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E D I T O R I A L

COVID- 19 vaccination can occasionally trigger autoimmune 
phenomena, probably via inducing age- associated B cells
The increasing numbers of vaccinated people against COVID- 19 
worldwide has permitted better visualization and understanding of 
possible adverse effects, particularly those related to autoimmune 
phenomena. In this regard, Sachinidis and Garyfallos have lately ad-
dressed a possible explanation for these phenomena emphasizing 
the role of age- associated B cells.1

In fact, autoimmune manifestations and reactions were previ-
ously described in the context of vaccinations against SARS- CoV- 2 
infection. For instance, both the exacerbation of pre- existing auto-
immune and rheumatic diseases as well as the new emergence of 
such diseases were documented early in the vaccination campaign 
in 3 different countries by Watad et al.2 Among 27 cases from Israel, 
USA, and UK, 17 individuals experienced a flare of a background 
autoimmune and rheumatic illness, whereas 10 persons had new- 
onset disease, all in a period of 28 days following vaccination. The 
authors suggested a common pathogenetic mechanism of vaccine- 
induced autoimmune reactions with autoimmune and rheumatic dis-
eases due to the fact that the vaccines used are based mainly on the 
agonists of Toll- like receptor (TLR)- 7/8 or TLR- 9. The latter is known 
to play a major role in the pathogenesis of autoimmune and inflam-
matory rheumatic diseases. The hypothesis is supported by the 
stimulation of innate immunity through TLRs induced by the nucleic 
acids- based vaccines such as messenger RNA (mRNA), a mechanism 
well documented in triggering various autoimmune inflammatory 
diseases.3 Similarly, in a cohort of 1377 patients with rheumatic dis-
eases vaccinated with 2 doses of mRNA SARS- CoV- 2 vaccine, a flare 
of the rheumatic diseases was reported in 11% of the patients. The 
exacerbations were non- severe and were particularly reported fol-
lowing the second dose of the vaccine.4

Furthermore and while the majority of studies published re-
garding the adverse effects of SARS- CoV- 2 vaccinations were 
conducted among the 2 main mRNA vaccines, Pfizer- BioNTech 
and Moderna, a Mexican study included 225 individuals with au-
toimmune and inflammatory rheumatic diseases vaccinated with 
6 different types of vaccinations including Pfizer- BioNTech and 
Moderna and the Oxford- AstraZeneca vaccine.5 According to 
the results, fatigue, headache, and muscle ache were reported in 
34.7%, 30.6% and 29.3% respectively. No major side effects were 
documented.

Nevertheless, in terms of immunological reactions generated by 
SARS- CoV- 2 vaccines, severe allergic reactions were also reported 
and addressed by Selvaraj et al.6 Allergic reactions were described to 

be induced by antigenic fragments of the virus, such as spike protein 
glycoprotein fragments or stabilizers, present in the vaccine mole-
cules. The 2 are capable of producing severe allergic reactions such 
as anaphylaxis.

In conclusion, the importance of vaccination against COVID- 19 
is undisputedly a critical means of controlling the still ongoing pan-
demic for 2 years now; however, autoimmune reactions and man-
ifestations following vaccination are documented and seemingly 
increasing as the number of vaccinated people with additional doses 
is accordingly increasing. The mechanisms behind autoimmune phe-
nomena in vaccinated people, the immunological reactions, and im-
plications should be thoroughly investigated and interpreted. Further 
elucidation, such as that provided by Sachinidis and Garyfallos, will 
improve the approach to the diagnosis and management of side ef-
fects alongside preventing complications, particularly in patients 
with pre- existing autoimmune and rheumatic diseases.

K E Y W O R D S
autoimmunity, COVID- 19 vaccine, mRNA vaccine, SARS- CoV- 2 
vaccine
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1  |  INTRODUC TION

Gout is the most prevalent inflammatory arthritis in the Asia- Pacific 
region and worldwide.1 Its prevalence increased steadily in various 
countries: 2.7% in the 1990s to 3.9% in early 2000 in the United 
States and from 3.4 per 1000 in 2007 to 7.6 per 1000 persons in 
2015 in Korea.2,3 The prevalence is higher in certain ethnic groups. 
The risk for tophi formation tends to be higher after controlling 
for age, gender, hypertension, diuretic use, and kidney function.4 
Varying prevalence across ethnic groups indicates that genetics 
affects its development and the individual's risk when exposed to 
environmental or dietary variables.5,6

Despite scientific advancements, disease control of gout is 
suboptimal.2,3 Clinical practice guidelines (CPG) from Western and 
several Asian countries have provided recommendations for the 
management of gout.7- 9 However, the need to formulate unified 
Asia- Pacific recommendations was recognized.

This CPG aims to provide evidence- based recommendations in 
managing gout in its different phases: asymptomatic hyperuricemia, 
acute gout, intercritical gout, and chronic tophaceous or compli-
cated gout. It covers both pharmacologic and non- pharmacologic 
interventions (NPI) with consideration of the unique needs of pa-
tients with gout in Asia, Australasia, and the Middle East. The target 
users of these guidelines are general practitioners and specialists, 
including rheumatologists, in different clinical settings in these 
regions.

2  |  GUIDELINE DE VELOPMENT METHODS

The Steering Committee (SC) formed the guideline development 
working groups (GDG), formulated the guideline questions (Table 1) 
in PICO (population, intervention, comparator, and outcome) format, 
and oversaw the CPG processes (Figure 1). The Technical Working 
Group (TWG) appraised and summarized the evidence, applied 
the Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) methodology to determine the certainty of evi-
dence, and drafted the recommendations.

The Consensus Panel (CP) was composed of 9 key stakehold-
ers (rheumatologists, general practitioners, academicians, and a 
patient representative) from Australia, Bangladesh, Indonesia, Iraq, 
Philippines, Singapore, Sri Lanka, and Taiwan. They finalized the rec-
ommendations and their strengths through a consensus vote of 70% 
during online en banc meetings (May 16 to July 9, 2021). Discussions 
centered on the trade- offs between benefits and harms, personal 
and institutional experience, research gaps, patient values and pref-
erences, cost, equity, feasibility, and acceptability in various settings. 
Up to 3 rounds of voting were done to reach a consensus as nec-
essary. All conflicts of interest were declared and managed by all 
members of the GDG.

Systematic searches of electronic databases (MEDLINE via 
PubMed, Cochrane Library, Google Scholar, and ClinicalTrials.
gov) from March to May 2021 used free text or Medical Subject 
Headings (MeSH) terms based on the PICO for each question. Full 

Australasia, and the Middle East. The target users of these guidelines are general 
practitioners and specialists, including rheumatologists, in these regions.
Methods: Relevant clinical questions were formulated by the Steering Committee. 
Systematic reviews of evidence were done, and certainty of evidence was assessed 
using Grading of Recommendations Assessment, Development and Evaluation meth-
odology. A multi- sectoral consensus panel formulated the final recommendations.
Results: The Asia- Pacific League of Associations for Rheumatology Task Force de-
veloped this CPG for treatment of gout with 3 overarching principles and 22 recom-
mendation statements that covered the treatment of asymptomatic hyperuricemia 
(2 statements), treatment of acute gout (4 statements), prophylaxis against gout 
flare when initiating urate- lowering therapy (3 statements), urate- lowering therapy 
(3 statements), treatment of chronic tophaceous gout (2 statements), treatment of 
complicated gout and non- responders (2 statements), treatment of gout with moder-
ate to severe renal impairment (1 statement), and non- pharmacologic interventions (5 
statements).
Conclusion: Recommendations for clinically relevant scenarios in the management of 
gout were formulated to guide physicians in administering individualized care.

K E Y W O R D S
acute gout, chronic tophaceous gout, clinical practice guidelines, gout, non- pharmacologic, 
prophylaxis, urate- lowering therapy
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articles published in English and abstracts with sufficient infor-
mation were utilized. The full search strategies are summarized in 
Appendix S1.

Randomized controlled trials (RCTs), controlled clinical trials, 
observational studies (diagnosis or prognosis), systematic reviews, 

meta- analyses, and cost- effectiveness studies were sought. Two 
independent reviewers performed the eligibility screen and risk 
of bias (ROB) assessment using appropriate tools for studies on 
therapy,10 harm,11 and prognosis.12 Differences in risk assessment 
were resolved through discussion or consultation with a third 
reviewer.

If appropriate, a meta- analysis was performed using RevMan. 
The quantitative results and the certainty of evidence (CoE) for all 
critical outcomes were summarized using the GRADE approach. The 
evidence profiles are compiled in the Appendix S1.

The strength of each recommendation was classified as strong, 
weak, or none based on the CoE, patient values and preferences, 
costs, resource use, applicability, feasibility, and equity. A strong 
recommendation implies that the voting panel was confident that 
the benefits from the intervention outweigh the harm. In contrast, 
a weak recommendation reflects the panel's reservations, which 
may stem from low CoE or issues of cost, equity, applicability, or 
patient preferences. Shared decision- making discussions between 
patients and medical practitioners would be essential for interven-
tions with a weak recommendation. The absence of strength indi-
cates insufficient evidence to recommend for or against a particular 
intervention.

3  |  RESULTS

The final 2021 Asia- Pacific League of Associations for Rheumatology 
(APLAR) CPG for the treatment of gout consists of 3 overarching 
principles and 22 recommendations (Table 2).

3.1  |  Overarching principles

Gout is a chronic arthropathy caused by monosodium urate (MSU) 
deposition, characterized by intermittent arthritis, often accompa-
nied by comorbidities. The overarching principles emphasize the 
need for multispecialty collaboration in its management and the 
critical role of patient and caregiver education in avoiding disease 
and treatment- related complications. The overarching principles are 
as follows.

1. Recognition of gout and its complications needs collaborations 
among physicians and allied health professionals. Further, patient 
education and shared decision making between the physicians 
and patients are essential.

2. Gout management should be holistic which includes urate- 
lowering medications, appropriate lifestyle choices and treatment 
of comorbidities such as cardiovascular diseases, hypertension, 
diabetes mellitus, metabolic syndrome, and renal disease.

3. Treatment of acute gout flares requires anti- inflammatory medi-
cations. Treatment should also aim to prevent organ damage by 
removing MSU deposits from the body by lowering serum uric 
acid (SUA) below its saturation point.

TA B L E  1  Guideline questions for treatment of gout

Treatment of asymptomatic hyperuricemia

1. Should ULT be given to adult patients with asymptomatic 
hyperuricemia and hypertension?

2. Should ULT be given to adult patients with asymptomatic 
hyperuricemia and chronic kidney disease?

Treatment of acute gout

3. Should high- dose colchicine, low- dose colchicine, NSAIDs, 
systemic corticosteroids or intra- articular steroids be used to 
reduce pain in patients experiencing an acute gout flare?

4. When should ULT be initiated in ULT- naïve adult patients with an 
acute gout flare?

Prophylaxis against gout flare when initiating ULT

5. Should prophylaxis with colchicine be given to adult patients with 
gout when initiating ULT?

6. Should prophylaxis with NSAIDs be given to adult patients with 
gout when initiating ULT?

7. Should prophylaxis with systemic corticosteroids be given to adult 
patients with gout when initiating ULT?

Urate- lowering therapy

8. Should HLA- B*5801 testing be done prior to initiating allopurinol 
treatment in adult patients with gout?

9. Should febuxostat be used as an alternative to allopurinol as 
urate- lowering therapy in adult patients with gout from the Asia- 
Pacific region?

10. At what serum uric acid level should ULT be initiated in adult 
patients newly diagnosed with gout?

Treatment of CTG

11. Among patients with CTG, should we use xanthine oxidase 
inhibitors for resolution of tophi?

12. Among CTG patients with persistent hyperuricemia despite use 
of a xanthine oxidase inhibitor, should we add a uricosuric drug to 
dissolve tophi?

Treatment of complicated gout and non- responders

13. Among adults with refractory gout, should a uricosuric agent and 
xanthine oxidase inhibitor combination be used rather than xanthine 
oxidase inhibitor monotherapy to reduce serum uric acid levels?

14. Among adults with refractory gout with or without CTG, should 
pegloticase be used compared with placebo?

Treatment of gout with moderate to severe renal impairment

15. Should ULT be given to adult patients with gout and renal 
impairment to prevent chronic kidney disease progression?

Non- pharmacologic interventions

16. Should limiting alcohol intake be recommended among adult 
patients with gout?

17. Should purine- rich food be limited among adult patients with gout?
18. Should weight reduction be recommended among adult patients 

with gout?
19. Should acupuncture be used for pain relief among adult patients 

with an acute gout flare?
20. Should herbal medicine be used to prevent gout attacks among 

adult patients with gout?

Abbreviations: CTG, chronic tophaceous gout; NSAIDs, non- steroidal 
anti- inflammatory drugs, ULT, urate- lowering therapy.
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3.2  |  Final set of 22 recommendations for 
treatment of gout

3.2.1  |  Treatment of asymptomatic hyperuricemia

1. Among patients with asymptomatic hyperuricemia (AHU) and hyper-
tension (HTN), we recommend against urate- lowering therapy (ULT) in 
patients to reduce the risk of major cardiovascular events (MACE) or 
mortality (cardiovascular [CV] and all- cause). (STRONG recommenda-
tion, very low CoE).

A multicenter RCT compared CV outcomes between ULT and 
standard therapy (nutrition modification) among 1007 elderly with 
AHU and HTN. The effect of treatment was inconclusive for the 
composite outcome of mortality from CV or renal disease (risk ratio 

[RR] 0.96, 95% CI 0.31- 2.93) and all- cause mortality, cerebrovascu-
lar disease, or non- fatal coronary artery disease (RR 0.86, 95% CI 
0.49- 1.51).13

Observational studies (n = 3416) showed an increased risk of 
Stevens- Johnson syndrome (SJS) and toxic epidermal necrolysis 
(TEN) among individuals with allopurinol exposure: range of ad-
justed RR from 5.5 (95% CI 2.0- 15) to 186.7 (95% CI 6.4- 5458.2).14- 17 
Transaminitis was significantly increased with allopurinol (RR 2.96, 
95% CI 1.08- 8.11) but not with febuxostat or probenecid.18- 21 These 
risks and the attendant costs of long- term use of allopurinol over 
uncertain benefit spurred a strong recommendation against the use 
of ULT for this population.
2. Among patients with AHU and chronic kidney disease (CKD), there
is insufficient evidence to recommend for or against ULT to reduce the 

F I G U R E  1  Flowchart of APLAR clinical practice guideline development for treatment of gout. APLAR, Asia- Pacific League of Associations 
for Rheumatology; GRADE, Grading of Recommendations Assessment, Development and Evaluation
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TA B L E  2  Overarching principles and final set of 22 recommendations for the treatment of gout

Strength of 
recommendation

Certainty of 
evidence Agreement

Overarching principles

1. Recognition of gout and its complications needs collaborations among physicians and 
allied health professionals. Further, patient education and shared decision making 
between physicians and patients are essential.

N/A N/A 100%

2. Gout management should be holistic which includes urate- lowering medications, 
appropriate lifestyle choices and treatment of comorbidities such as cardiovascular 
diseases, hypertension, diabetes mellitus, metabolic syndrome, and renal disease.

N/A N/A 100%

3. Treatment of acute gout flares requires anti- inflammatory medications. Treatment 
should also aim to prevent organ damage by removing monosodium urate (MSU) 
deposits from the body by lowering serum uric acid below its saturation point.

N/A N/A 100%

Final set of 22 recommendations

Treatment of asymptomatic hyperuricemia

1. Among patients with asymptomatic hyperuricemia and hypertension, we recommend 
against urate- lowering therapy (ULT) to reduce the risk of major cardiovascular events 
or mortality (cardiovascular and all- cause).

Strong Very low 100%

2. Among patients with asymptomatic hyperuricemia and chronic kidney disease, there is 
insufficient evidence to recommend for or against ULT to reduce the risk of mortality, 
major acute cardiovascular events, or to prevent progression to end- stage kidney 
disease.

None Very low 100%

Treatment of acute gout

3. Among patients with acute gouty arthritis, we recommend the use of colchicine, 
NSAIDs or systemic corticosteroids as first- line therapy to reduce pain.

Strong Moderate 100%

4. Among patients with acute gouty arthritis, we recommend a low- dose regimen of 
colchicine (1.5- 1.8 mg/d) over a high- dose regimen (4.5- 4.8 mg/d) to reduce pain.

Strong High 100%

5. Among patients with acute gouty arthritis, there is insufficient evidence to recommend 
for or against the use of intra- articular corticosteroids to reduce pain.

None Very low 100%

6. Among ULT- naïve patients with gout, there is insufficient evidence to recommend 
initiating ULT during acute gout flare over initiating after the flare.

None Low 83.3%

Prophylaxis against gout flare when initiating ULT

7. Among adults with gout initiating ULT, we recommend the use of low- dose colchicine 
prophylaxis.

Strong Low 100%

8. Among adults with gout initiating ULT who are intolerant or with contraindications to 
colchicine, we suggest NSAIDs as second- line prophylaxis.

Weak Very low 100%

9. Among adults with gout initiating ULT, there is insufficient evidence to recommend for 
or against the use of systemic corticosteroids as prophylaxis.

None Very low 100%

Urate- lowering therapy

10. In populations with a high (≥5%) prevalence of HLA- B*5801 allele, we suggest testing 
for HLA- B*5801 prior to initiating allopurinol.

Weak Very low 100%

11. Among gout patients with high prevalence of HLA- B*5801, we neither recommend 
for or against febuxostat over allopurinol.

Weak Low 100%

12. Among patients newly diagnosed with gout and a serum uric acid level of ≥9 mg/dL, 
we suggest initiating ULT to prevent recurrence of gout flare.

Weak Very low 100%

Treatment of chronic tophaceous gout

13. Among patients with chronic tophaceous gout, we recommend the use of a xanthine 
oxidase inhibitor (allopurinol or febuxostat) over no ULT to achieve resolution of tophi.

Strong Low 100%

14. Among chronic tophaceous gout patients with serum uric acid >6 mg/dL, we suggest 
against adding lesinurad to a xanthine oxidase inhibitor for resolution of tophi.

Weak Moderate 100%

Treatment of complicated gout and non- responders

15. Among adults with refractory gout, there is insufficient evidence to recommend 
uricosuric agent and xanthine oxidase inhibitor combinations other than lesinurad- 
allopurinol to reduce serum uric acid levels and reduce gout flares.

None None 100%

(Continues)
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risk of mortality, MACE, or to prevent progression to end- stage kidney 
disease (no recommendation, very low CoE).

Ten RCTs (n = 1571) studied long- term effects (24- 108 weeks) 
of febuxostat and allopurinol or placebo among participants 
with CKD and AHU. Four of these (n = 962) showed incon-
clusive effects of ULT on the risk of MACE (RR 0.69, 95% CI 
0.42- 1.14)22- 25 and all- cause mortality (3 RCTs; RR 1.42, 95% CI 
0.55- 3.65).22,24,25 Five RCTs (n = 267) reported a decreased risk
of CKD progression (worsening of CKD stage or need for renal 
replacement therapy [RRT]) with ULT (RR 0.30, 95% CI 0.19- 
0.46).26 However, other studies showed an inconclusive effect of 
ULT on progression to end- stage renal disease (ESRD; RR 1.60, 
95% CI 0.48- 5.30)27 and the need for RRT (RR 1.33, 95% CI 0.77- 
2.30).24,25 There was no significant association between ULT and 
the occurrence of SJS and TEN in a pooled analysis (RR 1.22, 95% 
CI 0.60- 2.50).18,21- 23,28- 30

3.2.2  |  Treatment of acute gout

3. Among patients with acute gouty arthritis, we recommend the use of
colchicine, non- steroidal anti- inflammatory drugs (NSAIDs), or systemic 
corticosteroids as first- line therapy to reduce pain (STRONG recommen-
dation, moderate CoE).
4. Among patients with acute gouty arthritis, we recommend a low- dose 
regimen of colchicine (1.5- 1.8 mg/d) over a high- dose regimen (4.5- 
4.8 mg/d) to reduce pain (STRONG recommendation, high CoE).
5. Among patients with acute gouty arthritis, there is insufficient evi-
dence to recommend for or against the use of intra- articular corticoids 
to reduce pain (no recommendation, very low CoE).

A de novo network meta- analysis of 23 RCTs compared the ef-
fectiveness and safety of colchicine, acetic acid derivative (AAD) 
NSAIDs (eg, diclofenac and indomethacin), other NSAIDs, and sys-
temic steroids in the treatment of acute gout.21,31- 53

Colchicine was given as 1.2 mg followed 1 hour later by a dose of 
0.6 (total of 1.8 mg, low dose) or hourly for 6 hours (total of 4.8 mg, 
high dose). Low- dose (OR 3.31, 95% CI 1.06- 6.62) and high- dose col-
chicine (OR 2.64, 95% CI 1.06- 6.62) were associated with a better 
response than placebo.49 High- dose colchicine was not more effica-
cious but had higher odds of severe intensity adverse events (SIAE) 
than low- dose colchicine.49

Compared with AAD NSAIDs, colchicine led to clinically in-
significant pain score reduction at day 2 (mean difference [MD] 
−0.48, 95% CI −0.92 to −0.05). AAD NSAIDs showed a significant 
reduction of pain score at day 2 of 1.45 (1.38- 1.53) points based 
on a minimal clinically important difference of 1 point set by the 
Outcome Measures in Rheumatology (OMERACT). Systemic corti-
costeroids (MD 0.09, 95% CI −0.14- 0.32), cyclooxygenase (COX)- 2 
selective NSAIDs (MD −0.01, 95% CI −0.18- 0.16) and profens (MD 
−0.21, 95% CI −0.58- 0.17) were comparable in pain reduction to 
AAD NSAIDs.

There was no significant difference in risk of serious AEs (SAE) 
when other NSAIDs (COX- 2 selective, profens, fenamates, pyrazo-
lidine derivatives), systemic corticosteroids, and colchicine were 
compared to AAD.21,31- 53 The absolute risk for developing SAEs with 
AAD NSAID use was 2.3%.32- 35,37,39,41,44- 47,50,51,54

Interleukin (IL)- 1 inhibitors are reported to be as effective as 
corticosteroids and NSAIDS for the treatment of acute gouty ar-
thritis.55 Unfortunately, these medicines are very expensive and are 
not widely available in many countries in the Asia- Pacific region. 

Strength of 
recommendation

Certainty of 
evidence Agreement

16. Among adults with refractory gout who have contraindications or inadequate 
response to xanthine oxidase inhibitor treatment, we suggest the use of pegloticase (if 
available) to achieve target serum uric acid level and prevent gout flare.

Weak Moderate 83.3%

Treatment of gout with moderate to severe renal impairment

17. Among adult patients with gout and renal impairment, there is insufficient evidence 
to recommend for or against the use of ULT to prevent chronic kidney disease 
progression.

None Very low 100%

Non- pharmacologic interventions

18. Among patients with gout, we suggest limiting alcohol intake to moderate amounts to 
prevent acute gout flare.

Weak Very low 100%

19. Among patients with gout, there is insufficient evidence to recommend for or against 
limiting purine- rich food to prevent gout flares or reduce serum uric acid levels.

None Very low 85.7%

20. Among overweight and obese patients with gout, we suggest prescribing weight 
reduction interventions to prevent gout flares and lower serum uric acid levels.

Weak Very low 100%

21. Among patients with acute gout flare with intolerance or contraindication to standard 
of care anti- inflammatory medications, acupuncture may be an option for pain relief.

Weak Very low 100%

22. Among adults with gout, there is insufficient evidence to recommend for or against 
herbal medicine in the treatment of pain.

None Very low 83.3%

Abbreviations: HLA, human leukocyte antigen; N/A, not applicable; NSAIDs, non- steroidal anti- inflammatory drugs; ULT, urate- lowering therapy.

TA B L E  2  (Continued)
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However, these agents may be an option for acute gout treatment in 
countries where these are available.
6. Among ULT- naïve patients with gout, there is insufficient evidence to
recommend initiating ULT during acute gout flare over initiating after the 
flare (no recommendation, low CoE).

In 2 trials (n = 175), the duration of acute gout flare did not seem 
to differ among patients who received ULT (febuxostat 40 mg/d or al-
lopurinol 100- 200 mg/d) during or after the attack: MD 0.68, 95% CI 
−0.42- 1.78.56,57 Six RCTs (n = 498) did not show conclusive evidence
for increased gout recurrence (RR 0.85, 95% CI 0.61- 1.20) or pain (MD 
0.06, 95% CI −0.13- 0.25) when ULT (febuxostat 20- 100 mg/d or al-
lopurinol 50- 300 mg/d) was initiated during the acute gout flare.57- 62

3.2.3  |  Prophylaxis against gout flare when 
initiating ULT

7. Among adults with gout initiating ULT, we recommend the use of low- 
dose colchicine prophylaxis (STRONG recommendation, low CoE).

Two RCTs (n = 188) showed a reduced risk of gout flares with 
colchicine prophylaxis during initiation of either allopurinol or febux-
ostat: RR 0.48, 95% CI 0.32- 0.74.63,64 Similarly, there was a lower 
flare incidence rate when colchicine was administered with allopuri-
nol (0.4 vs 1.24 attacks per month, P < .0001)65 or probenecid (0.19
vs 0. 48 attacks per month, P < .05).66

Four studies (n = 333) showed no conclusive difference in the 
risk of AEs (diarrhea, nausea, vomiting, abdominal pain, and melena) 
in the ULT plus colchicine group and the ULT group (RR 1.20, 95% 
CI 0.90- 1.59).63- 66 The dosage of colchicine varied from 0.6 mg once 
daily (OD)63,65 to 0.5 mg64 thrice daily.66 The duration of prophylaxis 
ranged from 3 months64,65 to 6 months66 or 3 months after attaining 
urate level <6.5 mg/dL.63 The low cost of colchicine and its availabil-
ity weighed heavily on the CP and led to a strong recommendation 
for its use. Clinicians are encouraged to tailor the prophylactic inter-
vention based on the patients' comorbidities and tolerance.
8. Among adults with gout initiating ULT who are intolerant or with con-
traindications to colchicine, we suggest NSAIDs as second- line prophy-
laxis (WEAK recommendation, very low CoE).

Results showed no conclusive difference in acute flare inci-
dence at 3 months in a matched cohort (n = 520) of patients with 
gout who used NSAIDs (n = 270) versus patients who did not use 
NSAID- containing prophylaxis (n = 250): odds ratio (OR) 1.27, 95% 
CI 0.81- 2.00.67 All these patients were prescribed a xanthine oxidase 
inhibitor or xanthine oxidase inhibitor (XOI: allopurinol or febux-
ostat) for at least 30 days.67

Compared with placebo, the higher risk of GI bleeding with tra-
ditional NSAIDs (diclofenac, ibuprofen, naproxen) is well- known.68,69 
The risk of acute kidney injury is also significantly elevated with 
NSAIDs (OR 1.73, 95% CI 1.44- 2.07). The association of adverse 
vascular events with ibuprofen and naproxen is inconclusive.69

9. Among adults with gout initiating ULT, there is insufficient evidence to 
recommend for or against the use of systemic corticosteroids as prophy-
laxis (no recommendation, very low CoE).

A retrospective cohort study70 of 273 subjects with gout started 
with febuxostat (72/273) and combined with colchicine (152/273) 
or with steroids (49/273) showed inconclusive data on the likelihood 
of gout flares (OR 0.68, 95% CI 0.35- 1.32). There was no report of 
serious AE in the study.70

3.2.4  |  ULT

10. In populations with a high (≥5%) prevalence of human leukocyte an-
tigen (HLA)- B*5801 allele, we suggest testing for HLA- B*5801 prior to 
initiating allopurinol (WEAK recommendation, very low CoE).

The frequency of the HLA- B*5801 allele carriers among Asians 
is about 10% to 20% but may further vary.71,72 Testing for HLA- 
B*5801 among Asians had a high sensitivity (88%- 100%) and spec-
ificity (82%- 94%) in the population with allopurinol- induced severe 
cutaneous adverse reaction (SCAR) cases.71

A cohort study (n = 4346) demonstrated that patients who 
tested positive for HLA- B*5801 and were not prescribed allopurinol 
had a lower risk of SCAR up to 2 months after ULT initiation com-
pared with those who were not tested but were given allopurinol.73

There are also conflicting data on the cost- effectiveness of HLA 
testing in Asian populations with higher allele prevalence. Some 
studies favored allele testing74- 76 while other studies77- 79 preferred 
standard therapy with allopurinol without genetic testing from a 
cost- effectiveness perspective. The recommendation for genetic 
testing only becomes cost- effective for populations with high 
enough prevalence for the allele, areas with accessible and afford-
able genetic testing and, for those who tested positive, available and 
inexpensive alternative medications.
11. Among gout populations with high prevalence of HLA- B*5801, we
neither recommend for or against febuxostat over allopurinol (WEAK 
recommendation, low CoE).

Seven studies (4 RCTs and 3 observational; n = 257 786) included 
participants from countries with a high prevalence of HLA- B*5801 
(Japan, Korea, Taiwan, and China [Han Chinese descent]) but did not 
test for the allele. There was reduced likelihood of both severe (OR 
0.12, 95% CI 0.06- 0.21) and mild cutaneous adverse reactions (OR 
0.53, 95% CI 0.38- 0.76) with febuxostat (10- 80 mg/d) compared 
with allopurinol (50- 300 mg/d).80- 86

12. Among patients newly diagnosed with gout and a SUA level of ≥9 mg/
dL, we suggest initiating ULT to prevent recurrence of gout flare (WEAK 
recommendation, very low CoE).

Three cohort studies87- 89 (n = 26 422) with statistical adjust-
ments for age, gender and comorbidities were used to determine 
the odds of having recurrent flares based on the serum urate levels 
of individuals already diagnosed with gout (at least 2 medical claims 
for gout or at least 1 medical claim for gout with a pharmacy claim 
for ULT). It was difficult to determine the definite SUA level at which 
the risk of flare began to increase above 6 mg/dL due to the different 
ranges across studies that all showed significant harm. However, a 
serum urate of ≥9 mg/dL was chosen primarily due to the highest 
likelihood of gout flares at this level (odds ratio [OR] 3.4, 95% CI 
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2.6- 4.4).88 Other considerations were clinical practices of treating 
gout, recommendations from other guidelines and costs of maintain-
ing ULT if set at low SUA level.

3.2.5  |  Treatment of chronic tophaceous gout

13. Among patients with chronic tophaceous gout, we recommend the 
use of a XOI (allopurinol or febuxostat) over no ULT to achieve resolution 
of tophi (STRONG recommendation, low CoE).

The evidence from this recommendation was obtained from 
3 RCTs that investigated tophi resolution over a duration of 
6- 12 months of study. One RCT that included 23.8% or 255 of 1072 
participants with tophi showed that the mean percent decrease in 
the number of tophi was small but significantly higher among those 
given 120 mg febuxostat for 6 months compared with placebo (1.2% 
vs. 0.3%, P < .05).21 Another study with 186 of 760 participants 
(24%) with tophi reported no decrease in tophi with febuxostat 
80 mg or allopurinol 300 mg, but with a median decrease of one 
tophus with febuxostat 120 mg. The median percent decrease in the 
size of the target tophus is 83% in febuxostat 80 mg, 66% in febux-
ostat 120 mg, and 50% in allopurinol 300 mg group after 1 year.90 
The third RCT, which enrolled 512 patients and unspecified propor-
tions with tophi, reported the mean change (SD) in the number of 
tophi: −0.11 (SD −0.29- 0.06) in febuxostat 40 mg, −0.28 (SD −0.46 
to −0.11) in febuxostat 80 mg, and −0.15 (SD −0.33- 0.02) in the allo-
purinol 300 mg group after 6 months.80

There was no conclusive difference in the risk for SAE (RR 2.28, 
95% CI 0.55- 9.43) and study discontinuations due to AE (RR 1.45, 
95% CI 0.68- 3.08) between XOI and placebo. There was similarly 
no conclusive difference in SAE (RR 1.0, 95% CI 0.64- 1.57) and 
treatment- related AE (RR 0.94, 95% CI 0.73- 1.21) between febux-
ostat and allopurinol, although there were more study discontinua-
tions due to AE in the febuxostat than in the allopurinol group (RR 
1.31, 95% CI 1.07- 1.61). The CP highlighted the importance of ULT 
treatment for CTG through its strong recommendation.
14. Among chronic tophaceous gout patients with SUA >6 mg/dL, we 
suggest against adding lesinurad to a XOI for resolution of tophi (WEAK 
recommendation, moderate CoE).

Three trials (n = 1537)91- 93 compared lesinurad with an XOI (allo-
purinol or febuxostat) versus XOI alone. All subjects in 1 RCT93 and 
8.9%- 16% in the other 2 RCTs had tophi and SUA >6 mg/dl despite 
maximally allowed pre- study XOI.91,92 There was no significant dif-
ference in tophi resolution between XOI- lesinurad 200 mg (RR 0.96; 
95% CI, 0.50- 1.82) or 400 mg (RR 1.14; 95% CI, 0.75- 1.72) and XOI 
monotherapy.

Moreover, there were higher discontinuation rates due to 
treatment- emergent AE and elevation in serum creatinine in the 
combination group.91- 93 Pooled results showed that serum creati-
nine elevation of more than 1.5 times the baseline was more likely 
in the combination group (RR 2.88, 95% CI 1.91- 4.34), but most ep-
isodes were transient. Despite moderate CoE, the CP decided on a 
weak recommendation to allow the use of other uricosurics that do 

not have long- term efficacy and safety data on CTG but are being 
used in some Asian countries.

3.2.6  |  Treatment of complicated gout and non- 
responders

15. Among adults with refractory gout, there is insufficient evidence 
to recommend uricosuric agent and XOI combinations other than 
lesinurad- allopurinol to achieve target SUA levels and reduce gout flares 
(no recommendation, no evidence).

Refractory gout is defined as: (1) SUA level >8.0 mg/dL; and (2) 
at least 1 of the following: (a) > 3 self- reported gout flares during 
the previous 18 months, (b) >1 tophi, (c) gouty arthropathy, defined 
clinically or radiographically as joint damage due to gout; and (3) with 
contraindication to allopurinol or history of failure to normalize SUA 
levels with a maximum dose of allopurinol for 3 months.

Three RCTs (n = 1421) showed the effectiveness of com-
bined lesinurad and allopurinol in patients with refractory gout in 
achieving target SUA level (<6 mg/dL), reduction of gout flares, 
and resolution of 1 or more tophi and AE.91,92,94 In all 3 RCTs, more 
patients achieved the target SUA level ≤6 mg/dL at 1 month or 
6 months when treated with the combination versus allopurinol 
alone (RR 2.40, 95% CI 1.95- 2.94; I2 = 33%). More patients also 
achieved the SUA goal <6 mg/dL at both 1 month (RR 2.88, 95% 
CI 1.91- 4.36) and 6 months (RR 2.29, 95% CI 1.80- 2.93; I2 = 48%) 
in the lesinurad- allopurinol group. There was no significant reduc-
tion in gout flare incidence with both 200 mg and 400 mg doses 
of lesinurad combined with allopurinol (200 mg: MD −0.05, 95% 
CI −0.26- 0.17; 400 mg: MD −0.07, 95% CI −0.28- 0.15). There 
was similarly no significant resolution of tophi after treatment 
for 1 year (RR 0.66, 95% CI 0.29- 1.51). The risk of developing AE 
was not significantly different between combination and XOI- only 
groups (RR 0.87, 95% CI 0.60- 1.26).91,92,94

Among the different combinations between allopurinol and uri-
cosurics, the evidence for lesinurad for the treatment of refractory 
gout was the most robust. A narrative review cited earlier trials 
showing that the combination of XOI and other uricosurics (allopu-
rinol and probenecid or allopurinol and benzbromarone) can lower 
SUA levels.95 These medications, if available, may be considered 
as treatment for patients with refractory gout who are unable to 
achieve target SUA levels in monotherapy.
16. Among adults with refractory gout who have contraindications or 
inadequate response to XOI treatment, we suggest the use of pegloticase 
(if available) to achieve target SUA level and prevent gout flare (WEAK 
recommendation, moderate CoE).

Two RCTs compared 2 doses of pegloticase (high dose, 8 mg 
every 2 weeks and low dose, 8 mg every 4 weeks intravenously) 
with placebo to achieve a target SUA <6.0 mg/dL for 80% of the 
time or longer. There were more patients with refractory gout who 
achieved the target SUA in both pegloticase groups than the pla-
cebo (RR 17.17, 95% CI 2.45- 120.38) and in high dose compared 
with the low dose (42% vs 35%). During the first 3 months, there 
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were more gout attacks in the pegloticase group (RR 1.50, 95% 
CI 1.13- 2.01), but this decreased over 3 months (RR 0.72, 95% CI 
0.55- 0.94). The long- term effect was seen at 6 months as a 5- fold 
increase in complete resolution of one or more tophi (RR 4.67, 95% 
CI 1.20- 18.19).

The evidence was inconclusive regarding the risk of serious AEs, 
of which the most reported was acute gout flare, from pegloticase 
(RR 1.98, 95% CI 0.83- 4.73). The CP decided on a weak recommen-
dation despite moderate CoE because pegloticase is not available in 
most APLAR countries.

3.2.7  |  Treatment of gout with moderate to severe 
renal impairment

17. Among adult patients with gout and renal impairment, there is insuf-
ficient evidence to recommend for or against the use of ULT to prevent 
CKD progression (no recommendation, very low CoE).

One small RCT (n = 96) comparing febuxostat (40- 80 mg/d) with 
placebo among patients with gout and moderate to severe renal 
impairment showed inconclusive effects on estimated glomerular 
filtration rate (eGFR) deterioration and treatment discontinuation. 
There was no evidence on the effect of treatment on progression to 
ESRD or renal replacement therapy.
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18. Among patients with gout, we suggest limiting alcohol intake to mod-
erate amounts to prevent acute gout flare (WEAK recommendation, very 
low CoE).

Two observational studies measured alcohol intake and its as-
sociation with the risk of recurrent gout attacks among gout pa-
tients96,97 with at least 1 attack during a 1- year follow- up. One 
retrospective cohort (n = 38) revealed that moderate alcohol drink-
ers (>20 units of alcohol per week) had lower odds of recurrent gout 
attacks compared with heavy (≥30 units per week) drinkers (OR 
0.02, 95% CI 0.00- 0.20).97

Another cohort study reported that consuming at most 2 drinks 
in 24 hours compared with none was associated with higher odds 
of a recurrent attack (adjusted OR [aOR] 1.36, 95% CI 1.00- 1.88).96 
The likelihood of recurrent attacks increased with more drinks per 
day and was highest with more than 8 drinks per day (OR 3.13, 95% 
CI 1.63- 6.02).96

19. Among patients with gout, there is insufficient evidence to recom-
mend for or against limiting purine- rich food to prevent gout flares or 
reduce SUA levels (no recommendation, very low CoE).

One RCT compared 2 forms of dietary education interventions: 
specific to reduction of meat intake and avoidance of offal, shell-
fish, and yeast extract versus a general advice on the importance of 
ULT compliance and weight loss for gout patients on a stable dose of 
ULT at target serum urate level (<0.36 mmol/L). At 6 months, there 
was a trend for fewer gout flares in the intervention group but no 

significant difference in the mean SUA level (MD 0.03 mmol/L, 95% 
CI −0.02- 0.08) between groups.98

There was no data on the efficacy of purine limitation among 
patients who are not on ULT.
20. Among overweight and obese patients with gout, we suggest pre-
scribing weight reduction interventions to prevent gout flares and lower 
SUA levels (WEAK recommendation, very low CoE).

A small case- control study (n = 408) showed that body mass 
index (BMI) reduction was not associated with reduced recurrent 
gout attacks (aOR 0.61, 95% CI 0.32- 1.16) among those with gout 
and whose BMI reduction was more than 5%.99 However, for every 
increase in BMI category, there was a higher risk of gouty arthri-
tis among all patients (those with and without previous diagnosis of 
gout) (OR 2.83, 95% CI 2.17- 3.67).99

There were no controlled studies reporting changes in SUA levels 
with non- surgical weight loss interventions. One small observational 
study (n = 155) reported a reduction in SUA level among morbidly 
obese patients with gout who underwent bariatric surgery (MD 
3.50, 95% CI 2.87- 4.13) compared with the non- bariatric surgery 
group (MD 0.70, 95% CI 0.03- 1.37) after 13 weeks of follow- up.100

21. Among patients with acute gout flare with intolerance or contraindi-
cation to standard of care anti- inflammatory medications, acupuncture 
may be an option for pain relief (WEAK recommendation, very low CoE).

