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E D I T O R I A L

Interleukin- 17 inhibitor, is it safer than tumor necrosis factor 
inhibitor?

The efficacy of IL- 17 inhibitor (IL- 17i) in inflammatory arthritis (IA) 
including ankylosing spondylitis (AS) and psoriatic arthritis (PsA) has 
been ascertained in large- scale clinical trials, while safety, especially 
infections, should be further addressed and paid more attention to 
by clinicians in long- term administration. In a nationwide population- 
based study evaluating the mortality of AS, the proportions for all 
general comorbidities including infections were substantially higher 
in the patients with AS. Within the AS cohort, infections were statis-
tically significant predictors of death.1 PsA per se is associated with 
an increased infectious risk, which is in line with the theory.2

Biological disease- modifying antirheumatic drugs (bDMARDs) 
including IL- 17i as well as tumor necrosis factor inhibitor (TNFi), 
are approved for treatment in IA. According to current practice for 
IA,3,4 in patients with predominantly axial disease which is active 
and has insufficient response to non- steroidal anti- inflammatory 
drugs (NSAIDs), TNFi should be considered as the first bDMARD, 
IL- 17i may be preferred when there is relevant skin involvement. 
Switching to another TNFi or an IL- 17i is recommended in case 
TNFi fails. Although TIght COntrol of Psoriatic Arthritis (TICOPA) 
showed better responses with treatment adaptations upon tight 
control compared with standard care, theoretically anti- drug anti-
body would eventually lead to secondary drug failure. Thus switch-
ing should be cautious instead of being fond of the new and tired 
of the old and clinicians must weigh the pros and cons to make the 
best choice. Relative contraindications should include specific types 
of infections.

Therapeutic effects together with adverse effects (AE) are both 
due to mode of action, so- called mechanisms of the relevant drugs. 
The most common AE is infection. Compared with IL- 17, TNF exerts 
a more potent and wider effect and might induce more side effects 
including severe and opportunistic infections. By widespread innate 
and adaptive system modification, it has been proposed that TNFi in-
creased the risk of tuberculosis and mycobacterial infections as well 
as causing disruption of tuberculosis granulomas or reactivation of 
tuberculosis. On the other hand, the mechanism of action of IL- 17i is 
more targeted than that of TNFi, with generally fewer warnings and 
precautions. IL- 17i proved to be safer in patients with high risk for tu-
berculosis and hepatitis B virus (HBV). In the case of HBV infection, 
IL- 17 can play both protective and pathogenic roles.5 Interestingly, 
IL- 17 can enhance the proliferation of HepG2 cells in vitro and in 
vivo via activating the IL- 6/STAT3 pathway, demonstrating that the 

tumor- promoting effect mediated by IL- 17 might be correlated with 
a direct action on tumor cells through inducing IL- 6, which could 
activate STAT3 in hepatocellular carcinoma (HCC). The IL- 17/IL- 6/
STAT3 (signal transducer and activator of transcription 3) signaling 
pathway is a potential therapeutic target for HBV- related HCC.6 In 
another way, IL- 17i might be protective or at least not harmful in 
patients with HBV infection who are at risk of HCC.

Clinical data show no risk of increased infection with IL- 17i from 
specific pathogens, with the exception of candidiasis. Treatment 
with secukinumab (SEC) (MEASURE 1- 4 in AS 7- 9 and FUTURE 1- 3 in 
PsA 10- 12) may increase the risk of infections. In the double- blinded 
period, candida infection was reported with incidence of less than 
3% in AS and less than 1% in PsA. Treatment with ixekizumab 
(IXE) (COAST- V, COAST- W in AS 13,14 and SPIRIT- P1, SPIRIT- P2 in 
PsA 15,16) could consistently increase the risk of infections. In the 
double- blinded period, candida infection was also reported with 
similar incidence. In a bimekizumab (BKZ) trial in AS,17 candida in-
fection was twice higher compared with previous IL- 17i. In the BKZ 
trial in PsA,18 the incidence of candida infection was comparable. 
Of special interest, candida infections (genital candidiasis, oral can-
didiasis and candida thrush infection) were reported. These events 
did not lead to study discontinuation and resolved spontaneously 
or with standard antifungal treatment. Gain- of- function human 
STAT1 mutations impair IL- 17 immunity and underlie chronic mu-
cocutaneous candidiasis including skin, nails, oral cavity, orophar-
ynx, genital mucosa.19 The promising neutralizing effect targeting 
IL- 17F in addition to IL- 17A might come up with possible higher risk 
of candida infection.

