plays a sig-

variant seems to be neutral for DEPE1, despite its location in the

nificant role in the modulation of the eukaryotic cell cycle. 29 CHMP/

exonic region. On the other hand, data from the GTEx database

Chmp family are comprised of proteins which formed components of

also show no evidence that this SNP is an expression quantitative

a protein complex involved in the formation of endocytic multivesic-

trait locus for gene DEPE1. Although a previous study mapped

ular bodies and the degradation of surface receptor proteins.30 The

this SNP to DEPE1 according to its physical position, it appears

gene CHMP1A could encode a protein belonging to the CHMP/Chmp

that this SNP could not be functionally mapped to this gene.

protein family. Both CDK10 and CHMP1A have been reported to be

Notably, GTEx data indicated that although SNP rs1126464 was

related to several human diseases and traits, including melanoma,31

not related to the gene expression of DEPE1, it was significantly

height,32 blood pressure,7 sugar intake,33 and cortical thickness.34

associated with 15 surrounding genes. This finding strongly sug-

However, to date, no evidence has connected these loci with OA and

gests that SNP rs1126464 could be functionally mapped to genes

its related disorders. It would be informative if future studies could

other than DEPE1 and that these 15 genes could serve as can-

investigate the biological functions of both genes based on model

didate loci that contribute to the risk of OA. Nevertheless, it is

animals.

necessary for us to be careful in presenting and interpreting the

A potential limitation of the present study is that in the discovery

results based on publicly available databases. Although the GTEx

stage we have recruited individuals with knee OA in the discovery

project included 48 types of human tissues, the target tissue of

stage but patients with hip OA in the replication stage. Although

OA, cartilage, was not included. Therefore, it is difficult for us to

some genes have been shown to be specific for OA, OA onset at dif-

investigate the functional significance of this SNP to the patho-

ferent locations in general has a shared genetic basis.35,36 More im-

logical mechanisms of OA based solely on GTEx data. Studies on

portantly, the study conducted with UK Biobank data identified SNP

biological functions are still required to elucidate the patholog-

rs1126464 based on mixed OA patients, with OA at different sites.

ical mechanisms governing the effect of SNP rs1126464 on the

Hence, the influence of different types of OA in the discovery and

risk of OA.

replication stages might be limited. In addition, population stratifica-

Although it is beyond the scope of the present study, it is still nec-

tion might have potential confounding effects on the results of ge-

essary for us to briefly introduce the function of the candidate loci.

netic association. Unfortunately, as the present study only focused

Among the 15 genes to which SNP rs1126464 could be functionally

on two candidate genes and genotyped a small number of SNPs, it
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is very difficult for us to implement some commonly used statistical methods (such as genomic control) to adjust for the population
stratification. Nevertheless, during the present study’s enrollment
process, we limited our samples by excluding individuals with immigration history within three generations. This strategy would restrict
the genetic heterogeneity of our study participants and therefore
could, at least partly, control the population stratification.

5 | CO N C LU S I O N
In the present study, a genetic polymorphism site physically mapped
to the DPEP1 gene was identified as being related to the risk of OA.
This association signal was discovered and replicated in two independent samples from Chinese Han populations. In addition, the same SNP
was correlated with the clinical severity of disease in OA patients.
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Abstract
Aim: To compare the effects of supervised exercise and home exercise program in
patients with systemic sclerosis (SSc).
Methods: Thirty-seven SSc patients were included. Patients with SSc were allocated
into 2 groups as supervised and home exercise. Breathing, aerobic and resistance
exercises were performed with a physiotherapist for 12 weeks in the supervised exercise group. Breathing, posture and aerobic exercises were given to the home exercise group as a home program for 12 weeks. All patients were assessed at baseline
and 12 weeks later in terms of functional capacity, pulmonary functions, respiratory-
peripheral muscle strength, dyspnea severity, health-related quality of life (HRQoL)
and fatigue level.
Results: Significant improvements were observed in the functional capacity, measured
by 6 minute walking test in the supervised exercise group (before = 376.21 ± 65.50,
after = 518.78 ± 75.84 m) and home exercise group (before = 384.44 ± 68.14,
after = 432.7 ± 70.8 m; (P < .05). Respiratory-peripheral muscle strength (with the
exception of inspiratory muscle strength and upper limb strength in the home exercise group) and HRQoL were significantly increased and fatigue level was significantly
decreased in the supervised exercise and home exercise groups (P < .05). However,
pulmonary functions and dyspnea severity were significantly improved only in the
supervised exercise group (P < .05). The supervised exercise program was found superior to the home exercise program for change in all parameters (P < .05).
Conclusion: This study suggests that exercise interventions should be applied in addition to the medical treatments of patients with SSc as supervised and home exercise programs play an important role in the functionality and health status of these
patients.
KEYWORDS

dyspnea severity, exercise, health-related quality of life, pulmonary functions, systemic
sclerosis
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1 | I NTRO D U C TI O N

1201

followed at a department of rheumatology between 2018 and 2021,
participated in the study. This RCT was conducted at the outpatients'

Systemic sclerosis (SSc) is an uncommon chronic rheumatic dis-

pulmonary rehabilitation clinic of Dokuz Eylül University Hospital.

ease that causes extensive microvascular damage, immune system
activation and excessive collagen deposition in the skin and internal organs.1 Raynaud's phenomenon and gastrointestinal involve-

2.1.1 | Inclusion criteria

ment are the most common signs of disease besides skin fibrosis. 2
Cardiopulmonary involvement, 2 major complications of which are

The inclusion criteria were limited or diffuse SSc, being between the

interstitial lung disease (ILD) and pulmonary arterial hypertension

ages of 35-65 years, unchanged medication treatment for 3 months

3

(PAH), is the main cause of death from the disease. Musculoskeletal

and volunteering to participate in the study.

damage in SSc occurs frequently with a prevalence of 24%-97% and
is associated with significant widespread disability.4 Due to all these
involvements, patients with SSc have decreased muscle strength en-

2.1.2 | Exclusion criteria

durance and increased fatigue, rapid physical impairment (in terms of
function, activity and participation) and a decrease in health-related

Patients with SSc who had another neurological, musculoskeletal,

quality of life (HRQoL).5,6

visual, vestibular disorder, orthopedic surgery history involving spine

Non-pharmacological approaches including exercise programs

and upper-lower limbs, using an assistive device for ambulation and

7

have already shown improvement in pulmonary chronic diseases.

inability to perform the test and exercise program, diagnosed with

In addition, it has been stated that exercise programs can improve

severe cognitive and/or psychiatric impairment, history of myositis

functional capacity and muscle function in rheumatic patients such

and history of active tobacco use, were excluded.

as rheumatoid arthritis, inflammatory myositis and fibromyalgia.8,9

The protocol for this RCT was approved by the Noninvasive

However, the strength of evidence regarding the efficacy of exercise

Research Ethics Board of Dokuz Eylül University (Approval

intervention in rehabilitation in SSc is restricted. Furthermore, de-

number: 2017/29-15) and was registered at ClinicalTrials.gov

spite the evidence of exercise, SSc patients may often avoid physical

(NCT04675502). All participants were outpatients and gave their

activity and exercise due to the anecdotal belief that exercise will

written informed consent to participate in the study before the re-

10

exacerbate muscle inflammation or microvascular damage.

In fact,

cruitment started.

few studies have been conducted about the safety and effectiveness of exercise interventions in SSc.11 However, there have been no
studies investigating the role of a supervised exercise program con-

2.2 | Study design

sisting of breathing exercises, aerobic and resistance training in SSc.
Rehabilitation of SSc patients should be performed regularly and

This study was designed as a RCT. Patients were randomized by

continuously at home as well as supervised programs in the hospital.

using a random numbers table with allocation stored in opaque

However, home exercise programs are not very common in the reha-

sealed envelopes until completion of baseline assessment. A

12-14

On the other hand, a

computer-generated list of random numbers was used and a rand-

few high-quality randomized controlled trials (RCT) of exercise prac-

bilitation treatment of SSc patients to date.

omization sequence was created by the Random Number Generator

tices in patients with SSc have been conducted. In these studies, the

Pro v2.00 software (Segobit). Patients were randomized block

number of cases is low, the content of the exercise program given is

design, into 2 groups, the supervised exercise group (SEG) or the

unclear and patients included are generally with low disability level

home exercise group (HEG), by a single investigator blinded to pa-

and no pulmonary involvement. To our knowledge, there is no study

tient identity (Figure 1). The researcher who was responsible for the

that has comprehensively evaluated and compared the effects of su-

randomization did not take part in data collection or data analysis.

pervised exercise and home exercise programs in SSc patients. Thus,

Measurements were done by unmasked assessors to the group al-

owing to lack of exercise recommendations for SSc patients, the aim

location at baseline and immediately at the end of the exercise pro-

of the present study is to compare the effects of a supervised exer-

grams (ie, after 12 weeks).

cise and home exercise program in patients with SSc.