Results from 7 studies101- 107 showed reduction of mean pain 
score of acute gouty arthritis (visual analog scale, VAS) ranging from 
0.96 to 2.87 in the acupuncture group compared with the control 
group (colchicine, allopurinol, indomethacin, benzbromarone, cele-
coxib, probenecid, meloxicam, and ibuprofen). A pooled effect esti-
mate was not obtained because of considerable heterogeneity due 
to different acupuncture types, combined therapy and treatment 
durations.

AEs in the acupuncture group included gastrointestinal symp-
toms, central nervous system reactions, leukopenia, skin rash, and 
incidence of fainting. There were significantly lower odds of AE in 
the group that received acupuncture therapy (n = 807; OR 0.08, 95% 
CI 0.03- 0.23).101,102,108- 115

22. Among adults with gout, there is insufficient evidence to recommend 
for or against herbal medicine in the treatment of pain (no recommenda-
tion, very low CoE).

One study (n = 67) reported lower VAS pain scores of acute 
gout (MD −1.50, 95% CI −1.74 to −1.26) with topical applica-
tion of xin huang pian twice a day for 10 days compared with 
skin patches of diclofenac diethylamine emulgel.116 Two trials 
(n = 248) showed a reduction in gout attacks with yellow- dragon 
wonderful- seed formula and compound tufuling oral- liquid recipe 
taken orally compared with allopurinol or placebo: RR 0.62, 95% 
CI 0.46- 0.84.117,118

Four studies (n = 469)118- 121 compared AEs in the herbal med-
icine group and in the control group (allopurinol,118 indometha-
cin,119 tongfengding capsule,120 diclofenac tablet121). There were 
more AEs, mostly gastrointestinal discomfort, in the control group 
(RR 0.01– 0.55). There was considerable heterogeneity across stud-
ies (I2 = 81%) due to varying herbal preparations, controls, and 
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treatment durations. One study117 reported fewer cases of leukope-
nia in the treatment than in the placebo- controlled group (2.16% vs 
9.86%, P = .033) but similar proportions of patients with abnormal 
creatinine and transaminases between groups.

4  |  DISCUSSION

Clinical decision- making for the management of gout across the 
Asia- Pacific region may be unique due to different ethnicities, health 
systems, resources, societal values, and preferences. These dispari-
ties underlie the need to review data on gout among Asians and, 
from these, develop a practice guideline suited to the region.

Similar to the American College of Rheumatology and European 
Alliance of Associations for Rheumatology (EULAR) recom-
mendations for treating gout, the APLAR guideline covers non- 
pharmacologic and pharmacologic management for the different 
phases of the disease. In addition, it reviewed the evidence on the 
usefulness of acupuncture and herbal medicine for treatment and 
HLA- B*5801 testing prior to initiation of ULT, which are of concern 
to Asians.

The recommendations for this CPG are closely aligned with the 
certainty of the reviewed evidence. In some instances, the panel 
placed more weight on other considerations such as costs, acces-
sibility, and practicality. On pharmacologic interventions for acute 
gout, the CP members' clinical experiences favored low doses for 
colchicine. While low dose was defined in the RCTs as up to 1.8 mg/
d,63- 65 the panelists used 0.5- 1.2 mg daily for their patients. As to the 
appropriate timing of initiation of ULT for patients with acute gout, 
the panelists were inclined to start it during the acute gout flare. This 
may benefit individuals who are unlikely to return after the acute 
gout episode. However, a drawback of this practice is that ULT may 
be mistaken for a pain reliever and subsequently used to address 
acute gout attacks. The panelists had varying practices in the use of 
corticosteroids as a prophylactic agent. In Singapore, corticosteroids 
are accepted as prophylactic drugs for those with allergies. In the 
Philippines, these are rarely used for prophylaxis due to the risk of 
abuse.

Other treatments were considered but not pursued further due 
to certain limitations. The group recognized that IL- 1 inhibitors are 
effective in the treatment of acute gouty arthritis. A survey con-
ducted by the SC determined that it is not available in the majority of 
countries in the Asia- Pacific region. However, this does not preclude 
practitioners in the countries where it is available from using IL- 1 
inhibitors.

Uricosurics such as probenecid and benzbromarone have some 
evidence from earlier trials on their efficacy as ULT in lowering SUA 
as seen in a review.95 These treatments may be used as ULT par-
ticularly when other options are contraindicated or not tolerated. 
However, the literature search in electronic databases did not reveal 
any RCTs. There was an RCT122 on the efficacy of ULT from 1994 
which the TWG could not find. It may have been published in a lan-
guage other than English.

As mentioned, the combination of allopurinol and lesinurad for 
the treatment of refractory gout was the most robust. However, 
lesinurad is not available for use as it has been removed from the 
market due to its AEs.

A review of the evidence on IL- 1 inhibitors, uricosurics as ULT 
and combination XOI with uricosurics will be covered in the next 
update of this guideline.

For most of the NPI, evidence of benefit was not robust. However, 
the CP stressed that weight reduction for the obese and avoidance 
of a high- purine diet have known health benefits and should be en-
couraged. The importance of clarifying that the recommendation to 
drink moderate amounts of alcohol does not constitute an encour-
agement to drink alcohol was stressed.

Development of APLAR CPG for gout highlighted several re-
search gaps. Data on the prevalence of HLA- B*5801, refractory 
gout, drug resistance to ULT, and complications and comorbidities 
of gout (tophi, urate nephropathy, disability, metabolic syndrome, 
and cardiovascular diseases) in the APLAR countries are not well- 
established. Long- term efficacy and safety of urate- lowering drugs, 
XOI and the more commonly used uricosuric drugs sulfinpyrazone, 
benzbromarone, and probenecid, and patient characteristics that af-
fect responsiveness to these drugs, should be investigated in future 
clinical trials. Moreover, AEs with colchicine, corticosteroids, and 
NSAIDs for acute gout should be reported. Evidence of the clinical 
benefits of ULT for patients with AHU is not robust and needs fur-
ther study. Other important considerations in the future recommen-
dations are the cost- effectiveness of the (1) various ULT drugs, (2) 
prophylaxis with colchicine or NSAID, and (3) HLA- B*5801 testing 
in different countries. Research on patients' values and preferences 
with regard to the treatment modalities of gout is needed. These gaps 
should be addressed to help shape future recommendations in the 
treatment of gout and step closer to better outcomes for patients.

5  |  E X TERNAL RE VIE W AND UPDATE

This CPG was presented in a public forum during the 23rd Asia- 
Pacific League of Associations for Rheumatology Congress for ex-
ternal review.

The CPG Task Force plans to update this guideline within the 
next 3 years.

6  |  CONCLUSION

After a systematic and holistic assessment of the evidence using the 
GRADE approach and thorough inclusion of other societal consid-
erations, the APLAR Task Force produced 3 overarching principles 
and 22 recommendation statements. These provide guidance on 
the management of asymptomatic hyperuricemia, acute gout, and 
interval gout. This guideline recognizes the importance of holistic 
management, patient education, and collaborative physician- patient 
decision- making in the management process.
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1  | INTRODUC TION

Systemic lupus erythematosus (SLE) is one of the complex dis-
orders in human beings. It is characterized by much production 
of autoantibodies, which deposit in organs, such as the kidney.1 
Lupus nephritis (LN) is a characteristic complication in SLE, where 
there is a dysregulated inflammatory environment in the kidney. 
Excessive inflammatory cell infiltration, pro- inflammatory cyto-
kines and chemokines accumulation promote a series of damages 
in the kidney, such as fibrosis. Finding out the reasons related to 
kidney damage in lupus, and targeting the damage is good for re-
versing lupus.

Being a member of the tumor necrosis factor (TNF) ligand fam-
ily, TNF- like weak inducer of apoptosis (TWEAK) is a multifunctional 
pro- inflammatory cytokine. It was first described as an inducer of 
apoptosis in transformed cell lines,2 then, it was reported to cor-
relate with a pathogenic role in inflammation. Human TWEAK gene 
was located at chromosome 17p13.1, which encoded a 249 amino 
acid type II transmembrane glycoprotein with 30 kD. TWEAK is 
expressed in different immune cells, tissues, organs, such as mono-
cytes, dendritic cells, T cells as well as heart, colon and kidney.3 
Fibroblast growth factor- inducible 14 (Fn14) is the only receptor for 
TWEAK. Fn14 is expressed in a variety of resident cells, especially 
under inflammatory conditions.4,5 TWEAK binds to Fn14, activates 
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Abstract
Systemic lupus erythematosus (SLE) is a chronic autoimmune disorder. Lupus nephri-
tis (LN) is one of the severe clinical implications in SLE, and this was relates to fibrosis 
in the kidney. As an important marker in the tumor necrosis factor (TNF) superfamily, 
TNF- like weak inducer of apoptosis (TWEAK) has been given much attention with re-
spect to its role in regulating pro- inflammatory immune response. Fibroblast growth 
factor- inducible 14 (Fn14), the sole receptor for TWEAK, has been found expressed 
in different immune and non- immune cells. TWEAK binds to Fn14, and then regulates 
inflammatory components production via downstream signaling pathways. To date, 
dysregulated expression of TWEAK, Fn14 has been reported in SLE, LN patients, and 
in vivo, in vitro studies have discussed the significant role of TWEAK- Fn14 axis in 
SLE, LN pathogenesis, partly through mediating the fibrosis process. In this review, 
we will discuss the association of TWEAK- Fn14 axis in lupus. Understanding the rela-
tionship will better realize the potential for making TWEAK- Fn14 as a marker for the 
diseases, and will help to give many clues for targeting them in treatment of lupus in 
the future.
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Fn14, and then recruits TNF receptor associated factor 2 (TRAF2) 
and TRAF5, regulates intracellular signaling pathways, affecting 
multiple cellular functions, for instance, cell differentiation, prolif-
eration, migration, angiogenesis, apoptosis. The TWEAK- Fn14 axis 
regulates production of inflammatory cytokines and chemokines. 
Recent findings showed that serum and urine levels of TWEAK, Fn14 
were abnormal in SLE patients and LN patients. It is considered that 
dysregulated expression of TWEAK may be a biomarker for lupus 
patients. Functional studies demonstrated that overexpression or 
knockout of TWEAK, Fn14 may significantly affect development and 
pathogenesis of lupus. Thus, reviewing the available evidence about 
the TWEAK- Fn14 axis and lupus to date is of importance to better 
understand whether TWEAK- Fn14 expression can be the disease 
biomarker for diagnosis, reflecting treatment effects. Furthermore, 
collection of this information will help to reveal the pathogenic 
mechanism of TWEAK- Fn14 in lupus, including the significant role 
in renal fibrosis, and may give potential for targeting TWEAK- Fn14 
in the future.

2  | ROLE OF T WE AK- Fn14 IN RENAL 
INFL AMMATION AND FIBROSIS

Fibrosis is a severe pathological outcome of chronic inflammation. 
Much synthesis of pro- inflammatory cytokines, chemokines and 
excessive deposition of them result in remodeling of fibrotic tissue 
in different organs, which sometimes damages physiological struc-
tures, leading to organ failure. Human mesangial cells stimulated 
with TWEAK up- regulated transforming growth factor- β1 (TGF- β1) 
expression and activity, resulting in elevated expression of extracel-
lular matrix protein fibronectin and reduced protein kinase G I (PKG- 
I) expression and activity.6 Activating PKG- I with 8- bromo- cyclic 
guanosine monophosphate, inactivating Ras with dominant nega-
tive Ras, or Ras pathway inhibitors prevented TWEAK- induced 
TGF- β1 elevation. Interestingly, adding TWEAK to wild- type (WT) 
mice reduced PKG- I expression in kidneys, but up- regulated TGF- β1 
expression in kidneys, indicating that TWEAK affects PKG, leading 
to progression of fibrosis.6 TWEAK, Fn14 expression was elevated 
in WT and TWEAK gene deficient (TWEAK−/−) mice with unilateral 
ureteral obstruction compared to the mice without unilateral ure-
teral obstruction.7,8 Overexpression of TWEAK in Boston University 
mouse proximal tubular cell line (BUMPT) cells up- regulated expres-
sion of drosophila mothers against decapentaplegic 3 (Smad3) and 
fibronectin 1 (FN1), which were down- regulated by treatment with 
specific inhibitor of Smad3 (SIS3), suggesting that TWEAK inter-
acted with Smad3 to promote renal interstitial fibrosis.7 Absence of 
TWEAK in WT mice had down- regulated kidney tubular damages, 
inflammatory infiltrates and myofibroblast numbers. TWEAK−/− mice 
showed reduced renal fibrosis after obstruction.8 Fn14−/− WT mice 
with unilateral ureteral obstruction had improved pathological fea-
tures, such as reduced macrophages infiltration, proliferation, down- 
regulated production of profibrotic factors and extracellular matrix 
deposition.9 Treatment of Fn14−/− mice with TWEAK up- regulated 

expression of collagen 1, fibronectin, and alpha- smooth muscle 
actin (α- SMA) in proximal tubular epithelial cells.9 In WT mice with 
unilateral ischemia reperfusion injury, there were activated peri-
cytes, which were myofibroblast precursors attached to endothelial 
cells, and there was elevated expression of Fn14.10 Stimulation of 
kidney slices with TWEAK is able to promote pericyte- dependent 
vasoconstriction followed by pericyte detachment from capillaries. 
Administration of TWEAK promoted differentiation of pericytes 
into cytokine- producing myofibroblasts, and activated established 
myofibroblasts. Fn14−/− mice had reduced fibrogenesis and inflam-
mation in kidneys after injury. In a mouse model with chronic kid-
ney disease, administration of anti- TWEAK antibody attenuated 
disease progression and preserved kidney function.10 Therefore, 
TWEAK interacts with Fn14 to mediate fibrosis, and targeting 
TWEAK- Fn14 has potential for inhibition of fibrosis in kidneys. It is 
proposed that activation of TWEAK- Fn14 up- regulates expression 
of pro- inflammatory components, which then trigger excessive im-
mune responses, aggravating dysregulated immunity- mediated in-
juries. Moreover, severe injuries in kidneys may result in abnormal 
tissue repair, where TWEAK- Fn14 exacerbates activation, prolifera-
tion of myofibroblasts, promotes production of extracellular matrix 
and profibrotic mediators to further perpetuate the fibrotic process. 
Together, the above supports a critical role for TWEAK- Fn14 axis, 
which is significantly involved in renal inflammation and fibrosis.

3  | ROLE OF T WE AK- Fn14 IN SLE AND LN: 
E VIDENCE FROM ANIMAL STUDIES

Mice mesangial cells stimulated with TWEAK had elevated cellu-
lar internalization of anti- double- stranded DNA immunoglobulin 
G (anti- dsDNA IgG) and expression of High- Mobility Group Box 1 
(HMGB1).11 Combination of TWEAK and anti- dsDNA IgG stimula-
tion on mesangial cells reduced suppressor of cytokine signaling 1 
(SOCS1) expression, and promoted expression of fibrotic factors, 
such as laminin subunit beta 1 (LAMB1), FN1, chemokine ligand 20 
(CCL20), and α- SMA. Suppression of HMGB1 abrogated the effects 
of TWEAK on anti- dsDNA IgG internalization. Simulation of mesan-
gial cells with nuclear factor (NK)- κB, phosphatidylinositol 3- kinase 
(PI3K)/protein kinase B (AKT) inhibitors down- regulated TWEAK- 
induced elevation of HMGB1, indicating that TWEAK facilitates 
anti- dsDNA IgG penetration into mesangial cells by downstream 
signalings.11 Expression of SOCS1 in primary kidney cells, including 
mesangial cells, glomerular endothelial cells, and tubular epithelial 
cells from MRL/lpr lupus mice were reduced as compared to that in 
control mice.12 Stimulation of the cells with TWEAK alone also down- 
regulated expression of SOCS1, and increased expression of fibrotic 
factors. Inhibition of SOCS1 in MRL/lpr mesangial cells amplified ex-
pression of LAMB1, FN1, CCL20, and α- SMA, whereas overexpres-
sion of SOCS1 tempered the effects of TWEAK on mesangial cells, 
namely, down- regulated the expression of LAMB1, CCL20, and α- 
SMA, demonstrating that suppression of SOCS1 mediates the profi-
brotic effects of TWEAK on kidney cells in lupus development.12 
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Moreover, TWEAK treatment alone up- regulated expression of 
TGF- β1, p38 mitogen- activated protein kinase, Smad2, and collagen 
1 in mesangial cells, and reduced expression of E- cadherin. However, 
the effects mediated by TWEAK were reversed by treatment with 
anti- TWEAK antibody.13 Culturing mice keratinocytes with TWEAK 
increased expression of secretion of regulated upon activation, nor-
mal T cell expressed and presumably secreted (RANTES) and pro-
moted cell apoptosis.14 Addition of parthenolide to TWEAK treated 
keratinocytes down- regulated secretion of RANTES, suggesting that 
TWEAK- induced RNATES expression by regulating NF- κB signaling 
(Figure 1).14 Collectively, TWEAK- Fn14 axis is significant in promo-
tion of pro- inflammatory components production in lupus mice.

Fn14 gene deficiency in MRL/lpr mice showed attenuated cu-
taneous disease when compared to the control mice, evidenced by 
well- maintained architecture of the skin and reduced skin infiltra-
tion of CD4+ T cells and macrophages.14 Interestingly, ultraviolet B 
(UVB) irradiation to Fn14−/− mice showed attenuated cutaneous dis-
ease as well, including fewer infiltrating immune cells (CD3+, IBA- 1+, 
NGAL+) in skin of the mice.15 Depletion of macrophages with colony- 
stimulating factor 1 receptor (CSF- 1R) inhibitor abrogated develop-
ment of skin lesions after UVB exposure, revealing that Fn14 recruited 
macrophages to trigger skin lesions in lupus under UVB irradiation.15 

Similarly, Fn14−/− MRL/lpr mice reported lower levels of proteinuria, 
improved renal histopathology, evidenced by attenuated glomerular 
and tubulointerstitial inflammation. There was reduced glomerular Ig 
deposition and substantial preservation of podocytes in glomeruli in 
Fn14−/− MRL/lpr mice.16 Severe combined immunodeficiency (SCID) 
mice have no endogenous IgG. Injection of anti- dsDNA IgG into SCID 
mice induced proteinuria, glomerular damages and macrophages in-
filtration.17 However, knocking out Fn14 gene in anti- dsDNA IgG 
injected SCID mice resulted in amelioration of the disease, such as 
improved glomerular damages and reduced macrophages infiltration, 
and down- regulated expression of RANTES, MCP- 1, IP- 10. Therefore, 
Fn14 deficiency protected SCID mice from anti- dsDNA IgG- induced 
glomerular damages.17 Furthermore, MRL/lpr mice had significant pro-
teinuria, severe histological damages and increased expression of in-
terferon (IFN)α.13,18 After inhibition of TWEAK gene in MRL/lpr mice, 
renal damages were reversed and expression of IFNα, TGF- β1, p38 
MAPK, Smad2, COL- 1, and α- SMA was down- regulated.18 Together, 
all these imply that TWEAK- Fn14 contributes to lupus pathogenesis 
and promotes renal fibrosis in lupus development.

4  | ROLE OF T WE AK- Fn14 IN SLE AND 
LN: -  E VIDENCE FROM HUMAN STUDIES

Expression of TWEAK protein in peripheral blood mononuclear cells 
(PBMCs) from LN patients was much higher than that from SLE pa-
tients without renal damage and healthy controls.19 When compared 
to healthy controls, LN patients showed higher glomerular, tubuloint-
erstitial expression of TWEAK and Fn14.20 In SLE patients from Turkey, 
serum levels of TWEAK were elevated in active SLE as compared to 
that in inactive SLE.21 Serum levels of TWEAK were higher in SLE pa-
tients with active renal involvement as compared to that in SLE pa-
tients with inactive renal involvement, and were related to SLE Disease 
Activity Index (SLEDAI) score.21 Similarly, serum levels of TWEAK, IFN- 
γ- induced protein- 10 (IP- 10), monocyte chemotactic protein- 1 (MCP- 
1) in Korean SLE patients with active, inactive disease activity were 
much higher when compared with those in healthy controls.22 Serum 
levels of TWEAK were positively related to serum IP, MCP- 1 levels. 
Interestingly, serum levels of TWEAK, SLEDAI score, levels of urine 
protein and creatinine were different between SLE patients with renal 
involvement and patients without renal involvement, suggesting that 
serum TWEAK may be a biomarker to reflect disease activity of SLE 
patients and renal involvement.22 However, a study discussed serum 
levels of TWEAK in Czech SLE patients, showing there was no differ-
ence in TWEAK levels between SLE patients and healthy controls, and 
there was no correlation between TWEAK levels with SLEDAI score.23 
Therefore, whether serum TWEAK can be a biomarker for SLE, includ-
ing SLE with renal involvement needs to be discussed in the future 
(Table 1). For instance, studies with different ethnicities, large sample 
sizes and prospective cohorts are necessary to monitor serum TWEAK 
as a potential biomarker for lupus, including LN.

To date, studies also evaluated urine levels of TWEAK as a non- 
invasive biomarker for SLE. Urinary TWEAK (uTWEAK) levels were 

F I G U R E  1   Signaling of TWEK- Fn14 axis. TWEAK binds to 
receptor Fn14, and then regulates NF- κB, p38, and PI3K/Akt 
signaling, activating downstream transcription factors, including 
as SOCS1, HMGB1, Smad2, and finally affects production of 
inflammatory components, such as LAMB1, α- SMA, IP- 10, RANTES, 
MCP- 1. TWEAK, tumor necrosis factor- like weak inducer of 
apoptosis; Fn14, Fibroblast growth factor- inducible 14; NF- κB, 
nuclear factor- kappa B; PI3K/Akt, phosphatidylinositol 3- kinase/
protein kinase B; SOCS1, suppressor of cytokine signaling 1; 
HMGB1, High- Mobility Group Box 1; Smad2, drosophila mothers 
against decapentaplegic 2; LAMB1, laminin subunit beta 1; α- SMA, 
alpha- smooth muscle actin; interferon c- induced protein- 10 (IP- 10); 
MCP- 1, monocyte chemotactic protein- 1; RANTES, regulated 
upon activation, normal T cell expressed and presumably secreted
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elevated in LN patients with active disease than those of SLE pa-
tients without LN, or LN patients with inactive disease, or healthy 
controls from Egypt, South Africa, Turkey, China, Mexico, and 
Korea.21,22,24- 28 There was a positive relationship between uTWEAK 
levels with proteinuria, anti- dsDNA, SLEDAI score in LN patients 
with active disease, and uTWEAK levels were negatively related to 
expression of C3, C4. It is notable that uTWEAK had a 80.43% sen-
sitivity, 50% specificity in detecting SLE disease activity, and a 100% 
sensitivity, 100% specificity in detecting LN disease activity.24 This 
was demonstrated in a study evaluating uTWEAK in LN patients from 
Mexico, which found that uTWEAK levels above 4.91 pg/mg creat-
inine had an 81% sensitivity, 75% specificity for diagnosis of renal 
activity due to lupus.27 After treatment of LN patients with active 
disease activity under corticosteroids and mycophenolate mofetil or 
cyclophosphamide, the patients reached complete remission and had 
down- regulated uTWEAK expression.25 Another study of LN patients 
with active disease treated with prednisone and cyclophosphamide 
or azathioprine reported that patients had complete remission and 
revealed low levels of uTWEAK, whereas patients who did not re-
spond to the treatment revealed high expression of uTWEAK.29 All 
these indicated that uTWEAK may be an accurate marker with high 
sensitivity, specificity in detection of LN activity, and may be helpful 
for monitoring treatment response.

In kidneys from LN patients, there was elevated proliferative abil-
ity of mesangial cells, macrophage infiltration, NF- κB transcriptional 
activity, compared with those in normal kidneys.26 Mesangial cells 
treated with TWEAK promoted NF- κB transcriptional activity, me-
sangial cells proliferation and cell cycle activity, as well as induction 
of macrophage chemotaxis, elevation of expression of interleukin- 6 
(IL- 6), IL- 8, MCP- 1 and CCL5. In contrast, blocking TWEAK reversed 
the effects, such as alleviated glomerular mesangial cell prolifera-
tion and macrophage chemotaxis.26,30 Inhibition of TWEAK gene in 
LN patients’ PBMCs down- regulated IFNα expression. By contrast, 
stimulation of PBMCs with TWEAK up- regulated IFNα expression.18 
Thus, TWEAK is important for glomerulonephritis by induction of a 
local inflammatory environment.

5  | POTENTIAL CLINIC AL APPLIC ATIONS 
OF T WE AK- Fn14 IN SLE AND LN

Studies have discussed clinical usage of anti- TWEAK/Fn14 in SLE/
LN. Roquinsan/san (sanroque) lupus mice treated with Fn14- Fc down- 
regulated serum levels of IgG1, IgG2a, anti- dsDNA, and reduced 
numbers of B cells, plasma cells and follicular helper T (Tfh) cells in 
spleens.31 Renal damages were protected from Fn14- Fc treated san-
roque mice, showing preserved structures of glomeruli and tubules, 
reduced IgG deposition and urinary albumin excretion as compared 
to the mice treated with control- Fc.31 This was confirmed in TWEAK 
treated mice, by which administration of TWEAK to sanroque mice 
up- regulated expression of B lymphocyte induced maturation pro-
tein 1 (Blimp1), and interferon regulatory factor 4 (IRF4).31 Free fatty 
acids and triglycerides were elevated in MRL/lpr mice, and were 
down- regulated after treatment with anti- TWEAK antibody in the 
lupus mice.13 Anti- TWEAK antibody eased renal interstitial fibro-
sis, evidenced by decreased deposition of collagen fibers, inhibi-
tion of collagen 1 and fibronectin expression.13 Therefore, targeting 
TWEAK, Fn14 seems to have potential for lupus therapy.

6  | CONCLUSION

This review highlights the important role of the TWEAK- Fn14 axis 
during pathological lupus disease. On the one hand, observational 
studies with different ethnicities have discussed expression of 
TWAK, Fn14 in lupus patients, and indicated that uTWEAK may 
be a biomarker, but serum TWEAK being the marker needs to be 
further assessed. On the other hand, data from different cultured 
cells, animal models have proposed TWEAK- Fn14 axis to be a po-
tential and promising target for treatment of lupus. Indeed, sev-
eral lines of studies have used TWEAK or Fn14 targeted agents 
in lupus mice, such as monoclonal antibody, fusion protein, which 
confirmed beneficial effects on lupus development. TWEAK, Fn14 
deficiency also down- regulates lupus progression in lupus mice. 

Marker Sample References

TWEAK

Increased expression in PBMCsa [9]

Elevated expression in glomerulus, 
tubulointerstitialb

[20]

Up- regulated expression in seruma [21,22]

No elevation in seruma [23]

High expression in urinea [21, 22, 24- 28]

Fn14 Increase in glomerulus, tubulointerstitialb

Abbreviations: TWEAK, tumor necrosis factor- like weak inducer of apoptosis; Fn14, fibroblast 
growth factor- inducible 14; PBMCs: peripheral blood mononuclear cells.
aExpression of TWEAK, Fn14 in patients.
bExpression of TWEAK, Fn14 in mice models.

TA B L E  1   Levels of TWEAK- Fn14 in 
lupus patients and mice models
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Since some of the agents designed to suppress TWEAK- Fn14 
have already entered into animal studies, none of them have yet 
been shown to prevent lupus in patients. For that reason, possi-
ble studies are needed to discuss the agents that will be used in 
human beings. Moreover, fibrosis is a pathogenic process in LN. 
Studies have selected several primary kidney cells to discuss the 
role of TWEAK- Fn14 in fibrosis. However, there is still a long way 
to clarify how TWEAK- Fn14 contributes to fibrosis. For instance, 
mice models with conditional deletion of TWEAK, Fn14 in kidney 
cells (mesangial cells, glomerular endothelial cells, and tubular 
epithelial cells) are useful to directly reveal the performance of 
TWEAK- Fn14 in fibrosis development. Furthermore, many pub-
lished studies have suggested that uTWEAK may be a good bio-
marker for diagnosis of lupus. However, these studies have several 
questions to be further discussed, including sample sizes, dif-
ferent ethnicities and treatment. In our opinion, performance of 
uTWEAK in a specific cohort of patients with pre- clinical, early 
and long- standing lupus, which are situations where uTWEAK 
has demonstrated diagnostic predictive utility, can be conducted 
in multi- centers. To date, available evidence mainly discussed ex-
pression of TWEAK in lupus. However, more studies in the future 
evaluating expression of Fn14, and evaluating TWEAK- Fn14 axis 
or both TWEAK and Fn14 in lupus, and discussing the potential of 
them to be a biomarker for lupus may be better rather than only 
usage of TWEAK as a biomarker.
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Abstract
Background: Post- COVID multisystem hyperinflammatory syndrome in chil-
dren (MISC) has clinical and laboratory similarities with Kawasaki disease (KD). 
Inflammatory markers like C- reactive protein (CRP), interleukin 6 (IL6) as well as N- 
terminal probrain natriuretic peptide (NT- proBNP) are elevated in both. This study at-
tempts a comparative analysis of the 3 markers in an attempt at early differentiation 
for planning appropriate management.
Methodology: This analytical study conducted at the Institute of Child Health, 
Kolkata, India compared the levels of the above 3 markers at admission between 72 
patients with KD, 30% of whom had coronary artery lesions (CALs) collected over a 
period of 18 months (Jan 2017- June 2018), with 71 MISC patients over a period of 
6 months (July 2020- December 2020). The non- parametric Mann- Whitney U test 
was used to test for similarity in distributions of the samples of CRP, NT- proBNP and 
IL6 in KD and MISC patients using correction factor for similar ranks. The 3 param-
eters were compared using receiver operating characteristic (ROC) curve analysis.
Results: Mean IL6 value in KD was 83.22 pg/mL and in MISC 199.91 pg/mL, which 
was not found to be statistically significant (P = .322 > .05).However mean NT- 
proBNP (914.91 pg/mL) with CRP level (96.32 mg/L) in KD was significantly lower 
(P < .05 for both cases) than that in MISC (9141.16 pg/mL and 145.66 mg/L respec-
tively). ROC analysis showed NT- proBNP has the best sensitivity and specificity in 
predicting MISC.
Conclusion: NT- proBNP and CRP are significantly higher among MISC patients; ROC 
analysis shows levels >935.7 pg/mL and >99.55 mg/L respectively might act as a 
guide to differentiate between them.
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C- reactive protein, interleukin 6, Kawasaki disease, MISC, NT- proBNP, PIMS
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1  | INTRODUC TION

The COVID- 19 pandemic originated in Wuhan in December 2019 
and rapidly spread worldwide. Few months following onset of the 
pandemic there were global reports of a new hyperinflammatory 
syndrome predominantly affecting healthy children and adolescents, 
the majority of them requiring hospitalization and intensive care 
support. Named variably as pediatric hyperinflammatory multisys-
tem syndrome (PIMS) or multisystem hyperinflammatory syndrome 
in children (MISC), the disease was noted to have certain clinical as 
well as laboratory similarities with Kawasaki disease (KD).1,2 KD is an 
idiopathic multisystem inflammatory disease characterized by vas-
culitis of small and medium sized arteries, notably involving coronary 
arteries.

Both MISC and KD are childhood diseases presenting with fever 
with overlapping features like nonpurulent bilateral bulbar conjunc-
tivitis, rashes, mucositis, lymphadenopathy and edema that some-
times make them clinically indistinguishable. Inflammatory markers 
like C- reactive protein (CRP), interleukin 6 (IL- 6) are elevated in 
both the conditions along with serum nitrogen terminal probrain 
natriuretic peptide (NT- proBNP),3 a marker for myocardial strain. 
Although the 2 diseases have clinical as well as similar laboratory 
features, the prognosis and treatment modality vary and hence the 
need for early differentiation. This study attempts a comparative 
analysis of the above 3 common lab markers pertaining to both the 
diseases in an attempt to distinguish them early for planning appro-
priate management.

2  | METHODOLOGY

The study was conducted at the Institute of Child Health, Kolkata, 
India. This is an analytical study comparing IL- 6, CRP4 and NT- 
proBNP (unpublished data) levels between 72 patients with KD of 
which 30% had coronary artery lesions (CALs), collected over a pe-
riod of 18 months in the pre- COVID era4 (Jan 2017- June 2018), with 
71 MISC patients over a period of 6 months (July 2020- December 
2020) admitted at the same institute. The MISC patients were diag-
nosed on the basis of the World Health Organization criteria5 and 
American Heart Association criteria6 was used for KD diagnosis. 
Institutional ethics committee approval was taken (IEC/241/2021) 
prior to conducting the study.

All the KD and MISC patients in the study were diagnosed on the 
4th- 6th days of fever. Venous blood samples for IL- 6, CRP and NT- 
proBNP together with other necessary investigations were drawn 
at admission prior to institution of any therapy and evaluated at the 
biochemistry department. The serum concentrations of CRP were 
quantitatively determined by particle- enhanced turbidimetry on a 
Roche Integra 400 Plus© biochemistry analyzer. Linearity was until 
200 mg/L. Biological reference interval was <5 mg/L and serum IL- 6 
was measured on the Roche Cobase411© immunoassay analyzer 
with a linearity until 5000 pg/mL and biological reference interval 
was <7 pg/mL. Estimation of NT- proBNP was done by Roche e411 

Immunoassay Autoanalyzer using electrochemiluminescence immu-
noassay method.

Data was collected and entered in an Excel spreadsheet.
For statistical analysis, Scipy library in Python 3 and its library 

functions were used. Sample values for KD and MISC were inde-
pendently obtained. The non- parametric Mann- Whitney U test was 
used to test for similarity in distributions of the samples of CRP, NT- 
proBNP and IL- 6 levels in KD and MISC patients using correction 
factor for similar ranks. The difference in distributions of values was 
considered significant if P value for the test was less than .05. All 
analyses were done in Jupyter Notebook environment. Receiver 
operating characteristic (ROC) curve analysis of the 3 indices at 
admission for both the diseases were also performed and optimum 
cut off values for the respective parameters was calculated by using 
Youden's J Index.

3  | RESULTS

Seventy- one patients with MISC were admitted during the study 
period from July 2020- December 2020. The mean duration of 
fever at presentation (mean ± SD) was 5 ± 0.57 days for PIMS 
and 8.92 ± 2.82 days for the KD patients. Median age for KD was 
19 months with interquartile range (IQR) of 13.75- 30.5 months and 
for the MISC was 11 years with IQR of 3 years.

Since the admitting institute is a non- COVID hospital, none of 
the MISC patients in the study were reverse- transcription poly-
merase chain reaction positive. There were 42.25% of MISC pa-
tients who had history of exposure to the virus, 91% were found 
to be positive for SARS- COV2 immunoglobulin G. Intensive care 
admission was needed by 45% (n = 32) of the patients and 29.5% 
(n = 21) required inotropic support. Cardiac symptoms were present 
in 57.74% (n = 41), mostly as myocarditis (disproportionate tachy-
cardia, electrocardiogram and echocardiographic changes) of which 
29.5% had low ejection fraction varying from 35% to 47%, and 27% 
had CALs.

The majority (91.5%, n = 65) of the 71 MISC patients received 
intravenous immunoglobulin (IVIg), mostly at a dose of 2 g/kg. 
However, 7 adolescents because of the need for a large dose and 
consequent financial burden, were administered 1 g/kg in conjunc-
tion with corticosteroids. Methylprednisolone only was given to 4 
patients and 40 children (56.3%) received steroids + IVIg. Three pa-
tients who presented only with fever and no organ involvement had 
a spontaneous remission without any treatment. All patients addi-
tionally received antiplatelet doses of aspirin. All of them responded 
to therapy, although patients with cardiac involvement and higher 
inflammatory markers at presentation required higher dosages of 
steroids (methylprednisolone 10- 30 mg/kg/d for 3- 5 days).

CRP levels were available for all MISC patients; however, data on 
NT- proBNP and IL- 6 were available for 53 and 34 patients, respec-
tively. These data were compared to similar data collected from 72 
previously diagnosed KD patients (30% of them having CALs), com-
plete data sets being available for each one of them.



     |  29GANGULY et AL.

Mean IL- 6 in KD of those with CALs was 143.60 pg/mL, which was 
about 3 times higher than in those without CALs (mean = 52.90 pg/
mL); mean for the entire group being 83.22. Mean IL- 6 among the 
MISC patients was 199.91 pg/mL. On testing for similarity in dis-
tributions of IL- 6 levels in KD and MISC patients, the difference 
between the 2 groups was found to be statistically not significant 
(P = .322).

Testing the other 2 parameters, the mean NT- proBNP (pg/mL) 
levels in KD (mean = 914.91) was significantly lower (P = .00002) 
than NT- proBNP levels in MISC patients (mean = 9141.16). Again, 
the mean CRP levels (mg/L) in KD (mean = 96.32) was significantly 
lower (P = .043) than CRP in MISC patients (mean=145.66; Table 1).

We also compared the 3 laboratory parameters, that is CRP, IL- 6 
and NT- proBNP prior to administration of any treatment in both KD 
and MISC patients by performing ROC curve analysis (Figure 1) and 
calculating optimum cut off values for the respective parameters 
by using Youden's J Index. The respective areas under the curves 
(AUCs) with corresponding confidence intervals (CI) and P values 
are mentioned below the respective ROC curves. Comparative ROC 
curve analysis shows that among the 3 indicators, NT- proBNP held 
a better diagnostic value rather than CRP and IL- 6 in differentiating 
KD patients from MISC.

Table 2 shows the cut off values with respect to the 3 parameters 
along with their individual sensitivities and specificities; values above 
the cut off indicates more chances of MISC, whereas values less than 
the cut off points more toward KD. It is seen that NT- proBNP values 
of >935.7 pg/mL have the best sensitivity (69.81%) and specificity 
(77.5%) in predicting MISC among all the 3 indicators, followed by 
CRP (>99.55 mg/L, sensitivity 59.15% and specificity 73.61%).

We also tried to correlate and analyze the NT- proBNP values in 
MISC patients with cardiac involvement and those without (Figure 2). 
Of the 71 MISC patients, 39 presented with cardiac involvement, 21 
had coronary artery aneurysms (z score >2.5), 24 with myocardial 
dysfunction (ejection fraction < 55%) and 6 had both. Correlation 
study was done to calculate Pearson's correlation coefficient using 
SPSS v.28. Analyzing NT- proBNP values in those with myocardial 
dysfunction in respect of those without any cardiac involvement, the 
value of R is −.0291, with a P value of .900355 making the result not 
significant.

Similarly when correlation study was done between patients 
with MISC with coronary artery aneurysms (CAAs) and those with-
out any cardiac involvement (Figure 3), it was found to have an R 
value of −.0314, with a P value of .915; again denoting no significant 
correlation. Hence it can be deduced that values of NT- proBNP does 
not have any significant relationship with the severity of cardiac 
involvement.

4  | DISCUSSION

With the ongoing COVID- 19 pandemic there have been increasing 
reports of PIMS that develop some weeks after the acute phase of 
a mildly symptomatic or asymptomatic SARS- CoV- 2 infection. In the 
present cohort 42.25% of the patients had a history of COVID con-
tact, exposure which occurred 4- 8 weeks prior to the onset of MISC. 
Although exposure occurred, none of the parents could recollect any 
significant symptom related to COVID.

The massive activation of pro- inflammatory cytokines in MISC 
overlap that with KD and the “cytokine storm” observed in adult 
COVID- 19 patients, and there may be associated macrophage ac-
tivation.7 Although MISC patients have distinct clinical and immu-
nological features,8,9 young children with KD like presentation are 
often initially indistinguishable from KD except for serological mark-
ers of SAR COV2. Considering that the clinical course of MISC can 
be far more aggressive than that of KD, with development of sudden 
severe myocarditis along with multisystem involvement, and almost 
half of the admitted children (45% in our cohort) requiring intensive 
care and inotropic support, there is the need for an early attempt at 
differentiation for prompt and judicious management.

The present study attempts a comparative analysis of 3 com-
monly used laboratory markers, that is IL- 6, CRP and NT- proBNP in 

TA B L E  1   Mean serum CRP, IL- 6 and NT- proBNP levels in KD 
and MISC patients

KD MISC P value

CRP, mg/L 96.32 145.66 .043 
(<.05)

IL- 6, pg/mL 83.22 199.91 .322 
(>.05)

NT- proBNP, pg/
mL

914.91 9141.16 .00002 
(<.05)

Abbreviations: CRP, C- reactive protein; IL- 6, interleukin 6; KD, Kawasaki 
disease; MISC, multisystem hyperinflammatory syndrome in children; 
NT- proBNP, N- terminal probrain natriuretic peptide.