In the long- term evaluation of SEC trials up to 5 years,20- 28 the 
exposure- adjusted incidence rate (EAIR) of infections reached the 
peak with the highest rate of infection and infestation of 81.3% in AS 
and 76.3% in PsA at 1 year. The rate of serious infection (1.0% in AS 
and 1.8% in PsA) and candida infection (0.4% in AS and 0.9% in PsA) 
remained stable at the fifth year. The reported data for extension 
study of IXE was relatively shorter with up to 1 year in AS 28 and 
3 years in PsA,29 the incidence of infections also reached the peak 
at 1 year (52% in AS and 55% in PsA) with decreasing tendency. As 
time goes by, the risk of infection might be dose- dependent within 
the first year and drop to a stable level, which might be due to bio-
logics tapering and decreased concomitant treatment after disease 
control.

© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd
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Besides mode of action due to chemical structures and time 
exposure of drugs, distinct genetic background of disease entities 
may contribute to the divergence of infection risk. Overall, AS pa-
tients seemed to have higher risks than PsA patients. There might 
be underlying pathogenesis for susceptibility to infection events 
in IA with IL- 17i treatment. Several single nucleotide polymor-
phisms in genes directly involved in IL- 17 signaling have also been 
linked to AS and PsA. Multiple immunological functions can be 
altered by these genetic associations, including several relevant 
to IL- 17A signaling through activation of CD8+ T cells and CD4+ 
T cells. Additional susceptibility variants have been identified in 
genes encoding IL- 17- related signaling molecules, including TYK2, 
TRAF3IP2 and STAT3.

There were 2 trials of head- to- head studies of IL- 17i versus adali-
mumab (ADA) in PsA published recently. Infection or infestation was 
comparable in both drugs in SEC and IXE trials with slightly higher 
numbers in the IL- 17i group compared with ADA. For serious infec-
tion, numerically higher rate was noted in the EXCEED trial30 (2% in 
SEC vs. 1% in ADA) while with lower rate in the SPIRIT- H2H trial31 
(1.8% in IXE vs. 2.8% in ADA). Candida infection was consistently 
higher in IL- 17i groups (4% in SEC vs. 2% in ADA and 2.5% in IXE vs. 
1.1% in ADA). In a most recent real- life cohort study32 comparing 
SEC versus an alternative TNFi in patients with axial spondyloarthri-
tis (axSpA), 4 of 62 patient in the SEC group and 2 of 141 patients 
in the TNFi group discontinued biologic treatment due to infection. 
Moreover, 1 severe infection requiring hospitalization occurred in 
the SEC group. Conclusion of a safety profile concerning infections 
can only be drawn in head- to- head comparison between these 2 
drugs in AS.

A small- scale survey on COVID- 1933 indicated that patients 
with IA on a biologic (25% for TNF or 23% for IL- 17) reduced their 
medication (either eliminated, reduced the dosage or reduced the 
frequency) and found little correlation between spondylitic disease 
activity and severity of COVID- 19. There is limited evidence showing 
reduced infection for those on biologics, while how the medications 
taken for this illness potentially affect susceptibility and severity of 
COVID- 19 requires further investigation.

The issue of fibromyalgia (FM) as a co- morbidity to axSpA has 
raised considerable concerns and was considered to have a mod-
est impact on the assessment of disease activity and quality of life 
while it does not significantly influence response to TNFi therapy.34 
FM is associated with several secondary symptoms such as psycho-
logical and pain- specific distress. Concerning death reported in the 
SEC study (albeit considered unrelated and not a causal event), more 
caution must be given for this subtype of patient. Paradoxically, the 
study demonstrated that patients with current major depressive dis-
order exhibited increased fecal IL- 17A levels,35 indicating a possible 
role of IL- 17i in dealing with depressive behavior. TNFi might be neu-
tral for FM, while it requires further elucidation as to whether IL- 17i 
is friend or foe for FM in AS. Low bone mineral density (BMD) is 
increasingly recognized as another common comorbid condition in 
AS. Early initiation of TNFi is recommended in patients with active 
disease due to its positive effects on BMD, although the outcome 

on reduction in vertebral fractures remains unclear.36 Blocking the 
IL- 17A pathway seems to have a positive effect on the bone and car-
tilage damage observed in IA,37 thus IL- 17i would be anticipated to 
be a good player in treating osteoporosis in AS.