2 | M E TH O DS
2.1 | Participants

2.3 | Intervention
In the light of the relevant literature, the exercise programs we created by examining the exercise programs applied especially to patients with rheumatic and respiratory diseases, and are described

Thirty-seven patients who had a confirmed diagnosis of clinically

below.16-18

definite SSc according to the American College of Rheumatology/

The SEG received the combined exercise training consisting of

European League Against Rheumatism15 criteria by a rheumatologist,

breathing, resistance and aerobic exercises under the supervision of

1202
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Flow diagram of the study

a physiotherapist twice per week for 12 weeks (in total 24 sessions).

2.3.2 | Resistance training

Each session lasted about 1 hour, with a warm-up session for the
first 5 minutes and cool-down session for the last 5 minutes. Three

Resistance training included exercises for the main muscle groups:

to four repetitions, lasting 30 seconds of static active stretching and

scapular adduction, bilateral shoulder flexion-hyperextension-

flexibility exercises for the large muscle groups of trunk and upper-

abduction, knee extension, hip flexion, 4-way straight leg raises,

lower extremities were performed as warm-up and cool-down

squats, plunk, sit-ups. Body weight, free weights and elastic

exercises.

bands were used for resistance training exercises. One-Maximum
Repetition (1 MT) method and modified Borg Rating of Perceived

2.3.1 | Breathing exercises

Exertion (RPE) Scale (0-10; 10 = maximum) were used to determine
the intensity of the resistance training. Moderate/submaximal intensity resistance exercise training was performed at 50%-8 0% of 1 MT

Respiratory control was explained to the patients and "pursed-lip"

and 3-6 intensity according to RPE. Each exercise was performed

breathing was shown. Thoracic expansion exercises and diaphrag-

with 8-12 repetitions/1 set and in about 15-20 minutes. Two min-

matic breathing exercises were performed together with pursed-lip

ute rest periods were given between exercises. In SSc patients with

breathing. Also, at the end of inspiration, exercise of holding at maxi-

PAH, especially the intensity of upper extremity training, was kept

mum inspiration for 3 seconds was demonstrated to the patients.

lower (40%-60% of 1 MT). Progression to greater resistance levels

Breathing exercises were performed for 5-10 repetitions, 1 set and

was implemented when the subject could perform 12 or more rep-

approximately 5-10 minutes.

etitions on the last training set for 2 consecutive workouts.

|
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2.3.3 | Aerobic training

2.4.2 | Pulmonary function and diffusion capacity

Aerobic training lasted approximately 30 minutes, including 20 min-

Pulmonary function test was measured with a portable digital spirom-

utes walking on the treadmill and 10 minutes pedaling on a bicy-

eter (Pony FX; COSMED Inc.). Forced vital capacity (FVC), forced

cle ergometer. Heart rate reserve method and RPE were used to

expiratory volume in 1 second (FEV1), FEV1/FVC ratio and peak ex-

determine aerobic training intensity. Aerobic exercise training was

piratory flow (PEF) were measured in accordance with the methods

performed at 40%-85% of heart rate reserve and 3-6 intensity ac-

and criteria recommended by the ATS/European Respiratory Society

cording to RPE.

(ERS). 20 All spirometric variables were expressed as a percentage of

The patients in the HEG were instructed, in a session of about 1

reference values.

hour, how to perform the exercise program at home by a physiother-

Diffusion capacity of the lungs for carbon monoxide (DLCO)

apist. Then, they practiced the exercise program twice per week for

was measured with "single-breath holding method" technique with

12 weeks at home. The HEG received the combined exercise train-

a rapid carbon monoxide and helium analyzer the HD CPL model

ing consisting of breathing and posture exercise and walking. The

computerized system (nSpire Health, Inc.) according to ATS/ERS

warm-up, cool-down and breathing exercises and their contents were

standards. 21

the same with the SEG. Posture exercises consisting of bilateral shoulder flexion-abduction-circumduction, trunk rotation, knee extension
and 4-way straight leg exercises were performed in 1 set of 8-12

2.4.3 | Respiratory muscle strength

repetitions. Then, they walked at a moderate/submaximal intensity
(3-6 intensity according to RPE), at a constant speed for 20 minutes.

Respiratory muscle strength was measured with a portable digital

RPE was explained to the patients for exercise intensity and added to

spirometer (Pony FX; COSMED Inc.). Mouth pressure measurement,

exercise diaries. The patients were given a brochure containing the

which is a noninvasive method, was used to evaluate respiratory

exercises in written and visual form and an exercise diary for exercise

muscle strength. Maximal inspiratory pressure (MIP) and maximal

program follow-up. The patients were contacted by phone or email

expiratory pressure (MEP) were measured as indicators of inspira-

every 2 weeks and their exercise program was followed.

tory and expiratory muscle strength, respectively, in accordance
with the ATS/ERS. MIP was measured after a maximal expiratory

2.4 | Measurements

maneuver (near residual volume), whereas MEP was measured after
a maximal inspiratory maneuver (near total lung capacity). 22

Demographic information (gender, age, body mass index), disease
characteristics (disease duration, subtype of disease, comorbidi-

2.4.4 | Dyspnea severity

ties) and smoking history of all the patients were recorded. Then,
primary and secondary outcomes were measured on the same day.

Modified Medical Research Council (mMRC) scale which consists

The primary outcome was functional capacity measured by 6 min-

of 5 statements that describe almost the entire range of dyspnea

ute walking test (6MWT). Secondary outcomes were pulmonary

from none (Grade 0) to almost complete incapacity (Grade 4) was

function, diffusion capacity, respiratory muscle strength, dyspnea

used to question the severity of dyspnea in the daily life activities

severity, peripheral muscle strength, HRQoL and fatigue level. The

of patients. 23

patients were rested for 10 minutes between each assessment to
prevent possible fatigue due to tests. Outcomes were assessed
in the week prior to and the week following completion of the

2.4.5 | Peripheral muscle strength

interventions.
To assess peripheral muscle strength, isometric knee extension
strength and isometric handgrip strength were measured. Dominant

2.4.1 | Functional capacity

side knee extensors (M. Quadriceps femoris) was evaluated with
a hand-held dynamometer (HHD, MicroFET2®; Hogan Health

The 6MWT was performed using the methodology specified by the

Industries, Inc.) in kilograms. Patients were asked to continue the

American Thoracic Society (ATS) to determine the functional capac-

maximum isometric contraction for 5 seconds at the designated test

ity. Heart rate, oxygen saturation and modified Borg scale assessing

position (in the seated position with 90° knee flexion, the lower leg

subjectively the degree of dyspnea and fatigue graded from 0 to 10,

on the ground). Dominant handgrip strength was evaluated with

were collected at the beginning and at the end of the test. When

handgrip device (Jamar Hydraulic Hand Dynamometer) in a sitting

the test was finished, total distance was recorded in meters. Each

position, shoulder adduction and neutral rotation, elbow 90° flexion,

patient's predicted walking distance value was calculated by means

forearm mid rotation and support, wrist neutral. Peripheral muscle

of the equations formulated by Enrıght et al., as recommended by

strength measurements were repeated 3 times, and the average of 3

the ATS.19

measurement values was recorded. 24,25
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not meet the inclusion criteria. Moreover, 10 patients declined to
participate in the study due to reasons such as family issues, dif-

Health Assessment Questionnaire Disability Index (HAQ-DI),

ficult transportation, and limited time. The 40 patients who satisfied

Scleroderma Health Assessment Questionnaire (SHAQ) and Short

the inclusion criteria where randomized and equally divided into the

Form-36 Quality of Life Questionnaire (SF-36) were used for HRQoL.

SEG (n = 20) and HEG (n = 20) groups. Two patients in SEG and

HAQ-DI evaluates disability, functionality and QoL in 8 functional

1 patient in HEG did not complete the study due to the COVID-19

areas of physical capacity. The SHAQ is created by adding the 5 SSc

pandemic. Finally, the data of 37 patients who completed the study

symptoms and signs to the HAQ-DI domain scores. High scores for

were analyzed. Flowchart of the study is presented in Figure 1. The

both surveys indicate increased disability and worsening QoL. 26,27

supervised exercise program and home exercise program were well-

SF-36, which measures the general HRQoL, consists of 36 questions

tolerated and no adverse or harmful events occurred during the

grouped into 8 domains. A score ranging from 0 (the worst health

study.

status) to 100 (the best health status) is appointed for each domain.