F I G U R E  1   Receiver operating 
characteristic (ROC) curve analysis of the 
3 laboratory parameters in multisystem 
hyperinflammatory syndrome in children 
(MISC) and Kawasaki disease (KD)
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MISC and KD and tries establishing a cutoff value at diagnosis to 
help in early differentiation.

IL- 6 is a pleotropic cytokine produced in response to tissue dam-
age and infections. It helps regulate immune responses and has been 
found to be elevated in sepsis as well as in certain immune mediated 
diseases including KD and MISC. CRP is an important marker of in-
flammation and is used as a clinical index both in KD as well as MISC 
patients to reflect disease severity.10

NT- proBNP initially used for the management of heart disease in 
adults, has now become a useful adjunctive tool in the diagnosis and 

TA B L E  2   Sensitivity and specificity of the 3 indices for 
individually predicting MISC

Lab parameters Cut off value Sensitivity (%) Specificity (%)

CRP 99.55 mg/L 59.15 73.61

IL- 6 72.57 pg/mL 61.76 56.94

NT- proBNP 935.7 pg/mL 69.81 77.5

Abbreviations: CRP, C- reactive protein; IL- 6, interleukin 6; MISC, 
multisystem hyperinflammatory syndrome in children; NT- proBNP, N- 
terminal probrain natriuretic peptide.

F I G U R E  2   Scatter plot to show 
- terminal probrain natriuretic peptide 
(NT- proBNP) values in patients with and 
without myocardial dysfunction

F I G U R E  3   Scatter plot to show 
- terminal probrain natriuretic peptide (NT- 
pro BNP) values in patients with coronary 
artery aneurysms (CAAs) and in those 
without cardiac involvement
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management of pediatric patients with KD. NT- proBNP is an inactive 
fragment of BNP released when the active hormone is cleaved from 
the precursor molecule proBNP and has a longer half- life in com-
parison to the same. Elevation of serum NT- proBNP levels suggest 
myocardial stress. Over time multiple studies have shown higher 
NT- proBNP levels in KD patients than their febrile controls, with a 
pooled sensitivity of 89% (95% CI 78- 95), and a specificity of 72% 
(95% CI 58- 82). The positive likelihood ratio is 3.2:1 (95% CI 2.1- 
4.8).11,12 Since patients with MISC present with cardiac manifesta-
tions, especially those with severe MISC and multiorgan dysfunction 
or those who are KD phenotype, NT- proBNP levels clearly provide a 
clue to the degree of involvement and requirement of early intensive 
care. A meta- analysis also showed that the key cardiac marker in pa-
tients with MISC was BNP.13

Although previously alluded to,14,15 statistical analysis in this 
study conclusively shows that NT- proBNP and CRP levels are sig-
nificantly higher among MISC patients in comparison to KD with 
elevation of these parameters; >935.7 pg/mL and >99.55 mg/L at 
admission respectively might act as guides as to the need for more 
aggressive management.

Applying the same cutoffs to the present cohort, in which 53/71 
MISC patients have data available for both NT- proBNP and CRP, 
52.8% had both parameters above the cut off values at diagnosis. 
Further, 75% of these patients had severe cardiac involvement and re-
quired a combination of IVIg + steroids for battling the cytokine storm.

5  | CONCLUSION

CRP and NT- proBNP levels are significantly higher in MISC patients 
as compared to KD and can be used as laboratory markers in distin-
guishing these clinically overlapping entities.
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1  | INTRODUC TION

Knee osteoarthritis (KOA) has become the fastest basis of expanding 
physical disability with a significant economic burden worldwide.1- 3 
KOA is the most common form of arthritis and is characterized by 
joint degeneration, loss of cartilage, osteophyte formation, cysts, 
and alterations of subchondral bone.4,5 Further, a broad range of me-
chanical and biochemical inflammatory mediators (pro- inflammatory 

cytokines, growth factors, and matrix metalloproteinase) contribute 
to the pathogenesis of KOA.6,7 To date, the prime cause of KOA de-
velopment remains unidentified and optimal treatment remains elu-
sive. Studies show that more than 40 million Americans having OA, 
and 80% of them are older than 50 years.8 Other studies show that 
KOA prevalence rate in the Chinese and Japanese populations is also 
cumulative. The prevalence rate in the Chinese population reached 
15.6% in those over 40 years.9 The prevalence rate of KOA in the 
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Abstract
Objective: To investigate the expression and clinical significance of serum soluble 
AXL in patients with radiographic knee osteoarthritis (KOA).
Methods: There were 183 patients with KOA who were selected and divided based 
on the Kellgren- Lawrence (KL) score into KL 0 subgroups (n = 42), KL I- II subgroups 
(n = 90), and KL III- IV subgroups (n = 51). Healthy volunteers (n = 170) in our hos-
pital were selected with matched age and gender as the control group. AXL level in 
serum was detected by enzyme- linked immunosorbent assay. The correlation be-
tween serum AXL with severity and clinical indicators of osteoarthritis was analyzed.
Results: The level of serum AXL was significantly higher in the osteoarthritis group 
than that in the control group (P < .05). In the osteoarthritis patients, serum AXL level 
was increased with the increase of KL score. Serum AXL level was positively corre-
lated with age, body mass index, erythrocyte sedimentation rate, serum C- reactive 
protein, cartilage oligomeric protein, matrix metalloproteinase- 13, and transform-
ing growth factor- β1 levels. The cut- off value for serum AXL was determined as 
33.375 ng/mL by receiver operating curve analysis.
Conclusion: The level of serum AXL in patients with osteoarthritis is significantly 
higher than in healthy controls, and is closely related to the severity of radiographic 
osteoarthritis.

K E Y W O R D S

AXL, correlation, osteoarthritis, serum

www.wileyonlinelibrary.com/journal/apl
mailto:￼
https://orcid.org/0000-0001-9394-1413
http://creativecommons.org/licenses/by/4.0/
mailto:52881725@qq.com


     |  33ZHENGHAI

Japanese population was reported as up to 42.0% in men and 62.4% 
in women aged over 40 years.10 Therefore, KOA is a global issue in 
the elderly population and early diagnosis is required to begin pos-
sible treatment.

The radiography imaging technique is viewed as a gold standard 
method for diagnosis of KOA, but the current imaging technique is 
suffering from sensitivity and specificity.11 Imaging technique allows 
detection of OA of the knee joint space narrowing, presence of os-
teophytes, subchondral sclerosis, and cysts. Due to the lack of sen-
sitivity and specificity of radiographic imaging techniques, there is 
an urgency to develop a potential alternative tool for the diagnosis 
of KOA. Body fluid serum is routinely tested in clinics for diagnosis, 
and treatment of different diseases. This is a very decisive medium 
and harbors plenty of biomarkers for the monitoring of our health. 
Several biomarkers are known to be correlated with the extent of 
OA on radiography of the knee and are being proposed as diagnostic 
tools.12- 15 However, the currently used biomarkers are inadequate 
for the prognosis of radiographic KOA.

The receptor tyrosine kinase AXL is a 140 kDa protein that be-
longs to a tyrosine kinase receptor (TAM) subfamily, together with 
Tyro3 and Mer. The TAM receptors (AXL, Tyro3, and Mer) play a 
critical role in innate immune homeostasis and vitamin K- dependent 
ligand growth arrest- specific protein 6 (GAS6) can bind all 3 recep-
tors with the highest affinity for AXL.16,17 Transmembrane protein 
AXL can be cleaved proteolytically at its extracellular membrane 
domain and subsequently released as soluble AXL, which can be 
detected in serum or plasma.18,19 Furthermore, studies revealed 
that targeted delivery of TAM receptor ligand genes Gas6 dimin-
ishes the arthritis pathology effectively but the endogenous role 
of AXL in arthritis development is not fully understood.20 Thus, the 
present study hypothesized that endogenous AXL concentration 
may be correlated with the severity of KOA and can predict the 
development and progression of KOA as seen on radiography of 
the knee.

In the present study, AXL levels were analyzed in sera from 
participants suffering from KOA and divided into different groups 
according to the Kellgren- Lawrence (KL) score. The diagnostic 
performance of AXL for KOA in comparison to participant control 
groups was assessed. Furthermore, the accuracy of AXL in KOA of 
different groups that demonstrated the potential diagnostic value of 
AXL for routine clinical use in surveillance of patients at high risk for 
KOA severity was determined.

2  | MATERIAL S AND METHODS

2.1 | Subjects

This study included 183 patients with KOA who were admitted to 
our hospital from July 2019 to December 2020. There were 102 
males and 81 females, with a median age of 68 years. Patient in-
clusion criteria were as follows: (a) all patients were diagnosed 
with KOA with duration of disease >6 months; (b) all patients had 

radiological evidence of osteoarthritis with a KL score of 0- IV. All 
patients were graded as KL according to the X- ray pictures of bone 
and joint: grade 0, no change; grade I, slight osteophyte; grade II, ob-
vious osteophytes, no joint space involved; grade III, moderate nar-
rowing of joint space; grade IV, joint space narrowing, subchondral 
osteosclerosis.21 There were 42 cases of grade 0, 51 cases of grade 
I, 39 cases of grade II, 28 cases of grade III and 23 cases of grade IV 
in 183 patients. Patient exclusion criteria are as follows: (a) patients 
had concurrent systemic or local inflammation, infection, trauma, 
tumors, connective tissue disease, and autoimmune disease; (b) pa-
tients had received any intra- articular injections within a month or 
systemic glucocorticoids within 3 months; (c) patients had history 
of knee injury and operation, rheumatoid arthritis, ankylosing spon-
dylitis, or severe osteoporosis. The serum samples of 170 age and 
gender matched healthy people in our hospital during the same pe-
riod were selected as the control group, including 91 males and 79 
females, with a median age of 64 years. The age, gender, height, and 
weight of all participates were collected. This study was approved by 
Institutional Review Board of the hospital ethics committee. All sub-
jects provided written informed consent before sample collection. 
All experimental protocols were approved by the ethics committee 
of the hospital.

2.2 | X- ray measurement of knee joint

All subjects were in the weight- bearing standing position, and the X- 
ray films of both knees in the anterior- posterior position and lateral 
position were taken respectively. The evaluation of KL grade and 
double- blind measurement of joint structure were carried out by 2 
experienced rheumatologists. When the evaluation of the 2 special-
ists was different, the joint KL grade and joint structure were evalu-
ated by senior specialists in the Department of Radiology.

2.3 | Specimen collection and preparation

Whole blood was collected from fasting participants in the morning. 
Blood samples were centrifuged (15 000 × g for 10 minutes at 4°C) 
to separate serum. The processed serum supernatant was then ali-
quoted into a 1.5 mL Eppendorf tube and stored at −80°C for further 
analysis.

2.4 | Measurement of serum proteins and cytokines 
concentration

The serum concentrations of cytokines and proteins were deter-
mined using enzyme- linked immunosorbent assay (ELISA) kits, in-
cluding serum C- reactive protein (CRP) (DCRP00, R&D Systems), 
cartilage oligomeric protein (COMP) (DCMP0), matrix metallopro-
teinase- 13 (MMP- 13) (DY511), transforming growth factor- β1 (TGF- 
β1) (DY240), Gas6 (DY885B), and AXL (DAXL00), according to the 
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manufacturer's protocol. In brief, serum samples were directly trans-
ferred or diluted to the wells of the ELISA plate, and the absorbance 
was measured in a microplate reader. The protein levels were quanti-
fied by their corresponding standard curve.

2.5 | Statistical analysis

SPSS 20.0 software was used for statistical analysis. The meas-
urement data were expressed as median (interquartile range), and 
analyzed by one- way analysis of variance or Mann- Whitney U test. 
The correlation between serum AXL level and other clinical indi-
cators was analyzed by Spearman correlation. Receiver operating 
curve (ROC) analysis was carried out to determine the diagnostic 
potential of AXL for KOA; the difference was statistically significant 
at P < .05.

3  | RESULTS

3.1 | Baseline demographic and clinical 
characteristics of subjects

A total of 183 OA patients were enrolled in this study. The baseline 
demographic and clinical characteristics are shown in Table 1. There 
was no significant difference in age and gender between the control 
group and OA group. The mean body mass index (BMI) and erythro-
cyte sedimentation rate (ESR) were significantly higher in OA patients 
with respect to healthy controls (both P < .05). Analysis of biochemical 
parameters revealed significantly higher serum CRP, COMP, MMP- 13, 
TGF- β1 and Gas6 levels in the OA group compared to control group 
(all P < .05).

3.2 | Serum AXL concentrations were elevated in 
KOA patients

The serum AXL concentrations were analyzed in KOA patients and 
healthy controls by non- parametric tests. Serum AXL levels were 
analyzed between males and females. The serum AXL level was sig-
nificantly higher in the OA patients (43.45 [36.61- 50.33] ng/mL, co-
efficient of variation [CV]: 0.213) compared with that in the healthy 
control (27.38 [24.25- 29.82] pg/mL, CV: 0.155) (P < .001; Figure 1A). 
Also, serum AXL levels were significantly higher in KOA compared to 
healthy controls, after BMI adjustments (Table S1). Moreover, among 
OA patients, serum AXL levels were significantly higher in subjects 
with KL I- II grade compared to subjects with KL 0 grade, higher in 
subjects with KL III- IV compared to subjects with KL I- II grade (both 
P < .001; Figure 1B). Additionally, significant difference was found in 
serum AXL and different KL grades after BMI adjustment (Table S2). A 
Mann- Whitney test was performed to compare the serum AXL levels 
between males and females. There was no significant difference ob-
served between male and female groups (Table S3).

3.3 | Correlation between serum AXL level and 
clinical indicators

Spearman correlation test was used to determine the relationship 
between serum AXL and other biochemical indexes. In OA patients, 
serum AXL was significantly positively correlated with BMI, ESR, 
CRP, COMP, MMP- 13 and TGF- β (Table 2). There was no signifi-
cant correlation between serum AXL and Gas6 in the control group 
(r = 0.105, P =.175; Figure 2A). However, in the OA group, serum 
AXL showed significant positive correlation with Gas6 (r = 0.327, 
P < .001) (Figure 2B).

Clinical parameters
Control
(n = 170)

Osteoarthritis
(n = 183) P value

Age 66.0 (59.8- 72.0) 68.0 (61.0- 74.0) .223

Gender, male 91 (53.5%) 102 (55.7%) .677

BMI, kg/m2 23.8 (21.4- 25.5) 25.0 (23.4- 26.4) <.001

ESR, mm/h 8.0 (6.8- 9.3) 18.1 (16.9- 20.2) <.001

CRP, μg/mL 3.4 (3.2- 3.6)
CV: 0.120

6.0 (5.6- 6.6)
CV: 0.113

<.001

COMP, ng/mL 14.4 (13.3- 15.6) CV: 0.105 25.8 (23.8- 28.7)
CV: 0.141

<.001

MMP- 13, ng/mL 12.5 (11.5- 13.9)
CV: 0.143

21.8 (19.0- 23.7)
CV: 0.152

<.001

TGF- β1, pg/mL 12.5 (11.1- 13.8)
CV: 0.148

16.6 (15.2- 18.8)
CV: 0.161

<.001

Gas6, ng/mL 16.6 (15.0- 18.3)
CV: 0.151

24.6 (22.1- 26.9)
CV: 0.135

<.001

Abbreviations: BMI, body mass index; COMP, cartilage oligomeric protein; CRP, C- reactive protein; 
ESR, erythrocyte sedimentation rate; Gas6, growth arrest- specific gene 6 protein; CV, coefficient 
of variation; MMP- 13, matrix metalloproteinase- 13; TGF- β1, transforming growth factor- β1. Mann- 
Whitney test or χ2 test was performed

TA B L E  1   Demographic and clinical 
characteristics of osteoarthritis patients 
and healthy controls
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3.4 | Diagnostic potential of AXL for 
radiographic KOA

Then the ROC curve was drawn. The optimal cut- off value of serum 
AXL level in the diagnosis of osteoarthritis was 33.375 ng/mL, with 
85.8% sensitivity and 92.9% specificity (area under the curve [AUC] 
= 0. 951, 95% CI = 0.929- 0.973; P < .001) (Figure 3).

4  | DISCUSSION

Clinical findings are more important than radiographs in KOA to de-
cide further course of management.22- 24 Radiographs alone do not 

reflect the clinical severity of KOA and routine use of radiographs 
in the management of KOA is not recommended.23 In this study, the 
clinical value of AXL serum levels was used with other biochemical 
molecules (CRP, COMP, MMP- 13, TGF- β, and Gas6) for diagnosis and 
assessment of disease severity of KAO.

The baseline analysis and biochemical parameters revealed that 
OA patients have a significantly higher concentration of CRP, COMP, 
MMP- 13, TGF- β1, and Gas6 compared to the control group (Table 1). 
These findings are in line with several other studies that indicate 
that these biochemical parameters are involved in osteoarthritis de-
velopment and treatments.25- 29 In addition, serum AXL level in OA 
patients was significantly higher compared with that in the healthy 
controls (Figure 1A). Thus, correlation between serum AXL level and 
biochemical indicators can distinguish KOA patients from healthy 
controls. Furthermore, Spearman correlation analysis revealed that 
serum AXL level is positively correlated with the clinical biochemi-
cal indicators BMI, ESR, CRP, COMP, MMP- 13, and TGF- β (Table 2). 
Moreover, a significant positive correlation was observed between 
serum level AXL and Gas6 in OA patient groups and no correlation 
among control groups (Figure 2). Besides that, serum AXL showed 
a diagnostic accuracy with an AUC of 0.951 (cut- off 33.37 ng/mL) 
for the detection of osteoarthritis with 85.8% sensitivity and 92.9% 
specificity (AUC= 0. 951, 95% CI = 0.929- 0.973; P < .001) compared 
to healthy controls.

The current study revealed positive correlations among serum 
AXL levels and the radiographic severity of KOA, and KL score. AXL 
expression increased with increasing radiographic disease severity 
(KL grade). The AXL level was significantly higher in subjects with KL 
I- II grade compared to subjects with KL 0 grade, higher in subjects 
with KL III- IV compared to subjects with KL I- II grade. The optimal 

F I G U R E  1   Serum AXL levels in osteoarthritis (OA) patients. (A) Comparison of serum AXL between patients with knee OA (Kellgren- 
Lawrence [KL] grades I- III) and healthy subjects. (B) Comparison of serum AXL between KL 0, KL I- II, and KL III- IV in patients with knee OA. 
***P < .001

TA B L E  2   Correlation between serum AXL and clinical indicators

r P

Age 0.058 .437

BMI (kg/m2) 0.149 .044

ESR (mm/h) 0.210 .004

CRP (μg/mL) 0.221 .003

COMP (ng/mL) 0.190 .010

MMP- 13 (ng/mL) 0.287 <.001

TGF- β1 (pg/mL) 0.192 .009

Note: Spearman correlation was performed.
Abbreviations: BMI, body mass index; COMP, cartilage oligomeric 
protein; CRP, C- reactive protein; ESR, erythrocyte sedimentation rate; 
MMP- 13, matrix metalloproteinase- 13; TGF- β1, transforming growth 
factor- β1.
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cut- off value of serum AXL level was obtained by ROC curve as 
33.375 ng/mL, which was used to distinguish healthy controls and 
all osteoarthritis (including KL 0 to IV) (Figure 3). Thus, based on our 
biochemical analysis, we revealed that the AXL cut- off value could 
be useful during screening for radiographic KOA. Serum AXL level 
might be an indicator of radiographic KOA diagnosis and severity 
assessments.

5  | CONCLUSION

Serum AXL levels were significantly elevated in KOA patients and 
have a positive correlation between serum AXL levels with the 

degree of severity in KOA patients. Measurement of AXL level in 
the serum can be used as an alternative biomarker to assess the 
progression of OA in addition to the use of traditional methods for 
assessing the risk and severity of KOA. The diagnostic accuracy of 
AXL in radiographic KOA should be confirmed in different patient 
cohorts.

ACKNOWLEDG EMENTS
None

CONFLIC T OF INTERE S T
The authors declare no competing financial interests.

E THIC S APPROVAL
Our study has been approved by the medical ethics committee of 
the Shanghai Kaiyuan Orthopedic Hospital and written informed 
consents were obtained from all included patients.

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

ORCID
Shao Zhenghai  https://orcid.org/0000-0001-9394-1413 

R E FE R E N C E S
 1. Lambova SN, Müller- Ladner U. Osteoarthritis - current insights 

in pathogenesis, diagnosis and treatment. Curr Rheumatol Rev. 
2018;14(2):91- 97.

 2. Vos T, Flaxman AD, Naghavi M, et al. Years lived with disability 
(YLDs) for 1160 sequelae of 289 diseases and injuries 1990– 2010: 

F I G U R E  2   The correlation between serum AXL and clinical parameters in osteoarthritis (OA) patients. Spearman correlation test was 
performed. ***P < .001

F I G U R E  3   Receiver operating curve analysis of serum AXL 
levels discriminating between patients with knee osteoarthritis 
(OA) and healthy subjects

https://orcid.org/0000-0001-9394-1413
https://orcid.org/0000-0001-9394-1413


     |  37ZHENGHAI

a systematic analysis for the global burden of disease study 2010. 
Lancet. 2012;380(9859):2163- 2196.

 3. Losina E, Paltiel AD, Weinstein AM, et al. Lifetime medical costs 
of knee osteoarthritis management in the United States: impact of 
extending indications for total knee arthroplasty. Arthritis Care Res. 
2015;67(2):203- 215.

 4. Altman RD, Gold GE. Atlas of individual radiographic features in 
osteoarthritis, revised. Osteoarthritis Cartilage. 2007;15(Suppl 
A):A1e56.

 5. Felson DT, Zhang Y, Hannan MT, et al. The incidence and natural 
history of knee osteoarthritis in the elderly. The Framingham os-
teoarthritis study. Arthritis Rheum. 1995;38:1500- 1505.

 6. Rubenhagen R, Schuttrumpf JP, Sturmer KM, Frosch KH. 
Interleukin- 7 levels in synovial fluid increase with age and MMP- 1 
levels decrease with progression of osteoarthritis. Acta Orthop. 
2012;83:59- 64.

 7. Takaishi H, Kimura T, Dalal S, Okada Y, D’Armiento J. Joint diseases 
and matrix metalloproteinases: a role for MMP- 13. Curr Pharm 
Biotechnol. 2008;9:47- 54.

 8. Joseph E, Pizzorno ND, Michael T, Murray ND, Herb Joiner- Bey ND. 
The Clinician's handbook of natural medicine, 3rd ed. Elsevier Health 
Sciences; 2016.

 9. Huan W, He S, Yaonan Z, Fei W, Qingyun X. Morbidity of primary 
knee osteoarthritis in different compartments in Chinese population 
aged over 40 years old. Chin J Bone Joint Surg. 2019;12(7):528- 532.

 10. Yoshimura N, Muraki S, Oka H, et al. Prevalence of knee osteoar-
thritis, lumbar spondylosis, and osteoporosis in Japanese men and 
women: the research on osteoarthritis/osteoporosis against dis-
ability study. J Bone Miner Metab. 2009;27:620- 628.

 11. Creamer P, Lethbridge- Cejku M, Hochberg MC. Determinants 
of pain severity in knee osteoarthritis: effect of demographic 
and psychosocial variables using 3 pain measures. J Rheumatol. 
1999;26:1785- 1792.

 12. Van Spil WE, DeGroot J, Lems WF, Oostveen JC, Lafeber FP. Serum 
and urinary biochemical markers for knee and hip- osteoarthritis: 
a systematic review applying the consensus BIPED criteria. 
Osteoarthritis Cartilage. 2010;18:605- 612.

 13. Cibere J, Zhang H, Garnero P, et al. Association of biomarkers 
with pre- radiographically defined and radiographically defined 
knee osteoarthritis in a population- based study. Arthritis Rheum. 
2009;60:1372- 1380.

 14. Garnero P, Ayral X, Rousseau JC, et al. Uncoupling of type II col-
lagen synthesis and degradation predicts progression of joint 
damage in patients with knee osteoarthritis. Arthritis Rheum. 
2002;46:2613- 2624.

 15. Hunter DJ, Li J, LaValley M, et al. Cartilage markers and their asso-
ciation with cartilage loss on magnetic resonance imaging in knee 
osteoarthritis: the Boston osteoarthritis knee study. Arthritis Res 
Ther. 2007;9:R108.

 16. Nagata K, Ohashi K, Nakano T, et al. Identification of the product of 
growth arrest- specific gene 6 as a common ligand for Axl, Sky, and 
Mer receptor tyrosine kinases. J Biol Chem. 1996;271:30022- 30027.

 17. Zagorska A, Traves PG, Lew ED, Dransfield I, Lemke G. 
Diversification of TAM receptor tyrosine kinase function. Nat 
Immunol. 2014;15:920- 928.

 18. Ekman C, Linder A, Akesson P, Dahlbäck B. Plasma concentrations 
of Gas6 (growth arrest specific protein 6) and its soluble tyrosine 
kinase receptor sAxl in sepsis and systemic inflammatory response 
syndromes. Crit Care. 2010;14(4):R158.

 19. O’Bryan JP, Fridell YW, Koski R, Varnum B, Liu ET. The transform-
ing receptor tyrosine kinase, Axl, is post- translationally regulated 
by proteolytic cleavage. J Biol Chem. 1995;270:551- 557.

 20. van den Brand BT, Abdollahi- Roodsaz S, Vermeij EA, et al. 
Therapeutic efficacy of Tyro3, Axl, and Mer tyrosine kinase agonists 
in collagen- induced arthritis. Arthritis Rheum. 2013;65:671- 680.

 21. Kellgren JH, Lawrence JS. Radiological assessment of osteo- 
arthrosis. Ann Rheum Dis. 1957;16:494- 502.

 22. Luyten FP, Denti M, Filardo G, Kon E, Engebretsen L. Defnition and 
classifcation of early osteoarthritis of the knee. Knee Surg Sports 
Traumatol Arthrosc. 2012;20(3):401- 406.

 23. Bedson J, Croft PR. The discordance between clinical and radio-
graphic knee osteoarthritis: a systematic search and summary of 
the literature. BMC Musculoskelet Disord. 2008;9:116.

 24. Muraki S, Oka H, Akune T, et al. Association of occupational activity 
with joint space narrowing and osteophytosis in the medial com-
partment of the knee: the ROAD study (OAC5914R2). Osteoarthritis 
Cartilage. 2011;19(7):840- 846.

 25. Bi X. Correlation of serum cartilage oligomeric matrix protein with 
knee osteoarthritis diagnosis: a meta- analysis. J Orthop Surg Res. 
2018;13(1):262.

 26. Bay- Jansen AC, Bihlet A, Byrjalsen I, et al. Serum C- reactive pro-
tein metabolite (CRPM) is associated with incidence of contralateral 
knee osteoarthritis. Sci Rep. 2021;11(1):6583.

 27. Hu Q, Ecker M. Overview of MMP- 13 as a promising target for the 
treatment of osteoarthritis. Int J Mol Sci. 2021;22(4):1742.

 28. Takano S, Uchida K, Itakura M, et al. Transforming growth factor- β 
stimulates nerve growth factor production in osteoarthritic sy-
novium. BMC Musculoskelet Disord. 2019;20(1):204.

 29. Bassyouni IH, El- Wakd MM, Azab NA, Bassyouni RH. Diminished 
soluble levels of growth arrest specific protein 6 and tyrosine ki-
nase receptor Axl in patients with rheumatoid arthritis. Int J Rheum 
Dis. 2017;20:53- 59.

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

How to cite this article: Zhenghai S. Increased serum AXL is 
associated with radiographic knee osteoarthritis severity. Int 
J Rheum Dis. 2022;25:32– 37. doi:10.1111/1756- 185X.14239

https://doi.org/10.1111/1756-185X.14239


38  |     Int J Rheum Dis. 2022;25:38–46.wileyonlinelibrary.com/journal/apl

Received: 29 May 2021  |  Revised: 28 October 2021  |  Accepted: 1 November 2021

DOI: 10.1111/1756-185X.14248  

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

Associations between radiographic features, clinical features 
and ultrasound of thumb- base osteoarthritis: A secondary 
analysis of the COMBO study

Ying Shi1,2  |   Kai Fu3  |   Win Min Oo3  |   Leticia A. Deveza3  |   Xia Wang3  |   
Vicky Duong3  |   Sarah R. Robbins3  |   David J. Hunter3

Trial Registration: Registered at Australian New Zealand Clinical Trials Registry (ANZCTR), http://www.anzctr.org.au/, ACTRN12616000353493 

1Ultrasound Department, Shenzhen Longhua 
District Central Hospital, Shenzhen, China
2Ultrasound Department, The Second 
Hospital of Shanxi Medical University, 
Taiyuan, China
3Rheumatology Department, Royal North 
Shore Hospital and Institute of Bone and 
Joint Research, Kolling Institute, University 
of Sydney, Sydney, New South Wales, 
Australia

Correspondence
Ying Shi, Ultrasound Department, Shenzhen 
Longhua District Central Hospital, Shenzhen 
518110, China.
Email: shiying@sxmu.edu.cn

Funding information
This work was supported by the National 
Health and Medical Research Council 
(NHMRC) Program (No. APP1091302) 
and the Lincoln Center for Bone and Joint 
Diseases. DJH is supported by an NHMRC 
Practitioner Fellowship.

Abstract
Aim: To investigate the associations of ultrasound and radiographic features of 
thumb- base osteoarthritis (OA) with thumb- base pain and hand function at baseline 
and 12 weeks.
Method: Data from a randomized controlled trial conducted in participants with symp-
tomatic radiographic thumb- base OA were analyzed. Participants who finished follow 
up were included in this secondary analysis. Pain and hand function were assessed using 
self- reported measures. All participants underwent ultrasound examinations for synovi-
tis, power Doppler signal (PDS), and osteophytes, and underwent radiography for osteo-
phytes, joint space narrowing (JSN), and subchondral bone sclerosis at baseline. Hand 
pain and function were reassessed after the 12- week follow up. The associations of 
ultrasound and radiographic findings with clinical features were further evaluated, using 
linear regression analyses, after adjustment for relevant confounding factors.
Results: A total of 166 participants (average age 66.2 years; 76.5% female) were in-
cluded. At baseline, radiographic JSN and subchondral bone sclerosis were associated 
with hand function. There was a significant association between ultrasound- detected 
PDS and patient's global assessment (PGA) at baseline. Baseline radiographic JSN 
was significantly associated with the changes in stiffness and PGA from baseline to 
12 weeks. There was no association between ultrasound features and changes in the 
clinical outcomes over 12 weeks.
Conclusion: This study indicates that radiographic features significantly correlate with 
hand function, and ultrasound PDS is closely related to the PGA at baseline in thumb- 
base OA. Radiographic JSN may be a predictor for stiffness and PGA in thumb- base OA.
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1  | INTRODUC TION

Hand osteoarthritis (OA) is a common musculoskeletal disorder that 
may cause pain, stiffness, and disability.1 It typically affects the dis-
tal interphalangeal joints, proximal interphalangeal joints, and the 
first carpometacarpal joints.1,2 Thumb- base OA is defined as OA in 
the first carpometacarpal joint with or without involvement of the 
scaphotrapezoid joint.3 Among the joints affected in people with 
symptomatic hand OA, pain and disability are more common in the 
thumb- base OA than in the interphalangeal joint OA.4 Currently, 
there are few safe and effective treatments for hand OA, despite its 
high prevalence and deleterious effects.5 It is imperative to improve 
the current understanding of the pathogenesis of hand OA and to 
develop early diagnostic strategies for hand OA.

Radiography has been widely used in the diagnosis of hand OA 
and it is currently accepted as the reference standard for the assess-
ment of most predominant structural abnormalities in hand OA.6 
Cartilage loss and marginal bony enlargements have been studied 
mainly by conventional X- ray and they are manifested as joint space 
narrowing (JSN), osteophytes, and subchondral bone sclerosis.7 
However, X- ray is unable to visualize soft tissue changes such as 
synovitis and effusion. Ultrasonography is a non- invasive tool and 
allows for evaluations of soft tissues. In recent years, ultrasonog-
raphy has been increasingly used in the assessment of hand OA as 
a supplementary tool for the clinical evaluation of synovitis and os-
teophytes. Some ultrasound studies have indicated that synovitis is 
related to hand pain and limitation of function in people with hand 
OA.8,9 In people with knee OA, ultrasound scores revealed signifi-
cant associations with pain severity.10

Currently, clinical studies on thumb- base OA are lacking, and 
most of them are cross- sectional. In a recent study by our group, 
results showed the presence of power Doppler signal (PDS) was 
significantly associated with pain severity in 93 participants with 
thumb- base OA.11 Kroon et al12 found that osteophytes were more 
associated with thumb- base pain than inflammatory features. The 
associations of radiographic and ultrasound features with clinical 
findings are still poorly understood in thumb- base OA. In addition, 
whether imaging features can predict the clinical outcome of thumb- 
base OA has never been studied. In the present study, data from a 
randomized controlled trial conducted in participants with thumb- 
base OA were further analyzed, aiming to examine the associations 
of ultrasound and radiographic features of OA with changes in pain 
and hand function within 12 weeks.

2  | MATERIAL S AND METHODS

2.1 | Study design

Cross- sectional and longitudinal data were derived from the Efficacy 
of Combined Conservative Therapies on Clinical Outcomes in 
Patients with Thumb Base Osteoarthritis (COMBO) trial starting in 
May 2016 (Trial registration No: ACTRN12616000353493).13

The inclusion criteria were as follows: (a) participants aged over 
40 years; (b) thumb- base pain for at least half of the days in the past 
month; (c) average pain ≥40 on a 0- 100 mm Visual Analogue Scale 
(VAS)14 over 48 hours before enrollment; (d) Functional Index for 
Hand Osteoarthritis (FIHOA, range 0- 30) score ≥6 15; (e) Kellgren 
Lawrence grade (KLG)16 ≥2 in the index thumb- base joint; and (f) in-
formed consent obtained before the study.

Exclusion criteria were as follows: participants diagnosed with 
(a) crystal- related arthritis (eg, gout); (b) autoimmune arthritis (eg, 
rheumatoid arthritis), hemochromatosis or fibromyalgia; (c) signifi-
cant injury to the index joint in the past 6 months; or (d) any other 
self- reported hand condition that is likely to cause pain at the thumb 
base (eg, scaphoid fracture).

The most symptomatic hand, as defined by more severe pain 
on the VAS score or worst function over the previous 48 hours if 
the same VAS score in both hands, was included in cases of bilateral 
symptomatic thumb- base OA.

This study was approved by the local Ethics Committee 
(HREC/15/ HAWKE/479). All participants underwent clinical assess-
ment, and ultrasound and radiographic evaluations at baseline and 
clinical assessment at 12- week follow up between May 2016 and 
October 2018. Two hundred and four participants were enrolled in 
the original trial, and 166 completed the follow- up assessment and 
were included in the present study.

2.2 | Clinical assessments

Demographic data such as age, gender, height, weight, and duration 
of symptoms were collected at baseline.

The primary outcomes were the pain at the thumb base and hand 
function. Pain at the thumb base was scored on a 0- 100 mm VAS. 
Hand function was assessed using the FIHOA (0- 30) questionnaire, 
which includes 10 self- reported items scored on a four- point Likert 
scale: 0 (possible without difficulty) to 3 (impossible). The outcomes 
were assessed with the instruments recommended for the clinical 
evaluation of hand OA in clinical trials.17

Secondary outcomes included grip and pinch strength, qual-
ity of life, duration of stiffness, and patient's global assessment 
(PGA). Bilateral grip and tip- pinch strength were measured in 
kilogram- force (kg- F) using the hand dynamometer (Jamar Hand 
Dynamometer, Model: A7291; Patterson Medical, Glossop, UK) and 
pinch gauge (Model: PG- 30; B&L Engineering, Santa Ana, CA, USA), 
respectively. Participants were asked to sit with both feet flat on the 
ground and the elbow flexed at 90 degrees and were instructed to 
use their maximum force; the maximum score of the three measure-
ments was used in the analysis. The change in patient global disease 
assessment was assessed in response to the question “Considering 
all the ways in which your thumb arthritis affects you, how have 
you been during the last 48 hours?” on a VAS (0- 100, where 0 is 
very well and 100 is very poor). Change in the duration of thumb- 
base stiffness was assessed by the question “What is the duration 
of stiffness at the base of your thumb in the morning?” (expressed 
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in minutes). Health- related quality of life changes were assessed by 
the Assessment of Quality of Life- 4D instrument (AqoL- 4D), which 
is a 12- item tool with good validity and reliability18 including ques-
tions related to independent living, mental health, relationship, and 
senses, and scored from −0.04 to 1.00, with 1.00 indicating full 
health.19

2.3 | Ultrasound assessment

Ultrasound examination was performed at baseline only. Ultrasound 
examination was performed by the same physician (WMO, 6 years 
of experience in musculoskeletal ultrasonography and certified with 
musculoskeletal ultrasonography in rheumatology [RhMSUS] by the 
American College of Rheumatology) for the clinical assessment using 
the Philips Sparq Model detection system with a multi- frequency (4- 
12 MHz) linear array transducer. The thumb- base joint was scanned 
in the longitudinal and transverse planes of the palmar and dorsal 
sites according to the OMERACT ultrasound definitions and as pre-
viously reported.20,21 PDS was assessed with a frequency of 12 MHz 
and low wall filter, using minimal pressure during the scanning. The 
gain was adjusted until the background signal was removed. The 
ultrasonographer was blinded to clinical outcomes (eg, pain scores, 
PGA).

Effusion was defined as the presence of hypoechoic or anechoic 
fully compressible materials, and synovial hypertrophy was defined 
as the presence of echogenic or hypoechoic slightly compressible or 
non- compressible intra- articular tissues.22 The presence of synovial 
hypertrophy and effusion was considered together as “synovitis”, 
which was graded on a 0- 3 scale (absent, mild, moderate and severe) 
as suggested by Keen et al.21 PDS was defined as a pulsating color 
spot within the synovial structure,2 and was graded with a binary 
score (present/absent). Osteophytes were defined as cortical pro-
trusions at the joint margin seen in two planes,20 and the severity 
of osteophytes was scored semi- quantitatively (0- 3) using the atlas 
reported by Mathiessen et al,23 based on the largest osteophyte in-
dependent of the number, size, and location of other osteophytes. 
An electronic evaluation form was used to document the ultrasono-
graphic findings.

The intra- rater reliability and inter- machine reliability have been 
reported previously,11 showing good reliability— a kappa value of 
0.77 (0.60- 0.94) for synovitis and 0.79 (0.63- 0.96) for osteophytes, 
and an unweighted kappa value of 0.89 (0.69- 1.00) for power 
Doppler. PABAK (Prevalence And Bias- Adjusted Kappa) values were 
0.81 (0.65- 0.97; percentage agreement 87.5%) for synovitis, 0.78 
(0.60- 0.95; percentage agreement 85%) for osteophytes, and 0.60 
(0.34- 0.86; percentage agreement 80%) for power Doppler).

2.4 | Radiographic assessments

Radiographic examination was performed at baseline. Bilateral 
hand radiographs (posteroanterior view) were taken to score KLG.16 

Osteophytes (0- 3) and JSN (0- 3) were graded with semi- quantitative 
scores (absent, mild, moderate, and severe) and subchondral bone 
sclerosis was graded with a binary score (present/absent) according 
to the Osteoarthritis Research Society International (OARSI) atlas.24 
Radiographic KLG, OARSI osteophytes, JSN, and subchondral bone 
sclerosis were graded by the same rheumatologist (LD) and the 
rheumatologist grading radiographic changes was blinded to clinical 
outcomes.

The intra- rater reliability was assessed in 20 randomly selected 
cases with a 6- month interval between two sessions. There were 
good reliabilities demonstrated by the weighted kappa of 0.76, 0.72, 
0.78, and 0.74 for KLG, OARSI osteophytes, OARSI JSN, and OARSI 
subchondral bone sclerosis, respectively.

2.5 | Statistics

We investigated the associations of ultrasound and radiographic 
features with pain, function, and AqoL- 4D at baseline using linear 
regression after adjustment for age, sex, body mass index, and du-
ration of disease. The results of linear regression were reported as 
coefficient values.