PsA is associated with multiple comorbidities, particularly met-
abolic comorbidities, including obesity, diabetes, and increased 
cardiovascular risk. It was reported that the presence of comorbid-
ities was associated with higher baseline disease activity, shorter 
TNFi persistence, and reduced clinical response rates in PsA.38 
Comorbidities hampered the effect of anti- TNF agents, while treat-
ment seems to benefit patients from a cardiovascular point of view. 
More data are needed for IL- 17i in order to verify whether biologic 
treatments do have an effect and whether there are differences 
among the 2 drugs. There is a moderate point prevalence of both de-
pression and anxiety in patients with PsA, which is similar or slightly 
higher than the general population.39 This recent study illustrated 
a benefit of etanercept on the prevalence of depression and anxi-
ety, albeit with a high risk of bias. The effects of IL- 17i for PsA on 
comorbid depression and anxiety remain unclear, suggesting that a 
personalized treatment strategy should be considered.

In conclusion, the infection risk of IL- 17i is not higher than TNFi in 
general. Bacterial infections occurring in patients treated with either 
IL- 17i or TNFi might be comparable. More fungal infections, although 
most are manageable, seemed to present in patients treated with IL- 
17i. In high incidence areas of tuberculosis and HBV, IL- 17i might 
be safer than TNFi, but there is still a need for a risk management 
plan. During this SARS- CoV- 2 pandemic times, pending exploration 
of an underlying pathway might give hint to potential treatment tar-
gets for immune response with releasing inflammatory markers in-
cluding TNF and IL- 17. By now, prevention is better than treatment. 
Vaccination should be considered for patients with high risk. For 
unexpected comorbidities, TNFi exhibited favorable or at least not 
harmful effects while IL- 17i with promising underlying mechanism 
of action requires future exploration. When prescribing IL- 17i, cli-
nicians should evaluate whether the benefits would outweigh the 
potential risks. Considering that the transduction of IL- 17 signaling 
pathway and activation of the IL- 17- secreting cells are controlled by 
sophisticated regulatory mechanisms, a better understanding of the 
relevant mechanisms may also shed light on strategies that optimally 
exploit the use of IL- 17i.
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Abstract
Aim: Denosumab increases bone mineral density through inhibition of the receptor 
activator of nuclear factor κ- Β ligand (RANKL). RANKL has known immunomodula-
tory effect. The largest study to date that reviewed denosumab efficacy in osteo-
porosis demonstrated an increased incidence of serious adverse events of infection 
(SAEI). We aimed to further evaluate risk of infection and SAEI in denosumab- treated 
patients.
Method: PubMed, Embase, Cochrane Central Register of Controlled Trials, and Web 
of Science were searched for randomized controlled trials. Studies comparing deno-
sumab 60 mg every 6 months with placebo or bisphosphonate for treatment of low 
bone mineral density were included. Trials were excluded for use of denosumab in 
cancer patients treated for skeletal-related events, immunosuppressed patient pop-
ulations, or for comparison to teriparatide. Risk ratios (RR) with a 95% confidence 
interval (CI) were pooled using a fixed effects model, or a random effects model if 
heterogeneity occurred.
Results: Twenty- four randomized controlled trials (20 470 patients) were analyzed. 
An increased incidence of any infection (RR 1.11; 95% CI 1.02- 1.20; P = 0.02) was 
observed in denosumab- treated patients compared with bisphosphonates, but not 
when compared with placebo. In contrast, a higher incidence of SAEI (RR 1.21; 95% 
CI 1.03- 1.43; P = 0.02) was seen with denosumab when compared with placebo, but 
not compared with bisphosphonates.
Conclusion: Denosumab- treated patients with low bone mineral density have slightly 
increased incidence of SAEI compared with placebo, but not when compared with 
bisphosphonates. Application of these results requires consideration of the entire 
body of data available regarding denosumab safety.
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1  | INTRODUC TION