The demographic and clinic features of patients are given in

Domain scores can be summarized into a Physical Component Score

Table 1, and there was no significant difference between groups

(PCS) and Mental Component Score (MCS). 28

(P > .05). There was no significant difference between SEG and HEG
for the baseline pulmonary functions, diffusion capacity, respiratory
muscle strength, dyspnea severity, functional capacity, peripheral

2.4.7 | Fatigue level
Fatigue Impact Scale (FIS) was used for assessing fatigue level. It is
a multi-dimensional 40-item questionnaire that collects information

muscle strength, HRQoL and fatigue level (P > .05, Table 2).

3.2 | Effects of exercise programs

about the physical, cognitive and psychosocial dimensions of fatigue
over the 4 weeks. High score indicates a high level of fatigue. 29

Comparisons of changes from baseline to 12 weeks in the study outcomes across the study groups are presented in Tables 3 and 4.

2.5 | Statistical analysis

After 12 weeks, within-group changes showed that 6MWT
walking distance (m and %pred), FEV1 %, FVC %, PEF %, DLCO %,
MIP %, MEP %, knee extensor and handgrip strength significantly

All data were analyzed using the program Statistical Package for Social

increased and mMRC score decreased in SEG (P < .05). On the other

Sciences (SPSS) Version 22.0 (SPSS Inc.). The normality of data and ho-

hand, 6MWT walking distance (m and %pred), MEP %, and knee

mogeneity of variance were examined via a Shapiro-Wilk test. Variables

extensor strength increased in HEG (P < .05), while FEV1 %, FVC

following normal distribution were summarized by mean and SD; the

%, PEF %, DLCO %, MIP %, mMRC score and handgrip strength did

remaining variables were summarized as median (interquartile range

not change (P > .05). There was a significant difference between

[IQR]). Categorical variables were expressed as a percentage. Within

the groups in favor of SEG in changes from baseline to 12 weeks in

and between-group differences were analyzed on a per-protocol basis.

functional capacity, pulmonary function test parameters, diffusion

Comparison of variables across groups (SEG, HEG) was performed by

capacity, respiratory muscle strength, dyspnea severity and pe-

using the Chi-squared test or Fisher's exact test for categorical variables,

ripheral muscle strength (P < .05) (Table 3). In addition, in terms of

independent Student's t tests for parametric data and Mann-Whitney

parameters such as heart rate, oxygen saturation, severity of dys-

U tests for nonparametric data. Paired t test was used for normally dis-

pnea and fatigue level measured before and after 6MWT, there was

tributed data and Wilcoxon rank-sum test was used for data that did

a significant decrease in the severity of dyspnea and fatigue level

not show normal distribution in the comparison of variables in the same

after the test in the SEG (P < .05), while no change was observed

group. Significance for the outcomes were set at a P value <.05.
The sample size was calculated based on an effect size of 0.98 to de-

in any parameter in the HEG (P > .05; these data are not presented
in the tables).

tect a difference of 54 m (standard deviation of 55 m)19 on the 6MWT

Significant improvements were observed in the HAQ-DI score

between the groups,30 with a .05 α value and 85% power, using the

in the SEG and HEG (P < .05). The SEG had significantly decreased

G*Power program.31 Thus, the minimum sample size required to detect

scores in all SHAQ subparameter scores (P < .05). Significant de-

a significant difference should be at least a total of 40 subjects (with 16

creases were observed in the gastrointestinal problems, pulmonary

subjects in each group +4 subjects per group, considering dropouts).

problems, the severity of the overall disease and global assessment
subparameter scores of the SHAQ (P < .05), while no significant

3 | R E S U LT S
3.1 | Participants

changes were observed in the Raynaud's phenomenon and digital ulcers subparameter scores in the HEG (P > .05). SF-36 PCS and SF-36
MCS revealed significant increase in both groups (P < .05). Fatigue
total score, physical, cognitive and psychosocial dimensions of fatigue scores were decreased in the SEG and HEG (P < .05). HRQoL

Sixty patients with SSc were contacted from May 2018 to January

and fatigue level changes were significantly greater in the SEG com-

2021. Ten patients were not included in the study because they did

pared to HEG (P < .001) (Table 4).

|
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TA B L E 1 Demographic and clinical parameters of groups before
the intervention
Supervised
exercise group

Home
exercise
group

In our study, 6MWT walking distance and expected value percentage
increased in both groups after exercise programs. Similarly, Oliveira

P

et al.10 reported a significant improvement in functional capacity in
a

15 (83)/3 (17)

.942

Age, y

51.21 ± 11.46

49.55 ± 8.14

.618b

et al.32 similar results were obtained in 12 patients with SSc after

.514

b

a 12-week supervised exercise program consisting of aerobic and

b

strengthening exercises. Contrary to the results of these studies,
Alexanderson et al.33 reported that 6MWT walking distance did not

gram of 40 minutes per session twice a week. In the study by Pinto
161.36 ± 7.51

163.00 ± 7.54

Weight, kg

66.16 ± 11.59

75.05 ± 17.42

.175

BMI, kg/m2

24.85 ± 3.20

26.31 ± 5.59

.207b

Cigarette
consumption,
pack-y

10.00 (8.0-19.0)

12.00
(9.0-21.0)

.867c

Cigarette
cessation, y

9.23 ± 2.24

10.42 ± 1.48

.446b

Disease duration, y

9.71 ± 4.93

8.61 ± 5.94

.249b

mRSS

9.30 (3.0-20.0)

9.10 (3.0-19.0)

.681c

training, tests used in measurements, and especially in the proportion of SSc patients with pulmonary involvement and high disability.
A change in 6MWT distance between 25 and 54 m in chronic
obstructive pulmonary disease patients and 31 meters in ILD patients is considered to be of minimal clinical significance (MID).19,34

Limited SSc

15 (79)

16 (89)

Diffuse SSc

4 (21)

2 (11)

Pulmonary
arterial
hypertension

change after 8 weeks exercise program that included muscle endurance training and aerobic exercises. These differences in results may
be due to differences in the type, duration and intensity of exercise

a

.660

In our study, the change in walking distance in both groups was
greater than the minimal clinical significance value indicated in respiratory diseases with obstructive and restrictive patterns. Also,

Comorbidities, n (%)
10 (53)

11 (61)

.666

a

a

difference between the 2 groups of 94 m was similar to the MID
reported for other diseases. These results showed that a supervised exercise program and home exercise program can improve
exercise capacity in SSc patients, but that supervised exercise

Interstitial lung
disease

4 (21)

2 (11)

.660

Arthralgia

10 (53)

8 (44)

.746a

Digital ulcers

5 (26)

3 (17)

.693a

ters in the SEG. We think that this result can be explained by the

a

gains in the cardiopulmonary system (improvement in respiratory

Raynaud's
phenomenon

17 (90)

15 (83)

.660

Others, heart
failure,
diabetes,
hypertension

5 (26)

4 (22)

.543a

programs were more effective. Improvements were observed in
the severity of dyspnea and fatigue among the 6MWT parame-

functions and increase in respiratory muscle strength) with a su-

Note: Data are expressed as mean ± SD, median (interquartile range) or
n (%).
Abbreviations: BMI, body mass index; mRSS, modified Rodnan Skin
Score; SSc, systemic sclerosis.

c

a group of 7 patients after an 8-week intensive aerobic exercise pro-

16 (84)/3 (16)

Type of disease

Chi-squared test or Fisher's exact test.

b

4.2 | Functional capacity

Gender, female/
male (%)
Height, cm

a

1205

Independent Student's t tests.

pervised exercise program. In the HEG, there was no significant
change in perceived severity of dyspnea and leg fatigue, heart rate,
and peripheral oxygen saturation. The 6MWT parameters were
similar while the walking distance covered increased in the same
period (longer walking distance) indicates that these parameters
also improved in the HEG.

4.3 | Pulmonary functions and diffusion capacity

Mann-Whitney U tests.

Similar to other studies, in our study, the baseline FEV1%, FVC%,

4 | D I S CU S S I O N
4.1 | Summary of results

DLCO, PEF values of SSc patients in both groups were lower than the
normal values (80% and above) and the FEV1/FVC% ratio was found
to be within normal limits.35,36 FEV1%, FVC%, PEF% and DLCO% val-

ues increased significantly after 12 weeks exercise program in the
SEG. There was a minimal increase in respiratory parameters in the

Our study showed that a 12-week supervised exercise program and

HEG, but this change was not significant. There are no studies in-

home exercise program were effective in SSc patients. Importantly,

vestigating the effects of exercise programs on pulmonary functions

the supervised exercise program was superior to the home exercise

in patients with SSc. However, studies on ILD and PAH, independ-

program in improving functional capacity, pulmonary functions,

ent of SSc, have reported improvements in pulmonary functions and

respiratory muscle strength, dyspnea severity, peripheral muscle

ventilation parameters of patients after pulmonary rehabilitation.37

strength, HRQoL and fatigue level.