To examine the relationships of ultrasound and radiographic fea-
tures with the changes in the severity of pain, function, and AqoL- 4D 
from baseline to 12 weeks, we used linear regression after adjust-
ment for age, sex, body mass index, duration of disease, and self- 
baseline radiographic or ultrasound features. The results of linear 
regression were reported as coefficient values.

Statistical analysis was performed using Stata version 15.0 
(StataCorp, College Station, TX, USA), and a value of P less than 0.05 
was considered statistically significant.

3  | RESULTS

3.1 | Study population

Two hundred and four participants with thumb- base OA were in-
cluded in the study and 166 completed the follow up (81.37%). 
Thirty- eight participants were excluded from the study: one had 
no information about body mass index, 19 participants refused to 
participate in the study, and 18 participants were not assessed by 
ultrasound examination. Baseline characteristics of participants are 
shown in Table 1. The mean age was 66.2 years and 76.5% were fe-
male. The mean VAS pain and FIHOA scores were 57.11 ± 13.27 and 
10.43 ± 3.72, respectively.

3.2 | Ultrasound findings

There were 85 participants (51.2%) without ultrasound- detected 
synovitis (grade 0). PDS was shown in 24 participants (14.5%) on 
ultrasound examination. All the participants had osteophytes and 
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more than half of participants had severe osteophytes (grade 3) 
(n = 108, 65.1%). The frequencies of different ultrasound features 
are shown in Table 2.

3.3 | Radiographic findings

Most participants had KLG 2 (n = 88, 42.2%) or 3 (n = 80, 40.4%) 
and 36 had KLG 4 (17.5%) (Table 1). Similar to the ultrasound find-
ings, radiographic osteophytes were identified in most of the partici-
pants (159; 95.8%). Radiographic JSN was absent in 54 participants 
(32.5%) and subchondral bone sclerosis was found in 115 partici-
pants (69.3%). The frequencies of all radiographic findings are shown 
in Table 2.

3.4 | Associations of ultrasound and radiographic 
findings with primary clinical outcomes at 
baseline and change over 12 weeks

At baseline, significant associations were found between radio-
graphic JSN and baseline FIHOA (coefficient = 0.90, P = 0.02), and 
between radiographic subchondral bone sclerosis and baseline 
FIHOA (coefficient = 1.89, P = 0.03), respectively. No significant as-
sociation was detected between ultrasound features with baseline 
pain or FIHOA and between ultrasound features and change in the 
pain or FIHOA from baseline to 12 weeks (Table 3).

3.5 | Associations of ultrasound and radiographic 
findings with secondary clinical outcomes at 
baseline and change over 12 weeks

There was a significant association between ultrasound- detected 
PDS and PGA at baseline (coefficient = −9.92, P = 0.04). Radiographic 
JSN was significantly associated with the change in the duration of 
stiffness (coefficient = 5.57, P = 0.01) and change in the PGA (coef-
ficient = 4.28, P = 0.01) from baseline to 12 weeks, after adjustment 
for the confounding factors. There were no significant associations 
between ultrasound features and changes in other secondary clini-
cal outcomes from baseline to 12 weeks. Radiographic features were 
not associated with baseline secondary clinical outcomes (Table 4).

4  | DISCUSSION

This study showed that radiographic JSN and subchondral bone scle-
rosis were significantly related to baseline hand function (FIHOA), 
and ultrasound PDS was closely associated with baseline PGA in par-
ticiapnts with thumb- base OA. Over a 12- week period, baseline ra-
diographic JSN was significantly associated with the changes in the 
duration of stiffness and PGA. Ultrasound features could not predict 

TA B L E  1   Baseline characteristics of participants in the study 
(n = 166)

Characteristics Mean ± SD

Age, mean ± SD; years 66.25 ± 8.28

Female, % 127 (76.51)

BMI, mean ± SD; kg/m2 28.54 ± 6.67

VAS pain, mean ± SD 57.11 ± 13.27

FIHOA, mean ± SD 10.43 ± 3.72

Pinch strength, mean ± SD, kg- F 3.22 ± 1.18

Grip strength, mean ± SD, kg- F 21.21 ± 9.08

Duration of stiffness: mean ± SD, min 8.41 ± 18.84

PGA, mean ± SD 38.93 ± 22.03

AqoL- 4D, mean ± SD 84.69 ± 8.97

Disease duration, mean ± SD; years 2.95 ± 1.06

Kellgren Lawrence grade, %

II 88 (42.17%)

III 80 (40.36%)

IV 36 (17.47%)

Abbreviations: AqoL- 4D, Assessment of Quality of Life- 4D 
instrument; BMI, body mass index; FIHOA, Functional Index for Hand 
Osteoarthritis; JSN, joint space narrowing; OARSI, Osteoarthritis 
Research Society International; PGA, patient's global assessment; SD, 
standard deviation; VAS, visual analogue scale.

TA B L E  2   Baseline ultrasound and radiographic features of 
participants (n = 166)

Ultrasound and radiographic features n (%)

Ultrasound- detected synovitis

0 85 (51.20)

I 61 (36.75)

II 20 (12.05)

III 0 (0)

Ultrasound- detected PDS 24 (14.46)

Ultrasound- detected osteophytes

0 0 (0)

I 13 (7.83)

II 45 (27.11)

III 108 (65.06)

Radiographic joint space narrowing

0 54 (32.53%)

I 37 (22.29%)

II 45 (27.11%)

III 30 (18.07%)

Radiographic osteophytes, %

0 7 (4.22%)

I 79 (47.59%)

II 38 (22.89%)

III 42 (25.30%)

Radiographic subchondral bone sclerosis, n (%) 115 (69.27%)

Abbreviation: PDS, power Doppler signal.
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changes in clinical outcomes within a 12- week period in participants 
with thumb- base OA.

In contrast to previous studies8,25,26 on multifocal hand OA, the 
present study was focused on thumb- base OA. The thumb base is 
a unique complex articulation within the hand, and thumb- base OA 
has been hypothesized to comprise a separate hand OA subset be-
cause it is associated with different risk factors and outcomes than 
interphalangeal OA.27 Kroon et al12 found that osteophytes were 
more strongly associated with thumb- base pain than synovitis. In 
our study, no significant associations were observed between ultra-
sound features and baseline pain VAS or hand function (FIHOA) in 
participants with thumb- base OA. Our results support other find-
ings in thumb- base OA, including that ultrasound features were not 
associated with pain.12,28 Kroon et al12 showed that the presence of 
osteophytes was associated with pain and speculated that, in the 
thumb base, a mechanical effect likely played a prominent role. Our 
study also showed an association between radiographic OA and 
hand function (FIHOA) in thumb- base OA, but not with pain. This 
discrepancy may be due to the different characteristics of patient 
cohorts. Compared with the previous thumb- base OA study,12,28 
participants in the present study were older, had more severe OA 
of the thumb- base joint, as supported by the KLG ≥2 at baseline in 
all the participants, and had a fairly high VAS pain and functional 
disability of the hand (FIHOA). In addition, pain induced by the com-
pression of the thumb column during pinching may also cause func-
tional disability.29 Therefore, our findings may be explained as the 
thumb- base joint with moderate to severe radiographic OA being 
more susceptible to have an impairment in hand function.

Though radiographic OA correlated with FIHOA at baseline, 
it was not significantly correlated with other clinical outcomes. 
Radiographic JSN at baseline was correlated to a very small increase 
in the FIHOA (coefficient 0.90; 95% confidence interval [CI] 0.34- 
1.45). The relationship between radiographic OA and clinical sever-
ity at baseline in thumb OA remains debatable. Further studies may 
help to understand this relationship but currently radiographic OA 
cannot predict most clinical severity.

Clinically, ultrasound PDS is frequently used as a marker of ac-
tive synovitis. Our previous study, which had a smaller sample size 
(n = 93), showed that PDS was significantly related to the sever-
ity of pain in people with thumb- base OA.11 We further examined 
the correlations of ultrasonic features with baseline hand pain and 
function after increasing the sample size (n = 166) and the results 
showed that PDS was not significantly associated with most clinical 
outcomes except PGA. Sample size may account for the discrep-
ancy between our previous study and the present study. Several 
studies have shown, in patients with rheumatoid arthritis (RA), that 
PDS is related to the clinical activity of RA,30,31 and therefore PDS 
may be used as a marker of disease activity in individuals with RA.32 
Recent OA studies indicate that ultrasound- detected synovitis and 
PDS are significantly associated with radiographic progression, in-
dicating a role for inflammation in the etiology of structural damage 
in hand OA.33- 35 In addition, Mancarella et al36 showed that synovi-
tis detected by PDS was associated with new bone erosions. In the 
present study, the positive association between ultrasound PDS 
and PGA was for the first time described in thumb- base OA. PGA 
was found to be associated with objective measures of disease 

TA B L E  3   Associations of ultrasound and radiographic features with primary clinical outcomes

Baselinea Change from baseline to 12 weekb

Coefficient (95% CIc) P Coefficient (95% CIc) P

Pain

Ultrasound- detected synovitis 0.42 (−2.61, 3.45) 0.78 3.14 (−2.14, 8.42) 0.24

Ultrasound- detected PDS (Yes/No) −5.16 (−11.02, 0.71) 0.08 −6.23 (−16.63, 4.17) 0.24

Ultrasound- detected osteophyte 0.23 (−3.23, 3.69) 0.90 2.47 (−3.57, 8.51) 0.42

Radiographic JSN 1.44 (−0.64, 3.51) 0.17 3.41 (−0.22, 7.03) 0.07

Radiographic osteophytes −1.22 (−3.57, 1.14) 0.31 −0.82 (−4.96, 3.32) 0.70

Radiographic subchondral bone sclerosis (Yes/No) −2.62 (−7.15, 1.90) 0.25 −4.12 (−12.37, 4.13) 0.33

FIHOA

Ultrasound- detected synovitis 0.58 (−0.25, 1.41) 0.17 −0.34 (−1.24, 0.55) 0.45

Ultrasound- detected PDS (Yes/No) −0.79 (−2.42, 0.83) 0.34 −1.08 (−2.82, 0.65) 0.22

Ultrasound- detected osteophyte 0.82 (−0.13, 1.76) 0.09 −0.37 (−1.40, 0.65) 0.47

Radiographic JSN 0.90 (0.34, 1.45) 0.02 0.42 (−0.21, 1.05) 0.19

Radiographic osteophytes 0.45 (−0.19, 1.10) 0.17 0.31 (−0.39, 1.01) 0.39

Radiographic subchondral bone sclerosis (Yes/No) 1.89 (0.67, 3.10) 0.03 −0.66 (−2.07, 0.75) 0.36

Abbreviations: CI, confidence interval; FIHOA, Functional Index for Hand Osteoarthritis; JSN, joint space narrowing; PDS, power Doppler signal. The 
significance of bold values represent positive values (P <0.05).
aAdjustment for age, sex, body mass index, and duration of disease.
bAdjustment for age, sex, body mass index, course of disease, and baseline symptoms.
c95% confidence interval.
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activity and higher scores of PGA represent a higher level of dis-
ease activity.37 Disease activity is useful to characterize the disease 
status and risk of progression, which helps with clinical decision- 
making and management. Our findings might provide evidence on 
the use of ultrasound- detected inflammatory features to evaluate 

the effects of anti- inflammatory medications.38 However, there 
was a wide confidence interval (95% CI −19.56 to 0.28) around 
this estimate, making the statistical significance uncertain. Further 
studies, including larger samples of patients, are warranted to con-
firm this finding.

TA B L E  4   Association between ultrasound and radiographic features and the secondary clinical outcomes at baseline and changes for 
12 weeks

Baselinea Change from baseline to 12 weekb

Coefficient (95% CI) P Coefficient (95% CI) P

Grip strength

Ultrasound- detected synovitis −0.23 (−1.75 to 1.29) 0.77 −0.74 (−1.98 to 0.51) 0.25

Ultrasound- detected PDS (Yes/No) 0.88 (−2.08 to 3.85) 0.56 0.49 (−1.95 to 2.93) 0.69

Ultrasound- detected osteophyte −0.14 (−1.87 to 1.59) 0.87 0.94 (−0.48 to 2.36) 0.19

Radiographic JSN −0.05 (−1.09 to 1.00) 0.93 0.30 (−0.56 to 1.16) 0.49

Radiographic osteophytes −0.99 (−2.16 to 0.18) 0.10 −0.41 (−1.39 to 0.57) 0.41

Radiographic subchondral bone sclerosis (Yes/No) 0.40 (−1.87 to 2.68) 0.40 1.23 (−0.70 to 3.16) 0.21

Pinch strength

Ultrasound- detected synovitis −0.01 (−0.27 to 0.24) 0.92 −0.12 (−0.34 to 0.10) 0.27

Ultrasound- detected PDS (Yes/No) 0.07 (−0.42 to 0.57) 0.77 −0.05 (−0.48 to 0.37) 0.81

Ultrasound- detected osteophyte −0.05 (−0.34 to 0.24) 0.72 0.01 (−0.24 to 0.26) 0.94

Radiographic JSN −0.01 (−0.19 to 0.16) 0.90 −0.00 (−0.1 5 to 0.15) 0.99

Radiographic osteophytes −0.01 (−0.20 to 0.19) 0.95 −0.11 (−0.27 to 0.06) 0.21

Radiographic subchondral bone sclerosis (Yes/No) −0.15 (−0.53 to 0.23) 0.43 −0.02 (−0.36 to 0.32) 0.91

Duration of stiffness

Ultrasound- detected synovitis −0.75 (−5.12 to 3.62) 0.74 0.37 (−5.91to 6.66) 0.91

Ultrasound- detected PDS (Yes/No) −2.61 (−11.13 to 5.92) 0.55 −5.57 (−17.82 to 6.68) 0.37

Ultrasound- detected osteophyte −2.93 (−7.90 to 2.03) 0.25 6.14 (−1.00 to 13.28) 0.09

Radiographic JSN −0.44 (−3.45 to 2.56) 0.77 5.57 (1.33 to 9.80) 0.01

Radiographic osteophytes −1.27 (−4.67 to 2.14) 0.46 −0.45 (−5.35 to 4.46) 0.29

Radiographic subchondral bone sclerosis (Yes/No) −0.60 (−7.15 to 5.95) 0.86 5.17 (−4.54 to 14.89) 0.86

PGA

Ultrasound- detected synovitis 0.11 (−4.89 to 5.12) 0.96 2.29 (−2.31 to 6.89) 0.33

Ultrasound- detected PDS (Yes/No) −9.92 (−19.56 to 0.28) 0.04 −2.35 (−11.46 to 6.77) 0.61

Ultrasound- detected osteophytes −0.38 (−6.09 to 5.32) 0.89 3.04 (−2.20 to 8.28) 0.25

Radiographic JSN 0.48 (−2.95 to 3.92) 0.78 4.28 (1.18 to 7.38) 0.01

Radiographic osteophytes −0.34 (−4.24 to 3.56) 0.87 0.39 (−3.21 to 3.99) 0.83

Radiographic subchondral bone sclerosis (Yes/No) −0.23 (−7.73 to7.26) 0.95 −0.90 (−8.05 to 6.25) 0.80

Aqol- 4D

Ultrasound- detected synovitis −0.59 (−2.51 to 1.33) 0.54 0.86 (−0.53 to 2.25) 0.22

Ultrasound- detected PDS (Yes/No) 1.25 (−2.50 to 4.99) 0.51 0.65 (−2.07 to 3.37) 0.64

Ultrasound- detected osteophytes −1.77 (−3.94 to 0.41) 0.11 0.21 (−1.39 to 1.81) 0.80

Radiographic JSN −0.19 (−1.51 to 1.13) 0.77 −0.49 (−1.45 to 0.46) 0.31

Radiographic osteophytes −0.47 (−1.97 to 1.02) 0.53 0.42 (−0.66 to 1.51) 0.44

Radiographic subchondral bone sclerosis (Yes/No) −0.66 (−3.53 to 2.22) 0.65 1.61 (−0.54 to 3.75) 0.14

Abbreviations: AqoL- 4D, Assessment of Quality of Life- 4D instrument; CI, confidence interval; JSN, joint space narrowing; PDS, power Doppler 
signal; PGA, patient’s global assessment. The significance of bold values represent positive values (P <0.05).
aAdjustment for age, sex, body mass index and duration of disease.
bAdjustment for age, sex, body mass index, course of disease and baseline symptoms.
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This was the first prospective, longitudinal study that investi-
gated whether baseline ultrasound and radiographic features were 
associated with the changes in clinical outcomes of thumb- base 
OA over time. Cross- sectional studies have shown the associa-
tions between imaging features on ultrasound, magnetic reso-
naonce imaging, or X- ray and clinical outcomes in OA,39- 43 which 
supports the findings of this study. Kortekaas et al9 reported that 
synovial thickening, effusion and PDS on ultrasonography were all 
significantly associated with pain upon palpation, both at baseline 
and 3 months later. However, our longitudinal analyses showed 
no association between baseline ultrasound features and changes 
in pain, hand function, and other clinical outcomes. There are 
several possible explanations. In the present study, the associa-
tion between baseline ultrasound features and changes in clini-
cal findings was investigated, which was different from previous 
studies44 investigating the association between the longitudinal 
changes in the imaging outcomes and changes in pain and function 
over 2 years. On the other hand, the sample size of this study was 
small. Haugen's longitudinal analyses showed that the progression 
of osteophytes, increased JSN and development of erosions and 
malalignment were independently associated with the incidence 
of joint tenderness during 7- year follow up in hand OA.45 In the 
present study, baseline JSN was associated with changes in the 
duration of stiffness and PGA over 12 weeks but not with baseline. 
This may be attributed to the older age of our study population 
and higher grade in study selection criteria. It may be explained by 
the association between severe JSN and most clinical outcomes 
in the thumb base being considerably weak, which is in line with 
the previous study.45 Our study provides evidence that baseline 
JSN was a predictor for the changes in the duration of stiffness 
and PGA over the short period of 12 weeks. However, the clinical 
significance of change in duration of stiffness expressed in min-
utes may be limited because the cut- off for minutes of stiffness is 
unclear. Our follow- up period was only 12 weeks and, therefore, 
changes in the clinical findings were limited. As thumb- base OA 
has not been extensively studied longitudinally with ultrasound, 
X- ray, and magnetic resonaonce imaging to date, the association 
between imaging features and changes in clinical outcomes is still 
poorly understood. In our study, participants with severe OA of 
the thumb- base joint were included, and participants were fol-
lowed up for only 12 weeks. Future longitudinal studies with lon-
ger follow up in different patient populations with less severe OA 
are warranted to confirm our findings.

There are several limitations to our study. First, this was the 
secondary exploratory analysis of a clinical trial. However, all the 
participants with thumb- base joint OA were evaluated, and our find-
ings may provide evidence on the associations of ultrasound and 
radiographic features with short- term outcomes. Second, the par-
ticipants in this study were from the community and the majority of 
patients had advanced radiographic OA. Hence, it remains uncertain 
whether our findings can be extrapolated to all the patients with 
thumb- base OA. Third, in the present study, JSN was associated with 
the changes in the duration of stiffness from baseline to 12 weeks 

that were statistically significant (coefficient 5.57; 95% CI 1.33- 
9.80). However, the clinical significance of change in duration of 
stiffness expressed in minutes may be limited. Fourth, there were 84 
hypotheses being tested in the present study and we did not make 
any adjustment for multiple comparisons. All of the analyses were 
predefined, and exploratory in nature. Finally, only baseline PDS 
scans were performed, so changes in the image features were not 
assessed. However, as a result of the short- term follow up, these 
structural features are not likely to change, especially on X- ray. All 
ultrasound and major radiographic features may be unable to predict 
the short- term clinical outcomes in thumb- base OA.

Cross- sectionally, the radiographic structural features of thumb- 
base OA are significantly associated with hand function (FIHOA) 
severity, and ultrasound PDS is closely associated with PGA in par-
ticipants with thumb- base OA. In longitudinal analyses, baseline 
radiographic JSN was associated with changes in the duration of 
stiffness and PGA over 12 weeks. However, there was no associa-
tion between ultrasound features and changes in the clinical out-
comes over 12 weeks.
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Abstract
Background: This study was planned to evaluate the strength, proprioception, skill, 
coordination, and functional condition of the hand in individuals with psoriatic arthri-
tis and to correlate disease activity with these parameters.
Methods: Fifty- six individuals (psoriatic arthritis group, n = 36; control group, n = 20) 
were included in the study. Evaluations were performed of disease activity with 
Disease Activity Score 28; grip strength with a dynamometer and pinch strength with 
pinch gauge dynamometers; joint position sensation with a goniometer; finger skills 
with a mobile application; and coordination and skill of both hands with the Purdue 
Pegboard test. The Michigan Hand Outcomes Questionnaire (MHQ) was used for 
hand functional evaluation.
Results: There was a significant difference between the grip and pinch strength of 
the psoriatic arthritis group and the control group (P < 0.05). There was no signifi-
cant difference between the joint position sense measurements and the mobile ap-
plication scores between the groups (P > 0.05). Purdue Pegboard scores showed a 
significant difference only in both hands and assembly subsections (P < 0.05). With 
Disease Activity Score 28, significant correlations were found between grip and 
pinch strength, mobile application scores, Purdue Pegboard all subsections, and left- 
hand joint position sense average error amount, and between MHQ and grip and 
pinch strength.
Conclusions: This study is the first to show that psoriatic arthritis has a negative 
effect especially on hand strength; grip strength decreases as disease severity in-
creases and, skill, coordination, and functionality of hand deteriorate.

K E Y W O R D S

disease activity, hand, pathogenesis, proprioception, psoriatic arthritis

1  | INTRODUC TION

Psoriatic arthritis (PsA) is a chronic, progressive, inflammatory ar-
thritis that occurs as a condition associated with patients with 

psoriasis and may result in permanent joint damage and an increased 
risk of mortality.1,2 Synovial membrane inflammation characterized 
by increased vascularization and immune cell infiltration is an im-
portant feature of PsA. This inflamed synovial microenvironment 
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leads to the formation of synovial pannus, entheseal inflammation, 
and joint damage.3 Although PsA is generally thought of as a benign 
arthropathy, structural damage has been shown with the progres-
sion of the disease, and joint inflammation.4 It is known that tissue 
biomechanical stress and microtraumas, which lead to the activa-
tion of abnormal innate immune responses in PsA, can trigger joint 
inflammation. In parallel, inflammation in peripheral joints, which 
are known to be more exposed to trauma, is also common.5,6 In the 
evaluation of 28 hand joints (10 metacarpophalangeal, 8 proximal 
interphalangeal, and 10 distal interphalangeal) in patients with PsA, 
ultrasound findings of all patients showed abnormal synovial thick-
ening. In this study, it was also determined that abnormal ultrasound 
findings in the hand joints were correlated with disease activity 
measured by the Disease Activity Score 28 (DAS28).7 Similarly, in 
the evaluation of hand joints by ultrasound, which is an objective 
method, it was determined that erosion and joint space narrowing 
were associated with both the loss of strength measured with a dy-
namometer and the disability evaluated subjectively by the Health 
Assessment Questionnaire. Hand joint involvement is common in 
patients with PsA, so it may cause loss of function.8 Although evalu-
ations have been made on the strength of the hand in patients with 
PsA, if we examine hand functions as a whole, the research on hand 
proprioception is limited and there is no research in the literature on 
hand skills. The mechanical effect of edema after acute joint effusion 
and components of the inflammatory fluid, changes in capsular com-
pliance after chronic effusion, pain, trauma, and fatigue may cause 
changes in proprioception.9,10 However, pain, decreased joint range 
of motion and grip strength, muscle weakness, and deformities can 
affect hand skills and function.11 Imaging studies have been per-
formed to identify structural damage in PsA.4,7,8 The relationship of 
structural damage to disease activity has also been demonstrated.7 
However, no evaluation has been made regarding the relationship 
between the functional parameters of the hand and disease activity. 
Our hypothesis is that supporting the patient’s clinical status with 
parameters related to the general hand function of the disease will 
be effective in predicting disease progression and disability. Our aim 
was therefore to evaluate the effect of PsA on the grip and pinch 
strength, proprioception, skill, coordination, and functional condi-
tion of the hand and to determine the relationship of disease activity 
with these parameters.

2  | MATERIAL S AND METHODS

2.1 | Study design and setting

This study is a single- center, non- interventional, cross- sectional 
case- control study. The study was reviewed and approved by the 
local Clinical Research Ethics Committee (Approval number 2019/7- 
21, approval date 04/02/2019) and it was conducted according to 
the Helsinki Declaration. The study was performed with outpa-
tients in the rheumatology outpatient clinic of a university hospital. 
Participants were included in the study after signing an informed 

consent form. The data of the study were collected between April 
2019 and July 2019.

2.2 | Participants

Individuals who were aged 18- 65 years were included in this 
study. Thirty- six outpatients diagnosed with PsA according to the 
PsA classification criteria (Classification criteria Psoriatic Arthritis, 
CASPAR)12, under regular medical supervision and receiving drug 
therapy were evaluated in the psoriatic arthritis group (PsAG). In 
addition, healthy individuals were evaluated for the control group 
(CG). Participants in the groups were selected by a random sampling 
method, which was not based on probability. Exclusion criteria were 
neurological diseases causing sequelae in the hand, upper extremity 
surgeries, neuropathies, traumas and history of nerve damage, psy-
chiatric disorders, and reluctance to continue the evaluation. In ad-
dition, patients with chronic pain in the upper extremity joints were 
not included in the CG.

Demographic variables of all participants including age, gender, 
body mass index, and dominant hand were recorded.

2.3 | Sample- size calculation

In the power analysis made before starting the study with α = 0.05 
and 1– β (power) = 0.80; assuming that the percentage of individuals 
with PsA in the general population is 0.1%- 0.2%,1 it was calculated 
that at least 15 individuals should be included in the patient group. A 
power analysis was performed using the publicly available statistical 
software Openepi, version 3 (http://www.opene pi.com) to calculate 
the sample size.

2.4 | Measurements

The DAS28 was used to determine the disease activity of patients 
with PsA. This is used in daily routine evaluation and research to 
evaluate disease activity in patients with PsA.13 DAS28 is a meas-
urement method that determines the disease activity by using 
the number of painful and swollen joints, erythrocyte sedimen-
tation rate, or C- reactive protein values in the first hour, and a 
100 mm visual analog scale for general evaluation of the patients. 
Erythrocyte sedimentation rate was used in our study. In addition, 
this scale allows us to classify patients with PsA into remission 
(less than 2.6), mild activity (2.6- 3.2), moderate activity (3.2- 5.1), 
and high activity (≥5.1).14 In our study, the presence of deformi-
ties in the wrist and fingers was recorded in the PsA group. All 
evaluations were made by an experienced rheumatologist and 
physiotherapist.

Grip strength was measured with the help of a Baseline Digital 
Hand Dynamometer 300 lb/135 kg for both PsAG and CG. Separate 
measurements were taken for the left and right hands. The arm of 

http://www.openepi.com
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the individual was placed according to the recommendations of 
the American Hand Therapist Association.15 Pinch strength was 
measured with a Baseline Hydraulic Pinch Gauge 100 lb/45 kg. 
Measurements included were: two- point tip pinch (between the 
index and thumb), lateral pinch (between the index radial and 
thumb), and three- point pinch strength (with the thumb and index 
and between the middle finger). The procedures were repeated 
three times for both hands. The average reading was recorded in 
kilograms.16

Wrist proprioception was assessed by measuring the sense of 
joint position by actively repeating a predetermined target angle 
(30° for flexion and extension, 15° for ulnar deviation, 10° for radial 
deviation). Measurements were made manually by a physiotherapist 
using a goniometer.17- 19 Measurements were taken for the PsAG and 
CG. The measurement was performed with the participant's elbow 
flexed at 90° and sitting comfortably. In the measurement, the wrist 
of the person was passively brought to the target angle, kept in this 
position for 3 seconds and individuals were asked to keep this posi-
tion in their memory. Then, the eyes were closed and the wrist was 
passively brought to the starting position, and the participant was 
told to actively repeat the same position as accurately as they could. 
The absolute value of the difference between the angle of active 
wrist position of the individual and the target angle was recorded as 
the amount of error. Three repetitions were made for the target an-
gles in all motion axes, and the arithmetic mean of the error amounts 
of the three repeats was recorded as the amount of error in the joint 
position sensation. Throughout the measurement, no feedback on 
their performance was given to eliminate the possibility of rearrang-
ing participants’ responses.

Finger skills were assessed using a mobile application called Ball 
Tap©. The application included the fastest contact of the participants 
to the balls coming from different parts of the screen for 30 seconds. 
Participants were told about the application beforehand and allowed 
to try it once. To ensure standardization, after the mobile phone was 
fixed to a chair with an armrest, the participant was instructed to 
keep the elbow contact and touch the screen with fingertips. The 
evaluation started with the thumb and continued with the other fin-
gers in turn. Separate measurements were made for the right-  and 
left- hand fingers in the groups. The average of the right- hand finger 
scores of the participants was recorded as the right- hand score. The 
same process was repeated for the left hand.

Two hand coordination and skill were evaluated using the Purdue 
Pegboard test. The test consists of the right hand, left hand, both 
hands, and assembly subsections. In the lower parts of the right and 
left hands, the pins are placed in the right cavities with the right hand 
and in the left cavities with the left hand, respectively, within 30 sec-
onds. In the both- hand section, the pins are placed in the right and 
left cavities at the same time with both hands. In the assembly sec-
tion, pin, washer, sleeve, and washer are placed in coordination using 
the right and left hands, respectively. Scores are calculated as one 
point for each pin in the right-  and left- hand sections, one point for 
each pair of pins in the both- hand sections, and four points for each 
joint in the assembly section.20

Hand functional assessment was assessed using the Michigan 
Hand Outcomes Questionnaire (MHQ).21

2.5 | Statistical analysis

Shapiro- Wilk test was used to evaluate the normality of the data. 
Descriptive statistics (mean, standard deviation, frequency) were 
applied for the characterization of patients within the groups. The 
differences between the two groups were compared using the 
Independent Sample t test (for variables with normal distribution) 
and the Mann- Whitney U test (for variables that do not show normal 
distribution). Categorical variables were evaluated with the χ2 test. 
The relationship between the hand parameters of the PsA group and 
the DAS28 and MHQ scores was evaluated using Pearson’s (for nor-
mally distributed parameters) and Spearman’s (for parameters not 
showing normal distribution) correlation tests. When evaluating the 
relationship between the DAS28 and MHQ scores and wrist pro-
prioception measurements, the total mean error amounts of flexion, 
extension, ulnar, and radial deviation joint position sensation meas-
urements were calculated separately for the right and left hands. 
Correlation values from 0.4 were considered satisfactory and inter-
preted as follows: r, 0.00- 0.20 poor, 0.21- 0.40 fair, 0.41- 0.60 good, 
0.61- 0.80 very good, 0.81- 1.0 excellent. Statistical analysis was car-
ried out using software SPSS version 25.0 (IBM, Armonk, NY, USA).

3  | RESULTS

At the end of the study time, 47 individuals were included in each 
group. In the PsAG, eight patients who did not meet the inclusion 
criteria were excluded from the study. Later, three more patients 
who could not continue the evaluation were excluded. In the CG, 17 
individuals who did not meet the inclusion criteria and 10 individu-
als who could not continue the evaluation were excluded. A total 
of 36 patients for the PsAG and 20 healthy individuals for the CG 
were included in the analysis (Figure 1). The main characteristics of 
groups are summarized in Table 1. Individuals in the PsAG and CG 
were similar in age, body mass index, and gender (P > 0.05). In both 
PsAG and CG, 94.4% (n = 34) and 80% (n = 16) of the individuals 
were right- hand dominant, respectively. In the PsAG, 63.9% of the 
patients had hand deformities. According to the DAS28 score in the 
PsAG, four patients were in remission; three had low disease activ-
ity; 12 had moderate disease activity; and 17 showed high disease 
activity (Figure 2).

Hand functions of individuals in the PsAG and CG were com-
pared according to the dominant hand and without including domi-
nance. Right and left grip strength and lateral pinch, two- point pinch, 
and three- point pinch strength were significantly lower in the PsAG 
than in the CG (all P = 0.00). In addition, when the right- dominant 
individuals were examined, the right and left grip strength and lat-
eral pinch, two- point pinch, and three- point pinch strengths of the 
individuals in the PsAG were significantly lower than those in the 
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CG (all P = 0.00). In contrast, only the three- point pinch strength 
measurements of left- dominant individuals in the PsAG and CG were 
significantly different (P = 0.04) (Table 2).

There was no significant difference between the groups for flex-
ion, extension, and radial deviation joint position sensation error 
amounts (P > 0.05). Only the ulnar deviation error amount was sig-
nificantly higher in the PsAG than CG (P = 0.01). When the right 
and left hands were examined according to the dominant hand, 
there was no significant difference between the groups (P > 0.05). 
There was only a difference between the left- hand ulnar deviation 
error amounts of the right- dominant individuals between the groups 
(P = 0.04) (Table 2).

F I G U R E  1   Flow diagram of the study 
population

Variables PsAG n = 36 CG n = 20 P

Age (years), mean ± SD 48.52 ± 9.92 46.50 ± 11.49 0.631a

BMI (kg/m2), mean ± SD 28.32 ± 5.38 30.98 ± 4.69 0.069b

Sex, n (%)

Female 28 (77.8) 14 (70) 0.520c

Male 8 (22.2) 6 (30)

Dominant hand, n (%)

Right 34 (94.4) 16 (80) 0.172c

Left 2 (5.6) 4 (20)

Deformity, n (%)

Yes 23 (63.9) - 

No 13 (36.1) 20 (100)

Abbreviations: BMI, body mass index; SD, standard deviation.
aMann- Whitney U test.
bIndependent sample t test.
cχ2 test.

TA B L E  1   Characteristics of the 
psoriatic arthritis group (PsAG) and the 
control group (CG)

F I G U R E  2   Distribution of patients in DAS28 subcategories
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There was no significant difference between the groups in Ball 
Tap© scores (P > 0.05). Similarly, there was no difference when ex-
amined according to hand dominance (P > 0.05) (Table 3).

Although there was no significant difference between 
the groups for Purdue Pegboard right-  and left- hand sections 
(P > 0.05); there was also no difference according to the dominant 
hand (P > 0.05). A significant difference was observed between 
the groups in both hands and assembly parts (P = 0.00, P = 0.04, 
respectively) (Table 3).

A moderate negative correlation was determined between 
DAS28 and right and left grip strength, lateral pinch, two- point pinch, 
and left three- point pinch strength. A weak negative correlation was 
shown between DAS28 and right three- point pinch strength. In ad-
dition, there was a moderate negative correlation between DAS28 
and right-  and left- hand Ball Tap© scores and Purdue Pegboard sub-
categories (right hand, left hand, two hands, and assembly); a weak 
positive correlation was observed with left- hand joint position sense 
average error amount. There was no correlation between DAS28 

TA B L E  2   Comparison of the handgrip, pinch, and proprioception parameters in the psoriatic arthritis group (PsAG) and control group (CG)

Parameter Dominant PsAG n = 36 CG n = 20 P Px

Handgrip R (kg) Right 11.33 (8/18.08) 23.50 (14.41/34.83) *0.000a *0.000a

Left 13.99 (6.49/14.99) 19 (15.49/23.50) 0.639a

Handgrip L (kg) Right 10.83 (7.66/18.41) 21.33 (16.07/23.66) *0.001a *0.000a

Left 13.33 (7.99/12.50) 21.33 (16.24/26.91) 0.165a

Lateral pinch R (kg) Right 4.33 (2.91/6) 7 (5.82/8.33) *0.002a *0.001a

Left 3.83 (2.25/3.99) 5.50 (5/6) 0.057a

Lateral pinch L (kg) Right 4.13 ± 2.22 6.51 ± 2.27 *0.001b *0.000b

Left 3.83 (2.74/3.25) 5.83 (5.66/6.24) 0.060a

Two- point tip pinch R (kg) Right 2 (1.33/3) 3 (3/3.66) *0.000a *0.000a

Left 1.66 (0.99/1.75) 3.33 (2.82/3.57) 0.060a

Two- point tip pinch L (kg) Right 2 (1.24/2.66) 3 (2.41/4) *0.001a *0.000a

Left 1.16 (0.75/1.24) 3.66 (3.16/3.91) 0.060a

Three- point pinch R (kg) Right 2.66 (2/3.41) 3.83 (3.66/5.41) *0.000a *0.000a

Left 1.99 (0.99/2.24) 3.83 (3.41/5.24) 0.064a

Three- point pinch L (kg) Right 2.33 (1.66/3.33) 4.66 (2.66/6.16) *0.002a *0.000a

Left 1.99 (0.99/2.24) 5 (4.49/5) *0.049a

Wrist proprioception (Joint position sense) (°)

Flexion R Right 5.16 (2.91/9.83) 5 (2.33/8.33) 0.64a 0.300a

Left 13.66 (4/16.66) 2.33 (1.41/9) 0.16a

Flexion L Right 6.16 (3/9.41) 6.16 (4.08/10.91) 0.81a 0.966a

Left 9.33 (0.5/13.66) 3.83 (3.66/9.75) 1.00a

Extension R Right 4.16 (2.58/4.16) 5.16 (1.75/9.83) 0.92a 0.416a

Left 6 (3/6.16) 2 (1.08/2.91) 0.06a

Extension L Right 6 (3.08/7.66) 1.66 (1.41/8.58) 0.16a 0.053a

Left 15.33 (3/20.16) 2.83 (2.66/3.50) 0.06a

Radial deviation R Right 3 (1.66/3.50) 2.16 (1.66/5.25) 0.94a 0.381a

Left 3.83 (2.75/3.16) 1.16 (0.75/2.08) 0.06a

Radial deviation L Right 2.33 (1/3.41) 2 (1.33/3.58) 0.63a 0.932a

Left 2.66 (2/2.16) 1.33 (0.58/8.33) 0.34a

Ulnar deviation R Right 4.50 (1.66/6.66) 3.33 (1.50/4.91) 0.26a 0.127a

Left 2.66 (1.50/2.66) 0.33 (0.33/5.83) 0.32a

Ulnar deviation L Right 3.66 (2.25/5.75) 2.16 (1/4.83) *0.04a *0.010a

Left 2.83 (1/3.41) 1.50 (1.08/2.41) 0.48a

Abbreviations: L, left; R, right; SD, standard deviation.
*P < 0.05. P, according to the dominant hand; Px, without intergroup dominance.
aMann- Whitney U test (median).
bIndependent sample t test (mean ± SD).
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and right- hand joint position sense average error amount (P > 0.05). 
A moderate positive correlation was shown between total MHQ and 
right and left grip strength, lateral pinch, three- point pinch strength, 
and right- hand two- point pinch strength. However, a weak positive 
correlation was found between total MHQ and left- hand two- point 
pinch strength and Purdue Pegboard right- hand score. No correla-
tion was observed between the total MHQ and other functional 
parameters of the hand. DAS28 and MHQ scores and correlation 
values of functional parameters of the hand are shown in Table 4. In 

addition, moderate correlation was observed between DAS28 and 
total MHQ scores (r = −0.447, P = 0.006).

4  | DISCUSSION

In this study, hand functional parameters (strength, proprioception, 
dexterity, and coordination) in individuals with PsA were compared 
with a healthy control group and focus was placed on the relationship 

TA B L E  3   Comparison of the hand skill and coordination parameters in the psoriatic arthritis group (PsAG) and control group (CG)

Parameter Dominant PsAG n = 36 CG n = 20 P Px

Ball Tap© score R Right 39.5 ± 8.91 40.97 ± 11.06 0.61b 0.609b

Left 36.6 (25.80/32.10) 38.80 (34.80/44.60) 0.34a

Ball Tap© score L Right 39.08 ± 9.11 39.95 ± 11.05 0.47b 0.595b

Left 44.50 (32.25/37.50) 40.20 (38.40/47.70) 0.34a

Purdue Pegboard Score R Right 12.97 ± 2.30 13.93 ± 2.61 0.19b 0.078b

Left 15.50 (11.25/15) 15.50 (15/16.75) 0.80a

Purdue Pegboard Score L Right 12.76 ± 2.67 12.93 ± 2.35 0.82b 0.373b

Left 16.50 (12/15.75) 16 (15.25/18.25) 0.62a

Purdue Pegboard Score both hands Right 9.50 (8.75/12) 12 (11/14) 0.006a,* 0.002a,*

Left 13 (9.75/12.75) 13 (13/14.50) 0.48a

Purdue Pegboard Score assembly Right 20 (16/24) 22 (20/24) 0.15a 0.040a,*

Left 22 (15/21) 24 (24/27) 0.17a

Abbreviations: L, left; R, right; SD, standard deviation.
*P < .05. P, according to the dominant hand; Px, without intergroup dominance.
aMann- Whitney U test (median).
bIndependent sample t test (mean ± SD).