Denosumab is a human monoclonal antibody to the receptor acti-
vator of nuclear factor- κB ligand (RANKL). RANKL is a cytokine in 
the tumor necrosis factor family that is vital for osteoclastic bone 
resorption. Denosumab binds to RANKL, preventing interaction 
with its receptor RANK, thereby downregulating osteoclastic bone 
resorption.1 Multiple randomized control trials (RCTs) have shown 
that denosumab can be used for increasing bone mineral density and 
reducing fragility fractures.2- 4 In the Fracture Reduction Evaluation 
of Denosumab in Osteoporosis Every 6 months (FREEDOM) trial, 
denosumab was shown to be effective for the treatment of post-
menopausal osteoporosis by reducing the relative risk of vertebral 
fractures by 68% and hip fractures by 40% compared with placebo.2 
However, RANK has also been shown to play a role within the im-
mune system by acting as a signaling receptor between a tumor 
necrosis factor- related activation induced cytokine (TRANCE) and 
osteoprotegerin (OPG). The resulting OPG/RANK/RANKL axis has 
been studied for its immunomodulatory effects, particularly for its 
role in the development of T cells and dendritic cells in a process 
deemed osteoimmunology.5 Denosumab was therefore subject to 
scrutiny regarding concerns for potential increased risk for infec-
tion. The FREEDOM trial's safety data demonstrated more infec-
tions overall in the placebo group compared with the denosumab 
group. However, denosumab had a statistically significant increased 
incidence of serious adverse events of infection (SAEI), particularly 
with cellulitis and erysipelas. A further analysis of the FREEDOM 
safety data demonstrated numerically more frequent abdominal, 
urinary tract, ear, and endocarditis infections over a 3 year period, 
but these were not statistically significant compared with placebo.6 
Numerous other RCTs comparing the efficacy of denosumab with 
placebo or bisphosphonates have been published, with conflicting 
safety data regarding risk of infection rates. None have been specif-
ically performed with the intention to evaluate the risk for infection 
as a main outcome. We performed a systematic review and meta- 
analysis of RCTs that evaluated the use of denosumab at the dose 
of 60 mg subcutaneously every 6 months for the treatment of low 
bone mineral density, in comparison with treatment with a placebo 
or bisphosphonate in adult patients, to determine whether there is 
an increased risk of infection caused by RANKL inhibition.

2  | MATERIAL S AND METHODS

2.1 | Search strategy and study selection

A comprehensive literature search was performed for RCTs on da-
tabases including PubMed, Embase, Cochrane Central Register of 
Controlled Trials, and Web of Science current to October 18, 2020. 
Given the relative paucity of publications on denosumab, a broad 
search strategy inclusive of key terms including “denosumab”, “oste-
oporosis”, and “low bone mineral density” was performed to capture 
a maximum number of inclusive articles. Title, abstract, and full- text 

screening were performed with the use of the online software 
CovidenCe (Covidence systematic review software, Veritas Health 
Innovation, Melbourne, Vic., Australia; available at www.covid ence.
org). Additional articles were retrieved through reference searching 
and manual retrieval from reference lists of included articles.