We think that pulmonary functions improved differently from the
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Supervised
exercise group

Home exercise
group

P

6MWT walking distance, m

376.21 ± 65.50

384.44 ± 68.14

.743a

6MWT walking distance (% pred)

59.79
(48.25-67.10)

60.83
(56.03-65.30)

.715b

FEV1, % pred

75.94 ± 19.67

80.94 ± 18.88

.436a

FVC, % pred

77.10 ± 19.51

79.00 ± 19.80

.760a

FEV1/FVC, %

82.95 ± 7.66

81.62 ± 6.11

.562a

PEF, % pred

74.21 ± 16.20

74.44 ± 16.68

.973a

DLCO, % pred

62.21 ± 14.72

65.83 ± 15.41

.570a

MIP, cmH2O, % pred

61.15 ± 34.23

63.05 ± 35.73

.870a

MEP, cmH2O, % pred

54.84 ± 26.31

61.88 ± 8.64

.356a

3.00 (2.0-3.0)

2.00 (2.0-3.0)

.202b

Knee extension strength, kg

6.43 ± 1.68

7.30 ± 1.86

.144a

Handgrip strength, kg

21.66 ± 5.77

24.04 ± 5.29

.234a

HAQ -DI

0.87 (0.5-1.5)

0.81 (0.5-1.5)

.951b

SHAQ-Raynaud's phenomenon
VAS

1.40 (1.00-1.60)

1.00 (0.80-1.52)

.161b

SHAQ-digital ulcer VAS

0.80 (0.60-1.00)

0.60 (0.40-0.85)

.123b

SHAQ-digestive VAS

1.00 (0.60-1.40)

0.80 (0.40-1.00)

.214b

SHAQ-pulmonary VAS

1.20 (0.80-2.40)

1.00 (0.75-1.40)

.257b

SHAQ-overall disease severity VAS

1.20 (1.00-2.40)

1.20 (0.80-1.40)

.238b

SHAQ-global

0.91 (0.68-1.80)

0.90 (0.59-1.35)

.370 b

SF-36 PCS

37.4 ± 12.33

43.7 ± 16.17

.323a

SF-36 MCS

40.57 ± 14.29

54.11 ± 15.84

.382a

FIS total score

70.00
(48.00-99.00)

76.50
(40.50-100.00)

.891b

FIS cognitive score

12.00
(10.00-19.00)

14.00 (8.75-21.00)

.867b

FIS physical score

22.00
(17.00-3 0.00)

24.50
(13.75-3 0.50)

.976b

FIS psychosocial score

30.00
(23.00-56.00)

35.50
(16.50-49.25)

.952b

Variables
Primary outcome
Functional capacity

Secondary outcomes
Pulmonary function

Respiratory muscle strength

Dyspnea severity
mMRC score
Peripheral muscle strength

Health-related quality of life

Fatigue severity

Note: Data are expressed as mean ± SD, median (interquartile range).
Abbreviations: 6MWT, 6-minute walking test; DLCO, diffusing capacity for carbon monoxide;
FEV1, forced expiratory volume in 1 s; FIS, Fatigue Impact Scale; FVC, forced vital capacity;
HAQ-DI, Health Assessment Questionnaire Disability Index; MEP, maximal expiratory pressure;
MIP, maximal inspiratory pressure; mMRC, modified Medical Research Council; PEF, peak
expiratory flow; SF-36 MCS, Short Form-36 Quality of Life Questionnaire Mental Component
Score; SF-36 PCS, Short Form-36 Quality of Life Questionnaire Physical Component Score; SHAQ,
Scleroderma Health Assessment Questionnaire; VAS, visual analog scale.
a

Independent Student's t tests.

b

Mann-Whitney U tests.

TA B L E 2 Supervised exercise group vs
home exercise group: baseline outcome
variables

376.21 ± 65.50

59.79 (48.25-67.10)

75.94 ± 19.67

77.10 ± 19.51

82.95 ± 7.66

62.21 ± 14.72

61.15 ± 34.23

54.84 ± 26.31

3.00 (2.0-3.0)

6.43 ± 1.68

21.66 ± 5.77

6MWT walking distance, m

6MWT walking distance, %
pred

FEV1, % pred

FVC, % pred

FEV1/FVC, %

DLCO, % pred

MIP, % pred

MEP, % pred

mMRC score

Knee extension strength, kg

Handgrip strength, kg

25.14 ± 5.94

11.04 ± 1.92

2.00 (1.00-2.00)

73.10 ± 29.32

c

24.04 ± 5.29

<.001c

26.16 ± 6.49

7.90 ± 2.07

2.00 (2.00-3.00)

65.50 ± 18.20

67.11 ± 37.26

65.88 ± 17.12

81.90 ± 6.52

79.11 ± 17.46

81.44 ± 18.27

67.37 (62.22-73.5)

432.7 ± 70.8

After

.218c

.040c

.317

d

.009c

.163

c

.914c

.331

c

.651c

.143c

<.001

.002c

P

d

3.47 ± 1.93

4.60 ± 1.70

-1.00 (-1.00--1
 .00)

20.26 ± 13.48

24.05 ± 11.43

4.52 ± 1.02

0.37 ± 0.11

5.78 ± 1.59

4.94 ± 2.56

25.81 (11.11-3 0.83)

142.52 ± 39.25

Change

SEG

0.32 ± 0.18

0.59 ± 0.14

-0.00
(-0.00-- 0.00)

3.61 ± 1.22

4.05 ± 2.78

0.59 ± 0.11

0.28 ± 0.10

1.12 ± 0.02

0.50 ± 0.18

2.75 (2.14-15.49)

48.33 ± 22.82

Change

HEG

<.001a

<.001a

<.001b

.002a

.001a

.001a

.456a

.003a

.019a

<.001b

<.001a

P

Independent Student's t tests.

Level of significance was set at P < .05.

Wilcoxon test.

Mann-Whitney U tests.

b

Paired Student’s t tests.

d

c

a

Abbreviations: 6MWT, 6-minute walking test; DLCO, diffusing capacity for carbon monoxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; HEG, home exercise group; MEP, Maximal
expiratory pressure; MIP, Maximal inspiratory pressure; mMRC, modified Medical Research Council; PEF, peak expiratory flow; SEG, supervised exercise group.

7.30 ± 1.86

2.00 (2.00-3.00)

61.88 ± 8.64

63.05 ± 35.73

65.83 ± 15.41

<.001c

<.001

d

<.001c

<.001

.001c

66.73 ± 18.80
83.21 ± 37.82

.743

81.62 ± 6.11

79.00 ± 19.80

.004 c
c

80.94 ± 18.88

60.83 (56.03-65.30)

.011c

<.001

384.44 ± 68.14

<.001c
d

Before

HEG
P

82.78 ± 6.77

82.89 ± 19.01

80.89 ± 18.92

85.20 (69.86-90.34)

518.78 ± 75.84

After

Note: Data are expressed as mean ± SD, median (interquartile range).

Before

SEG

Comparison of changes in clinical parameters of groups after the intervention

Variables

TA B L E 3
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0.37 (0.12-1.00)

0.87 (0.5-1.5)
1.40 (1.00-1.60)
0.80 (0.60-1.00)
1.00 (0.60-1.40)
1.20 (0.80-2.40)
1.20 (1.00-2.40)
0.91 (0.68-1.80)
37.4 ± 12.33
40.57 ± 14.29
70.00
(48.00-99.00)
12.00
(10.00-19.00)
22.00
(17.00-3 0.00)
30.00
(23.00-56.00)

HAQ-DI

SHAQ-Raynaud's phenomenon VAS

SHAQ-digital ulcer VAS

SHAQ-digestive VAS

SHAQ-pulmonary VAS

SHAQ-overall disease severity VAS

SHAQ-global

SF-36 PCS

SF-36 MCS

FIS total score

FIS cognitive score

FIS physical score

FIS psychosocial score

0.60 (0.40-0.85)
0.80 (0.40-1.00)
1.00 (0.75-1.40)
1.20 (0.80-1.40)
0.90 (0.59-1.35)
43.7 ± 16.17

.001d
<.001d
<.001d
<.001d
<.001d
<.001c

14.00 (8.75-21.00)
24.50
(13.75-3 0.50)
35.50
(16.50-49.25)

<.001d
<.001d
<.001d

6.00 (4.00-14.00)
7.00 (5.00-17.00)

34.50
(15.00-42.00)

23.00
(14.25-27.25)

11.50 (6.75-19.00)

72.50
(37.00-91.25)

54.11 ± 15.84

48.73 ± 17.34

0.80 (0.50-1.25)