TA B L E  4   Correlations between DAS28, MHQ and other parameters of the hand

DAS28 Total MHQ DAS28
Total 
MHQ

Hand grip R kg r −0.457** 0.497** Ball Tap© score R r −0.468** 0.229

P 0.005 0.002 P 0.004 0.179

Hand grip L kg r −0.487** 0.464** Ball Tap© score L r −0.474** 0.156

P 0.003 0.004 P 0.003 0.363

Lateral pinch R kg r −0.476** 0.582** Purdue Pegboard Score R r −0.582** 0.341*

P 0.003 0.000 P 0.000 0.042

Lateral pinch L kg r −0.583** 0.599** Purdue Pegboard Score L r −0.610** 0.190

P 0.000 0.000 P 0.000 0.266

2- point tip pinch R kg r −0.474** 0.499** Purdue Pegboard Score both hands r −0.532** 0.291

P 0.003 0.002 P 0.001 0.085

2- point tip pinch L kg r −0.425** 0.330* Purdue Pegboard Score assembly r −0.445** 0.268

P 0.010 0.049 P 0.007 0.113

3- point pinch R kg r −0.377* 0.485** Right- hand joint position sense 
average error amount

r −0.028 −0.067

P 0.023 0.003 P 0.870 0.697

3- point pinch L kg r −0.438** 0.507** Left- hand joint position sense 
average error amount

r 0.339* −0.163

P 0.007 0.002 P 0.043 0.341

Note: Pearson's correlation test for lateral pinch L, Ball Tap© score R, Ball Tap© score L, Purdue Pegboard score R, Purdue Pegboard score L and right- 
hand joint position sense average error amount; Spearman's correlation test for all others; ** P < 0.01, * P < 0.05.
Abbreviations: DAS28, Disease Activity Score 28; L, left; MHQ, Michigan Hand Outcomes Questionnaire; R, right.
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between functional parameters and disease activity. The results 
show that all subparameters of grip and pinch strength were signifi-
cantly lower in patients with PsA and were moderately associated 
with disease activity. Our results provide useful information, both 
clinical and functional, and are similar to study data showing that 
grip and pinch strength are associated with ultrasound- measured 
structural damage.8 Many studies have stated that ultrasound is ef-
fective in detecting inflammation in joints together with structural 
damage.22 One study has shown that there is a significant corre-
lation between ultrasound parameters and DAS28 scores and that 
scores are higher in patients with moderate disease activity than 
patients with remission and low disease activity.7 However, apart 
from structural damage, no study has been encountered comparing 
hand function in patients with PsA with a control group and asso-
ciating it with disease activity. In addition, in the comparison made 
according to the dominant hand in our study, a difference was ob-
served between the left- hand strength measurements of the right- 
hand dominant individuals. This situation led to the explanation of 
the loss of function in both hands due to bilateral complex deformi-
ties in the hand.

No significant difference was found between PsAG and CG joint 
position sense measurements. Only a weak correlation between left- 
hand joint position sense mean error amounts and DAS28 scores 
was shown. Three methods in the concept of proprioception have 
been discussed in the literature: force- generating, and the sense 
of joint position and movement.23 There is no standard method for 
evaluating the proprioception sense of the wrist joint, and the pro-
prioceptive sense can be evaluated by a wide range of methods from 
the universal goniometer to robotic devices.24- 26 In addition, fixed 
angles are not specified for joint position sense assessment with 
a goniometer. For rheumatic diseases, there was no evaluation of 
wrist joint position sense in the literature. Therefore, we determined 
target angles within the limits of the wrist’s normal joint motion. 
When other studies in the literature are examined, similar angles 
have been chosen. Considering the studies in the literature, 30° was 
accepted as the reference value for wrist flexion and extension in 
a patient group with wrist denervation.27 In another study, similar 
to our study, a target angles of 30° for flexion and extension, 10° 
for radial deviation, and 15° for ulnar deviation were used to eval-
uate joint position sense in healthy individuals.28 In the literature, 
it has been stated that pain and edema may cause disturbances in 
proprioception by changing reflex activity and causing marked in-
hibition of skeletal muscle.10 Impaired sensorimotor function in the 
upper extremities and hands has also been demonstrated in patients 
with rheumatoid arthritis.9 Effusion and pain may be common in in-
dividuals with PsA, so it is interesting that there was no change in 
proprioception between the groups. However, in a study comparing 
proprioception data of patients with PsA and rheumatoid arthritis, 
the amount of error in the wrist extension joint position sensation 
of patients with PsA is similar to the data of the PsAG in our study.29 
The lack of difference between groups may also be related to the 
presence of patients with different disease activities. In addition, 
although individuals with deformities are in the majority, the pres-
ence of individuals without deformities may also cause fluctuations. 

Therefore, there is a need for studies with a larger sample group with 
homogeneous disease activity and deformity incidence.

Although there was a difference between the PsAG and the 
CG in the mobile application scores we used to evaluate the finger 
skills (Ball Tap©), it was not significant. However, right-  and left- hand 
scores showed a moderate correlation with disease activity. This 
emphasizes that finger dexterity decreases when disease activity 
increases. It is stated that such finger tapping tasks are used in the 
literature to determine disability in neurological diseases (eg, multi-
ple sclerosis). It was also emphasized that the use of such simplified 
tests with smartphone technology can be performed by patients in a 
shorter time during clinical control.30,31 Assuming that long- term fol-
low up and finger exposure32 of patients with PsA are frequent, we 
believe that it would be beneficial to use it clinically to determine the 
functional disability of the hand in such rheumatological diseases. 
Studies with larger samples are needed to confirm this situation.

The Purdue Pegboard is a common tool for assessing dexterity 
in patients with rheumatoid arthritis.33,34 However, its use in pa-
tients with PsA has not been found before. The Purdue Pegboard 
was preferred because each stage of the test requires finger use and 
finger exposure is common in patients with PsA. In this study, there 
was a significant difference in Purdue Pegboard scores between the 
groups in both hand and assembly parts.

The MHQ offers a comprehensive hand disability assessment 
in addition to the overall health assessment. Because it was stated 
to contain questions about a more current and esthetic appear-
ance,35 we thought that it would make a more comprehensive 
assessment for patients with PsA. Whereas there was a weak cor-
relation between the total MHQ score with the left- hand two- point 
pinch, it was moderately correlated with other parameters of hand 
strength. However, the total MHQ was weakly correlated with the 
Purdue Pegboard right- hand section but not with other parame-
ters. Although we thought that proprioception would be affected 
as the result of joint deformities and pain, when we looked at the 
relationship between proprioception and the MHQ, there was no 
significant relationship (P > 0.05). This reveals the need for more 
comprehensive studies.

Overall, our results show that the hand parameter that best 
correlates with disease activity is grip and pinch strength. Imaging 
methods and especially ultrasound have been used frequently in 
many studies to determine structural damage to the hand joints in 
patients with PsA, and their efficacy has been proven.7,8,32 In ad-
dition to structural damage, association of disease activity with 
hand- strength parameters can be practically useful in determining 
patients’ functional loss. However, there is a need for more compre-
hensive studies on this subject. Future studies should be made with 
larger samples.

An important limitation of our study may be the inadequacy of 
DAS28 to evaluate disease activity. It would be more beneficial to 
use disease activity assessment tools that are specific to PsA in fu-
ture studies. In addition, power analysis was performed at the end 
of our study. Although we planned our study with 80% power, con-
sidering that the difference between PsA (14.47 ± 9.56) and control 
groups (24.05 ± 9.49) for right- hand handgrip measurements, which 
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is one of our primary outcome criteria, is 9.58 units, It was calculated 
to be completed with 95.06% power.

In conclusion, our study is the first to compare grip strength, skill, 
coordination, and proprioceptive sensation measurement of hand by 
including a control group in patients with PsA and investigate the re-
lationship between these parameters and disease activity and MHQ 
measurements. In addition, it was shown that as the severity of the dis-
ease increased, grip strength decreased and hand skill, coordination, 
and functionality of the hand were negatively affected. Grip strength, 
pinch strength, finger dexterity, and MHQ measurements can be useful 
in determining the functional loss caused by disease activity.

ACKNOWLEDG EMENTS
We thank all participants for their time and effort in participating.

CONFLIC T OF INTERE S T
The authors declare no potential conflicts of interest with respect to 
the research, authorship, and/or publication of this article.

AUTHORS CONTRIBUTIONS
BC conceived the study, performed data collection, analysis, review 
and interpretation, and drafted the manuscript. BT conceived the 
study, performed analysis, review and interpretation, and contrib-
uted to the writing of the manuscript. DDK and GEO conceived the 
study, performed data collection, contributed to the writing of the 
manuscript. SY conceived the study and contributed to the writing 
of the manuscript.

E THIC AL APPROVAL
This study was approved by the Inonu University ethics commit-
tee. This study was conducted according to the principles of the 
Declaration of Helsinki.

CONSENT TO PARTICIPATE
All individuals gave informed consent before participating in the 
study.

ORCID
Busra Candiri  https://orcid.org/0000-0001-7413-6371 
Burcu Talu  https://orcid.org/0000-0002-5623-8291 
Dilan Demirtas Karaoba  https://orcid.org/0000-0002-6754-9335 
Gulfem Ezgi Ozaltin  https://orcid.org/0000-0003-1591-4844 
Servet Yolbas  https://orcid.org/0000-0001-8516-9769 

R E FE R E N C E S
 1. Ogdie A, Weiss P. The epidemiology of psoriatic arthritis. Rheum Dis 

Clin North Am. 2015;41(4):545- 568.
 2. Liu JT, Yeh HM, Liu SY, Chen KT. Psoriatic arthritis: Epidemiology, 

diagnosis, and treatment. World J Orthopedics. 2014;5(4):537.
 3. Veale DJ, Fearon U. The pathogenesis of psoriatic arthritis. The 

Lancet. 2018;391(10136):2273- 2284.
 4. Ravindran J, Cavill C, Balakrishnan C, Jones SM, Korendowych 

E, McHugh NJ. A modified Sharp score demonstrates disease 

progression in established psoriatic arthritis. Arthritis Care Res 
(Hoboken). 2010;62(1):86- 91.

 5. McGonagle D, Palmou Fontana N, Tan AL, Benjamin M. Nailing 
down the genetic and immunological basis for psoriatic disease. 
Dermatology. 2010;221:15- 22.

 6. Acosta Felquer ML, FitzGerald O. Peripheral joint involvement 
in psoriatic arthritis patients. Clin Exp Rheumatol. 2015;33(Suppl 
93):S26- 30.

 7. Naranje P, Prakash M, Sharma A, Dogra S, Khandelwal N. Ultrasound 
findings in hand joints involvement in patients with psoriatic arthri-
tis and its correlation with clinical DAS28 score. Radiol Res Pract. 
2015;2015:1- 9.

 8. Feced Olmos CM, Alvarez- Calderon O, Hervas Marin D, Ivorra 
Cortes J, Pujol Marco C, Roman Ivorra JA. Relationship be-
tween structural damage with loss of strength and functional 
disability in psoriatic arthritis patients. Clin Biomech Elsevier Ltd. 
2019;68:169- 174.

 9. Bearne LM, Coomer AF, Hurley MV. Upper limb sensorimotor func-
tion and functional performance in patients with rheumatoid arthri-
tis. Disabil Rehabil. 2007;29(13):1035- 1039.

 10. Röijezon U, Clark NC, Treleaven JJMT. Proprioception in musculo-
skeletal rehabilitation. Part 1: Basic science and principles of as-
sessment and clinical interventions. Man Ther. 2015;20(3):368- 377.

 11. Lefevre- Colau MM, Poiraudeau S, Fermanian J, et al. Responsiveness 
of the Cochin rheumatoid hand disability scale after surgery. J 
Rheumatol. 2001;40(8):843- 850.

 12. Taylor W, Gladman D, Helliwell P, Marchesoni A, Mease P, Mielants 
H. Classification criteria for psoriatic arthritis: development of 
new criteria from a large international study. Arthritis Rheum. 
2006;54(8):2665- 2673.

 13. Kilic G, Kilic E, Nas K, Kamanlı A, Tekeoglu İ. Residual symp-
toms and disease burden among patients with psoriatic ar-
thritis: is a new disease activity index required? Rheumatol Int. 
2019;39(1):73- 81.

 14. Roger- Silva D, Natour J, Moreira E, Jennings F. A resistance ex-
ercise program improves functional capacity of patients with 
psoriatic arthritis: a randomized controlled trial. Clin Rheumatol. 
2018;37(2):389- 395.

 15. Mathiowetz V, Rennells C, Donahoe L. Effect of elbow position on 
grip and key pinch strength. J Hand Surg. 1985;10(5):694- 697.

 16. Häkkinen A, Kautiainen H, Hannonen P, Ylinen J, Mäkinen H, Sokka 
T. Muscle strength, pain, and disease activity explain individual 
subdimensions of the Health Assessment Questionnaire disability 
index, especially in women with rheumatoid arthritis. Ann Rheum 
Dis. 2006;65(1):30- 34.

 17. Neumann DA. Kinesiology of the musculoskeletal system- e- book: 
foundations for rehabilitation. Elsevier Health Sciences. 2013.

 18. Lephart SM, Warner JJ, Borsa PA, Fu FH. Proprioception of the 
shoulder joint in healthy, unstable, and surgically repaired shoul-
ders. J Shoulder Elbow Surg. 1994;3(6):371- 380.

 19. Benjaminse A, Sell TC, Abt JP, House AJ, Lephart SM. Reliability 
and precision of hip proprioception methods in healthy individuals. 
Clin J Sport Med. 2009;19(6):457- 463.

 20. Buddenberg LA, Davis C. Test- retest reliability of the Purdue 
Pegboard Test. The American Journal. 2000;54(5):555- 558.

 21. Oksuz C, Akel BS, Oskay D, Leblebicioglu G, Hayran KM. Cross- 
cultural adaptation, validation, and reliability process of the 
Michigan Hand Outcomes Questionnaire in a Turkish population. J 
Hand Surg. 2011;36(3):486- 492.

 22. Sturrock RD. Clinical utility of ultrasonography in spondyloarthrop-
athies. Curr Rheumatol Rep. 2009;11(5):317- 320.

 23. Coskun G, Talu B, Cools A. Proprioceptive force- reproduction of 
the rotator cuff in healthy subjects before and after muscle fatigue. 
Isokinetics Exer Sci. 2018;26(3):175- 181.

https://orcid.org/0000-0001-7413-6371
https://orcid.org/0000-0001-7413-6371
https://orcid.org/0000-0002-5623-8291
https://orcid.org/0000-0002-5623-8291
https://orcid.org/0000-0002-6754-9335
https://orcid.org/0000-0002-6754-9335
https://orcid.org/0000-0003-1591-4844
https://orcid.org/0000-0003-1591-4844
https://orcid.org/0000-0001-8516-9769
https://orcid.org/0000-0001-8516-9769


     |  55CANDIRI et Al.

 24. Cappello L, Elangovan N, Contu S, Khosravani S, Konczak J, Masia 
L. Robot- aided assessment of wrist proprioception. Front Hum 
Neurosci. 2015;9(198):2015.

 25. Marini F, Squeri V, Morasso P, Masia L. Wrist proprioception: ampli-
tude or position coding? Front Neuro. 2016;10:13.

 26. Erdem EU, Can F. Servikal Omurga Aksiyel Rotasyon Gonyometre 
Dizaynı. J Sakarya Üniversitesi Fen Bilimleri Enstitüsü Dergisi. 
2012;16(3):337- 341.

 27. Rein S, Winter J, Kremer T, Siemers F, Range U, Euchner N. 
Evaluation of proprioception in denervated and healthy wrist joints. 
J Hand Surg. 2020;45(4):408- 413.

 28. Ucuzoglu ME, Unver B, Sarac DC, Cilga G. Similar effects of 
two different external supports on wrist joint position sense in 
healthy subjects: A randomized clinical trial. Hand Surg Rehabilit. 
2020;39(2):96- 101.

 29. Köprülüoğlu M, Naz Gürşan İ, Solmaz D, Otman E, Durak Ediboglu 
E, Akar S. Thu0624- hpr comparison of wrist proprioception, grip 
strength and pinch strength in patients with psoriatic arthritis and 
rheumatoid arthritis: preliminary study. Ann Rheum Dis. 2020;79(Suppl 
1):555.2- 555.

 30. Boukhvalova AK, Kowalczyk E, Harris T, et al. Identifying and 
quantifying neurological disability via smartphone. Front Neurol. 
2018;9:740.

 31. Tanigawa M, Stein J, Park J, Kosa P, Cortese I, Bielekova B. 
Finger and foot tapping as alternative outcomes of upper and 

lower extremity function in multiple sclerosis. Multiple Sclerosis J. 
2017;3(1):205521731668893.

 32. De Simone C, Caldarola G, D'Agostino M, et al. Usefulness of ultra-
sound imaging in detecting psoriatic arthritis of fingers and toes in 
patients with psoriasis. Clin Dev Immunol. 2011;2011:1- 5.

 33. Erol AM, Ceceli E, Uysal Ramadan S, Borman P. Effect of rheuma-
toid arthritis on strength, dexterity, coordination and functional 
status of the hand: the relationship with magnetic resonance imag-
ing findings. Acta Reumatol Portuguesa. 2016;41(4):328- 337.

 34. Palamar D, Er G, Terlemez R, Ustun I, Can G, Saridogan M. Disease 
activity, handgrip strengths, and hand dexterity in patients with 
rheumatoid arthritis. Clin Rheumatol. 2017;36(10):2201- 2208.

 35. Tenti S, Ferretti F, Gusinu R, et al. Impact of thumb osteoarthri-
tis on pain, function, and quality of life: a comparative study be-
tween erosive and non- erosive hand osteoarthritis. Clin Rheumatol. 
2020;39(7):2195- 2206.

How to cite this article: Candiri B, Talu B, 
Demirtas Karaoba D, Özaltın GE, Yolbas S. Effect of psoriatic 
arthritis on the strength, proprioception, skill, coordination, 
and functional condition of the hand. Int J Rheum Dis. 
2022;25:47– 55. doi:10.1111/1756- 185X.14241

https://doi.org/10.1111/1756-185X.14241


56  |     Int J Rheum Dis. 2022;25:56–60.wileyonlinelibrary.com/journal/apl

Received: 11 September 2021  |  Revised: 30 October 2021  |  Accepted: 7 November 2021

DOI: 10.1111/1756-185X.14246  

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

The association between elevated serum interleukin- 22 and 
the clinical diagnosis of axial spondyloarthritis: A retrospective 
study

Michal Sagiv1 |   Mohammad Adawi1,2 |   Abid Awisat3 |   Aniela Shouval3 |   Regina Peri4 |   
Firas Sabbah2 |   Itzhak Rosner3,5 |   Aharon Kessel4,5 |   Gleb Slobodin3,5

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

Aharon Kessel and Gleb Slobodin contributed equally to this work as senior authors. 

1Faculty of Medicine, Bar Ilan University, 
Ramat Gan, Israel
2Rheumatology Unit, Puria Medical Center, 
Tiberias, Israel
3Rheumatology Unit, Bnai Zion Medical 
Center, Haifa, Israel
4Clinical Immunology and Allergy Division, 
Bnai Zion Medical Center, Haifa, Israel
5Ruth and Bruce Rappaport Faculty of 
Medicine, Technion, Haifa, Israel

Correspondence
Gleb Slobodin, Rheumatology Unit, Bnai 
Zion Medical Center, 47, Golomb Street, 
Haifa, Israel.
Emails: gleb.slobodin@gmail.com; 
gleb.slobodin@b-zion.org.il

Funding information
None.

Abstract
Objective: There is an unmet need for a reliable biomarker for the differentiation of 
axial spondyloarthritis (AxSpA) from its mimickers. Serum levels of interleukin- 22 (IL- 
22) have previously been found to be significantly elevated in patients with AxSpA 
compared with healthy individuals or persons with osteoarthritis.
Methods: Consecutive patients with established or suspected AxSpA were enrolled. 
The clinical data, as well as results of laboratory and imaging studies, were acquired 
from patients’ charts. The final diagnosis of definite or probable SpA, or an alter-
native diagnosis, was determined, and the serum levels of IL- 22 were examined by 
enzyme- linked immunosorbent immunoassay.
Results: Interleukin- 22 levels were significantly higher in patients with definite 
AxSpA (29 patients) compared with patients with alternative diagnoses (14 patients) 
and healthy volunteers (16 individuals; P < 0.001 for both comparisons). The sensi-
tivity and specificity of the serum IL- 22 for the AxSpA diagnosis were 0.68 (95% CI 
0.49- 0.84) and 0.86 (95% CI 0.68- 0.95), respectively, for the cut- off value of 5 pg/
mL. In patients with AxSpA, serum IL- 22 levels did not correlate with modified Stoke 
Ankylosing Spondylitis Spinal Score (mSASSS), Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI), Ankylosing Spondylitis Disease Activity Score (ASDAS), or 
serum C- reactive protein.
Conclusion: Serum IL- 22 levels are elevated in patients with the clinical diagnosis of 
AxSpA and can potentially serve as an independent biomarker for the differentiation 
of AxSpA from its non- inflammatory mimickers.
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1  | INTRODUC TION

Axial spondyloarthritis (AxSpA) is a chronic inflammatory rheumatic 
disorder, which unifies ankylosing spondylitis (AS), typically mani-
festing with radiographic sacroiliitis and vertebral syndesmophytes, 
with non- radiographic AxSpA, diagnosed in patients with similar 
clinical presentation but with no radiographic changes, usually hav-
ing evidence of inflammation on magnetic resonance imaging of the 
sacroiliac joints, or positive human leukocyte antigen B27 (HLA- B27).

Today, only the classification criteria for AxSpA exist,1 and di-
agnosis in clinical practice is frequently difficult, and depends on 
the knowledgeable interpretation of clinical presentation, imaging, 
and laboratory data in each individual. Of importance, the AxSpA 
hallmarks are not disease- specific. As such, “positive” for sacroil-
iac inflammation on magnetic resonance imaging can be seen in 
healthy athletes, military personnel, patients with non- specific low 
back pain, and even in asymptomatic individuals.2- 4 Also, the diag-
nostic weight of HLA- B27 varies in different geographic areas, and 
elevated levels of C- reactive protein (CRP) are commonly found in 
a variety of medical conditions unrelated to AxSpA or in healthy 
overweight individuals.5,6 Accordingly, the relatively low specific-
ity of disease features complicates the utilization of the existing 
classification criteria for diagnostic purposes. A reliable biomarker, 
able to help in the diagnosis and differentiation of AxSpA from its 
multiple mimickers, beyond existing tools, is being widely sought.7- 9

Interleukin- 22 (IL- 22) is a cytokine related to the IL- 23– IL- 17 axis, 
which is intimately involved in the pathogenesis of AxSpA.10,11 In a 
recent study, serum levels of IL- 22 were found to be significantly 
elevated in patients with AxSpA and in patients with rheumatoid ar-
thritis, but not in healthy individuals or individuals with osteoarthri-
tis. Of interest, the magnitude of IL- 22 elevation correlated with the 
serum levels of CRP in patients with rheumatoid arthritis, but not in 
individuals with AxSpA.12

The retrospective study reported herein was planned to analyze 
the usefulness of measuring serum IL- 22 as a diagnostic marker in 
a cohort of consecutive patients with the presumed diagnosis of 
AxSpA. It was also planned to examine the correlation between 
serum levels of IL- 22 and grade of radiographic progression in pa-
tients with established AS, in light of a recent suggestion that IL- 22 
can serve as a driver for the osteogenic differentiation of mesenchy-
mal stem cells in these patients.13

2  | MATERIAL S AND METHODS

The study was approved by the local Helsinki Committee.

2.1 | Patients

Patients with established or suspected AxSpA, followed in the out-
patient clinic of Bnai Zion Medical Center, Haifa, signed the informed 
consent form and donated 7 mL of peripheral blood. The demo-
graphic and medical data, as well as results of laboratory and imaging 

studies, were acquired from the patients’ charts, and estimates of 
disease activity were performed on the day of enrollment. The final 
diagnosis of definite or probable SpA, or an alternative condition, 
based on the existing medical data, was endorsed by the joint opin-
ion of the treating rheumatologist and a senior author (GS), blinded 
to the estimates of the serum IL- 22.

2.2 | Interleukin- 22 measurements

Venous blood was obtained from the participants in the study. The 
blood samples were transferred immediately to the Immunology 
Laboratory. After centrifugation, supernatants were kept fro-
zen in aliquots at −20°C until analysis. Double aliquots of IL- 22 
were measured by means of a classic two- side sandwich enzyme- 
linked immunosorbent assay (R&D Systems, Inc., Minneapolis, 
MN, USA). The assay was performed following the manufacturer’s 
specifications.

2.3 | Statistical analysis

The groups of variables were compared using Mann- Whitney U test for 
numerical values and Fisher’s exact test for categorical data. Estimates 
of sensitivity, specificity, predictive values, and likelihood ratios were 
calculated using the Clinical Calculator, available at http://vassa rstats.
net. Correlations were calculated using Pearson’s coefficient. Values of 
P less than 0.05 were judged as statistically significant.

3  | RESULTS

3.1 | Serum IL- 22 as a marker for the diagnosis of 
AxSpA

Fifty consecutive patients with established or suspected AxSpA 
were enrolled in this study and further divided into three groups 
(Table 1). The first group was composed of 29 patients who had 
definite, well- established AxSpA, including 28 patients with AS and 
one patient with non- radiographic AxSpA. All of these patients sat-
isfied the existing 1984 modified New York criteria for ankylosing 
AS or the ASAS classification criteria for axial spondyloarthritis. The 
second group consisted of seven patients with possible AxSpA. The 
third group included 14 patients with some clinical or imaging fea-
tures compatible with AxSpA but who were finally judged as having 

Key Point

Serum levels of IL- 22 can differentiate patients with axial 
spondyloarthritis from individuals with back pain of non- 
inflammatory origin independently of the serum level of 
CRP.

http://vassarstats.net
http://vassarstats.net
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an alternative diagnosis. The control group included 16 healthy indi-
viduals recruited from the personnel of the medical center.

Serum levels of IL- 22 were significantly higher in patients with 
definite AxSpA compared with patients with an alternative diagnosis 
and healthy volunteers (P < 0.001 for both comparisons). Patients 
with possible AxSpA had a wide range of data distribution, which 
probably reflected their heterogeneity (Figure 1).

Based on the data of 29 patients in the group of definite AxSpA 
and 14 patients in the group with an alternative diagnosis to AxSpA, 
the sensitivity and specificity of the serum levels of IL- 22 for the 
AxSpA diagnosis were 0.68 (95% CI 0.49- 0.84) and 0.86 (95% CI 
0.68- 0.95), respectively, for the cut- off value of 5 pg/mL (Table 2).

3.2 | Correlation of serum IL- 22 levels with AxSpA 
radiographic progression and disease activity indices

Possible correlation of the serum levels of IL- 22 and radiographic 
progression, measured in modified Stoke Ankylosing Spondylitis 
Spinal Score (mSASSS) units,14 was calculated using the data of 17 

patients with AS with recent radiographs of the cervical and lumbar 
spine, performed within the last 6 months and available for mSASSS 
evaluation. This analysis did not reveal any significant correlation be-
tween serum IL- 22 and mSASSS (P = 0.276, R = −0.28).

Serum levels of IL- 22 were also examined for possible correlation 
with the Bath AS Disease Activity Index, the AS Disease Activity 
Score, and serum CRP levels, with all results being non- significant 
(P = 0.64, P = 0.57, and P = 0.65, respectively). Serum levels of IL- 
22 did not differ in smoking and non- smoking patients with AxSpA 
patients (P = 0.59), and age, gender, HLA- B27 positivity, and disease 
duration did not influence the serum levels of IL- 22 in our cohort.

4  | DISCUSSION

Significantly higher serum levels of IL- 22 were found in this study in 
patients with AxSpA compared with patients who have “mimickers” 
of AxSpA. This finding, if confirmed in the prospective study, may 
be of clinical importance in the real world of rheumatology prac-
tice, where no diagnostic criteria for AxSpA exist, and the opinion 

TA B L E  1   Characteristics of groups of patients and healthy controls participating in the study

Group name (number of 
individuals)

Age, y, median 
(range)

Gender 
M/F

CRP high/
total

Smoking 
Yes/total

Complaints duration, 
y, median (range)

Serum IL- 22 pg/dL, 
median/range

Established disease (29) 47 (24- 71) 26/3 12/29 19/29 11 (2- 40) 9.7 (0.1- 45)

Possible disease (7) 45 (25- 60) 1/6 3/7 2/7 6 (1- 20) 1.9 (0.1- 81)

Alternative diagnosis (14) 46 (22- 69) 7/7 5/14 1/14 4.5 (1- 20) 0.5 (0.1- 8.4)

Control group (16) 35 (26- 62) 10/6 NA 11/16 NA 1.5 (0.1- 6.7)

Abbreviations: CRP, C- reactive protein; F, females; IL- 22, interleukin- 22; M, males; NA, not applicable.

F I G U R E  1   Serum interleukin- 22 (IL- 22) 
levels in study participants; AxSpA, axial 
spondyloarthritis

TA B L E  2   Diagnostic performance of serum interleukin- 22 assay for the diagnosis of axial spondyloarthritis in patients with back pain 
(cut- off value of 5 pg/mL)

Sensitivity Specificity Positive predictive value Negative predictive value

Value
95% confidence interval

68%
0.49%- 0.84%

86%
0.68%- 0.95%

5.52
1.48- 20.64

0.35
0.20- 0.63
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of an experienced rheumatologist is considered a diagnostic refer-
ence standard.1 Practically, the diagnosis of AxSpA is based on the 
collection of positive anamnestic, physical, laboratory, and imaging 
data, weighed against possible alternative explanations for the exist-
ing findings. The decision is difficult in many cases, for a variety of 
reasons, including that an inflammatory component persists in many 
patients with chronic orthopedic back pain; CRP levels are elevated 
in many patients with excessive weight; and magnetic resonance im-
aging findings of inflammatory sacroiliitis are non- specific. In this sit-
uation, the addition of another disease marker, such as serum IL- 22, 
can be of practical utility. The absence of correlation between serum 
levels of IL- 22 and CRP is of importance in this setting, signifying the 
independence of IL- 22 as a disease marker.

Produced by T helper type 1, type 17, and type 22 cells, type 
3 ILC3 cells, and several other immune cell types, IL- 22 has been 
shown to be an integral part of the mechanisms of some immune- 
mediated diseases and is probably a marker of the osteogenic dif-
ferentiation of mesenchymal stem cells and new bone formation in 
AS.13- 15 Because of its broad involvement in the pathogenesis of var-
ious autoimmune and inflammatory disorders, serum IL- 22 cannot 
differentiate between AxSpA and rheumatoid arthritis, or another 
inflammatory disorder.12 However, its place in the differentiation of 
an inflammatory disease, such as AxSpA, from its non- inflammatory 
mimickers can be compelling. This report is a first effort to appre-
ciate this potential diagnostic role of serum IL- 22 in this setting. 
Two previous reports, which compared serum levels of IL- 22 in 32 
and 36 AS patients, respectively, with healthy individuals or per-
sons with osteoarthritis, found that serum IL- 22 was higher in the 
patients with AS, statistically or, at least, numerically.12,16 Another 
study examined serum IL- 22 levels in 75 young patients with in-
flammatory chronic low back pain from the SpondyloArthritis- 
Caught- Early (SPACE) cohort and did not find a difference between 
those who fulfilled or not the ASAS 2009 classification criteria for 
AxSpA; however, the authors did not report whether IL- 22 levels 
differed between those with or without AxSpA, as judged by expert 
rheumatologists.17

Individuals enrolled in the present retrospective study were 
consecutive patients who were diagnosed with possible or definite 
AxSpA, visiting the rheumatology outpatient clinic and day- care 
clinic in a single medical center. The majority of them have been 
followed with this diagnosis for several years and many have been 
treated with, or at least had a trial of, biologic therapies. Hence, the 
final clinical diagnosis in our study was based on long- lasting per-
sonal acquaintance with the patients, and not just on a one- time 
clinical impression.

However, along with its advantages of being a clinical real- life 
study, our research has its limitations, which include its retro-
spective design, the bias of a single- center experiment, relatively 
limited sample size, and obvious under- representation of pa-
tients with the non- radiographic form of AxSpA. Moreover, the 
suggested cut- off levels of serum IL- 22 are based on a single lab-
oratory and the same assay kit experience and cannot be recom-
mended as the absolute.

Nevertheless, the reported results are promising and warrant 
larger multicenter prospective study, further examining the diagnos-
tic utility of serum IL- 22 levels, as an independent test and in com-
bination with assays for HLA- B27 and CRP levels in patients with 
suspected AxSpA.
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Abstract
Background: B cells contribute significantly to the pathogenesis of primary Sjögren's 
syndrome (pSS). Free light chains (FLCs) are generated during the production of im-
munoglobulins (Igs) and are surrogates of B cell activity. We hypothesized that sali-
vary FLCs and salivary Igs could represent salivary gland inflammation and therefore, 
serve as biomarkers in pSS.
Methods: Patients >18 years old fulfilling the American College of Rheumatology 
/ European League Against Rheumatism (EULAR) 2016 criteria for pSS and age- 
matched healthy and disease controls (sicca non- pSS, rheumatoid arthritis, systemic 
lupus erythematosus) were recruited for this cross- sectional study. FLCs in saliva and 
serum were measured by immunoturbidimetry. Serum and salivary Igs were meas-
ured by nephelometry and enzyme- linked immunosorbent assay, respectively. Area 
under the receiver operator characteristic curve was determined. The factors influ-
encing the serum and salivary FLCs in pSS were determined using backward linear 
regression.
Results: A total of 78 patients with pSS, 76 healthy controls and 62 disease controls 
were recruited. Median EULAR SS disease activity index (interquartile range) was 
1 (3.75). Serum FLCκ and FLCλ, salivary FLCλ, serum and salivary IgG, salivary IgM 
was significantly higher in the pSS group compared to the controls. Areas under the 
curve for salivary FLCλ, serum FLCκ, serum and salivary IgG were 0.75, 0.72, 0.78 
and 0.77, respectively. Regression analysis showed that salivary FLCκ, salivary FLCλ 
and salivary IgG were associated with positive salivary gland histopathology. Use of 
immunosuppressants and glucocorticoids was associated with lower values of sali-
vary parameters.
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1  | INTRODUC TION

Primary Sjögren's syndrome (pSS) is an autoimmune disease. The 
disease is characterized by dysfunction of exocrine glands clini-
cally manifesting as sicca symptoms. The hallmark of the disease 
is lymphocytic infiltration of the exocrine glands.1 pSS is believed 
to be prevalent and potentially underdiagnosed and misdiagnosed 
even in tertiary care centers.2,3 It is now increasingly being recog-
nized that rather than merely a disease of dryness, pSS is a systemic 
disease with extraglandular involvement in close to 50%- 60% of 
patients.4,5 There is therefore an unmet need for cost- effective, sen-
sitive biomarkers that could aid in diagnosis as well as prognosis. In 
the absence of a clear- cut constellation of symptoms and diagnostic 
criteria, most physicians depend on classification criteria for the di-
agnosis. The American College of Rheumatology/European League 
Against Rheumatism (ACR/EULAR) 2016 criteria mandates positive 
antibodies or biopsy in a patient with sicca symptoms.6 Additionally, 
ophthalmological consultation for ocular staining score is required if 
Schirmer's test is negative. In the absence of sicca symptoms, both 
antibodies and histopathology are necessary in a patient with any 
EULAR SS disease activity index (ESSDAI) domain involvement for 
fulfilling the criteria. Confirming the diagnosis of pSS is therefore 
time- consuming, expensive and requires invasive procedures in 
many instances.

B cells are one of the key players in the pathogenesis of pSS. 
Lymphoid and germinal center formation in the salivary gland, pres-
ence of autoantibodies and increased globulins in serum are surro-
gates of B cell activity.7- 9 Free light chains (FLCs) namely FLC kappa 
(FLCκ) and FLC lambda (FLCλ) are byproducts of immunoglobulin (Ig) 
production and hence sensitive markers for B cell activity.10 Serum 
FLCs have been found to be elevated in autoimmune diseases in-
cluding pSS.10 In patients with pSS, elevated serum FLCs have been 
associated with extraglandular features.11,12 We hypothesized that 
since the disease pathogenesis in the salivary gland is modulated by 
B cells, salivary FLCs and salivary Igs could reflect the pathophysi-
ology of disease. Establishing salivary biomarkers could also poten-
tially enable non- invasive testing/screening in patients. Our pilot 
study with a limited number of samples suggested that testing for 
salivary FLCs in pSS could be useful.13

The present study was conceived in an attempt to take this ob-
servation forward and evaluate salivary FLCs and salivary Igs as a 
diagnostic and prognostic biomarker in pSS. In clinical practice, pa-
tients with sicca symptoms and nonspecific chronic sialadenitis are 
the closest differentials for pSS patients presenting with glandular 

disease. In those presenting with extraglandular disease, pSS needs 
to be differentiated from other autoimmune diseases such as sys-
temic lupus erythematosus (SLE) and rheumatoid arthritis (RA). 
Hence, we have included 3 sets of disease controls, namely sicca 
non- pSS, RA and SLE in addition to healthy controls.

2  | MATERIAL S AND METHODS

2.1 | Recruitment of cases and controls

This cross- sectional study was performed at the Department 
of Clinical Immunology and Rheumatology, CMC Vellore, India 
from August 2015 to December 2019 and was approved by the 
Institutional Review Board (IRB Min No 9420 dated 29.04.2015).

2.1.1 | Inclusion criteria

(i)  Cases: patients aged >18 years with symptoms suggestive of pSS 
and had been evaluated for pSS were invited to participate in the 
study.
Consecutive patients fulfilling the ACR/EULAR 2016 classifica-

tion criteria for pSS were recruited into the study as cases.

(i)  Disease controls: 3 sets of disease controls were recruited as 
listed below
a. sicca non- SS: Patients with symptoms suggestive of SS, but 

minimal or no inflammation on minor salivary gland biopsy and 
negative for the following tests: antinuclear antibody (ANA) 
by immunofluorescence, rheumatoid factor (RF), anti- SSA (an-
ti- Ro) antibody and anti- SSB (anti- La) antibody

b. RA patients satisfying the 1987 ACR classification criteria14

c. SLE patients satisfying the 1982 revised classification criteria15
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Conclusion: Salivary FLCλ and salivary IgG were significantly different between pSS 
and control groups and could be potential non- invasive biomarkers in pSS. These find-
ings should be confirmed in larger longitudinal studies.

K E Y W O R D S

B cells, biomarker, free light chain, immunoglobulin, saliva, Sjögren's syndrome

Key points

• Salivary immune markers FLCλ and salivary IgG are po-
tential biomarkers for pSS.

• Salivary FLCs and salivary IgG showed correlation with 
positive histopathology in pSS.

• No correlation between salivary markers and ESSDAI.
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(ii) Healthy controls were recruited from among consenting hospital 
staff and apparently healthy non- first degree relatives of rheu-
matology patients. Those with hypertension, cardiovascular dis-
ease, osteoarthritis and well- controlled diabetes mellitus were 
not excluded.

2.1.2 | Exclusion criteria

Standard exclusion as per the criteria for cases and disease controls 
were applied. Specifically, individuals with the following conditions 
were excluded from the study: infection with hepatitis C, hepatitis B or 
human immunodeficiency virus, uncontrolled diabetes mellitus, renal 
failure, malignant diseases, recent (previous 1 month) or ongoing acute 
infection or chronic infection, post- head and neck radiation treatment, 
use of anticholinergic drugs, facial paralysis, smokers, tobacco, paan 
(preparation consisting of betel leaf, areca nut and tobacco) and alcohol 
consumption (regular alcohol consumption was excluded but not social 
drinking), poor dental hygiene (oral infections and ulcerations, multiple 
carious teeth, gingivitis, periodontitis and oral candidiasis). In cases, 
those with concurrent connective tissue disorders were excluded.