Studies that met the following inclusion criteria were included in 
our meta- analysis. (a) The studies were RCTs that evaluated the use 
of denosumab 60 mg every 6 months, which is the dose approved 
for treatment of postmenopausal osteoporosis. (b) The studies com-
pared denosumab with either placebo or bisphosphonates in adult 
patients with a diagnosis of osteoporosis, osteopenia, low bone min-
eral density, or fragility fracture. (c) The studies' participants could 
have a diagnosis of secondary low bone mineral density from the fol-
lowing etiologies: treatment with antihormonal therapy, malabsorp-
tion related to inflammatory bowel disease or other malabsorption 
syndromes, chronic kidney disease, disorders of collagen metabo-
lism, hyperparathyroidism, hyperthyroidism, psychiatric medication 
or substance use, and thalassemia. Studies were excluded for the 
following reasons. (a) If denosumab was not used at the 60 mg dos-
ing, or if denosumab was used for other purposes such as for pre-
vention of skeletal- related events in cancer patients. (b) Participants 
had risk factors for infection such as immunosuppression from corti-
costeroids, hypercortisolism, disease- modifying antirheumatic drug 
(DMARD) use for rheumatologic conditions such as rheumatoid ar-
thritis or connective- tissue diseases, organ transplant recipients on 
anti- rejection therapies, patients with immunosuppression from in-
trinsic immunologic conditions, or patients with HIV/AIDS. As such, 
RCTs evaluating glucocorticoid- induced osteoporosis or patients 
with rheumatoid arthritis were excluded. (c) Studies comparing de-
nosumab and teriparatide (prior teriparatide use was not excluded). 
(d) The RCT did not include data regarding rates of infection or other 
adverse events. (e) The study was not an RCT, or if the study was a 
post hoc analysis or an extension study of a previous RCT, or a con-
ference abstract. If a study included several different denosumab 
dosing regimens, data were analyzed only for those patients treated 
with 60 mg administered every 6 months. Pooled data from studies 
where patients were treated with multiple dosages of denosumab 
were excluded from analysis. In studies with more than one publica-
tion, the final published study was analyzed unless it contained less 
complete or a less detailed presentation of safety data compared 
with the previous publications. Only publications written in English 
were analyzed.

2.2 | Data extraction and quality assessment

Two authors independently selected studies for data extraction and 
quality assessment (BC, SS). Findings were compared and consen-
sus data were tabulated using a data abstraction form specifically 
designed for the systematic review. Discrepancies were resolved 
through discussion with the third author (TT). Demographic data, 
patient characteristics, length of study, and study inclusion and 
exclusion criteria were documented, in addition to intervention 

http://www.covidence.org
http://www.covidence.org
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type and dosage. Study quality was assessed using the scoring 
system developed by Jadad et al.7 Allocation concealment related 
bias was also assessed in addition to random sequence genera-
tion, participant and investigator blinding, outcome assessment 
blinding, incomplete data reporting, and withdrawal accountabil-
ity (Table 1).

2.3 | Data analysis

Our primary outcome was the overall risk for any type of infection. 
Secondary outcomes included rate of SAEI (as defined by the original 
investigators), rates of mortality secondary to infection, risk for op-
portunistic infections (as defined by the original investigators), and 

rates of study withdrawal secondary to infection. Subgroup analysis 
included comparison of denosumab with placebo, and of denosumab 
with pooled bisphosphonate treatment groups. Placebo or bisphos-
phonates were considered as control groups.

Dichotomous data were compared between groups using risk 
ratios (RRs) and the corresponding 95% confidence intervals (CI). 
The Mantel- Haenszel model was used to pool trial data. In trials 
with three arms (denosumab, placebo, and bisphosphonate), two 
different comparisons were completed: the patients and events in 
the denosumab group were compared with the placebo group and 
also compared with the bisphosphonate group. Heterogeneity was 
assessed using χ2 and I2 calculations of heterogeneity. A random- 
effects model was applied if there was significant heterogeneity 
(P <0.05, I2 > 50%). Otherwise, a fixed- effects model was used.

F I  G U R  E  1    PRISMA flow chart of the study selection process

www.wileyonlinelibrary.com
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Review ManageR, version 5.3 (The Cochrane Collaboration) was used 
for statistical analyses.

3  | RESULTS

3.1 | Search results

The electronic literature search returned 2855 articles and abstracts. 
Once duplicates were removed, 1853 studies were screened using 
the inclusion and exclusion criteria. From these, 90 articles passed 
through to a full- text review, and 24 of those were selected for inclu-
sion in the meta- analysis (Figure 1).

3.2 | Trial demographics and features

A total of 20 470 patients were analyzed from the 24 RCTs con-
ducted from 2006 to 2019. The mean age of all included patients 
was 65.5 years with a standard deviation of 5.5 years. Duration of 
follow up ranged from 3 to 36 months, with a mean of 16 months and 
a standard deviation of 8.4 months. There were 18 661 women and 
1809 men, with 18 studies having 100% female participants. Trials 
were described as follows: (a) double blind (n = 10); (b) double blind, 
double dummy (n = 4); (c) open label (n = 8); (d) dose ranging (n = 1); 
(e) double blinded denosumab and placebo interventions, with open 
label bisphosphonate (n = 1).