1.10 (0.77-1.40)

0.90 (0.67-1.30)

0.70 (0.40-1.00)

0.60 (0.40-0.85)

1.00 (0.80-1.47)

0.77 (0.37-1.47)

After

.015d

.005d

.026d

.002d

.036

c

.001c

.001d

.001d

.001d

.001d

.100 d

.564d

.001d

P

17.00 (9.00-22.00)

13.00 (8.00-16.00)

6.00 (4.00-8.00)

37.00
(25.00-4 4.00)

34.44 ± 12.46

34.01 ± 13.89

0.35 (0.29-0.54)

0.30 (0.20-0.40)

0.30 (0.20-0.30)

0.20 (0.20-0.40)

0.20 (0.20-0.40)

0.20 (0.10-0.20)

0.38 (0.25-0.87)

Change

SEG

4.00
(0.00-5.25)

3.00
(2.00-4.25)

2.50
(0.75-3.00)

5.00
(3.00-8.25)

5.81 ± 3.26

4.95 ± 2.38

0.06
(0.00-0.10)

0.10
(0.00-0.10)

0.10
(0.75-0.20)

0.10
(0.00-0.10)

0.10
(0.00-0.10)

0.00
(0.00-0.00)

0.10
(0.02-0.12)

Change

HEG

<.001b

<.001b

<.001b

<.001b

<.001a

<.001a

<.001b

<.001b

<.001b

<.001b

<.001b

<.001b

<.001b

P

|

Level of significance was set at P < .05.

Wilcoxon test.

Paired Student’s t tests.

d

c

Mann-Whitney U tests.

Independent Student's t tests.

b

a

Abbreviations: FIS, Fatigue Impact Scale; HAQ-DI, Health Assessment Questionnaire Disability Index; HEG, home exercise group; SEG, supervised exercise group; SF-36 MCS, Short Form-36 Quality of
Life Questionnaire Mental Component Score; SF-36 PCS, Short Form-36 Quality of Life Questionnaire Physical Component Score; SHAQ, Scleroderma Health Assessment Questionnaire; VAS, visual
analog scale.

Note: Data are expressed as mean ± SD, median (interquartile range).

12.00 (8.00-23.00)

76.50
(40.50-100.00)

<.001d

50.86 ± 14.40

1.00 (0.80-1.52)

<.001d

<.001

0.81 (0.5-1.5)

<.001a

c

Before

P

HEG

25.00
(14.00-50.00)

74.96 ± 11.74

71.47 ± 14.48

0.56 (0.30-1.24)

1.00 (0.70-2.00)

1.00 (0.60-1.80)

0.60 (0.40-1.10)

0.60 (0.50-1.00)

1.20 (0.80-1.40)

After

Before

SEG

Comparison of changes in health-related quality of life and fatigue level of groups after the intervention

Variables

TA B L E 4
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other group due to the combined application of breathing, aerobic

1209

4.6 | Peripheral muscle strength

and resistance exercises in the SEG, and especially since the respiratory exercises could be performed more properly under supervision.

After the 12 weeks exercise programs, we observed significant im-

The results suggest that supervised exercise program consisting of

provements in knee extensor strength in both groups; however, sig-

breathing, aerobic and resistance exercises can be used as a method

nificant improvements were observed in hand grip strength only in

to improve pulmonary functions and diffusion capacity in patients

the supervised group. Also, lower limb strength improved more in

with SSc with or without pulmonary involvement.

SEG compared to HEG. Similarly, previous studies stated that exercise programs consisting of aerobic and strengthening exercises
improve muscle strength and function, especially in the shoulder

4.4 | Respiratory muscle strength

and hip groups in patients with SSc.32,33 Although a special exercise
program was not used to strengthen the hands in the supervised ex-

In our study, in accordance with the literature, the expected % value

ercise program, grip strength increased at the end of 12 weeks. First,

of MIP and MEP in SSc patients in both groups was found to be

this result shows that the supervised exercise program had a direct

lower than the stated normal values (80%).

38,39

A previous study

effect on overall muscle strength, because grip strength is the pre-

stated that respiratory muscle weakness in SSc patients was associ-

dictor of global muscle strength. Second, this result can be explained

ated with increased severity of dyspnea, decreased exercise capac-

as an indirect effect of upper extremity resistance training, since the

ity, and impaired QoL.35 Therefore, there is a need for treatment

grip strength is the expression of both the inner and outer muscles

strategies to improve respiratory muscle strength in this group.

of the hand. In addition, although the home exercise program was

However, there are no studies evaluating the effects of exercises

suitable for developing lower extremity muscle strength, it was in-

on respiratory muscle strength in SSc patients. After 12 weeks ex-

sufficient to develop upper extremity muscle strength. Therefore,

ercise programs, we observed significant improvements in MIP%,

we think that more specific resistance exercises should be added

MEP% in the SEG; however, significant improvements were ob-

to home exercise programs to improve upper extremity functions.

served only in MEP% in the home exercised group. Also, the change

Peripheral muscle strength is associated with the level of functional

in MEP% value was greater in the SEG. Previous studies stated that

independence in patients with SSc, so we think that in order to en-

exercise programs applied in respiratory diseases positively support

sure the continuity of functional independence, supervised exercise

the inflammatory process, increase lung and chest wall compliance,

programs, home exercise programs and physical activity recommen-

and increase the endurance of type II fibers.40 In our study, the im-

dations should be added to the treatment strategies of patients.

provement in respiratory muscle strength may have resulted from
the gains of exercise programs on the cardiopulmonary and musculoskeletal system, similar to other respiratory diseases. However,

4.7 | HRQoL

studies that include the effectiveness of exercise programs on respiratory muscle strength and possible mechanisms of action in SSc

The HAQ-DI score, which reflects the disease-specific HRQoL and

patients are needed.

level of disability, decreased in both groups after exercise programs.
In particular, patients in the SEG showed an improvement of HAQ-DI

4.5 | Dyspnea severity

that was higher than the estimated MID for patients with SSc (−0.125
points).30 After the exercise programs, significant decreases were
observed in the digestive problems, respiratory problems, general

Similar to studies in respiratory diseases, the median value of the

disease severity domains and total score of SHAQ in both groups.

initial mMRC score of the SEG was 3 and the median value of the

However, significant improvement in Raynaud's phenomenon and

HEG was 2, which showed that both groups had a high perception of

digital ulcer domains of SHAQ were only observed in the SEG. This

dyspnea in their daily living activities (cut-off value of mMRC score

difference can be explained by the indirect effect of the home exer-

≥2 points).

41

Impaired pulmonary functions and decreased respira-

cise program's inability to develop upper extremity muscle strength.

tory muscle strength may have increased the perceived severity of

Also, disease-related HRQoL improved more in SEG compared to

dyspnea in this group. Exercise interventions in many respiratory dis-

HEG.

eases have shown to reduce the perception of dyspnea by improving
respiratory muscle strength.

42

The SF-36 PCS and SF-36 MCS increased in both groups. SEG

However, there is still no study exam-

and HEG recorded an increase of PCS above the MID (2.25 points)

ining the effect of exercise practices on perceived dyspnea severity

and MCS above the MID (0.18) for patients with SSc.30 The improve-

in SSc. In our study after the exercise programs, the mMRC score de-

ment seen in SF-36 PCS and MCS was higher in the SEG than in the

creased in the SEG, but no change was observed in the mMRC score

HEG. These findings were consistent with the results of previous

in the HEG. It seems that the supervised exercise program was more

studies.43,44 Besides the difference in the content of exercise pro-

effective to decrease dyspnea severity in SSc. In addition, the sever-

grams, the difference can be attributed to this, as the supervised ex-

ity of dyspnea may not have changed because there was no increase

ercise program was more interactive with the physiotherapist during

in respiratory functions and inspiratory muscle strength in the HEG.

the exercise sessions. These results show that exercise programs in

1210
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SSc patients can increase motivation and social participation as well

these limitations, to our knowledge, this is the first RCT to compare

as functional and physical gains and thus can improve the mental

the effects of a supervised exercise program and home exercise

and psychosocial health perceptions of the patients. We think that

program in patients with SSc. In addition, unlike the literature, the

exercise programs are also effective in providing psychological ad-

inclusion of SSc patients with different levels of lung involvement

aptation and coping with the chronic and restrictive aspects of the

is another strength of the study. In this context, the results ob-

disease in SSc patients. Our study strengthens the necessity of ap-

tained from our study can guide studies that include supervised

plying exercise programs more frequently as a treatment modality in

and home exercise programs in SSc patients to create a standard

the clinic in order to improve the HRQoL in patients with SSc.

physiotherapy program. However, there is a need for more RCTs
including exercise interventions.