All qualifying individuals were recruited after obtaining informed 
consent. Baseline demography and detailed history including drug 
history and history of recent infections were obtained for cases 
and controls. The clinical assessment and lab parameters were per-
formed as detailed below.

Clinical parameters: basic demographics including age, disease du-
ration, sicca symptoms, ocular sicca signs and extraglandular features.

Lab parameters: ANA, RF, anti- SSA and anti- SSB antibodies, 
complements and total globulins.

Salivary gland histopathology: minor salivary gland biopsy is part 
of routine diagnostic work- up for evaluation of pSS at our center.

ESSDAI scoring was done to assess disease activity.16

2.1.3 | Sample size calculation

Sample size was calculated based on: (a) receiver operating char-
acteristic (ROC) curve; and (b) sensitivity and specificity values ob-
tained from the pilot study on salivary FLCs in pSS.13 An expected 
75% sensitivity and 75% specificity were taken for sample size cal-
culation. Sample size of 75 cases (pSS) and 75 healthy controls each 
were estimated for 10% precision and 95% CI.

3  | METHODS

3.1 | Collection of samples

A total of 1- 3 mL of saliva was collected in the morning (8 am to 2 pm) 
by spitting into sterile tubes. Spitting method of saliva collection for 
measuring salivary cytokines in pSS has been previously used.17,18 
This method has also been successfully used by Kaplan et al for 

measuring salivary FLC in multiple sclerosis.19 Participants were in-
formed to refrain from eating, drinking, chewing gum or oral hygiene 
procedures for at least 1 hour before collection of saliva. The col-
lected saliva was processed by centrifugation at 1500 g for 15 min-
utes and immediately frozen at −80°C, until assayed. Concurrent 
blood samples (5 mL) were also obtained from both cases and con-
trols, which was allowed to clot for 2 hours and then centrifuged at 
492 g for 20 minutes. The serum was separated and stored at −80°C 
until assays were performed.

3.2 | Measurement of serum and salivary analytes

FLC levels were assayed by immunoturbidimetry using FREELITE™ 
Human FLCκ and FLCλ Free Kit (Binding site) on a Roche Modular 
P800 chemistry analyzer. IgG, IgM and IgA in serum were meas-
ured by nephelometry using specific assay kits (MININEPH System, 
Binding site). IgG, IgM and IgA in saliva were measured by enzyme- 
linked immunosorbent assay method using commercially available 
assay kits (Cat. No. E80- 104, Cat. No. E80- 100, and Cat. No. E80- 
102 respectively; Bethyl Laboratories).

3.3 | Statistical analysis

Continuous data were presented as mean and SD or median along 
with interquartile range (IQR) depending on the normality of distri-
bution. Normality was assessed using p- p plots and Kolmogorov– 
Smirnov (KS) test. The skewed data were transformed to achieve 
normality. Statistical significance for data was calculated by analy-
sis of variance and the pairwise corrections were presented using 
Bonferroni adjustments. The strength of association of clinical and 
laboratory parameters with serum and salivary FLCs and Igs was 
explored using Spearman correlation coefficient. Correlations of 
nonparametric data were analyzed using Spearman's rank- order cor-
relation test. The receiver operator characteristic (ROC) curve was 
constructed to find the discriminating ability of salivary and serum 
FLCs and immunoglobulins. Diagnostic accuracies were presented 
along with the curve. Optimal cut off for sensitivity and specificity 
was determined using Youden index and classification rates. The fac-
tors influencing the serum and salivary FLCs and Igs in pSS were de-
termined using backward linear regression methods. Analyses were 
performed using STATA/IC 13.1 (StataCorp LP).

4  | RESULTS

The study recruited a total of 78 patients with pSS, 76 healthy con-
trols and 62 disease controls. Women constituted 94.9%, 97.3% and 
88.7% of pSS, healthy controls and disease controls, respectively. 
Disease controls consisted of 26 patients with RA, 14 sicca non- pSS 
and 22 lupus patients, respectively. Mean age (SD) of pSS, healthy 
controls and disease controls were 42.8 (10.9) years, 43.7 (7.6) years 
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and 43.9 (10.1) years, respectively. The difference between the 
groups was not statistically significant. Median (IQR) disease dura-
tion (in months) of patients with RA, lupus and sicca controls was 
72 (69), 52 (63) and 48 (50.25), respectively. Of the 26 patients with 
RA, with the exception of 5 who were on 2 disease- modifying anti- 
rheumatic drugs (DMARDs), all the others were on triple DMARDs. 
Nine patients with RA were on glucocorticoids (prednisolone up to 
15 mg/d). Of 22 patients with lupus, 12 were on glucocorticoids 
(prednisolone >5 mg/d). Seventeen were on hydroxychloroquine, 11 
were on mycophenolate and 1 patient was on cyclophosphamide.

Clinical and lab characteristics of 78 patients with pSS are given 
in Table 1. Only 26 out of 78 (33.3%) pSS patients were treatment 
naïve. Median (IQR) of ESSDAI was 1 (3.75). Frequency of ESSDAI 
domains are depicted in Figure 1. All the 14 patients with cutane-
ous involvement had vasculitis. One patient had severe disease with 
cryoglobulinemic vasculitis and gangrene. Of the 21 patients with 
renal involvement, 14 had renal tubular acidosis, glomerular pathol-
ogy was documented in 3 patients and 1 patient had renal failure and 
chronic interstitial nephritis. Interstitial lung disease was seen in 2 
patients. None of the patients had lymphoma.

Salivary and serum FLCs and Ig levels were compared between 
the cases and controls and are depicted in Table 2 and Figure S1. 
Serum FLCκ, serum FLCλ, salivary FLCλ, serum IgG, salivary IgG and 
salivary IgM were found to be elevated in patients with pSS as com-
pared to both healthy and disease controls. Median (IQR) of salivary 
κ/λ ratio in pSS, healthy and disease controls were 1.2 (1.08), 1.87 
(1.18) and 1.83 (1.3), respectively. Median values of salivary κ/λ were 
significantly lower in pSS as compared to healthy controls and disease 
controls (P < .0001). Median (IQR) of serum κ/λ ratio in pSS, healthy 
and disease controls were 1.32 (0.5), 1.13 (0.68) and 1.31 (0.63), re-
spectively and the difference was not statistically significant.

The ROC curve was plotted for salivary and serum FLC and Igs 
and are depicted in Figure 2. For the ease of interpreting the plots, 
the disease and healthy controls were combined as a single control 
group. Optimal cut offs, sensitivity, specificity, positive and nega-
tive likelihood ratio are depicted in Table 3. Based on these cut offs, 
in pSS, salivary FLCκ, salivary FLCλ, serum FLCκ, serum FLCλ were 
positive in 44 (56.41%), 52 (66.67%), 53 (67.95%) and 47 (60.26%), 
respectively. In pSS, salivary IgG and serum IgG were positive in 55 
(70.51%) and 56 (71.79%), respectively.

4.1 | Correlation of FLCs and Igs with clinical 
features and disease activity in pSS

Salivary FLCκ positively correlated with dry mouth (P = .023) and a 
trend toward positive correlation with dry eyes was seen, but was 
not significant (P = .057). None of the other parameters, namely 
serum FLCκ, salivary and serum FLCλ and Igs, showed any significant 
correlation with sicca symptoms. Similarly no parameter correlated 
with Schirmer's test positivity. Additionally, none of the salivary or 
serum parameters evaluated correlated significantly with disease 
duration.

Weak positive correlation was seen between serum FLCκ 
(Spearman's correlation coefficient [rs = .35, P = .002]) and serum 
FLCλ (rs = .25, P = .03) with ESSDAI. As expected, serum IgG had the 
highest positive correlation (rs = .49, P = <.0001) with ESSDAI. None 
of the salivary markers (FLCs, Igs) showed a significant correlation 
with ESSDAI.

Those with anti- SSA and anti- SSB antibody positivity had a sig-
nificantly higher levels of serum FLCκ (P = .007, P = .003), serum 
FLCλ (P = .006, P = .045) and serum IgG (P = .006, .005), respec-
tively. Similar correlations with other serum Igs and salivary parame-
ters (FLC, Igs) were not observed.

To identify the predictor variables of serum and salivary FLC 
and IgG, multivariate linear regression analysis of the pSS group was 
done and the results are presented in Table 4. We have included clin-
ical domains of ESSDAI in the regression analysis. Biological domain 
and total ESSDAI have been removed from the analysis as FLCs are 
strongly correlated with biological domain in ESSDAI.

5  | DISCUSSION

The FLCs, FLCκ and FLCλ, have been studied previously in the con-
text of myeloma and autoimmunity and have been suggested to 

TA B L E  1   Clinical features, disease activity and immunological 
profile of pSS patients

Parameter N = 78

Oral symptoms 69 (88.5)

Ocular symptoms 66 (84.6)

Schirmer positivity 63/75 (84)

Anti- SSA positivity 63/76 (82.9)

Anti- SSB positivity 44/76 (57.9)

Positive minor salivary gland histopathology 70/74 (94.6)

Median duration in months (IQR) 48 (75.3)a

ESSDAI

<5 62 (79.5)

5- 13 14 (17.9)

>13 2 (2.6)

Treatment

HCQ 48 (61.5)

MTX/SSZ/DDS 23 (29.5)

Glucocorticoids 18 (23.1)

MMF/Cyclo/Aza 10 (12.8)

Prior RTX 5 (6.4)

Note: Criteria features evaluated at time of diagnosis of pSS. The 
numbers in parentheses represent percentage with the exception of a.
Abbreviations: Aza, azathioprine; Cyclo, cyclophosphamide; DDS, 
dapsone; ESSDAI, European League Against Rheumatism SS disease 
activity index; HCQ, hydroxychloroquine; IQR, interquartile range; 
MMF, mycophenolate mofetil; MTX, methotrexate; RTX, rituximab; pSS, 
primary Sjögren’s syndrome; SSZ, sulfasalazine.
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be markers for B cell function. Previous studies have shown that 
serum FLCκ and FLCλ are elevated in pSS and also correlate with 
extraglandular features and ESSDAI.11,12,20 A pilot study from our 
group suggested that salivary FLCs are elevated in pSS and could 
serve as a biomarker.13 The present study extends these findings on 
a larger sample set, in addition to analyzing salivary Igs. In our study, 
among the salivary parameters, salivary FLCλ, salivary IgG and to 
some extent salivary IgM were significantly elevated in pSS as com-
pared to controls. The higher prevalence of serum and salivary FLCs 
in this study as compared to previous studies could be due to high 
anti- SSA positivity in this cohort.11,12 Healthy controls had a higher 
percentage of positivity of both saliva and serum FLCs and Igs than 
expected. Similar to the observations of an Indian study, the serum 
values in healthy controls in our study was higher compared to pre-
vious studies on Caucasian populations and the range given by the 
manufacturer.21,22 The reason for this difference is unclear but sub-
clinical oral infection could be a plausible hypothesis.

Salivary FLCλ and salivary IgG had AUCs of 0.75 and 0.77, re-
spectively in the present study. In comparison, serum FLCκ and 
serum FLCλ had lower AUCs. Salivary IgG had an AUC comparable 

to that of serum IgG. The regression analysis suggests that minor 
salivary gland biopsy positivity was predictive of salivary FLCκ, sal-
ivary FLCλ and salivary IgG but not the respective serum values. 
While a higher AUC would be expected of a standalone diagnostic 
biomarker, salivary parameters could be a potential replacement for 
histopathology in the classification criteria.

Consistent with previous studies, we found a better correlation 
of ESSDAI with serum FLCκ as compared to FLCλ.11,12,23 However, 
analysis did not show any correlation between salivary markers and 
ESSDAI. In the regression analysis, oral sicca was associated with 
high salivary FLCκ. Similarly, cutaneous disease was associated with 
high salivary FLCλ and salivary IgG. All patients with cutaneous dis-
ease in this study had vasculitis and hence higher salivary FLC and 
IgG was associated with a severe disease phenotype. Glucocorticoid 
use was associated with lower salivary FLCλ and salivary IgG. Other 
immunosuppressant use was also associated with lower salivary IgG. 
This suggests that salivary markers could be sensitive to change fol-
lowing therapy.

It is noteworthy that salivary FLCλ had more discriminatory abil-
ity than salivary FLCκ in diagnosis of pSS, as reported by us in the 

F I G U R E  1   Frequency of ESSDAI 
domains. CNS, central nervous system; 
ESSDAI, European League Against 
Rheumatism Sjögren’s syndrome disease 
activity index; PNS, peripheral nervous 
system

TA B L E  2   Comparison of salivary and serum FLCs and Igs between pSS and controls

Parameter pSS, n = 78 HC, n = 76 DC, n = 62 P value (pSS vs HC) P value (pSS vs DC)

Sa FLCκ, mg/L, median (IQR) 3.9 (4.0) 3.29 (2.9) 3.06 (2.2) .17 .007

Sa FLCλ, mg/L, median (IQR) 3.5 (2.25) 1.98 (1.5) 1.63 (2.03) <.0001 <.0001

Se FLCκ, mg/L, median (IQR) 45.6 (36.77) 29.15 (13.18) 29.7 (24.2) <.0001 .0002

Se FLCλ, mg/L, median (IQR) 36.6 (37.07) 19.89 (23.24) 24.5 (26.8) <.0001 .021

Sa IgG, mg/dL, median (IQR) 4.67 (4.1) 1.93 (2.41) 1.69 (2.38) <.0001 <.0001

Sa IgA, mg/dL, median (IQR) 15.87 (19.21) 15.23 (12.57) 16.59 (11.5) >.99 >.99

Sa IgM, mg/dL, median (IQR) 1.19 (1.62) 0.55 (0.85) 0.79 (1.45) .002 .013

Se IgG, g/L, median (IQR) 19.04 (8.79) 14.43 (4.3) 13 (5.29) <.0001 <.0001

Se IgA, g/L, median (IQR) 2.72 (1.24) 2.55 (1.3) 2.71 (1.61) .06 .92

Se IgM, g/L, median (IQR) 0.97 (1.1) 1.36 (0.96) 1.05 (0.85) .05 .94

Note: The FLCs were log transformed for normality and analysis of variance with Bonferroni adjustment was used to present the P values.
Abbreviations: DC, disease controls; FLC, free light chain; HC, healthy controls; Igs, immunoglobulins; IQR, interquartile range; pSS, primary Sjögren’s 
syndrome; Sa, saliva; Se, serum; Κ, kappa; λ, lambda.
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pilot study as well.13 However, in case of serum, FLCκ fares better as 
compared to FLCλ. This serum FLCκ bias in pSS has been reported in 
prior studies as well.11,12,23 Preferential variable light chain usage of 
lambda and kappa chains have been reported in salivary glands and 
peripheral blood of patients with pSS implicating an antigen- driven 
B cell response in pSS. Although initial studies24- 26 suggested pref-
erential usage of specific variable light chain λ, this was not subse-
quently substantiated.27- 29

Saliva is a unique body fluid for biomarker studies due to the fact 
that collection and processing is easier. However, saliva is more likely 
to be affected than blood by local pathology such as oral hygiene 
and infections. The choice of the method of collection of saliva in the 
present study, in light of other more sophisticated approaches for 
collecting saliva available was centered around our aim to devise a 
non- invasive and practical test that could be used in out- patient set-
tings with minimal infrastructural requirements. Similar approaches 
have been recently utilized by Kaplan et al.19

In pSS, saliva is more likely to reflect the pathology in salivary 
glands. While mucosal pathologies are more likely to influence IgA, 
which is the most common salivary Ig, it is noteworthy that salivary 
IgA levels were not found to be different in the different groups in the 

present analysis. Elevated salivary IgM and salivary IgG were found to 
be elevated in this study, consistent with previous observations.30,31 
Salivary IgG in healthy controls is derived mainly from blood via pas-
sive diffusion through gingival crevices, although local production 
can also occur.32 In contrast, pSS patients had greater numbers of IgG 
producing plasma cells and fewer IgA producing plasma cells in minor 
salivary glands as compared to non- SS.33 Salivary IgM is also relevant 
in pSS as they are also shown to be produced from salivary gland 
mucosa- associated lymphoid tissue lymphomas occurring in pSS.34

Recently, salivary FLC has also found utility as a prognostic 
marker in multiple sclerosis.19 None of the patients in the present 
study had multiple sclerosis- like presentation or central nervous sys-
tem involvement. Notably, the authors have used western blot that 
permitted quantification of monomers and dimers of FLCκ and FLCλ 
which could be an improvement over the freelite assay. Whether 
this technique could improve the diagnostic and prognostic value 
of salivary FLC in pSS needs to be explored further. Currently, there 
are no data regarding formation of dimer and polymers of FLCs in 
pSS and whether they contribute to disease pathogenesis.

The study is not without limitations. The pSS patients in this study 
had high anti- SSA positivity and glandular enlargement was seen only 

F I G U R E  2   Receiver operating characteristic (ROC) curves of saliva and serum (A) FLC & (B) immunoglobulins. For calculation of the ROC 
curve, the disease and healthy controls were combined as a single group. Sa, salivary; Se, serum; FLC, free light chain; Κ, kappa; λ, lambda

TA B L E  3   Diagnostic accuracies of FLCs and Igs assays

AUC (95% CI) Optimal cutoff Sensitivity Specificity Correctly classified LR+ LR−

Sa FLCκ, mg/L 0.59 (0.51- 0.67) ≥3.7 56.41% 60.87% 59.26% 1.44 0.72

Sa FLCλ, mg/L 0.74 (0.67- 0.81) ≥2.75 66.67% 74.64% 71.76% 2.63 0.45

Se FLCκ, mg/L 0.72 (0.65- 0.79) ≥35 67.95% 67.39% 67.59% 2.08 0.48

Se FLCλ, mg/L 0.67 (0.59- 0.74) ≥30 60.26% 60.87% 60.65% 1.54 0.65

Sa IgM, mg/dL 0.63 (0.56- 0.71) ≥1.01 56.41% 66.67% 62.96% 1.69 0.65

Sa IgG, mg/dL 0.77 (0.70- 0.84) ≥3 70.51% 73.19% 72.22% 2.63 0.40

Se IgG, g/L 0.77 (0.71- 0.84) ≥16.32 71.79% 70.07% 70.70% 2.4 0.40

Note: For calculation of diagnostic accuracies, the disease and healthy controls were combined as a single group.
Abbreviations: LR, likelihood ratio; FLC, free light chain; Immunoglobulins; Sa, saliva; Se, serum; Κ, kappa; λ, lambda.
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in 9%. This may not be the ideal pSS cohort while screening for a 
biomarker and hence results may not be generalizable. To assess cor-
relation of salivary FLC and Ig assays with histopathology, focus scor-
ing rather than mere biopsy positivity would have been ideal. This is 
relevant as utility of biopsy is not limited to diagnosis alone and focus 
scoring has prognostic value. We could not match the pSS group and 
disease controls with respect to treatment received which is another 
practical limitation. In the pSS group, 33.3% were treatment naïve, 
in contrast the RA and lupus groups where all were on treatment at 
the time of recruitment. This was primarily due to the fact that RA 
and lupus are well recognized entities and treated at peripheral hos-
pitals prior to referral. Large prospective studies in treatment naïve 
patients at point of diagnosis as well as longitudinal follow up of pa-
tients while on therapy are required to better understand the role of 
these analytes. Utility of these biomarkers also needs to be assessed 
in anti- Ro negative patients and those with milder disease.

In conclusion, the present study suggests that salivary FLCλ 
and salivary IgG have the potential to function as biomarkers in 
pSS. Salivary FLCs and salivary IgG showed correlation with posi-
tive histopathology which suggests that this could potentially be 
a replacement for minor salivary gland biopsy in the ACR/EULAR 
classification criteria. Unlike correlation between ESSDAI and serum 
FLC, no correlation was seen between salivary markers and ESSDAI. 
Lower levels of salivary FLC and salivary IgG with glucocorticoids 
and/or immunosuppressants suggest that these biomarkers are sen-
sitive to change with therapy.

ACKNOWLEDG EMENTS
The authors acknowledge Dr Tarun K George and Mr Karthi B for 
assistance in recruiting patients and collecting samples, respectively.

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

AUTHOR CONTRIBUTIONS
PS and JK designed the study; PS, SKM, RJ and PPC recruited pa-
tients and contributed to clinical care; JK, PC and RA processed sam-
ples and performed experiments; GM and MPG analyzed the data; 
PS drafted the manuscript. DD is the senior author who provided 
overall guidance. All authors read and accepted the final version of 
the manuscript.

ORCID
Pulukool Sandhya  https://orcid.org/0000-0001-9513-4535 
Jayakanthan Kabeerdoss  https://orcid.org/0000-0002-7852-6657 
Ramya Janardana  https://orcid.org/0000-0002-4904-1511 
Debashish Danda  https://orcid.org/0000-0002-2121-0942 

R E FE R E N C E S
 1. Fox RI. Sjögren’s syndrome. Lancet. 2005;366:321- 331. 

doi:10.1016/S0140 - 6736(05)66990 - 5
 2. Rasmussen A, Radfar L, Lewis D, et al. Previous diagnosis of 

Sjögren’s Syndrome as rheumatoid arthritis or systemic lupus 

erythematosus. Rheumatology. 2016;55:1195- 1201. doi:10.1093/
rheum atolo gy/kew023

 3. Sandhya P, Janardana R, Sudarsanam T, et al. Determinants of di-
agnosis and disease course in primary Sjögren’s syndrome: results 
from datamining of electronic health records. Int J Rheum Dis. 
2019;22:1768- 1774. doi:10.1111/1756- 185X.13641

 4. Fox RI. Extraglandular manifestations of Sjögren’s syndrome (SS): 
dermatologic, arthritic, endocrine, pulmonary, cardiovascular, 
gastroenterology, renal, urology, and gynecologic manifestations. 
Fox RI, Fox CM (Eds.), Sjögren’s Syndrome. New York: Springer; 
2011:285- 316. doi:10.1007/978- 1- 60327 - 957- 4_17

 5. Ramos- Casals M, Solans R, Rosas J, et al. Primary Sjögren syn-
drome in Spain: clinical and immunologic expression in 1010 pa-
tients. Medicine. 2008;87:210- 219. doi:10.1097/MD.0b013 e3181 
81e6af

 6. Shiboski CH, Shiboski SC, Seror R, et al. 2016 American College 
of Rheumatology/European League Against Rheumatism classi-
fication criteria for primary Sjögren’s syndrome: a consensus and 
data- driven methodology involving three international patient 
cohorts. Ann Rheum Dis. 2017;76:9- 16. doi:10.1136/annrh eumdi 
s- 2016- 210571

 7. Martel C, Gondran G, Launay D, et al. Active immunological pro-
file is associated with systemic Sjögren’s syndrome. J Clin Immunol. 
2011;31:840- 847. doi:10.1007/s1087 5- 011- 9553- 3

 8. Theander E, Vasaitis L, Baecklund E, et al. Lymphoid organisation in 
labial salivary gland biopsies is a possible predictor for the develop-
ment of malignant lymphoma in primary Sjögren’s syndrome. Ann 
Rheum Dis. 2011;70:1363- 1368. doi:10.1136/ard.2010.144782

 9. Brito- Zeron P, Ramos- Casals M, Bove A, et al. Predicting adverse 
outcomes in primary Sjogren’s syndrome: identification of prognos-
tic factors. Rheumatology. 2007;46:1359- 1362. doi:10.1093/rheum 
atolo gy/kem079

 10. Napodano C, Pocino K, Rigante D, et al. Free light chains and au-
toimmunity. Autoimmun Rev. 2019;18:484- 492. doi:10.1016/j.
autrev.2019.03.003

 11. Gottenberg J- E, Seror R, Miceli- Richard C, et al. Serum levels of 
beta2- microglobulin and free light chains of immunoglobulins are 
associated with systemic disease activity in primary Sjögren’s syn-
drome. Data at enrollment in the prospective ASSESS cohort. PLoS 
One. 2013;8(5):e59868. doi:10.1371/journ al.pone.0059868

 12. Verstappen GM, Moerman RV, van Nimwegen JF, et al. Serum im-
munoglobulin free light chains are sensitive biomarkers for moni-
toring disease activity and treatment response in primary Sjögren’s 
syndrome. Rheumatology. 2018;57:1812- 1821. doi:10.1093/rheum 
atolo gy/key180

 13. Sandhya P, Christudoss P, Kabeerdoss J, et al. Diagnostic accuracy 
of salivary and serum- free light chain assays in primary Sjögren’s 
syndrome: a pilot study. Int J Rheum Dis. 2017;20:760- 766. 
doi:10.1111/1756- 185X.12965

 14. Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism 
Association 1987 revised criteria for the classification of rheu-
matoid arthritis. Arthritis Rheum. 1988;31:315- 324. doi:10.1002/
art.17803 10302

 15. Tan EM, Cohen AS, Fries JF, et al. The 1982 revised criteria for the 
classification of systemic lupus erythematosus. Arthritis Rheum. 
1982;25:1271- 1277. doi:10.1002/art.17802 51101

 16. Seror R, Bowman SJ, Brito- Zeron P, et al. EULAR Sjögren’s syn-
drome disease activity index (ESSDAI): a user guide. RMD Open. 
2015;1:e000022. doi:10.1136/rmdop en- 2014- 000022

 17. Mandal SK, Sandhya P, Kabeerdoss J, et al. CXCL13 levels in serum 
but not in saliva are elevated in Asian Indian patients with primary 
Sjögren’s syndrome. Rheumatol Int. 2018;38:831- 836. doi:10.1007/
s0029 6- 018- 4006- 4

 18. Kabeerdoss J, Sandhya P, Mandal SK, et al. High salivary soluble 
L- selectin and interleukin- 7 levels in Asian Indian patients with 

https://orcid.org/0000-0001-9513-4535
https://orcid.org/0000-0001-9513-4535
https://orcid.org/0000-0002-7852-6657
https://orcid.org/0000-0002-7852-6657
https://orcid.org/0000-0002-4904-1511
https://orcid.org/0000-0002-4904-1511
https://orcid.org/0000-0002-2121-0942
https://orcid.org/0000-0002-2121-0942
https://doi.org/10.1016/S0140-6736(05)66990-5
https://doi.org/10.1093/rheumatology/kew023
https://doi.org/10.1093/rheumatology/kew023
https://doi.org/10.1111/1756-185X.13641
https://doi.org/10.1007/978-1-60327-957-4_17
https://doi.org/10.1097/MD.0b013e318181e6af
https://doi.org/10.1097/MD.0b013e318181e6af
https://doi.org/10.1136/annrheumdis-2016-210571
https://doi.org/10.1136/annrheumdis-2016-210571
https://doi.org/10.1007/s10875-011-9553-3
https://doi.org/10.1136/ard.2010.144782
https://doi.org/10.1093/rheumatology/kem079
https://doi.org/10.1093/rheumatology/kem079
https://doi.org/10.1016/j.autrev.2019.03.003
https://doi.org/10.1016/j.autrev.2019.03.003
https://doi.org/10.1371/journal.pone.0059868
https://doi.org/10.1093/rheumatology/key180
https://doi.org/10.1093/rheumatology/key180
https://doi.org/10.1111/1756-185X.12965
https://doi.org/10.1002/art.1780310302
https://doi.org/10.1002/art.1780310302
https://doi.org/10.1002/art.1780251101
https://doi.org/10.1136/rmdopen-2014-000022
https://doi.org/10.1007/s00296-018-4006-4
https://doi.org/10.1007/s00296-018-4006-4


     |  69SANDHYA et Al.

primary Sjögren’s syndrome. Clin Rheumatol. 2016;35:3063- 3067. 
doi:10.1007/s1006 7- 016- 3406- 7

 19. Kaplan B, Golderman S, Ganelin- Cohen E, et al. Immunoglobulin 
free light chains in saliva: a potential marker for disease activity in 
multiple sclerosis. Clin Exp Immunol. 2018;192:7- 17. doi:10.1111/
cei.13086

 20. Gottenberg J- E, Aucouturier F, Goetz J, et al. Serum immunoglob-
ulin free light chain assessment in rheumatoid arthritis and primary 
Sjogren’s syndrome. Ann Rheum Dis. 2007;66:23- 27. doi:10.1136/
ard.2006.052159

 21. Katzmann JA, Clark RJ, Abraham RS, et al. Serum reference inter-
vals and diagnostic ranges for free kappa and free lambda immuno-
globulin light chains: relative sensitivity for detection of monoclonal 
light chains. Clin Chem. 2002;48:1437- 1444.

 22. Freelite reference intervals | Wikilite. https://www.wikil ite.com/
freel ite- refer ence- inter vals. Accessed 28 Oct 2020

 23. Nocturne G, Seror R, Fogel O, et al. CXCL13 and CCL11 serum levels 
and lymphoma and disease activity in primary Sjögren’s syndrome. 
Arthritis Rheumatol. 2015;67:3226- 3233. doi:10.1002/art.39315

 24. Elagib KE, Børretzen M, Thompson KM, Natvig JB. Light chain 
variable (VL) sequences of rheumatoid factors (RF) in patients 
with primary Sjögren’s syndrome (pSS): moderate contribution 
of somatic hypermutation. Scand J Immunol. 1999;50:492- 498. 
doi:10.1046/j.1365- 3083.1999.00624.x

 25. Stott DI, Hiepe F, Hummel M, et al. Antigen- driven clonal prolif-
eration of B cells within the target tissue of an autoimmune dis-
ease. The salivary glands of patients with Sjögren’s syndrome. J Clin 
Invest. 1998;102:938- 946. doi:10.1172/JCI3234

 26. Moutsopoulos HM, Steinberg AD, Fauci AS, et al. High incidence 
of free monoclonal lambda light chains in the sera of patients with 
Sjogren’s syndrome. J Immunol. 1983;130:2663- 2665.

 27. Jacobi AM, Hansen A, Kaufmann O, et al. Analysis of immunoglob-
ulin light chain rearrangements in the salivary gland and blood of 
a patient with Sjögren’s syndrome. Arthritis Res Ther. 2002;4:R4. 
doi:10.1186/ar423

 28. Dörner T, Lipsky PE. Immunoglobulin variable- region gene 
usage in systemic autoimmune diseases. Arthritis Rheum. 

2001;44:2715- 2727. doi:10.1002/1529- 0131(20011 
2)44:12<2715:AID- ART45 8>3.0.CO;2- L

 29. Foreman AL, Van de Water J, Gougeon M- L, Gershwin ME. B cells 
in autoimmune diseases: insights from analyses of immunoglob-
ulin variable (Ig V) gene usage. Autoimmun Rev. 2007;6:387- 401. 
doi:10.1016/j.autrev.2006.12.005

 30. Amor B, Kahan A. Lacrimal and salivary immunoglobulins in 
Sjögren’s syndrome. J Autoimmun. 1989;2:509- 513. doi:10.1016/0
896- 8411(89)90183 - 2

 31. Bianucci GF, Campana G, Maddali Bongi S, et al. Salivary immuno-
globulins in the diagnosis of primary Sjögren’s syndrome. Minerva 
Med. 1993;84:161- 170.

 32. Brandtzaeg P. Do salivary antibodies reliably reflect both muco-
sal and systemic immunity? Ann NY Acad Sci. 2007;1098:288- 311. 
doi:10.1196/annals.1384.012

 33. Talal N, Asofsky R, Lightbody P. Immunoglobulin synthesis by 
salivary gland lymphoid cells in Sjögren’s syndrome. J Clin Invest. 
1970;49:49- 54. doi:10.1172/JCI10 6221

 34. Martin T, Weber JC, Levallois H, et al. Salivary gland lymphomas 
in patients with Sjögren’s syndrome may frequently develop from 
rheumatoid factor B cells. Arthritis Rheum. 2000;43:908- 916. 
doi:10.1002/1529- 013(20000 4)43:4<908:AID- ANR24 >3.0.CO;2- K

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

How to cite this article: Sandhya P, Kabeerdoss J, Christudoss 
P, et al. Salivary free light chains and salivary immunoglobulins 
as potential non- invasive biomarkers in primary Sjögren's 
syndrome. Int J Rheum Dis. 2022;25:61– 69. https://doi.
org/10.1111/1756- 185X.14242

https://doi.org/10.1007/s10067-016-3406-7
https://doi.org/10.1111/cei.13086
https://doi.org/10.1111/cei.13086
https://doi.org/10.1136/ard.2006.052159
https://doi.org/10.1136/ard.2006.052159
https://www.wikilite.com/freelite-reference-intervals
https://www.wikilite.com/freelite-reference-intervals
https://doi.org/10.1002/art.39315
https://doi.org/10.1046/j.1365-3083.1999.00624.x
https://doi.org/10.1172/JCI3234
https://doi.org/10.1186/ar423
https://doi.org/10.1002/1529-0131(200112)44:12%3C2715:AID-ART458%3E3.0.CO;2-L
https://doi.org/10.1002/1529-0131(200112)44:12%3C2715:AID-ART458%3E3.0.CO;2-L
https://doi.org/10.1016/j.autrev.2006.12.005
https://doi.org/10.1016/0896-8411(89)90183-2
https://doi.org/10.1016/0896-8411(89)90183-2
https://doi.org/10.1196/annals.1384.012
https://doi.org/10.1172/JCI106221
https://doi.org/10.1002/1529-013(200004)43:4%3C908:AID-ANR24%3E3.0.CO;2-K
https://doi.org/10.1111/1756-185X.14242
https://doi.org/10.1111/1756-185X.14242


70  |     Int J Rheum Dis. 2022;25:70–75.wileyonlinelibrary.com/journal/apl

Received: 27 July 2021  |  Revised: 28 September 2021  |  Accepted: 7 November 2021

DOI: 10.1111/1756-185X.14245  

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

Anti- ribosomal P protein antibodies in patients with systemic 
lupus erythematosus is associated with hyperferritinemia

Yoshiyuki Arinuma1  |   Shunsei Hirohata1,2 |   Takuya Isayama3 |   Yasuhiro Hasegawa1 |   
Takumi Muramatsu1 |   Junichi Kondo1 |   Yoshiro Kanayama1 |   Kazuma Ino1 |   
Yu Matsueda1 |   Kenji Oku1 |   Kunihiro Yamaoka1

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

1Department of Rheumatology and 
Infectious Diseases, Kitasato University 
School of Medicine, Kanagawa, Japan
2Department of Rheumatology, Nobuhara 
Hospital, Hyogo, Japan
3Medical and Biological Laboratories CO., 
LTD., Tokyo, Japan

Correspondence
Yoshiyuki Arinuma, Department of 
Rheumatology and Infectious Diseases, 
Kitasato University School of Medicine, 
1- 15- 1 Kitasato, Minami- ku, Sagamihara, 
Kanagawa 252- 0374, Japan.
Email: y-arinuma@med.kitasato-u.ac.jp

Abstract
Aim: Anti- ribosomal P protein antibodies (anti- ribo P) have been reported as one of 
the specific autoantibodies in patients with systemic lupus erythematosus (SLE) and 
has been demonstrated to bind and activate macrophages in vitro. Clinically, hyper-
ferritinemia has been known to be a biomarker for macrophage activation. The aim 
of this study is to clarify the relationship of anti- ribo P and clinical characteristics and 
biomarkers including serum ferritin in patients with SLE.
Methods: Clinical parameters and laboratory data were measured in patients with 
active SLE (N = 127) in our university hospital. The risk factors affected by anti- ribo 
P were retrospectively calculated by logistic regression analysis, and the correlation 
of anti- ribo P and clinical factors was demonstrated.
Results: Anti- ribo P was significantly elevated in active SLE compared to non- SLE 
diseases (P < .0001). Sensitivity and the specificity of anti- ribo P in patients with SLE 
were 32.0% and 99.3%, respectively. Patients positive for anti- ribo P had the high-
est risk for elevated serum ferritin (odds ratio: 8.432). Accordingly, anti- ribo P posi-
tive patients had significantly elevated serum ferritin compared to negative patients 
(P = .024). A significant positive correlation was observed between the anti- ribo P 
titer and the serum ferritin level (r2 = .07, t = 5.22, P = .0081), but not serum inter-
leukin (IL)- 6 in SLE patients.
Conclusion: The presence of anti- ribo P is a risk factor for higher ferritin levels that is 
independent of systemic inflammation regulated by IL- 6. We speculate that anti- ribo 
P could be directly associated with macrophage activation leading to hyperferritine-
mia in patients with SLE.
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anti- ribosomal P protein antibody, autoantibody, ferritin, macrophage activation, systemic 
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1  | INTRODUC TION

Systemic lupus erythematosus (SLE) is mainly characterized by ac-
quired immune disorders, such as the presence of SLE- specific au-
toantibodies such as anti- double- stranded (ds)DNA antibodies 
(anti- dsDNA), anti- Smith antibodies (anti- Sm) which are included in 
recently revised classification criteria for SLE.1,2 Innate immune hyper-
sensitivity is another aspect of pathogenesis in SLE and can be a trig-
ger for SLE development involving hyperactivation of innate immune 
cells including macrophages, neutrophils, dendritic cells, basophils, 
and innate lymphoid cells.3 As one of the hyperactivation statuses of 
innate immunity, especially in macrophages, macrophage activation 
syndrome (MAS) can be involved in a variety of autoimmune diseases 
and MAS has been recognized as a severe complication in patients 
with SLE, and clinically, serum ferritin level is a characteristic of MAS 
surrogating the disease activity.4 Among a variety of autoantibodies 
found in patients with SLE, anti- ribosomal P protein antibodies (anti- 
ribo P) have been reported to be associated with the severe lupus 
phenotypes such as autoimmune hepatitis, type V lupus nephritis and 
neuropsychiatric SLE (NPSLE), especially diffuse psychiatric/neuro-
psychological syndromes (diffuse NPSLE).3- 5 However, previous meta- 
analysis demonstrated that serum anti- ribo P does not associate with 
specific manifestations related to SLE.6 Although a special role of anti- 
ribo P has not been completely clarified in SLE patients, in vitro or in 
vivo studies have demonstrated that anti- ribo P possess certain direct 
effects on immune and neuronal cells.7,8 Further, in a human study, 
anti- ribo P positive lupus patients demonstrated increased serum in-
terferon- α and interleukin (IL)- 10 levels independent from other anti- 
nuclear antibodies.9 These data are suggesting that anti- ribo P possess 
the possibility to evoke systemic inflammation and can affect lupus 
activity. Previously, we have demonstrated that in vitro stimulation 
of human monocytes with anti- ribo P induces inflammatory cytokine 
production such as IL- 6 or tumor necrosing factor- α by direct binding 
of anti- ribo P on the surface of monocytes, suggesting that anti- ribo 
P can activate monocytes directly.7 However, activation of the innate 
immune system in relation to the activity of lupus condition in patients 
has not been previously demonstrated. Further, there have been no 
clinical data demonstrating the certain association of anti- ribo P and 
clinical data, especially focusing on macrophage activation.

The aim of this study is to clarify the clinical characteristics of anti- 
ribo P in patients with SLE. Initially, we evaluated the utility of the mea-
surement system of our enzyme- linked immunosorbent assay (ELISA) 
for detecting anti- ribo P in serum in SLE patients and investigate the 
specific relationship between anti- ribo P and clinical manifestations in-
cluding ferritin surrogating macrophage activation in patients with SLE.