Denosumab treatment was compared with placebo in 11 trials, 
compared with bisphosphonate in 10 trials, and compared with both 
placebo and bisphosphonate in three trials. Bisphosphonates used 
in the studies included: alendronate (n = 7), zoledronic acid (n = 3), 
ibandronate (n = 1), and risedronate (n = 1). One trial used both 
alendronate and minodoronate. Indications for denosumab use in-
cluded: (a) postmenopausal women with low bone mineral density 
(n = 16), (b) aromatase inhibitor therapy (n = 2), (c) hemodialysis pa-
tients (n = 1), (d) previous teriparatide use (n = 1), (e) men with low 
bone mineral density (n = 1), (f) androgen deprivation therapy (n = 1), 
(g) home parenteral nutrition use (n = 1), and (h) thalassemia (n = 1). 
Most studies were sponsored by a pharmaceutical company (n = 21), 
most notably Amgen (n = 19).

3.3 | Risk of bias in included studies

An assessment of each study against the individual methodologi-
cal quality criteria described in the methods section is provided in 
Table 1. All studies were reported as “randomized”, but only 15 stud-
ies provided enough description to be deemed as having appropri-
ate randomization. Sixteen of the 24 included studies reported an 
appropriate method of blinding. Most studies (87.5%) reported the 
reason for withdrawals and dropouts in both comparator groups. 
The mean Jadad score across studies was 3.8 with a standard devia-
tion of 1 and a median score of 4. Only 14 of the RCTs (58.3%) were 

rated as being low risk for allocation concealment bias, whereas 10 
RCTs (41.6%) were rated as having inadequate or unclear alloca-
tion concealment. There is the potential that inadequate allocation 
concealment may result in an overestimation of the true treatment 
effect.8

3.4 | Outcomes of rates of infection and 
serious infection

A total of 7008 patients experienced an infection during their in-
volvement in their respective trials. This included 3453 patients 
treated with denosumab (34.6%), 580 patients treated with a bispho-
sphonate (20.0%), and 2975 patients treated with placebo (39.5%). A 
random effects model was used during analysis of overall risk for 
any infection when denosumab was compared with placebo, as 
there was significant heterogeneity (I2 = 56%). Data regarding rates
of SAEI taken from McClung et al were excluded, as only pooled data 
from numerous denosumab treatment doses were presented.9 Data 
from Voskaridou et al were excluded as no adverse event data were 
presented in their article.10.

There was no significant difference in rate of any infection be-
tween denosumab and placebo (RR 1.07; 95% CI 0.97- 1.18; P =0.18) 
(Figure 2). Treatment with denosumab was slightly more associated 
with occurrence of any infection compared with bisphosphonates 
(RR 1.11; 95% CI 1.02- 1.20; P =0.02) (Figure 3). In all, 634 patients 
experienced an SAEI across all 24 RCTs. Rates of these findings are 
shown in Figures 4 and 5. In total, across all studies, 347 SAEI were 
seen in denosumab- treated patients (3.3%), 29 in bisphosphonate- 
treated patients (1.0%), and 258 in placebo- treated patients (3.4%). 
Denosumab treatment was more likely to be associated with SAEI 
than placebo (RR 1.21; 95% CI 1.03- 1.43; P =0.02) (Figure 4). 
However, denosumab was not different from bisphosphonates in 
the risk for SAEI (RR 1.05; 95% CI 0.64- 1.72; P =0.85) (Figure 5). We 
also sought to collect data regarding rates of study withdrawal sec-
ondary to infection, rates of mortality secondary to infection, and 
rates of opportunistic infection. These events occurred either too 
infrequently or were infrequently reported, hence, these data could 
not be analyzed.

4  | DISCUSSION

In this systematic review and meta- analysis of RCTs, rates of infec-
tion in non- immunosuppressed patients treated with denosumab for 
a low bone mineral density indication were compared with those 
treated with bisphosphonate or placebo. An increased incidence of 
any infection was observed in denosumab- treated patients com-
pared with those treated with bisphosphonates, but not when com-
pared with patients receiving placebo. In contrast, a slightly higher 
incidence of SAEI was seen with denosumab when compared with 
patients receiving placebo, but not when compared with patients 
receiving bisphosphonates. These conflicting results are hard to 
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reconcile, as bisphosphonates are not associated with an increased 
risk for infection as an adverse effect.