4.8 | Fatigue level

5 | CO N C LU S I O N S

Fatigue is very common in patients with SSc and is increasingly recognized as an important and limiting symptom. It has been stated

• Twelve weeks supervised exercise program and home exercise

that increased fatigue level in SSc is associated with a decrease in

program were reliable and beneficial, overall resulting in improved

diffusing capacity, an increase in dyspnea severity, a decrease in

functional capacity, respiratory muscle strength, knee extension

peripheral-respiratory muscle strength and a deterioration in func-

muscle strength, disease-specific and general HRQoL and fatigue

tional capacity.

45

In our study, cognitive, physical, psychosocial do-

level.

mains and total of fatigue scores decreased in both groups, but SEG

• In addition to these effects, supervised exercise program pro-

was superior to HEG. In both groups, the highest decrease in fatigue

vides significant improvements in respiratory functions, dyspnea

subcategory scores was obtained in the level of psychosocial fatigue

severity and hand grip strength. However, the gains obtained with

(17 points in the SEG, 4 units in the HEG). Also, this result draws

a supervised exercise program are higher than home exercise

attention to the importance of psychosocial gains as well as physi-

program.

cal gains of exercise practices. Our study showed that the super-

• The results of this study underline the necessity and importance

vised exercise program and home exercise program were effective

of exercise interventions in SSc patients. Nowadays considering

in fatigue management in SSc patients. The increase in pulmonary

the limited therapeutic possibilities in SSc, supervised exercise

functions and respiratory muscle strength, decrease in the sever-

program and home exercise program should be added to phar-

ity of dyspnea and increase in peripheral muscle strength may have

macological therapies in order to reduce functional limitations, in-

been effective in reducing the level of fatigue. However, our study is

crease the level of independence and improve HRQoL in patients

the first study examining the effect of exercise programs on fatigue

with SSc.

level in SSc patients. Therefore, long-term, prospective studies are
needed to examine the effects of a supervised exercise program and

C O N FL I C T O F I N T E R E S T

home exercise program.

The authors declare they have no conflict of interest.

4.9 | Limitations and implications for
future research
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This study has several limitations. First, for ethical reasons, we

by HY and all authors commented on previous versions of the manu-

could not include a third control group that did not receive any

script. All authors read and approved the final manuscript.

rehabilitation-t ype intervention. Second, blinding was not possible as 1 physical therapist was responsible for the treatments and

E T H I C A L A P P R OVA L

evaluations. Third, data were collected 12 weeks before and after.

All procedures performed in studies involving human participants

Therefore, the results cannot provide any insight into the long-

were in accordance with the ethical standards of the institutional and/

term effects of the supervised exercise program and the home

or national research committee and with the 1964 Helsinki Declaration

exercise program. Fourth, because of the very low prevalence of

and its later amendments or comparable ethical standards.

this disease, we did not separate the results according to the type
of disease (diffuse and limited) in the study sample. Fifth, we did

H U M A N A N D A N I M A L R I G H T S S TAT E M E N T

not evaluate the motivation levels of the exercise programs. Finally,

All procedures performed in studies involving human participants

laboratory markers, radiographic imaging methods and cardiopul-

were in accordance with the ethical standards of the institutional

monary exercise tests were not used in our study. This limited the

and/or national research committee and with the 1964 Helsinki

demonstration of the effects of exercise at the cellular level in pa-

Declaration and its later amendments or comparable ethical

tients with SSc and a more comprehensive interpretation. Despite

standards.
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APLAR GRAND ROUND CASE

Coexistence of Takayasu arteritis and chronic myeloid
leukemia: Coincidental or paraneoplastic phenomenon?
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Vasculitis may rarely be seen in the course of myeloproliferative neoplasms (MPN).
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In vasculitis associated with hematological diseases, mostly small-and medium-
vessel involvement is expected, aortitis is very rare. It is not exactly known whether
large-vessel vasculitis associated with MPN is a paraneoplastic phenomenon or coincidental. We aimed to present an uncommon case diagnosed with chronic myeloid
leukemia and Takayasu arteritis concurrently.
KEYWORDS

chronic myeloid leukemia, large-vessel vasculitis, myeloproliferative neoplasms,
paraneoplastic phenomenon, Takayasu arteritis

1 | I NTRO D U C TI O N

who presented with a transient ischemic attack and was concomitantly
diagnosed with chronic myeloid leukemia (CML) and Takayasu arteritis.

Malignancy-associated vasculitis is uncommon and usually presents
with cutaneous vascular involvement.1 Systemic manifestations and
large-vessel involvement are mostly seen in lymphoproliferative dis-

2 | C A S E R E P O RT

2

eases. However, vasculitis may be seen as a paraneoplastic phenomenon in myelodysplastic syndrome (MDS) or myeloproliferative

A 48-
year-
old woman was admitted to the hospital with a tran-

neoplasms (MPN).3-5 Small and medium vessels are mostly affected,

sient ischemic attack and thrombocytosis (2000 × 103/µL) was de-

aortic involvement is very rare. Herein, we present a female patient

tected. The patient, who did not respond adequately to allopurinol,

(A)

(B)

(C)

F I G U R E 1 A, B, Computed tomography and magnetic resonance angiography, respectively, show increased wall thickness and luminal
narrowing in the brachiocephalic, left common carotid, and subclavian arteries. C, Post-contrast series, all supra-aortic branches had circular
enhancements
© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd
Int J Rheum Dis. 2021;24:1213–1216.	
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21/F

56/F

62/M

68/F

50/F

48/F

B'Chir Hamzaoui et al14

Chandratilleke et al15

Cohen et al16

Sasinowska et al3

Amberger et al12

This case

CML

Transformation of CMML
to AML

CMML

Transformation of MDS to
AML

AML

AML

Indolent adult T-cell
leukemia/lymphoma + PML

CML

Hematological disorders

Brachiocephalic, CCA (L), subclavian
artery, bilateral axillary arteries

Thoracic aorta, all supra-aortic branches

Entire thoracic and abdominal aorta

Subclavian (L), bilateral carotid, femoral,
mesenteric arteries

Bilateral CCA, upper abdominal aorta,
SMA

Extracranial internal carotid (L),
subclavian artery (L), axillary (L),
abdominal infrarenal aorta

N/A

Bilateral CCA, proximal LAD, celiac,
proximal SMA

Involved vessels

TA

TA

LVV

TA

LVV

TA

TA

TA

Rheumatological
diagnosis

Prednisolone, hydroxyurea,
leukapheresis, imatinib

Prednisolone, azathioprine,
cyclophosphamide,
cyclosporine, peripheral blood
stem cell transplantation

Prednisone, hydroxyurea,
leukapheresis, decitabine

Prednisone, methotrexate,
allogeneic bone marrow
transplantation

Prednisone, methotrexate,
cytarabine, idarubicin,
fludarabine

Prednisone

Dexamethasone, mefloquin,
mirtazapine

Prednisone, methotrexate,
imatinib

Treatments

Improvement of symptoms

Died 5 months from onset

Died 3 months from onset

Died 14 months from
onset

Died 8 months from onset

Died 3 months from onset

Died 6 months from onset

Improvement of symptoms

Outcome

Abbreviations: AML, acute myeloid leukemia; CCA, common carotid artery; CML, chronic myelogenous leukemia; CMML, chronic myelomonocytic leukemia; F, female; (L), Left; LAD, left anterior
descending artery; LVV, large-vessel vasculitis; M, male; MDS, myelodysplastic syndrome; N/A, not available; PML, progressive multifocal leukoencephalopathy; SMA, superior mesenteric artery; TA,
Takayasu arteritis.

65/M

39/M

Fukumoto et al13
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Age/Sex

Some reports of large-vessel vasculitis associated with malignant hematological disorders

Donisan et al
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hydroxyurea, and acetylsalicylic acid treatment, initiated considering

In the literature, cases of LVV have been reported in MDS/

essential thrombocythemia, was referred to our center for apheresis.