2  | MATERIAL S AND METHODS

2.1 | Patients and study design

Patients with SLE who required immunosuppressive therapy ad-
mitted to Kitasato University Hospital from 2007 to 2019 were 

TA B L E  1   Patient demographics

SLE (N = 127)

Age 37.0 (16- 74)

Gender, male:female 15:112

Inception case 30 (23.6%)

Disease duration, median (range) mo 27 (0- 488)

SLEDAI 13 (0- 34)

Nephropathy 54 (42.5%)

NPSLE 34 (26.8%)

dNPSLE 17 (13.4%)

Acute confusional state 12

Psychosis 2

Mood disorder 2

Anxiety disorder 1

fNPSLE 17 (13.4%)

Cerebrovascular disease 5

Aseptic meningitis 4

Demyelinating syndromes 3

Headache 2

Peripheral neuropathy 3

Vasculitis 1 (0.79%)

Dermatitis 28 (22.0%)

Alopecia 5 (3.9%)

Mucosal ulcer 2 (1.6%)

Pleuritis 23 (18.1%)

Pericarditis 23 (18.1%)

Hypocomplementemia 96 (75.6%)

Fever, >38°C 33 (26.0%)

Leukocytopenia, <3000 cells/µL 14 (11.0%)

Thrombocytopenia, <100 000 cells/µL 18 (14.2%)

Anti- DNA antibody- positive 89 (70.1%)

Anti- Smith antibody- positive 57 (45.6%)*

Anti- RNP antibody- positive 84 (66.1%)

Anti- PL antibody- positive 36 (16.9%)

Medication

PSL use 78 (61.4%)

PSL dose, median (range) mg/d 7 (0- 100)

HCQ 1 (0.79%)

MMF 1 (0.79%)

MZR 5 (3.9%)

CNI 28 (22.0%)

MTX 5 (3.9%)

Observation period [months] 55 (2- 138)

Note: Age, SLEDAI and observation period are shown as median (range).
Abbreviations: CNI, calcineurin inhibitors; dNPSLE, diffuse psychological/
neuropsychiatric manifestations in NPSLE; fNPSLE, focal/neurologic 
manifestations in NPSLE; HCQ, hydroxychloroquine; MMF, 
mycophenolate mofetil; MTX, methotrexate; MZR, mizoribine; NPSLE, 
neuropsychiatric syndromes in SLE; PL, phospholipid; PSL, prednisolone; 
RNP, ribonucleoprotein; SLE, systemic lupus, erythematosus; SLEDAI, SLE 
disease activity index from SLEDAI- 2K.
*The total number of patients applied for the analysis was 125.
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recruited (N = 127). All the patients fulfilled the 1997 American 
College of Rheumatology revised classification criteria for SLE.10 
Patients' characteristics including lupus disease activity by SLE 
disease activity index 2000 (SLEDAI) and serum samples were ob-
tained right before introducing or reinforcing immunosuppressive 
therapy.11 To evaluate the specificity and the sensitivity of anti- ribo 
P, we recruited patients with non- SLE autoimmune diseases as con-
trols who had been admitted due to treatment for their active dis-
ease during the same period (N = 140). All clinical information was 
reviewed based on medical records.

All patients gave written informed consent, and the study was 
approved by the ethics committees at Kitasato University School of 
Medicine (approval number: B17- 153).

2.2 | Autoantibody measurement

The positivity for anti- DNA consisted of that for either anti- ds- DNA 
immunoglobulin G (IgG) measured by ELISA or anti- DNA antibodies 
by radioimmunoassay (SRL, Inc.). Anti- ribonucleoprotein (anti- RNP) 
and ferritin levels were measured by chemiluminescent enzyme 
immunoassay. The positivity for antiphospholipid antibodies was 

defined as being one or more positive for the following tests: anti- 
cardiolipin (CL), and anti- CL β2- glycoprotein I complex antibodies 
by ELISA (SRL) and lupus anticoagulant by dilute Russell's viper 
venom time (SRL). The value of anti- Sm was measured by fluores-
cence enzyme immunoassay (BIO Medical Laboratories). The re-
spective cut- off value of these tests defined by the manufacturers 
was applied for this study. The value of anti- ribo P was measured by 
the ELISA kit using recombinant human whole ribosomal P0 protein 
as an antigen (Medical & Biological Laboratories). Serum IL- 6 levels 
were measured by ELISA (Thermo- Fisher Scientific). For anti- ribo P 
and IL- 6 measurement, sera were stored at −30°C without freeze 
and thawed when measurements were used.

2.3 | Statistical analysis

The logistic regression model was used to analyze each risk. A com-
parison of patient profiles was performed using the Mann- Whitney 
U test or Chi- square test, appropriately. The least- squares method 
was used to demonstrate a significant correlation of anti- ribo P titers 
on ferritin or IL- 6 levels. Statistical analysis was performed with JMP 
5.1.2. (SAS Institute Inc.).

F I G U R E  1   Association of anti- ribosomal P (anti- ribo P) with SLE. (A) The index of anti- ribo P protein antibodies detected by enzyme- 
linked immunosorbent assay (ELISA). A comparison between these groups was performed by Mann- Whitney's test. The dashed line is 
showing the cut- off level to discriminate SLE patients from control patients. (B) The receiver operating characteristics (ROC) curve was 
described using data from 2 groups. (C) The cut- off level was determined by the highest likelihood ratio (32.0) calculated by ROC curve. 
The titer of anti- ribo P by phenotypes of SLE is plotted. The dashed line is showing the cut- off level of anti- ribo P for SLE detection. 
Abbreviations: dNPSLE, diffuse psychological/neuropsychiatric manifestations in NPSLE; fNPSLE, focal/neurologic manifestations in NPSLE; 
LN, lupus nephritis; NPSLE, neuropsychiatric syndromes in SLE; non- major organ, every manifestation due to SLE except for NPSLE and LN; 
SLE, systemic lupus erythematosus
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3  | RESULTS

3.1 | Patient characteristics

Among the 150 SLE patients collected, 127 patients had sufficient 
volume of sera for anti- ribo P measurement. Patient character-
istics are depicted in Table 1. Most of them were female (88%) 
and the median age on admission was 37.0 years. Less than half 
(42.5%) of the patients had active lupus nephritis and some pa-
tients (26.8%) were complicated with NPSLE. Patients with non- 
SLE rheumatic diseases (41 polymyositis/dermatomyositis, 39 
primary Sjögren's syndrome, 29 systemic vasculitis, 11 Beçhet's 
disease, 10 adult- onset Still's disease, 7 rheumatoid arthritis, 7 
systemic sclerosis, 1 mixed connective tissue disease and 1 re-
lapsing polychondritis) who required hospitalization for the activ-
ity of the primary disease were recruited as controls during the 
same period in order to demonstrate the specific role of anti- ribo 
P in SLE.

3.2 | Specificity of anti- ribo P antibody in SLE

The level of anti- ribo P was significantly elevated in patients with 
SLE, compared to control patients: 5.4 (0- 175.5) index (median, 
range) and 1.7 (0.3- 45.9), respectively (P <.001; Figure 1A). The re-
ceiver operating characteristic curve analysis demonstrated 32.0% 
(95% CI 15.86- 31.12) sensitivity and 99.3% (95% CI 96.08- 99.98) 
specificity of anti- ribo P for SLE when the cut- off level was set as 
22.4, giving the highest like hood ratio of 32.0 (Figure 1B). On the 
other hand, anti- ribo P titer did not differ among the disease pheno-
types of SLE (Figure 1C). When we applied the upper 99 percentile 
value of 11.6 was index obtained and publicized from 256 healthy 
donors for the ELISA kit used in our study; sensitivity and specific-
ity were 36.2% (27.9- 45.2) and 94.3% (89.1- 97.5) respectively, which 
slightly improved sensitivity but with less specificity compared to 
the cut- off from our disease controls.

3.3 | Relationship between autoantibodies and 
serum ferritin

Interestingly, higher serum ferritin level had the highest odds ratio 
(OR) for anti- ribo P positivity of 8.432, although it was not statis-
tically significant (P = .131, 95% CI: 0.587- 243.7), suggesting as a 
possible independent risk factor (Table 2). In fact, anti- ribo P posi-
tive patients had significantly higher ferritin levels compared to 
those who were anti- ribo P negative (P = .024; Figure 2A). The fer-
ritin levels were abnormally elevated over the cut- off in 44.0% of 
the patients positive for anti- ribo P and in 35.8% of those negative 
for anti- ribo P, respectively (P = .47 by Chi- square test). Further, 
the ferritin levels did not differ among patients depending on anti- 
DNA and anti- RNP and anti- Sm antibody positivity (data not shown). 
Significant positive correlation was observed between the titer of 

anti- ribo P and the serum ferritin level (r2 = 0.07, t = 5.22, P = .0081; 
Figure 2B). Interestingly, serum IL- 6 level, a typical inflammatory 
cytokine generally surrogating systemic inflammatory status, un-
expectedly, showed neither difference with anti- ribo P positivity 
(P = .573; Figure 2C) nor correlation with anti- ribo P titer (r2 < 0.01, 
t = −0.71, P = .48; Figure 2D). Multivariate analysis also demon-
strated correlation of ferritin level and anti- ribo P titers (P = .05). In 
addition, lower white blood cell and platelet counts were observed 
as a risk for the higher titer of anti- ribo P, respectively (Table 2).

Finally, we analyzed the relationship of anti- ribo P and ferritin 
with disease activity. There was a slight positive correlation only 
with anti- ribo P titer and the SLEDAI score (r2 = 0.04, t = 2.25, 
P = .027), but not with ferritin levels and anti- ribo P titers (r2 = 0.02, 
t = 1.29, P = .199; Figure S1).

4  | DISCUSSION

In this study, we investigated the clinical utility of anti- ribo P in pa-
tients with SLE and revealed the relation with serum ferritin but 

TA B L E  2   Risk analysis of high titer anti- ribosomal P positivity

SLE
N = 127 P OR 95% CI

Age .713 1.395 0.229- 8.120

Female .120 0.409 0.134- 1.324

SLEDAI .747 1.383 0.185- 9.840

LN .918 1.044 0.451- 2.382

NPSLE .905 1.056 0.416- 2.536

dNPSLE .238 1.932 0.612- 5.643

Rash .446 1.445 0.536- 3.672

Arthritis .314 1.607 0.618- 3.989

Pleurisy and/or pericarditis .636 1.288 0.423- 3.541

WBC < 3000/mm3 .049 2.413 0.993- 5.792

plt <10.0 x 104/mm3 .074 2.648 0.878- 7.681

Hypocomplementemia .341 1.623 0.629- 4.757

Anti- DNA .656 1.231 0.507- 3.231

Anti- Sm .581 2.505 0.148- 93.62

Anti- RNP .945 1.031 0.440- 2.531

AIHA .470 1.593 0.404- 5.365

Serum CRP .831 1.311 0.080- 14.07

Serum ferritin .131 8.432 0.587- 243.7

Mortality .390 2.238 0.284- 14.15

Note: The risk of being positive for, the presence of or higher titer 
of anti- ribosomal P protein antibodies was calculated by the logistic 
regression analysis.
Abbreviations: AIHA, autoimmune hemolytic anemia; CI, confidence 
interval; CRP, C- reactive protein; dNPSLE, diffuse psychological/
neuropsychiatric manifestations in NPSLE; LN, lupus nephritis; NPSLE, 
neuropsychiatric syndromes in SLE; OR, odds ratio; plt, platelet; SLE, 
systemic lupus, erythematosus; SLEDAI, SLE disease activity index from 
SLEDAI- 2K; WBC, white blood cell.
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not with serum IL- 6 concentration. Most recent studies revealed 
the relevance of anti- ribo P and SLE as skin rash in younger age, 
proteinuria, increased IgG, and hypocomplementemia but not with 
C- reactive protein (CRP). Anti- ribo P positive patients also had an 
earlier onset of skin and renal involvement relating to higher disease 
activity. Sensitivity and specificity of anti- ribo P determined by non- 
SLE rheumatic diseases as a control group were 31.6% and 99.2% re-
spectively, which was similar to our result.12 The latest meta- analysis 
demonstrated the presence of anti- ribo P as a risk factor for higher 
disease activity, NPSLE, lupus nephritis, and lupus hepatitis; how-
ever, this was not confirmed in our study presumably due to limited 
number of patients which was also one of our limitations.13

Our study is the first to reveal the significant association of 
anti- ribo P and serum ferritin. Hyperferritinemia has been re-
ported to be observed in 18.6% of SLE patients, complicated with 
thrombocytopenia and associated with anti- CL antibody positivity. 
However, none of the patients were complicated with antiphos-
pholipid antibody syndrome.14 A different study demonstrated the 
association of hyperferritinemia with SLEDAI score, anti- dsDNA 
titer and hypocomplementemia.15,16 Therefore, hyperferritinemia 
in SLE disease activity is considered to be highly relevant, although 
the detailed role in pathophysiology remains uncertain. In general, 
hyperferritinemia is observed as a result of the systemic hyper- 
inflammatory response, especially in connection with macrophage 
activation, rarely associated with MAS in SLE.17 Our previous re-
port demonstrating anti- ribo P directly activating and inducing in-
flammatory cytokine production from human macrophages led to 
the consideration of anti- ribo P activating macrophages and IL- 6 
production in SLE patients.7 However, serum IL- 6 correlated with 

neither the positivity nor the titer of anti- ribo P (Figure 2C,D) and 
the CRP level was not a risk for anti- ribo P positivity. These re-
sults suggest that anti- ribo P is able to develop hyperferritinemia 
but not in a systemic inflammation fashion surrogated by IL- 6. The 
gap between anti- ribo P and IL- 6 can be considered as a result of 
complexed cytokine production in SLE. Indeed, a previous study 
demonstrated that serum IL- 6 level was not elevated in SLE com-
plicated with MAS compared to healthy controls, supporting our 
result of IL- 6.18 As a matter of fact, anti- ribo P positivity was not a 
significant risk (OR: 0.801, 95% CI: 0.040- 5.689, P = .846) for de-
veloping MAS; however, the higher titer of anti- ribo P suggested a 
positive risk (OR: 5.073, 95% CI: 0.070- 104.5, P = .342). Due to the 
trend of lower white blood cell and platelet count as a risk for high 
titer anti- ribo P (Table 2), we speculate that anti- ribo P is involved 
in the MAS condition in SLE patients, which requires macrophage 
activation leading to hyperferritinemia and cytopenia.

Due to the rare condition lacking gold standard criteria to diag-
nose MAS in adult SLE, risk factors regarding macrophage activation 
has not been identified.11 In addition to our findings, anti- ds- DNA 
and anti- Sm antibodies are able to activate the innate immune sys-
tem and induce inflammatory cytokine production.19 Therefore, ex-
istence of varying degrees of underlying activated innate immunity 
could be suggested. In this context, it is of interest that hydroxy-
chloroquine (HCQ) is able to inactivate antigen- presenting cells 
based on lysosomal activity, autophagy and signaling pathways and 
is effective for musculoskeletal manifestations, commonly used to 
prevent disease flare and MAS recurrence in SLE.20 It is our limita-
tion that the utility of HCQ could not be analyzed since HCQ was 
approved only recently in Japan. However, the role of anti- ribo P in 

F I G U R E  2   Association of anti- 
ribosomal P (anti- ribo P) with ferritin but 
not with IL- 6 in serum. (A) The level of 
serum ferritin or (C) IL- 6 in SLE patients 
negative or positive for anti- ribo P is 
plotted. (B) The correlation of the anti- 
ribo P titer and the serum ferritin level or 
(D) IL- 6 in SLE patients is observed. The 
horizontal line is showing the median of 
each group. A comparison was performed 
by Mann- Whitney's test. Abbreviations: 
IL, interleukin; SLE, systemic lupus 
erythematosus
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SLE pathogenesis and the mechanism of action of HCQ suggest the 
usefulness of HCQ for SLE patients positive for anti- ribo P.

In conclusion, our results suggest that anti- ribo P evokes the 
activation of the innate immunity through the activation of macro-
phages which does not involve IL- 6. By recognizing the presence of 
anti- ribo P in SLE patients, we could predictively have a better op-
portunity to make a suitable diagnosis such as MAS and a choice of 
medication based on the pathogenesis caused by anti- ribo P.
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1  | INTRODUC TION

Systemic lupus erythematosus (SLE) is a potentially fatal, chronic, 
multisystem autoimmune disease. SLE typically affects childbear-
ing age women. Immune defects can occur in many organs which 

cause this disease, and it has a striking heterogeneity of clinical 
presentations.

Pulmonary arterial hypertension (PAH) is a rare complication of 
SLE. The prevalence of PAH in SLE patients was 0.5%- 14%.1 Overall 
mortality was 25%- 50% 2  years after PAH diagnosis.1 In a Chinese 
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Abstract
Aim: To investigate the predictive factors of pulmonary arterial hypertension (PAH) 
in systemic lupus erythematosus (SLE) patients.
Method: This chart review study included 408 SLE patients. We defined PAH as 2 
consecutive systolic pulmonary arterial pressure (PAP) values ≥40 mm Hg by echo-
cardiography. Demographic characteristics, clinical symptoms, autoantibodies, and 
laboratory tests were studied.
Results: Thirty- four patients in the SLE/PAH+ group and 374 patients in the SLE/
PAH− group were analyzed. The prevalence of PAH in SLE is 8.3% in this study. The 
occurrences of interstitial pneumonitis, polyserositis and myocardial damage were 
higher in the SLE/PAH+ group (P = .001, P = .033 and P < .001, respectively). The 
occurrence of anti- double- stranded DNA and anti- ribosomal RNA protein (anti- 
rRNP) antibodies were lower in the SLE/PAH+ group (P = .003, .010). Positive rates 
of anti- Sjögren’s syndrome antigen A (anti- SSA)/Ro52 antibodies and anti- SSB anti-
bodies were higher in the SLE/PAH+ group (P = .046, .021). C- reactive protein and 
immunoglobin G (IgG) were higher in the SLE/PAH+ group (P = .009, .005). Ejection 
fraction and SLE disease activity index between the 2 groups had no differences. 
Multivariable logistic regression indicated that interstitial pneumonitis, myocardial 
damage and high IgG are predictive factors for SLE- associated PAH patients.
Conclusion: From this study, we found that interstitial pneumonitis, myocardial dam-
age, and high IgG were predictive factors of PAH in SLE patients.
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center, the 5- year survival rate of SLE was 92.6% in females and 
81.6% in males, respectively.2 However, if SLE patients have PAH, 
the 5- year survival rate will reduce to 68%.3 The onset of PAH in SLE 
is clinically silent. The diagnostic delay of PAH is about 5  years after 
patients are diagnosed as having SLE.3 Fatigue and exertional dys-
pnea are common symptoms in PAH, but they are not specific and 
can be caused by multiple lupus comorbidities and whole- body con-
ditions. The diagnosis of PAH may be missed at the first visit. Delay 
in diagnosis leads to increased damage of vital organ systems and 
mortality.4 The gold standard method to diagnose PAH is by right 
heart catheterization (RHC). By RHC, PAH is defined as mean pulmo-
nary artery pressure (PAP) >20  mm  Hg at rest, with end- expiratory 
pulmonary artery wedge pressure (PAWP) <15  mm  Hg and pul-
monary vascular resistance >3 Wood units.5 RHC is an invasive and 
expensive procedure that it is not easily accessible. Doppler echo-
cardiography is a noninvasive technique for estimating pulmonary 
arterial systolic pressure (PASP).6 Echocardiography is relatively eas-
ier to obtain than RHC. However, due to the limitation of medical 
conditions, it is even impossible to do echocardiography for every 
patient in community hospitals.

We need to recognize SLE patients with high risks of PAH as 
early as possible and do further examination for them to measure 
the PASP. Therefore, we investigated a SLE cohort in a Chinese Han 
population from Shaanxi in order to reveal predictive factors of PAH 
in SLE. Compared with previous studies, all data that were collected 
from one medical center in China had high consistency in the same 
tests. We aimed to identify SLE- associated PAH patients at the early 
stage and make a better outcome for these patients.

2  | MATERIAL S AND METHODS

2.1 | Patients and data collection

We retrospectively reviewed inpatients from the Rheumatology and 
Immunology Department of the First Affiliated Hospital of Xi'an 
Jiaotong University who were admitted to hospital due to the first 
diagnosis of SLE from January 1, 2013 to December 31, 2019. We 
evaluated all these SLE patients sufficiently to ensure enough clini-
cal information for this retrospective study.

All patients fulfilled the Systemic Lupus International 
Collaborating Clinics (SLICC) group 2012 revised SLE classification 
criteria.7 Patients who were meanwhile diagnosed with rheumatoid 
arthritis, systemic sclerosis, Sjögren’s syndrome and inflammatory 
myositis were excluded. Besides SLE, patients diagnosed as having 
infectious disease or malignancy were also excluded.

Demographic characteristics including age, gender, disease du-
ration (from the first occurring clinical manifestation to disease diag-
nosed), body mass index (BMI), and blood pressure were collected.

We collected clinical symptoms taken from the SLE disease ac-
tivity index (SLEDAI)8 and other symptoms that might be related 
with PAH. Chronic infection may cause prolonged stress on human 
immune systems that will make a different immune environment. 

Patients infected with hepatitis B virus, hepatitis C virus, human 
immunodeficiency virus or tuberculosis were excluded. Patients 
with tumors were also excluded. Interstitial pneumonitis was diag-
nosed by chest computed tomography scan and infective infiltra-
tion was excluded. Effusions included pericardial effusion, pleural 
effusion, and ascites. If patients had effusions of 2 or more loca-
tions mentioned above, we defined this as polyserositis. No patients 
presented acute pulmonary damages caused by SLE, such as lupus 
pneumonitis, pulmonary thromboembolism, acute alveolar hemor-
rhage.9 Myocardial damage is difficult to detect using noninvasive 
methods. Active SLE may exhibit systolic and diastolic left ventri-
cle dysfunction in echocardiography, which is reversible following 
treatment with corticosteroids.10 Myocardial damage in SLE lacks a 
unified definition. In this study, patients presenting with one or more 
of the following manifestations were defined as having myocardial 
damage: atria or ventricles enlargement, myocardium thickening, ab-
normal ventricular wall motion, and systolic or diastolic dysfunction.

Other causes of arthritis should be excluded, such as rheumatoid 
arthritis, osteoarthritis, spondyloarthritis and gout. Other central 
nervous system diseases should also be excluded, such as infection, 
metabolic encephalopathy, drug- induced encephalopathy.

We detected antinuclear antibodies by indirect immunofluores-
cence (IIF) assay using HEp- 2010/Liver (Monkey) IIF kit (Euroimmune). 
Anti- double- stranded DNA (anti- dsDNA) and anti- extractable nu-
clear antigens were detected by immunoblotting assay using an 
immunoblot diagnostic kit (Shenzhen Yahuilong Biotechnology Co., 
Ltd.). Anti- cardiolipin antibody immunoglobin G (IgG) was tested by 
enzyme- linked immunosorbent assay kit (Euroimmune). Erythrocyte 
sedimentation rate (ESR) was measured by automatic XC- A30 ESR 
analyzer (Shenzhen Yuehua Technology Development Co., Ltd.) fol-
lowing Westergren manuals. C- reactive protein (CRP), immunoglob-
ulins, complements, hemoglobin, white blood cell count, platelets, 
albumin, creatinine were tested by automatic biochemical analyzer 
(Hitachi 7600, Hitachi Ltd.). All procedures were conducted follow-
ing the manufacturer's instructions.

To screen for PAH, echocardiography is a routine test for ad-
mitted SLE patients in our hospital. It was done for all patients to 
measure the pulmonary artery pressure when they were admitted 
to hospital in this study. Echocardiography was performed by Sonos 
5500 ultrasound system (Philips Electronics) with a 15  MHz linear 
array ultrasound transducer. All patients included in this study were 
of Chinese Han population. We excluded other causes of PAH accord-
ing to European Society of Cardiology (ESC)/European Respiratory 
Society (ERS) pulmonary hypertension guidelines.11 After carefully 
collecting medical histories, drug-  and toxin- induced PAH and con-
genital heart disease were excluded. All patients with PASP ≥40  mm  
Hg underwent abdominal Doppler echo and ventilation– perfusion 
scan to exclude portal hypertension and pulmonary embolism. We 
estimated PASP according to tricuspid regurgitation. PASP equals 
tricuspid regurgitation pressure gradient plus 10  mm  Hg, which was 
the estimated value of right atrial pressure.12 We defined pulmonary 
arterial hypertension as 2 consecutive PASP values ≥  40  mm  Hg 
by echocardiography.13 Depending on the PASP, we divided these 
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patients into 2 groups: SLE/PAH+ group, SLE patients with PAH, 
and SLE/PAH− group, SLE patients without PAH. We compared left 
ventricular ejection fraction (EF) and pro- B- type natriuretic peptide 
(pro- BNP) of the 2 groups.

Other information including cardiovascular risk factors and 
history (hypertension, diabetes mellitus, hypercholesterolemia, 
smoking history, ischemic cardiomyopathy, myocardial infarction, 
infections) and SLEDAI scores were also collected.

2.2 | Statistical analysis

The clinical manifestations of patients with and without PAH were 
summarized as mean (± SD) or number (percentage). Proportions 
between groups were compared using the Chi- square test. 
Continuous variables were compared by Student's t test. For vari-
ables that were not normally distributed, non- parametric test was 
used. Multivariable logistic regression was used to explore pre-
dictive factors for SLE- associated PAH. P < .05 was considered 
statistically significant. All analyses were conducted by statistical 
software SPSS 22.0.

3  | RESULTS

From January 1, 2013 to December 31, 2019, 408 patients were 
first diagnosed with SLE and admitted into the Rheumatology and 
Immunology Department of the First Affiliated Hospital of Xi'an 
Jiaotong University. All of them fulfilled the SLICC group 2012 

revised SLE classification criteria.7 Among these 408 patients, 34 pa-
tients were diagnosed as having PAH according to the definition by 
echocardiography, whose 2 consecutive PAP values were ≥40  mm  
Hg. The remaining 374 patients whose PAP value was lower than 
40  mm  Hg were diagnosed as SLE without PAH. This study shows 
the prevalence of PAH in SLE is 8.3%. The demographic data of all 
patients are listed in Table 1. Disease duration is not of normal distri-
bution, so the non- parametric test was used and we list the median 
value of the 2 groups in Table 1.

The age of patients in the SLE/PAH+ group was older than the 
SLE/PAH− group (43.2  ±  19.2 vs 34.8  ±  13.5 years, P  =  .017). 
The disease duration in the SLE/PAH+ group was longer (P  =  .045). 
There were no differences in BMI, systolic blood pressure, diastolic 
blood pressure (Table 1).

3.1 | Comparisons of clinical manifestations 
between the SLE/PAH+ and SLE/PAH− groups

Raynaud syndrome, interstitial pneumonitis, polyserositis, myocar-
dial damage, renal involvement, arthritis, and central nervous system 
involvement were studied. The proportions of these manifestations 
are compared between the 2 groups (Table 1).

The occurrences of interstitial pneumonitis, polyserositis and 
myocardial damage were significantly higher in the SLE/PAH+ group 
(P  =  .001, P  =  .033 and P  <  .001, respectively). These 2 groups 
had no differences in the occurrences of Raynaud syndrome, renal 
involvement, arthritis, and central nervous system involvement 
(Table 1).

Characteristics
SLE/PAH+
n = 34

SLE/PAH−
n = 374 Pvalue

Age, y 43.2 ± 19.2 34.8 ± 13.5 .017

Gender, female, n (%) 31 (91.2%) 331 (88.5%) .637

Disease duration, mo 15 6 .045

BMI, kg/m2 19.81 ± 3.08 (n = 24) 20.34 ± 3.08 (n = 302) .422

Systolic blood pressure, mm Hg 112.9 ± 15.8 (n = 33) 115.0 ± 16.2 (n = 371) .480

Diastolic blood pressure, mm Hg 73.8 ± 10.5 (n = 33) 76.9 ± 28.6 (n = 371) .530

Involvement, n (%)

Raynaud syndrome 7 (20.6%) 61 (16.3%) .522

Interstitial pneumonitis 15 (44.1%) 72 (19.3%) .001

Polyserositis 10 (29.4%) 57 (15.2%) .033

Myocardial damage 7 (20.6%) 8 (2.1%) <.001

Renal involvement 11 (32.4%) 117 (31.3%) .898

Arthritis 11 (32.4%) 185 (49.5%) .056

Central nervous system 
involvement

3 (8.8%) 21 (5.6%) .446

Note: Disease duration is not normally distributed. Non- parametric test was used and the median 
value of the 2 groups is listed here.
Abbreviations: BMI, body mass index; PAH, pulmonary arterial hypertension; SLE, systemic lupus 
erythematosus.

TA B L E  1   Demographic data and 
clinical manifestations of patients in the 
SLE/PAH  + and SLE/PAH− groups
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3.2 | Comparisons of autoantibodies between the 
SLE/PAH+ and SLE/PAH− groups

The number and percentage of patients with positive autoantibod-
ies and P values are listed in Table 2. The occurrence of anti- dsDNA 
and anti- ribosomal RNA protein (anti- rRNP) antibodies were lower 
in the SLE/PAH+ group (P  =  .003 and .010, respectively). Anti- 
Sjögren’s syndrome antigen A (SSA)/Ro52 antibody and anti- SSB an-
tibody positive rates were higher in the SLE/PAH+ group (P  =  .046 
and  .021, respectively).

3.3 | Comparisons of laboratory tests between the 
SLE/PAH+ and SLE/PAH− groups

We compared CRP, ESR, immunoglobulins, complements, hemo-
globin, white blood cell count, platelets, albumin, creatinine, and 
globulins of the 2 groups. CRP was not normally distributed. Non- 
parametric test was used and the median value of the 2 groups are 
listed in Table 3. CRP and IgG were higher in the SLE/PAH+ group (P  
=  .009, .005). There were no differences in other laboratory tests 
(Table 3).

3.4 | Comparisons of PASP, EF, pro- BNP and 
SLEDAI score between the SLE/PAH+ and SLE/
PAH− groups

All patients did echocardiography, and PASP and EF were studied. 
Pro- BNP was not normally distributed. Non- parametric test was 
used and the median value of the 2 groups are listed in Table 4. PAP 
and pro- BNP were higher in the SLE/PAH+ group (P  <  .001 and P  
=  .005). EF and SLEDAI scores had no differences between the 2 
groups (Table 4).

3.5 | Predictive factors for PAH in SLE patients by 
multivariable logistic regression

We analyzed the predictive factors for PAH by multivariable logistic 
regression. Associated predictive factors are listed in Table 5.

The occurrence of interstitial pneumonitis, myocardial damage, 
high IgG in SLE suggest that patients are more likely to have PAH 
(P = .015, P < .001 and P = .001). Positive anti- dsDNA antibody and 
anti- rRNP antibody indicate low risk of PAH (P = .004, .034).

4  | DISCUSSION

In the clinic, the incidence of PAH in SLE is relatively lower than 
other complications. We found that the prevalence of PAH in SLE 
patients was 8.3%, which is consistent with a previous study that 
showed prevalence of PAH in SLE was 0.5%- 14%.1 Another research 

in China found that 9 of 84 patients presented with PAH and the 
prevalence was 11%.14 And research from the Chinese SLE treat-
ment and research group (CSTAR) showed the prevalence was 
3.8%.15 The prevalence is higher in this study than that of CSTAR. 
This may because all patients were in active disease states which re-
quired hospitalization, and there was probable selective bias in this 
study. In this study, we screened PAH with echocardiography, which 
may also cause a higher prevalence.

We compared the clinical symptoms, autoantibodies, and lab-
oratory tests between the SLE/PAH+ and SLE/PAH− groups. SLE 
patients with PAH were older and had a longer disease duration. The 
occurrence of interstitial pneumonitis, polyserositis and myocardial 
damage were significantly higher in the SLE/PAH+ group. This result 
is consistent with the result in the CSTAR study,15 which showed 
pleuritis and pericarditis were associated with PAH. That study also 
showed lupus nephritis was associated with PAH. In our study, we 
did not find any relationship between lupus nephritis and PAH. We 
also found interstitial pneumonitis and myocardial damage were as-
sociated with PAH in SLE patients.

Anti- SSA/Ro52 and anti- SSB antibodies mainly appear in SLE 
(45.3%) and SS (14.4%).16 Anti- SSA antibody is associated with xe-
rostomia, and anti- SSB antibody is associated with xerostomia and 
pericarditis.17 We found the occurrence of anti- SSA/Ro52 and anti- 
SSB antibodies were higher in the SLE/PAH+ group. The results of 
anti- SSB and anti- dsDNA antibodies are consistent with a study of 
PAH in SLE, which confirmed PAH by RHC,18 while, the occurrence 

TA B L E  2   Number and percentage of patients with positive 
autoantibodies in the SLE/PAH+ and SLE/PAH− groups

SLE/PAH+
n = 34

SLE/PAH−
n = 374

P 
value

Anti- ANA antibody 34 (100%) 362 (96.8%) .310

Anti- dsDNA antibody 12 (35.3%) 230 (61.5%) .003

Anti- Sm antibody 11 (32.4%) 153 (41.2%) .324

Anti- SSA/Ro60 
antibody

24 (70.6%) 231 (61.8%) .318

Anti- SSA/Ro52 
antibody

24 (70.6%) 197 (52.7%) .046

Anti- SSB antibody 14 (41.2%) 87 (23.3%) .021

Anti- Scl- 70 antibody 1 (2.9%) 8 (2.1%) .762

Anti- Jo- 1 antibody 1 (2.9%) 3 (0.8%) .227

Anti- centromere 
antibody

2 (5.9%) 9 (2.4%) .232

Anti- nucleosome 
antibody

3 (8.8%) 82 (21.9%) .069

Anti- histone antibody 3 (8.8%) 59 (15.8%) .277

Anti- U1RNP antibody 15 (44.1%) 170 (45.4%) .838

Anti- rRNP antibody 6 (17.6%) 149 (39.8%) .010

Anti- cardiolipin 
antibody

5 (14.7%) 25 (6.7%) .172

Abbreviations: ANA, antinuclear antibodies; dsDNA, double- stranded 
DNA; PAH, pulmonary arterial hypertension; rRNP, ribosomal RNA 
protein; SLE, systemic lupus erythematosus; SS, Sjögren’s syndrome.
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of anti- dsDNA, anti- rRNP antibodies were lower in the SLE/PAH+ 
group. Anti- dsDNA antibody is associated with disease activity in 
SLE.19 Different molecular characteristics of anti- dsDNA have di-
verse relations to organ damage.20 SLE patients with PAH have 
lower occurrence of anti- dsDNA antibody, which indicates PAH pa-
tients in SLE may not have high disease activity of the whole body, 
but have specific damage of the pulmonary artery. Anti- rRNP anti-
body is regarded as a marker for SLE, and is found almost exclusively 
in SLE.21 In this study, we found that the occurrence of anti- rRNP 
antibody was lower in the SLE/PAH+ group. We need more research 
to explore the role of anti- rRNP antibody in the pathogenesis of SLE 
and the association with PAH. In a meta- analysis of serological bio-
markers in SLE, the authors identified anti- U1RNP antibody as a pre-
dictive factor for SLE- associated PAH.22 Nevertheless, in this study, 
the association was not confirmed, which is consistent with a study 
from France.18 There is also controversy about the relationship of 
anti- cardiolipin antibody (ACA) and PAH in SLE. In another meta- 
analysis, lupus anticoagulant and ACA were considered to be predic-
tive factors for PAH in SLE.23 However, in this study, there was no 

difference in ACA between the 2 groups and the result is consistent 
with that in several previously published studies.15,18,22,24

CRP reflects the extent of inflammation. CRP does not parallel 
disease activity in SLE.25 Increased CRP in the SLE/PAH+ group 
may be associated with active local inflammation in the pulmonary 
artery which causes PAH. High levels of serum IgG in SLE patients 
with autoimmune hepatitis indicates poor prognosis.26 We found 
SLE/PAH+ patients also had higher IgG levels. Larger numbers of 
autoantibodies may appear as higher IgG level in blood which will 
produce more immune complexes in organs and induce more severe 
SLE conditions. We need to do more research on IgG in SLE patients 
to resolve the association of IgG and specific organ damage.

Pro- BNP has long been regarded as a biomarker of volume over-
load and a tool to exclude heart failure in the general population. In 
our study, pro- BNP was higher in the SLE/PAH+ group, which indi-
cates the heart function is relatively weaker in this group. Most of 
the patients had not developed heart failure which may cause de-
crease in EF. We found no differences in EF between the 2 groups. 
Although SLE with PAH seemed to be clinically more severe, SLEDAI 

SLE/PAH+
n = 34

SLE/PAH−
n = 374 P value

CRP, mg/L 9.60 3.98 (n = 367) .009

ESR, mm/h 58.3 ± 33.0 (n = 30) 49.1 ± 32.2 (n = 361) .132

IgA, g/L 3.33 ± 1.71 (n = 33) 2.86 ± 1.32 (n = 366) .057

IgG, g/L 25.34 ± 11.10 (n = 33) 19.48 ± 7.56 (n = 367) .005

IgM, g/L 1.70 ± 1.64 (n = 33) 1.37 ± 1.00 (n = 366) .266

C3, g/L 0.64 ± 0.37 0.61 ± 0.30 (n = 372) .666

C4, g/L 0.11 ± 0.07 0.11 ± 0.08 (n = 372) .566

Hemoglobin, g/L 97.4 ± 26.5 104.4 ± 19.9 .143

WBC, ×109/L 5.92 ± 4.13 4.85 ± 3.06 .147

PLT, ×109/L 144.3 ± 82.6 159.9 ± 91.9 .340

Albumin, g/L 31.06 ± 5.45 (n = 33) 333.10 ± 6.55 (n = 367) .830

Creatinine, μmol/L 46.30 ± 16.63 (n = 33) 54.94 ± 33.60 (n = 364) .187

Note: CRP is not normally distributed. Non- parametric test was used and the median value of the 2 
groups is listed here.
Abbreviations: CRP, C- reactive protein; ESR, erythrocyte sedimentation rate; Ig, immunoglobulin; 
PAH, pulmonary arterial hypertension; PLT, platelet; SLE, systemic lupus erythematosus; WBC, 
white blood cell.

TA B L E  3   Comparisons of laboratory 
tests between the SLE/PAH+ and SLE/
PAH− groups

Characteristics
mean ± SD

SLE/PAH+
n = 34

SLE/PAH−
n = 374 P value

Pulmonary artery pressure, mm Hg 62.1 ± 24.3 25.7 ± 6.2 (n = 327) <.001

EF, % 67.8 ± 6.3 67.5 ± 6.3 (n = 327) .803

Pro- BNP, pg/mL 996.8 (n = 25) 245.2 (n = 275) .005

SLEDAI scores 13.6 ± 10.8 11.0 ± 6.6 .177

Note: Pro- BNP is not normally distributed. Non- parametric test was used and the median value of 
the 2 groups is listed here.
Abbreviations: EF, ejection fraction; PAH, pulmonary arterial hypertension; PASP, pulmonary 
arterial systolic pressure; pro- BNP, pro- B- type natriuretic peptide; SLE, systemic lupus 
erythematosus; SLEDAI, systemic lupus erythematosus disease activity index.

TA B L E  4   Comparisons of PASP, EF, 
pro- BNP and SLEDAI score between the 
SLE/PAH+ and SLE/PAH− groups
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scores were not higher in this group. This may be caused by the low 
weight of the evaluation of the heart and pulmonary function in 
SLEDAI score.

By logistic regression, we found that interstitial pneumonitis, 
myocardial damage, and high IgG were the predictive factors for 
PAH in SLE patients. Anti- dsDNA and anti- rRNP antibodies indicate 
lower risks of PAH in this study. We should do further research to 
find more significance for these antibodies in SLE. Identification of 
PAH patients with echocardiography and lack of accurate assess-
ment of heart function are the main shortcomings of this study. RHC 
should be arranged for those patients diagnosed with PAH by echo-
cardiography in further studies.

The onset of PAH is hidden. We need to pay more attention to 
this complication in SLE patients because of the poor outcomes 
caused by PAH. From this study, we found that interstitial pneu-
monitis, myocardial damage, and high IgG were predictive factors 
of PAH in SLE patients. When SLE patients have these manifesta-
tions, we should be alert to PAH and arrange an echocardiogra-
phy. These clinical manifestations may help us to recognize PAH 
patients. We must diagnose SLE patients with PAH as early as pos-
sible to give early intervention and make a better prognosis for 
these patients.
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1  | AGE- A SSOCIATED B CELL S

Age- associated B cells (ABCs) constitute a CD11c+ T- bet+ B- cell 
population that expands continuously with age in healthy individu-
als,1 but also displays a premature accumulation in cases of autoim-
mune and/or infectious diseases.2- 5 In autoimmune settings, ABCs 
are implicated in the production of autoreactive immunoglobulin 
G,2 the enhanced antigen presentation to T cells, and the formation 
of spontaneous germinal centers.6,7 T- bet, which is a transcription 
factor highly expressed in ABCs, is considered to be the master reg-
ulator of all these processes,8 although new data suggest that its ex-
pression may not be required for the generation of functional ABCs.9

In humans, the ABC subset is also known as double- negative (DN) 
B cells because of the lack of immunoglobulin D and CD27 memory 
marker expression.10- 12 DN B cells have been further divided into two 
subgroups, based on the expression of the follicular homing marker 
CXCR5.13 More specifically, the CXCR5+ cells (DN1) are expanded in el-
derly healthy individuals and lack T- bet expression, whereas the CXCR5–  
cells (DN2) express T- bet and are more marked in autoimmune diseases 
(mostly systemic lupus erythematosus).10,11,13 The DN2 cells are hyper- 
responsive to Toll- like receptor 7 (TLR7) signaling, so are poised to 
generate autoreactive antibody- secreting plasmablasts.13 In general 
though, their role in the development of autoimmunity remains elusive.