MPN, especially in patients with chronic myelomonocytic leuke-

Computed tomography performed for malignancy screening revealed

mia. 3,4 Although the mechanism of vasculitis secondary to MDS or

a diffusely increased wall thickness in the aortic arch, supra-aortic

MPN is not fully known, it is thought to be caused by deficiency in

main branches (Figure 1A), descending thoracic aorta and, although

lymphocyte function, defective natural killer cells and phagocytic

to a lesser extent, proximal abdominal aorta. Short segment steno-

function, and dysregulated antigen presentation. 5 No cases were

sis not reaching 50% was observed in the proximal left subclavian

reported except for a patient using imatinib for CML who was diag-

artery. The patient was referred to the rheumatology department

nosed with Takayasu arteritis while investigating angina pectoris.7

with a pre-diagnosis of vasculitis. She had complaints of headache,

Treatment consists of steroids, and drugs specific to the underlying

dizziness, loss of appetite, 8 kg weight loss in previous 6 months,

hematological disease. It has been shown that 87% of 26 chronic

arthralgia in the knees, intermittent arm claudication, and Raynaud

myelomonocytic leukemia patients who developed systemic in-

phenomenon. Her comorbidities were asthma and migraine. She had

flammatory autoimmune disease responded to steroid monother-

a 30-pack per year smoking history. Her mother, sisters, and aunt

apy, but 40% of patients started second-line therapy for relapse or

had a diagnosis of rheumatoid arthritis. Laboratory findings revealed

steroid dependence. 8 Steroid-sparing agents should be carefully

3

leukocytes 15 200/µL, hemoglobin 10.2 g/dL, platelets 2009 × 10 /

selected in these patients because of the risk of interactions with

µL, C-reactive protein 24.4 mg/L, erythrocyte sedimentation rate

tyrosine kinase inhibitors, and adverse effects such as cytopenia

47 mm/h, anti-nuclear antibody-positive (1/320-1/1000 titer, speck-

and hepatotoxicity. Imatinib has been shown to inhibit myointimal

led pattern), and extractable nuclear antibody-and anti-neutrophil

cell growth in temporal artery sections taken from patients with

cytoplasmic antibody-negative. JAK2 V617F mutation was negative.

giant cell arteritis. It also inhibits platelet-d erived growth factor,

Bone marrow aspiration and biopsy were performed for the diagnosis

which is a potent vasoconstrictor, so it has a therapeutic poten-

of MPN. Bone marrow biopsy revealed hypercellularity with myeloid

tial to limit vascular occlusion and ischemic complications in LVV.9

hyperplasia, an increase in megakaryocytes with minimal dysplasia

However, it should not be forgotten that tyrosine kinase inhibitors

and grade 3 reticulin fibrosis. Bone marrow aspiration demonstrated

increase the risk of peripheral artery disease.10,11 The emergence

features of CML with the t(9;22) (q34;q11). She was diagnosed with

of the paraneoplastic process mimicking LVV worsens the progno-

CML and imatinib was initiated (Table 1).

sis of the underlying hematological malignancy.12

Magnetic resonance angiography showed increased wall thickness and luminal narrowing in the brachiocephalic, left common carotid and subclavian arteries (Figure 1B), thin luminal calibration, and

4 | CO N C LU S I O N

thickening of the wall in the bilateral axillary arteries. In the post-
contrast series, all supra-aortic branches had circular enhancements

Vasculitis can be seen in the course of MPN, but large-vessel in-

in favor of activity (Figure 1C). In Doppler ultrasonography, concen-

volvement is extremely rare. It is not exactly known whether LVV as-

tric wall thickening and stenosis in the bilateral axillary artery were

sociated with MPN is a paraneoplastic phenomenon or coincidental.

interpreted in favor of vasculitis, whereas stenosis in the common
carotid artery and superior mesenteric artery was considered to be

C O N FL I C T O F I N T E R E S T

atherosclerotic. The patient was accepted as having Takayasu arteri-

The authors have no conflict of interest to declare.

tis and methylprednisolone (0.5 mg/kg) was added to her treatment.
I N FO R M E D C O N S E N T
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Written informed consent was obtained from the patient.
ORCID

Rheumatological symptoms usually develop later in the course of
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hematological disorders, but may rarely be the first presentation.
Vasculitides can be seen as paraneoplastic in hematological disorders
such as POEMS (polyneuropathy, organomegaly, endocrinopathy,
myeloma protein, and skin changes), non-Hodgkin lymphoma, and
MDS, as well as secondary to hematopoietic stem-cell transplantation
or other treatments.6 However, considering that the current vascular
lesions in this case developed slowly over time, large-vessel vasculitis
(LVV) might be presumed to precede CML. Furthermore, it can be
hypothesized that CML occurs in the LVV context as a result of the
genetic tendency of the Philadelphia chromosome, which rejects the
possibility of paraneoplastic phenomena and supports coincidental.
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What is behind the elevated neutrophil to lymphocyte ratio in
glucocorticoid-resistant polymyalgia rheumatica?
AU T H O R C O N T R I B U T I O N

Dear Editor,
Owen and colleagues have pointed out that elevated neutrophil

HI conceptualized and wrote the whole article.

to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR)
could predict glucocorticoid resistance among patients with polymy-
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algia rheumatica (PMR).1 Many authors have described the association between these indices and the mortality of cancer patients. 2,3
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ratios with rheumatic diseases. Following this trend, the article by
Owen and colleagues would add insights into the utility of NLR and
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sive group without log transformation. There is a possibility that
inflammatory mechanisms other than PMR itself were present in
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secondary to infectious diseases in some individuals.5 In such situations, PMR can relapse after glucocorticoid administration unless
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ifying underlying diseases in patients with PMR seems essential to
interpreting the results appropriately in this study.
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Arthritis of the left elbow joint after vaccination against
SARS-CoV-2 infection
The association between arthritis, severe acute respiratory syndrome-

were identified (Figure 2). Magnetic resonance imaging (Figure 3)

coronavirus 2 (SARS-CoV-2), and coronavirus disease-2019 (COVID-19)

confirmed the elbow joint arthritis, but mono-urate deposits were

vaccination have been investigated and discussed in scientific literature.

not detected. He had a moderately increased CRP of up to 14 mg/L

Several patients with rheumatic diseases, treated in the Medical Center

(below 5 mg/L is normal) and erythrocyte sedimentation rate at

of Joint Diseases (MCJD), developed transient flares after receiving

18 mm/h. Rheumatoid factor, anti-cyclic citrullinated peptides, and

the COVID-19 vaccine. The patient in this case report was a previously

antistreptolysin O levels were normal. Chlamydia and urea plasma

healthy man with an unremarkable medical history. He is also an au-

immunoenzyme tests were negative. He had a uric acid level of

thor of this paper. This is the first documented case of arthritis after

341 mmol/L (428 mmol/L and less is normal), and sacroiliitis was not

SPUTNIK-V vaccination without other possible causes of arthritis. The

noted on pelvic radiography. The SARS-CoV-2 PCR was negative,

SPUTNIK-V vaccine (Gamaleya Research Institute) is a viral-vectored

while the immunoenzyme SARS-CoV-2 Spike IgG antibody test on

vaccine,1 currently in production in Kazakhstan. The vaccination rate in

25 May had a borderline result of 1.07 (0.80 negative, ≤0.80-1.10

Kazakhstan has increased with that of other countries. It is essential to

borderline, ≥1.10 positive). The positivity coefficient was 2.67.

discuss the various complications arising after vaccination.

1 | C A S E PR E S E NTATI O N

3 | O U TCO M E A N D FO LLOW- U P
During the follow-up on 2 June, the SARS-CoV-2 Spike IgG was

The patient was B, a 58-year-old patient with no history of uncon-

2.68 with a positivity coefficient of 13.4. In addition, a significant

trolled or chronic joint disease, infections, or injuries within the

increase in the post-vaccination antibodies was noted within 7 ob-

previous 3 months. He had no history of inflammatory back pain,

servation days. The patient underwent a joint puncture, and 7 mL

morning stiffness, or joint swelling. The patient has had no history

of light-yellow liquid were obtained. Crystals were not detected

of active SARS-CoV-2 infection, and his COVID-19 polymerase chain

on polarization microscopy. After excluding all other possible

reaction (PCR) and antibodies in March 2021 were negative. The pa-

causes, the patient was diagnosed with "post-vaccination arthritis

tient underwent a complete clinical and laboratory examination on

of the left elbow joint." The patient was treated with non-steroidal

21 April, 2021, before receiving the first dose of the COVID-19 vaccine. Aside from a mildly elevated total blood cholesterol, his examination results were unremarkable. His C-reactive protein (CRP) was
normal (2.2 mg/L), and immunoglobulin G (IgG) and IgM antibodies
to SARS-CoV-2 were negative. The patient received the first shot
of the SPUTNIK-V vaccine on 22 April, 2021, without developing a
fever or adverse events. The second shot was completed on 13 May,
2021. Then, mild discomfort in the left elbow joint was noted on 18
May, 2021. This was followed by pain upon movement without fever
on 19 May. The following day, the patient reported joint swelling,
worsening pain, and stiffness upon movement (Figure 1).