2  | AUTOIMMUNE PHENOMENA 
FOLLOWING COVID - 19 VACCINATION

Autoimmune disease flares and new- onset disease following coro-
navirus disease 2019 (COVID- 19) vaccination have recently been 

reported.14,15 In general, all these cases appeared rare and most of them 
were moderate in severity and had an excellent resolution of inflam-
matory features, with the use of corticosteroids alone14,15 (indicating 
that COVID- 19 vaccines are actually safe). The use of TLR7/8 and TLR9 
agonists, as adjuvants of the available mRNA and DNA severe acute 
respiratory syndrome coronavirus 2 (SARS- CoV- 2) vaccines, may be 
the trigger of these post- vaccination autoimmune/inflammatory phe-
nomena,14 as it is well known that both TLR7 and TLR9 are involved in 
the generation and amplification of autoreactive immune responses.16

In more detail, the adjuvanticity of COVID- 19 vaccines de-
pends— to a large extent— on the intrinsic adjuvanticity of mRNA 
or DNA, which respectively stimulate the innate immune system 
through endosomal and cytoplasmic RNA/DNA sensors such as 
TLRs.17 The stimulation of TLR7 and TLR9 might be expected to 
produce elevated levels of type I interferon and so upregulate 
interferon- stimulated genes16,17 that contribute to the pathogenesis 
of a number of rheumatic diseases.18

3  | POTENTIAL INDUC TION OF ABCs BY 
COVID - 19 VACCINATION

Apart from autoimmune diseases, ABCs/DN B cells also expand in 
infectious diseases— including COVID- 19,4,5,19,20 usually having ei-
ther an exhausted or anergic phenotype.21 Moreover, circulating DN 
B cells increase in numbers after vaccination against influenza virus 
in healthy individuals.22 Considering all these facts, we believe that 
there is a strong possibility for ABCs/DN B cells to be induced by 
COVID- 19 vaccines and then be involved in the autoimmune phe-
nomena that (may) follow.
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Our knowledge regarding the role of TLR7 and TLR9 in deter-
mining the fate of ABCs,23 in conjunction with the fact that agonists 
that bind to these two receptors are used as adjuvants in the avail-
able mRNA and DNA COVID- 19 vaccines,14,17 further strengthens 
our hypothesis. To be more specific, we note that TLR7 and/or TLR9 
stimulation, after antigen internalization via B- cell receptor, leads 
pre- immune B cells to an ABC- poised status.23 Signals from interfer-
on- γ or interleukin- 21 determine the ABC phenotype.24 Otherwise, 
especially when TLR9 is engaged but no further signals exist, the cell 
is led to apoptosis.23,24 In general, ABC generation is based on the 
synergistic triggering of B- cell receptor, TLR7, and interferon- γ or 
interleukin- 21 receptors.3,23,24

4  | CONCLUSIONS

In this article, we discuss the probability of ABC- mediated auto-
immunity (flare or new- onset) following COVID- 19 vaccination. 
We find it important to mention here that, according to observa-
tions from a new study, the frequencies of DN B cells decrease in 
previously SARS- CoV- 2- infected individuals after their vaccination 
against the aforementioned virus,25 indicating that vaccine response 
counters the infection- induced production of potentially pathogenic 
B cells. At first glance, the results of that study seem to oppose our 
hypothesis. However, we want to make it clear that we do not call 
into question the safety of COVID- 19 vaccines (besides, the data 
derived from participants in observational studies14,15 clearly sug-
gest that rheumatic disease flares and new- onset disease following 
COVID- 19 vaccination are uncommon, mild to moderate in sever-
ity, and in most cases are treated with oral corticosteroids) and we 
propose an ABC- induction only in the rare cases that autoimmune 
phenomena occur after the vaccination, as ABCs are indissolubly as-
sociated with autoimmunity.2,3,7,8,11- 13 Furthermore, it is wise to keep 
in mind that ABC- induction and as a result the estimation of ABC 
percentages are affected by various parameters, such as the age of 
the individual,1,26 the ethnicity (as these cells are more marked in 
African- American people),13,27 and of course the interval between 
vaccination and cell counting.

Taking into account the prognostic and/or diagnostic potential 
of ABCs in rheumatic diseases,28 we believe that the enumeration of 
these cells could enable better management of people to be vacci-
nated (especially those with autoimmune/rheumatic history, as some 
of the post- vaccination flares described were severe).14 Such an ap-
proach may determine the most proper vaccination time- points for 
these people and so bring the least side effects and the most effec-
tive therapeutic benefits.29
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1. Efficacy and safety associated with the infusion speed of intra-
venous immunoglobulin for the treatment of Kawasaki disease: A 
randomized controlled trial

Saori Fukui, Mitsuru Seki, Takaomi Minami, Kazuhiko Kotani, 
Kensuke Oka, Akiko Yokomizo, Daisuke Matsubara, Tomoyuki 
Sato, Yasuyuki Nozaki, Mari Saito, Yutaka Kikuchi, Kenji Miyamoto, 
Yukifumi Monden and Takanori Yamagata

Pediatr Rheumatol Online J. 2021 Jul 3;19(1):107. 10.1186/s1296 
9- 021- 00601 - 6

While intravenous immunoglobulin (IVIg) therapy (2 g/kg) is the 
standard of care for treatment for Kawasaki disease, there is no con-
sensus on the recommended rates of infusion. Some centers infuse 
at relatively higher rates and finish the infusion in 8- 10 hours, others 
may take more than a day to complete the infusion. Fukui et al report 
on an unblinded multicentric randomized controlled study in which 
they enrolled 39 patients. One group received IVIg over 12 hours, 
the other received the infusion over 24 hours. Study end points were 
adverse events, duration of fever, and occurrence of coronary artery 
abnormalities. The authors found that the efficacy and safety of IVIg 
did not differ in the two groups. This is an interesting finding and has 
clinical implications for all pediatric rheumatologists.
2. Predictive value of albumin- bilirubin grade for intravenous im-
munoglobulin resistance in a large cohort of patients with Kawasaki 
disease: A prospective study

Yu Yan, Lina Qiao, Yimin Hua, Shuran Shao, Nanjun Zhang, Mei 
Wu, Lei Liu, Kaiyu Zhou, Xiaoliang Liu and Chuan Wang

Pediatr Rheumatol Online J. 2021 Sep 25;19(1):147. 10.1186/
s1296 9- 021- 00638 - 7

Intravenous immunoglobulin (IVIg) resistance in children with 
Kawasaki disease (KD) can occur in 10%- 15% patients and it poses 
several therapeutic issues for the treating pediatrician. There have 

been several attempts to develop scoring systems using clinical and 
laboratory parameters for prediction of IVIg resistance. However, 
none of these scoring systems has proven to be fool proof. Yan 
et al report a single- center study from China in which they assessed 
the predictive value of albumin- bilirubin grade (ALBI) for deter-
mining IVIg resistance. The authors enrolled 823 patients of which 
115 (13.9%) were found to have IVIg resistance. It was found that a 
higher ALBI was found to be an independent risk factor for deter-
mining IVIg resistance in children with KD. It yielded better results 
than albumin and total bilirubin alone. Although this study has a clear 
clinical message, experience shows that such predictions may not be 
valid when tested in multicenter studies across different ethnicities.
3. Treatment of Kawasaki disease: A network meta- analysis of four 
dosage regimens of aspirin combined with recommended intrave-
nous immunoglobulin

Ying- Hua Huang, Yi- Chen Hsin, Liang- Jen Wang, Wei- Ling Feng, 
Mindy Ming- Huey Guo, Ling- Sai Chang, Yu- Kang Tu and Ho- Chang 
Kuo

Front Pharmacol. 2021 Aug 12;12:725126. 10.3389/
fphar.2021.725126

Intravenous immunoglobulin (IVIg) along with aspirin is the stan-
dard of care for treatment of Kawasaki disease (KD). Although the 
dosage regimens of IVIg are well defined, there is still ambiguity 
about the need for, and dose of, aspirin. Huang et al conducted a 
meta- analysis based on a random effects network. This included six 
retrospective studies with 1944 patients with KD. Aspirin dose var-
ied among 0, 3– 5, 30– 50, and 80– 100 mg/kg/day. It was found that 
different doses of aspirin did not impact upon the primary outcome, 
namely coronary artery lesions. There was also no effect on sec-
ondary outcomes like IVIg resistance or duration of hospital stay. 
Further, the authors noted that the treatment without aspirin was 
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not inferior to treatment with aspirin. This is an important study that 
can directly impact on clinical management with KD, but it remains 
to be seen if similar results can be replicated from other centers and 
across different ethnicities.
4. Infections and antibiotics during fetal life and childhood and their 
relationship to juvenile idiopathic arthritis: A prospective cohort 
study

Erik Kindgren and Johnny Ludvigsson
Pediatr Rheumatol Online J. 2021 Sep 16;19(1):145. 10.1186/

s1296 9- 021- 00611 - 4
Although juvenile idiopathic arthritis (JIA) is the commonest 

rheumatological disorder in children, its etiology is poorly under-
stood. Among other etiologies, it has been linked to several infectious 
disorders and use of antibiotics. Kindgren and Ludvigsson report on 
a population- based prospective birth cohort of 17 055 Swedish chil-
dren of whom 102 developed JIA. Using multivariate logistic regres-
sion analysis, the authors found that exposure to antibiotics early 
in life is significantly associated with later development of JIA and 
that the association is dose dependent. These findings suggest that 
one has to be ever vigilant with regard to use of antibiotics in early 
childhood. This is an important study.
5. Identification of key biomarkers and immune infiltration in 
systemic juvenile idiopathic arthritis by integrated bioinformatic 
analysis

Min Zhang, Rongxin Dai, Qin Zhao, Lina Zhou, Yunfei An, Xuemei 
Tang and Xiaodong Zhao

Front Mol Biosci. 2021 Jul 14;8:681526. 10.3389/
fmolb.2021.681526

Systemic juvenile idiopathic arthritis (sJIA) is an uncommon dis-
order that is increasingly being considered to be an autoinflamma-
tory condition. Its etiology remains unclear. Zhang et al screened 
GSE17590, GSE80060, and GSE112057 gene expression profiles 
using the Gene Expression Omnibus database in an attempt to 
identify differentially expressed genes between healthy controls 
and patients with sJIA. Using pathway enrichment analysis, the au-
thors constructed a protein- protein interaction network and identi-
fied hub genes. The authors found two candidate markers for sJIA 
diagnosis— ARG1 and PGLYRP1. It has been suggested that there is 
an important role for platelets and the mitogen- activated protein ki-
nase pathway in the pathogenesis of sJIA. This is a unique study in 
which the authors have provided a completely new perspective for 
identifying new putative molecular targets for sJIA treatment.
6. Increased incidence of inflammatory bowel disease on etaner-
cept in juvenile idiopathic arthritis regardless of concomitant meth-
otrexate use

Joeri W. van Straalen, Roline M. Krol, Gabriella Giancane, Violeta 
Panaviene, Laura Marinela Ailioaie, Pavla Doležalová, Marco Cattalini, 
Gordana Susic, Flavio Sztajnbok, Despoina Maritsi, Tamas Constantin, 
Sujata Sawhney, Marite Rygg, Sheila Knupp Oliveira, Ellen Berit 
Nordal, Claudia Saad- Magalhaes, Nadina Rubio- Perez, Marija Jelusic, 
Sytze de Roock, Nico M. Wulffraat, Nicolino Ruperto, Joost F. Swart, 
Paediatric Rheumatology International Trials Organisation (PRINTO)

Rheumatology (Oxford). 2021 Sep 11:keab678. 10.1093/rheum 
atolo gy/keab678

Juvenile idiopathic arthritis (JIA) is the commonest rheumato-
logical disorder in children. Children with JIA can have involve-
ment of several organ systems. Uveitis is a well- characterized 
entity, but there is paucity of literature on development of in-
flammatory bowel disease (IBD) in these patients. Joeri W. van 
Straalen et al report on 8942 patients with JIA— 48 of whom de-
veloped IBD. The authors report that the risks for development of 
IBD were male sex, HLA- B27 positivity, older age at onset of JIA 
and family history of autoimmune diseases or enthesitis- related 
arthritis. On multivariate analysis, the strongest predictors for 
development of IBD were enthesitis- related arthritis and family 
history of autoimmune diseases. Incidence of IBD was also higher 
in patients on etanercept monotherapy. These findings provide 
new insights into our understanding of this common, yet complex, 
rheumatological disorder.
7. Follow up and management of serologically active clinically qui-
escent cases in pediatric systemic lupus erythematosus

Gabrielle Capone, Caroline Lojacono, Fatma Al- Bayitee, Shayan 
Makvandi, Teresa Hennon, Brian Wrotniak and Rabheh Abdul- Aziz

Reumatologia. 2021 Aug 13;59(4):244– 251. 10.5114/
reum.2021.108353

Pediatric lupus is more severe than adult lupus and has a poorer 
long- term prognosis. There is a subset of patients with pediatric 
lupus who are serologically active but clinically quiescent (SACQ). 
Capone et al enrolled 25 patients with lupus from a single center 
in the USA. Thirteen of them experienced SACQ episodes. It was 
found that children who had received treatment for these SACQ ep-
isodes were much less likely to have a clinical flare within 6 months 
compared with those who were not offered treatment. This is an 
interesting observation that can have therapeutic implications but 
needs to be validated in larger studies.
8. Favorable outcomes with reduced steroid use in juvenile 
dermatomyositis

Amir B. Orandi, Lampros Fotis, Jamie Lai, Hallie Morris, Andrew 
J. White, Anthony R. French and Kevin W. Baszis

Rheumatol Online J. 2021 Aug 17;19(1):127. 10.1186/s1296 9- 
021- 00615 - 0

The standard of care for inducing and maintaining remission in 
children with juvenile dermatomyositis is high- dose glucocorticoid 
therapy— intravenous pulse methylprednisolone followed by taper-
ing dose of oral steroids (starting usually at 2 mg/kg/day). Orandi 
et al report a single center experience, in which they used much 
lower doses of prednisolone (median dose 0.85 mg/kg/day and me-
dian duration of 9.1 months). These children had been treated be-
tween 2000 and 2014 and had had a minimum follow up of 2 years. 
It was found that treatment regimens based on these lower doses 
of steroids were comparable to the standard steroid regimen. This 
study provides room for introspection on steroid recommendations 
for pediatric rheumatological disorders in general, and juvenile der-
matomyositis in particular.
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9. Incidence, prevalence, and predictors of inflammatory arthritis 
in patients with hidradenitis suppurativa: A systematic review and 
meta- analysis

Nardin Hanna, Orli M. Silverberg, Michael Reaume, Dafna 
Gladman, Mark D. P. Davis, Vincent Piguet and Afsaneh Alavi

Int J Dermatol. 2021 Aug 25. 10.1111/ijd.15860
Hidradenitis suppurativa (HS) is a rare autoinflammatory disease 

that manifests with abscesses, painful nodules, scars, and fistulae. It 
can have several comorbidities including ocular and rheumatologi-
cal. This disorder has not been well characterized in children. Hanna 
et al have carried out a systematic review and meta- analysis related 
to HS and inflammatory arthritis. The authors found an increased 
incidence and prevalence of rheumatoid arthritis, ankylosing spon-
dylitis, and psoriatic arthritis in patients with HS compared with the 
general population. It was noted that the risk for inflammatory ar-
thritis was higher in male patients, younger patients, patients with 
severe disease, and those taking tumor necrosis factor- α blockers. 
This is an interesting study, and it shows the rheumatological foot-
print of a disorder hitherto considered a benign dermatological 
condition.
10. Childhood Sjögren syndrome: Features of an international co-
hort and application of the 2016 ACR/EULAR classification criteria

Matthew L. Basiaga, Sara M. Stern, Jay J. Mehta, Cuoghi Edens, 
Rachel L. Randell, Anna Pomorska, Ninela Irga- Jaworska, Maria F. 
Ibarra, Claudia Bracaglia, Rebecca Nicolai, Gordana Susic, Alexis 
Boneparth, Hemalatha Srinivasalu, Brian Dizon, Ankur A. Kamdar, 
Baruch Goldberg, Sheila Knupp- Oliveira, Jordi Antón, Juan M. 
Mosquera, Simone Appenzeller, Kathleen M. O'Neil, Stella A. 
Protopapas, Claudia Saad- Magalhaes, Jonathan D. Akikusa, Akaluck 
Thatayatikom, Seunghee Cha, Juan Carlos Nieto- González, Mindy 
S. Lo, Erin Brennan Treemarcki, Naoto Yokogawa and Scott M. 
Lieberman; for the Childhood Arthritis and Rheumatology Research 
Alliance and the International Childhood Sjögren Syndrome 
Workgroup

Rheumatology (Oxford). 2021 Jul 1;60(7):31443155. 10.1093/
rheum atolo gy/keaa757

Pediatric Sjögren syndrome (SS) remains a poorly under-
stood rheumatological disorder. There is paucity of information 
on the applicability of 2016 American College of Rheumatology/
European League Against Rheumatism (ACR/EULAR) classifica-
tion criteria to these children. Basiaga et al identified 300 children 
with SS from 23 centers across eight countries. The authors re-
port that 77% of patients did not meet the classification criteria. 
Arthralgia was seen in 54% and parotitis in 47%. Recurrent/ per-
sistent parotitis and arthralgia are the usual symptoms that lead 
the clinician to the possibility of an underlying SS. However, in the 
absence of pediatric classification criteria, there is a distinct pos-
sibility that children with these symptoms may remain underdi-
agnosed for prolonged periods. This study clearly shows that the 
2016 ACR/EULAR classification criteria for SS may not be useful 
for children. We need prospective studies to validate pediatric- 
specific criteria for SS.

11. Juvenile Behçet's disease: A tertiary center experience
Zahide Ekici Tekin, Elif Çelikel, Fatma Aydi, Tuba Kurt, Müge 

Sezer, Nilüfer Tekgöz, Cüneyt Karagöl, Serkan Coşkun, Melike 
Mehveş Kaplan and Banu Çelikel Acar

Clin Rheumatol, 2021 Sep 2. 10.1007/s1006 7- 021- 05896 - 0
Juvenile Behçet's disease (jBD) is an uncommon chronic inflam-

matory vasculitis in childhood. Tekin et al provide a single- center ex-
perience on jBD over 14 years. The authors report 72 patients with 
jBD, 32 of whom were boys. Family history of BD was present in 
41.7%. The most common clinical findings included oral ulcers (seen 
in 100%), genital ulcers (seen in 68.1%), arthritis (36.1%), and cutane-
ous manifestations (34.7%). Several other systems were involved— 
ocular (20.8%), vascular (18.1%), and neurological (15.3%). Although 
all patients received colchicine, additional immunosuppression (ste-
roids, azathioprine, cyclophosphamide) was also required in a signif-
icant proportion. This is an important contribution to the existing 
literature on jBD.
12. A novel LC– MS/MS- based method for the diagnosis of ADA2 
deficiency from dried plasma spot

Alessia Cafaro, Federica Pigliasco, Sebastiano Barco, Federica 
Penco, Francesca Schena, Roberta Caorsi, Stefano Volpi, Gino 
Tripodi, Marco Gattorno and Giuliana Cangemi

Molecules. 2021 Sep 21;26(18):5707. 10.3390/molec ules2 
6185707

Deficiency of adenosine deaminase- 2 (DADA2) is an autoinflam-
matory disorder that has a heterogeneous clinical presentation. It 
is now increasingly being recognized in both adults and children. 
Because of heterogeneity in clinical presentation, clinical diagnosis 
is often difficult. Delay in initiation of therapy can have serious con-
sequences. Diagnosis of DADA- 2 has hitherto been based on DNA 
sequencing and enzymatic assays— tests that are not easily available 
and accessible. Cafaro et al report on a new enzymatic assay based 
on liquid chromatography and tandem mass spectroscopy. This al-
lows determination of ADA- 2 enzyme activity from dried plasma 
spot. This method allows differentiation of healthy controls from 
carriers and affected patients. This study appears to be a major ad-
vance in the management of DADA- 2 provided the results can be 
replicated for other centers.
13. American College of Rheumatology Guidance for COVID- 19 
vaccination in patients with rheumatic and musculoskeletal dis-
eases: Version 3

Jeffrey R. Curtis, Sindhu R. Johnson, Donald D. Anthony, 
Reuben J. Arasaratnam, Lindsey R. Baden, Anne R. Bass, Cassandra 
Calabrese, Ellen M. Gravallese, Rafael Harpaz, Andrew Kroger, 
Rebecca E. Sadun, Amy S. Turner, Eleanor Anderson Williams and 
Ted R. Mikuls

Arthritis Rheumatol. 2021 Aug 4;73(10):e60- e75. 10.1002/
art.41928

Curtis et al provide broad guidelines to rheumatologists on use of 
coronavirus disease 2019 (COVID- 19) vaccines in patients with mus-
culoskeletal and rheumatic diseases. These are based on consensus 
recommendations of nine clinical immunologists/rheumatologists, 
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two public health physicians, and two infectious disease special-
ists. It is suggested that all patients should be offered the vaccine 
irrespective of disease activity/severity because there is evidence 
that several benefits accrue from such vaccination. Further, there 
is no benefit of delaying/modifying the vaccination schedule in pa-
tients receiving immunomodulatory drugs other than rituximab. The 
American College of Rheumatology also recommends that routine 
laboratory testing to assess protective immunity against COVID- 19 
is unnecessary.
14. Association of NLRP3 rs35829419 and rs10754558 polymor-
phisms with risks of autoimmune diseases: A systematic review and 
meta- analysis

Zubo Wu, Suyuan Wu and Tao Liang
Front Genet. 2021 Jul 22;12:690860. 10.3389/fgene.2021. 

690860
There is paucity of information on the association between 

NLRP3 rs35829419/ rs10754558 polymorphism and risk of devel-
opment of autoimmune diseases. Wu et al have performed a meta- 
analysis to study this association. For NLRP3 rs35829419, there 
appeared to be no significant association to overall incidence of au-
toimmune diseases. There was a significant association of NLRP3 
rs10754558 G allele with type 1 diabetes mellitus, systemic lupus 
erythematosus, and rheumatoid arthritis but not with myasthenia 
gravis, celiac disease, or multiple sclerosis. This study shows that 
NLRP3 rs10754558 polymorphism is linked to susceptibility to 
autoimmune diseases. However, it is still not clear if these results 

would be replicated from other populations. This is a unique study 
and helps in understanding the etiopathogenesis of some autoim-
mune diseases.
15. Imaging in non- bacterial osteomyelitis in children and ado-
lescents: Diagnosis, differential diagnosis and follow up— an 
educational review based on a literature survey and own clinical 
experiences

Matthias C. Schaal, Liya Gendler, Bettina Ammann, Nina 
Eberhardt, Aleš Janda, Henner Morbach, Kassa Darge, Hermann 
Girschick and Meinrad Beer

Insights Imaging. 2021 Aug 9;12:113. 10.1186/s1324 4- 021- 
01059 - 6

Chronic non- bacterial osteomyelitis and chronic recurrent osteo-
myelitis (CRMO) are recently described autoinflammatory diseases 
of the skeletal system. These are not as uncommon as hitherto be-
lieved. Delays in diagnosis and treatment of CRMO can result in sig-
nificant morbidity. Schaal et al present a narrative review based on 
systematic analysis of peer- reviewed manuscripts. The authors show 
that whole- body magnetic resonance imaging without additional 
contrast is the recommended imaging modality. It facilitates early di-
agnosis and provides an objective measure for follow up and assess-
ment of disease activity. The authors provide a clear and succinct 
review on a subject that is still not clearly defined and understood.
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C O R R E S P O N D E N C E

Increased malignancies in systemic sclerosis

Systemic sclerosis (SSc) is associated with an increased incidence 
of malignancies.1 We read with interest the report by Rees et al2 
regarding increased malignancies in a New Zealand cohort of sclero-
derma patients, and have observed a very similar pattern of malig-
nancy in our regional SSc cohort of a mixed population in the state 
of New Mexico in the USA.

The demographics of our SSc cohort with malignancy are 
shown in Table 1 and are very similar to the results reported by 
Rees et al.2 The mean age of malignancy onset and SSc onset were 
55.6 ± 10.3 years and 52.7 ± 12.9 years, respectively (95% CI of dif-
ference: −4.6 < 2.9 < 10.4, P = .44). During the mean observations 
time of 12.5 ± 7.9 years, 16.8% (23/137) of our cohort developed a 
malignancy similar to the 19.5% (32/164) reported the New Zealand 
cohort (Table 1).2 Similar to the New Zealand cohort, 65.3% were 
adenocarcinomas (breast, gastric, thyroid, uterus, lung, pancreas), 
13.0% were other carcinomas (skin, rectum, cervix, thymus), and 
21.7% were other tumors (Table 1). The standardized incidence ratio 
(SIR) based on local cancer rates was 2.0 (95% CI: 1.2- 3.1), very sim-
ilar to the SIR of 2.2 (95% CI: 1.4- 3.4) reported in New Zealand.2,3

Similar to the New Zealand cohort, antinuclear antibody (ANA) 
was positive in 70% with a mean inverse titer of 275.1 ± 235. 
ANA patterns included: speckled 21.4%, homogeneous 14.3%, 
centromere 35%, and nucleolar 7.1%. Positive specific serologies 
included anticentromere antibody 35%, anti- scleroderma (anti- 
topoisomerase) antibody 25%, rheumatoid factor 10%, anti- Jo1 
antibody 0%, anti- DNA antibody 5%, anti- Smith antibody 5%, anti- 
ribonuclear protein antibody 5%, and anticyclic citrullinated pep-
tide antibody 0% (0/20).

The treatment of the malignancy did not lead to the resolution of 
the SSc in any of the subjects (ie, all 23 patients continued to have 
SSc after cancer therapy). After 5 years from the diagnosis of can-
cer, 16/23 (69.6%) affected patients were still alive, although 2 had 
tumor recurrence. Seven patients (30%) died within 5 years of the 
tumor diagnosis: 1 from pulmonary hypertension, 1 from congestive 
heart failure, and 5 from recurrent or metastatic cancer. Sixty- one 
percent (14/23) of SSc- malignancy cases remain tumor- free to date.

However, we noted marked difference in survival between the 
SSc patients who developed malignancies before or simultaneously 
with the SSc diagnosis vs after the SSc diagnosis (Table 2). The sub-
jects with malignancy before vs after SSc diagnosis were very similar 
in terms of age, gender, and age at SSc diagnosis (Table 2). However, 
the mean age at cancer diagnosis was markedly different between 
the 2 groups (before 51.7 ± 8.3 years; after 60.5 ± 9.9 years; 95% 

CI: −16.8<−8.8<−0.8, P = .033); 5 year overall survival (before 83.3% 
[10/12]; after 54.5% [6/11], P = .12), the 5 year deaths from cancer 
(before 0% [0/12]; after 45.5% [5/11], P = .014), and the mean years of 
survival from cancer at the last observation (before 12.1 ± 9.0 years; 
after 2.8 ± 2.4 years; 95% CI: −3.3 < 9.3 < 15.3, P = .006).

Thus, the survival of SSc patients who develop a malignancy be-
fore or simultaneously with the diagnosis of SSc was much better 
than those SSc patients who develop a malignancy after the diagno-
sis of SSc (Table 2). These results suggest that the malignancies that 
occur before or simultaneous with the development of SSc might be 
biologically different from the malignancies that develop after the 
diagnosis of SSc (Table 2).

As reviewed by Bianchi et al and Jimenez et al,4,5 1 suspected 
mechanism behind the autoimmune phenomenon that induces SSc 
is the existence of microchimerism triggering an immune reaction 
to what is perceived as foreign material. Recent tumor marker and 
modeling studies have demonstrated that malignancies are typically 
present subclinically up to 10 years before the diagnosis of cancer.6- 8 
Indeed, circulating malignant cells are often identified in blood be-
fore the clinical diagnosis of cancer or SSc, suggesting microchime-
rism where the circulating cells are malignant or premalignant and 
inducing similar reactive immune changes, which may also in part 
explain the relationship between SSc and malignancy.6 These obser-
vations support the hypothesis of a common primary event early in 
oncogenesis that could make a self- antigen become immunogenic, 
and next trigger an autoimmune response against both tumor cells 
and normal host tissues, inducing generalized tumor- associated 
SSc.9 Inflammatory processes such as these induced by tumorigene-
sis may inhibit tumor growth but also may induce SSc and might ex-
plain the paradoxically better prognosis of cancer that occurs before 
the diagnosis of SSc.

Recent gene profiling has demonstrated that SSc patients often 
express known oncogenic gene signatures suggesting that the sus-
ceptibility genes for SSc and the susceptible genes for cancer may 
overlap.10 Dolcino et al10 found up- regulation of genes involved in 
apoptosis and overexpression of genes involved in cell proliferation. 
Similarly, Joseph et al9 found genetic alterations of the polymerase 
III polypeptide A (POLR3A) locus in peripheral blood lymphocytes 
of SSc patients with antibodies to RNA polymerase III who devel-
oped cancer but not in SSc patients without antibodies to RNA 
polymerase III who did not develop a malignancy, suggesting that 
POLR3A mutations may be associated with the development of can-
cer in SSc patients.

© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd
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In summary, our SSc cohort data are very similar to that of the 
New Zealand cohort reported by Rees et al, but we noted marked 
differences in survival from malignancy based on the timing of SSc 
onset (Table 2). We wonder if Reese et al2 have also observed di-
vergent survival outcomes in those SSc patients who develop ma-
lignancy before vs after the diagnosis of SSc and might address the 
above observations in relation to their own work.
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Patients with cancer 16.8% (23/137)

Mean observation time 12.5 ± 7.9 y

Mean age at systemic sclerosis diagnosis 52.7 ± 12.9 y

Mean age at cancer diagnosis 55.6 ± 10.3 y

Mean age at last visit 62.1 ± 9.3 y

Women 95.7% (22/23)

Men 4.2% (1/23)

Native American 8.7% (2/23)

Hispanic 60.9% (14/23)

Non- Hispanic 30.4% (7/23)

Diffuse systemic sclerosis 52.2% (12/23),

Limited systemic sclerosis 47.8% (11/23)

Adenocarcinoma 65.3% (15/23)

Squamous cell carcinoma 13.0% (3/23)

Other tumors 21.7% (5/23)

Survival at 5 y after cancer diagnosis 69.6% (16/23)

TA B L E  1   Patient demographics 
of systemic sclerosis patients with 
malignancy

TA B L E  2   Comparison of the systemic sclerosis patients who developed cancer before or after the systemic sclerosis diagnosis

Malignancy before 
systemic sclerosis

Malignancy after 
systemic sclerosis

Confidence intervala or 
percent differenceb P value

Number 12 11

Age, y 63.7 ± 12.1 64.5 ± 9.4 −10.3<−0.8 < 8.7 .86

Womenc 83.3% (10/12) 100% (11/11) 19.3% .26

Menc 16.7% (2/12) 0% (0/11) −100% .26

Age at systemic sclerosis diagnosis 55.3 ± 9.4 51.3 ± 14.7 −7.2 < 4.0 < 15.2 .46

Mean observation time after systemic sclerosis 
diagnosis

8.4 ± 10.8 13.2 ± 12.1 −6.3<−2.2 < 1.9 .33

Mean age at cancer diagnosis 51.7 ± 8.3 60.5 ± 9.9 −16.8<−8.8<−0.8 .033

5 y survival after cancer diagnosisc 83.3% (10/12) 54.5% (6/11) −35% .12

5 y deaths from cancerc 0% (0/12) 45.5% (5/11) +100% .014

Y Survival from cancer at last observation, y 12.1 ± 9.0 2.8 ± 2.4 3.3 < 9.3 < 15.3 .006

a95% CI of difference of means (Wald) for measurement data.
bPercent difference of malignancy before vs malignancy after with malignancy before used as baseline.
cFisher’s exact test.
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C O R R E S P O N D E N C E

Correspondence reply to authors J A Vondenberg 
et: RE: Increased malignancies in systemic sclerosis 
(IJRD: IJRD- 2021- 0787)

Dear Sir,
We have read with great interest the manuscript IJRD- 2021- 0787 
and have noted that the authors J A Vondenberg et al have on evalu-
ation of their cohort of systemic sclerosis (SSc) patients noted that 
their data were similar to ours (Int J Rheum Dis 24 555- 561).

Specific observation by Vondenberg’s team was presence of 
marked differences in the survival from malignancy based on the timing 
of SSc onset. They noted survival (in years) was significantly less in SSc 
cases who developed malignancy after the diagnosis of SSc (2.8 ± 2.4 
vs 12.1 ± 9.0; ie in cases who had malignancy before the onset of SSc).

In our cohort where 10 patients had been diagnosed with malig-
nancy before the onset of SSc, on follow up, 2 had deceased, whereas 
in patients diagnosed with malignancy after SSc was diagnosed, 9 had 
deceased. The proportion of deaths due to malignancy vs SSc are as in 
Diagram 1. However, we do admit our cohort was a small one similar to 
theirs.

We also noted that the mean age of the patients who had malig-
nancy was 8 years more than those SSc patients without malignancy. 
It was more prevalent in males as compared to females similar to 
other studies (as tabulated in our manuscript, Table 4).

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

D I A G R A M  1  Illustration of the 
outcome of cancers (Malig) diagnosed 
before and in those after the diagnosis of 
the systemic sclerosis (SSc)
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C O R R E S P O N D E N C E

Successful treatment of children with juvenile 
systemic sclerosis using mycophenolate mofetil after 
methylprednisolone pulse therapy: A 3- year follow- up

Dear Editor,
We read with great interest the article titled “Long- term efficacy 
and tolerability of mycophenolate mofetil [MMF] therapy in diffuse 
scleroderma skin disease”,1 recently published in this journal. The 
article suggested that MMF was associated with modest improve-
ments in skin score and was well tolerated in treating adult- onset 
diffuse scleroderma skin disease. Regarding juvenile systemic scle-
rosis (JSSc), the best treatment strategy remains unclear, owing to 
the rarity of the disease. Herein, we report 2 cases of JSSc treated 
with MMF after methylprednisolone pulse therapy (MPT).

A previously healthy 15- year- old Japanese boy (Case 1) was re-
ferred to our hospital with scleroderma affecting the bilateral finger 
to the forearm. He experienced chilblains for about a year before 
visiting our hospital. His hands felt uncomfortable. Furthermore, he 
experienced swelling and pain in his hands upon waking up. Physical 
examination revealed scleroderma affecting his finger to the fore-
arm, with a modified Rodnan skin thickness score (mRSS) of 16. In 
addition, Raynaud's phenomenon, digital pitting scars, and telangi-
ectasia of nailfolds were observed. Serum Krebs von den Lungen 
(KL)- 6 levels were 161 U/mL (reference range [rr], <500 U/mL). 
Immunological studies showed that the patient tested positive for 
antinuclear (1:1000; rr, <1:40) and anti- Scl- 70 (1:64; rr, <1:1) anti-
bodies. He had precordial pain and epigastric discomfort: upper 
gastrointestinal endoscopy showed gastroesophageal reflux dis-
ease. No abnormalities were found in other organs, including the 
heart, lungs, and kidneys. According to the Pediatric Rheumatology 
European Society/American College of Rheumatology/European 
League Against Rheumatism provisional classification criteria for 
JSSc,2 he was diagnosed with JSSc.

He was treated with 2 courses of MPT (one course =30 mg/kg/d 
×3 d/wk; maximum 1000 mg/d) followed by oral prednisolone (PSL) 
administration (0.8 mg/kg/d). PSL dosage was reduced by 0.1 mg/
kg/d every 2 weeks. The therapeutic effect was estimated using the 
mRSS. By the time PSL was tapered to 0.5 mg/kg/d (at discharge), 
mRSS had improved to 5 points. After decreasing PSL to 0.5 mg/
kg/d, PSL had been decreased more slowly over the years while ob-
serving the patient's symptoms of scleroderma. Four months after 
discharge, MMF (600 mg/m2/d) was added. One month after its ini-
tiation, MMF was increased to 1200 mg/m2/d, conforming to the 

dosage used for juvenile lupus nephritis. Three years after discharge, 
he underwent PSL treatment at a dose of 0.1 mg/kg/d (5 mg/d) while 
receiving MMF at a dose of 1200 mg/m2/d (2000 mg/d). His mRSS 
improved further and was maintained at 2 points. His gastroesoph-
ageal reflux disease remained well controlled by oral potassium- 
competitive acid blocker therapy.

A previously healthy 5- year- old Japanese girl (Case 2) presented 
with scleroderma, digital pitting scars of her fingers, Raynaud's phe-
nomenon, and telangiectasia of nailfolds. She had Raynaud's phe-
nomenon and pain in her fingers since she was 4 years old. By 5 years 
of age, her Raynaud's phenomenon worsened, with scleroderma and 
digital pitting scarring. Physical examination revealed scleroderma 
affecting bilateral lower legs and from the bilateral fingers to the 
forearms, with an mRSS of 18. Serum KL- 6 level was 168 U/mL (rr, 
<500 U/mL). Immunologic studies showed that she tested positive 
for antinuclear (1:100; rr, <1:40) and anti- Scl- 70 (1:1; rr, <1:1) anti-
bodies. No abnormalities were found in other organs, including the 
gastrointestinal tract, heart, lungs, and kidneys. According to the 
same provisional classification criteria for JSSc2 as in Case 1, she was 
diagnosed with JSSc.

She underwent 2 courses of MPT followed by oral PSL admin-
istration (0.8 mg/kg/d) and MMF (600 mg/m2/d). PSL dose was 
tapered by 0.1 mg/kg/d every 2 weeks. One month after starting 
MMF, it was increased to 1200 mg/m2/d. By the time PSL was re-
duced to 0.5 mg/kg/d (at discharge), mRSS improved to 9 points. 
After discharge, PSL dose had been decreased more slowly over the 
years while observing the patient's symptoms of scleroderma. Three 
years after discharge, PSL was stopped. We prescribed MMF at a 
dose of 1200 mg/m2/d (1000 mg/d) without PSL. Her mRSS further 
improved and was maintained at 0 points.

Zulian et al reported treatment strategies based on their expe-
rience of treating adult- onset SSc.3 Methotrexate (MTX) and glu-
cocorticoids were indicated as first- choice treatments of skin or 
gastrointestinal involvement. In addition, MMF or cyclophospha-
mide (CY) was suggested in cases non- response to MTX, or heart 
or lung involvement.3 However, MTX may cause interstitial pneu-
monia and lymphoma. Moreover, CY might cause gonadal disorders 
and hemorrhagic cystitis. Thus, we used MMF after MPT consider-
ing treatment safety. Regarding adult- onset SSc, there has been a 
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report evaluating efficacy and safety of a treatment strategy com-
bining MMF, MPT, and glucocorticoids.4 To the best of our knowl-
edge, this is the first report of JSSc cases treated with MMF after 
MPT. By the end of treatment with MPT, mRSS clearly improved in 
both patients. Subsequently, oral PSL and MMF were administered. 
Despite decreasing PSL, improvement in mRSS was sustained with 
MMF. MPT helps reduce PSL dose in patients with rheumatic dis-
eases.5 Herein, the patients were treated with MPT, and PSL dose 
was rapidly reduced. MMF has been reportedly shown to be effec-
tive in adult- onset SSc.1,3,4,6 Mendoza et al reported that MMF was 
effective in adult- onset SSc skin disease without using other immu-
nosuppressants.6 MMF can inhibit fibrosis by the direct action on 
fibroblasts, the inhibition of their proliferation, and the reduction of 
tissue accumulation of activated myofibroblasts. This may have con-
tributed to successful administration of low PSL dosage in our cases. 
The efficacy of MMF, MTX, and CY does not significantly differ.7,8 
Regarding safety, the main adverse effects of MMF include gastroin-
testinal symptoms, myelosuppression, and infection. However, they 
are often mild, transient, and tolerable.1,3,9 In both cases reported 
here, there were no adverse effects, including renal crisis. Although 
a comparative study is required, MMF after MPT may be effective in 
ensuring good control and safety in patients with JSSc skin involve-
ment as well as heart or lung involvement.

KE Y WORDS
anti- Scl- 70 antibody, diffuse scleroderma skin disease, modified 
Rodnan total skin thickness score, mRSS, prednisolone, SSc
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