2 | I N V E S TI G ATI O N S
Ultrasonography revealed moderate effusion in the left elbow
fossa and a small shoulder-elbow joint synovitis. No osteophytes

FIGURE 1

Arthritis of the left elbow joint
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anti-inflammatory drugs, physiotherapy, and a single intra-articular

rheumatoid arthritis following COVID-19 infection was reported. 2

injection of diprospan (0.5 mL). A repeat ultrasonography 1 week

A rheumatoid arthritis flare was also reported recently in a patient

later revealed no arthritis. However, arthralgia on active motion was

who received the COVID-19 vaccine.3 The articular complications

reported after 1 month.

caused by the different SARS-CoV-2 vaccines were compared,4 but
the Gam-COVID-Vac vaccine was not included. There have been

4 | D I S CU S S I O N

no English reports describing arthritis after SPUTNIK-V vaccination. This is the first documented case of arthritis in a patient who
received the SPUTNIK-V vaccine without other possible causes for

We report a confirmed case of arthritis of the left elbow joint 7 days

arthritis. However, similar to other post-vaccine case reports, the

after the second dose of the SPUTNIK-V SARS-CoV-2 vaccine.

causation was not formally established. In this case, all other possi-

Following vaccination, a rapid increase in antibody titers was noted.

ble reasons for the arthritis were evaluated. The number of patients

The patient was a healthy 58-year-old man, and no other causes

experiencing joint manifestations after vaccination has increased

for the arthritis were identified. In the MCJD in the previous year,

with the vaccination rate. This report documented the first case of

several unstable arthritis cases following COVID-19 infection and

arthritis after vaccination in an otherwise intact joint.

vaccination were reported. Arthralgia and arthritis have been re-

The SPUTNIK-V vaccine is produced in Kazakhstan. While per-

ported after SARS-CoV-2 infection. Last March, a case of new-onset

sons who received other vaccine types were not observed, joint
manifestations can occur with any vaccine. Prospective studies and
larger case series of patients undergoing vaccination are needed.
The patient provided informed consent, and is an author of this
paper.

5 | LE A R N I N G P O I NT S/ TA K E H O M E
M E S S AG E S
1. Arthritis may be a complication of vaccination against SARS-
CoV-2 infection.
2. The causation between vaccination and arthritis is difficult to
establish.
3. In cases of arthritis after vaccination for the SARS-CoV-2 infection, all the possible causes for arthritis must be thoroughly
investigated.
PAT I E N T ' S P E R S P EC T I V E
The patient is an author of this paper. Further, he believes that this
F I G U R E 2 Ultrasonography of the left elbow joint revealing
moderate effusion in the left elbow fossa

F I G U R E 3 Magnetic resonance
imaging showing elbow joint arthritis

case may help educate doctors during the coronavirus disease-2019
pandemic.
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COVID-19 pneumonia can cause irreversible lung damage in
dermatomyositis with pre-existing interstitial lung disease
We read the paper reported by Tam et al. in your journal with great

Our present case suggests that COVID-19 pneumonia can

interest.1 They updated the guidelines of the Asia Pacific League

cause irreversible lung damage and critically affect the qual-

of Associations for Rheumatology on the management of patients

ity of life of patients with dermatomyositis with pre-e xisting

with rheumatic and musculoskeletal diseases during the coronavirus

interstitial lung disease. Recent studies have reported that half

disease 2019 (COVID-19) pandemic based on the globally accumu-

of the survivors of COVID-19 showed residual lung damage on

lated evidence. We would like to emphasize that there is still lack of

chest computed tomography at 3-m onth follow-u p. 2 Not only

data about pulmonary sequelae due to COVID-19 in patients with

SARS-C oV but also MERS-C oV were reported to cause irrevers-

rheumatic and musculoskeletal diseases. Here we present our case

ible lung damage in survivors. 3 This nature of coronavirus is ob-

of severe COVID-19 in dermatomyositis, in which chest computed

viously distinct from other viruses such as influenza virus which

tomography was examined before COVID-19 pneumonia, at the time

usually show complete radiologic resolution of pneumonia after

of COVID-19 pneumonia, and at 4 months after surviving COVID-19

treatment. 2 How is COVID-19 pneumonia pathologically different

pneumonia.

from other virus-r elated pneumonias? What are the background

A 69-year-old Asian man presented with fever and was positive

factors that make COVID-19 pneumonia prone to irreversible in-

for the reverse transcriptase polymerase chain reaction testing for

terstitial lung disease? Are there any differences in the following

SARS-CoV-2 (nasopharyngeal swab sample). He had a past history

background factors as a susceptibility for irreversible interstitial

of smoking and anti-transcriptional intermediary factor (TFI)1γ-

lung disease after COVID-19 pneumonia? (ⅰ) Presence or absence

positive dermatomyositis complicated with interstitial lung disease

of pre-e xisting interstitial lung disease? (ⅱ) Presence or absence

(Figure 1A) and was receiving prednisolone (20 mg/d) and azathi-

of rheumatic and musculoskeletal diseases? (ⅲ) Presence or ab-

oprine (50 mg/d) at that time. Dermatomyositis was diagnosed 1

sence of pre-e xisting interstitial lung disease with rheumatic and

month earlier, based on the Bohan and Peter criteria: symmetrical

musculoskeletal diseases? There have been no reports to answer

weakness of limb-girdle muscles (manual muscle test of 3), positive

these questions.

evidence for typical myositis on muscle biopsy, elevation of serum

Considering the similarities of lung lesions in anti-MDA5

creatine kinase (515 U/L, normal <248 U/L) and aldolase (7.5 U/L,

antibody-positive dermatomyositis to COVID-19 pneumonia,4 we

normal <6.1 U/L), and heliotrope rash (Figure 1D-G). Anti-TIF1γ an-

suggest that viral infection may be one of the environmental fac-

tibody was detected by enzyme-linked immunosorbent assay (126.0

tors that cause irreversible interstitial lung disease of dermatomy-

index, normal <32 index), whereas anti-melanoma differentiation-

ositis in susceptible individuals. Interestingly, MDA5 is involved in

associated gene-5 (MDA5), anti-aminoacyl tRNA synthetase (anti-

the recognition of viral RNAs including coronavirus and picornavi-

ARS), and anti-Mi-2 antibodies were negative.

rus, and plays a role for the production of interferons in response

Arterial oxygen saturation of pulse oximetry was 85% at room air,

to those viruses. 5 Of note, SARS-CoV-2 induces MDA5-dependent

and chest computed tomography performed at admission demon-

interferon responses in lung cells.6 Furthermore, a recent study

strated newly emerging bilateral, non-segmental, diffuse ground

has shown that anti-MDA5 antibody was positive in half of the

glass opacities (Figure 1B). Serum ferritin was elevated (1736 ng/

patients with COVID-19 and the presence of anti-MDA5 antibody

mL, normal <464 ng/mL). He was diagnosed with severe COVID-19

was associated with uncontrolled hyperinflammation and rapidly

pneumonia and treated with a high-flow nasal canula, dexametha-

progressive interstitial lung disease.7 Thus, viral infection may be

sone (6 mg for 10 days), and remdesivir (200 mg on day 1 followed by

the pathogenic cause of interstitial lung disease associated with

100 mg on days 2-5). Fortunately, he survived and was discharged.

dermatomyositis.

Chest computed tomography at 4-month follow-up revealed residual

In any case, for the management of patients with rheumatic and

ground glass opacities (Figure 1C). Pulmonary function test showed

musculoskeletal diseases during the COVID-19 pandemic, early dis-

impaired lung diffusing capacity for carbon monoxide (26.8%) and

semination of SARS-CoV-2 vaccines is desired to reduce the risk of

poor 6-min walking test (320 m). The pulmonary sequelae due to

severe COVID-19 pneumonia and to prevent irreversible lung dam-

COVID-19 resulted in significant decrease of his daily activities.

age in patients with rheumatic and musculoskeletal diseases.
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(A)

(D)

(B)

F I G U R E 1 Chest computed
tomography (CT) findings of
COVID-19 pneumonia in a patient with
dermatomyositis with pre-existing
interstitial lung disease. (A) Chest CT
performed before being affected with
COVID-19 pneumonia shows multiple
cysts in the upper lobe and honeycomb
lung in the lower lobe. (B) Chest CT at
the timing of COVID-19 pneumonia
reveals newly emerging ground glass
opacities in both lungs. (C) Chest CT at
the 4-month follow-up after COVID-19
pneumonia demonstrates residual
ground glass opacities and reticular
fibrosis changes. (D) Heliotrope rash
at diagnosis of dermatomyositis. (E)
V-neck erythema and shawl sign at
diagnosis of dermatomyositis. (F) High
signal intensity of thighs on T2-weighted
magnetic resonance imaging at diagnosis
of dermatomyositis. (G) Muscle biopsy
specimens of the right rectus femoris
show CD4-positive T cell-dominant
infiltration into the interstitium of muscle
fibers at the margin of the muscle bundle.
H&E, hematoxylin and eosin stain

(C)

(E)
(F)

(G)
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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 information please email rheum.covid@gmail.com.
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