Our findings are similar to those of Diker- Cohen et al, who per-
formed a comparable study but with the inclusion of patients treated 
with teriparatide, glucocorticoid- induced osteoporosis patients, 
rheumatoid arthritis patients on DMARDS, and organ transplant 
patients.11 Their analysis compared infection rates in denosumab- 
treated patients with pooled bisphosphonate and placebo groups. 
In this pooled analysis, a risk ratio of 1.21 for incidence of SAEI 
was observed in patients treated with denosumab compared with 
pooled bisphosphonate and placebo patients. However, there was 

no significant difference in the overall infection rate between groups 
(RR 1.03).

In clinical practice our findings need to be taken into consider-
ation with the patient at hand, and with other safety information 
available to the practitioner. Other RCTs have demonstrated an in-
creased incidence of infection in addition to the FREEDOM trial's 
increased incidence of cellulitis and erysipelas.2,12,13 However, there 
is also a large body of data that does not demonstrate increased 
infection rates with denosumab. An analysis of denosumab post- 
marketing safety data in 2014 with over 1.9 million patient- years of 
monitoring demonstrated 1232 reports of serious infection, with 

F I  G U R  E  2    Rate of all infection in denosumab vs placebo 
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the top five most frequently reported infections being pneumonia, 
urinary tract infection, cellulitis, diverticulitis, and sepsis. Time to 
onset of infection after the first dose was highly variable. The cumu-
lative reporting rates of serious infection subtypes were below the 
background rates estimated from compared insurance claims data at 
the time for the general population.14 This is in keeping with calcula-
tions in a recent article by Nelson Watts.15 Using Diker- Cohen et al's 
findings of a relative risk for infection of 1.21 in denosumab- treated 
patients,11 Watts estimated that a relative risk of 1.21 would confer 
an additional 1.47 SAEI in a sample size of 1000 treated patients.15 
Similarly, the 7 year open label extension study of FREEDOM did 
not show a significantly increased risk for infection with 10 years of 
cumulative use.16.

Five other meta- analyses, in addition to Diker- Cohen et al and 
our study, have investigated the risk for infection with denos-
umab.11 Anastasilakis et al compared denosumab with placebo or 
alendronate in three RCTs, and as a secondary outcome reported 
an increased risk of SAEI (odds ratio 4.45; 95% CI 1.15- 17.14, 
P =0.03).17 Von Keyserlingk et al compared efficacy and safety of
denosumab with placebo in four RCTs, finding an RR of 2.10 (95% 
CI 0.64- 6.90 P =0.22) of SAEI for denosumab.18 Lin et al compared
efficacy and safety of denosumab and alendronate in four RCTs. 
They reported an odds ratio of 0.95 (95% CI 0.79- 1.15 P =0.62) 
for risk of any infection with use of denosumab.19 Zhou et al com-
pared safety data in denosumab and placebo or bisphosphonates in 
11 RCTs, and found an RR of 1.23 (95% CI 1.00- 1.52 P =0.05) for 

F I  G U R  E  3    Rate of all infection in denosumab vs bisphosphonates

www.wileyonlinelibrary.com


876  | CATTON eT Al.

SAEI.20 Lyu et al compared denosumab and bisphosphonate effi-
cacy in 10 RCTs. As a secondary outcome, they reported a relative 
risk of 1.05 (95% CI 0.61- 1.80) for SAE infection at 12 months in 
denosumab- treated patients.21 In four of these five studies that as-
sessed SAEI, denosumab had slightly increased incidence of SAEI, 
with the increase being statistically significant in two of them.17,20 
This agrees with the findings of our study and that of Diker- Cohen 
et al.11.

Our study's strength lies behind a focused question using a 
large sample size including multiple populations from around the 
world, allowing for a precise analysis that could be applicable to 
multiple patient ethnicities and treatment settings. Limitations of 
our study include a lack of access to complete adverse event data, 
and that some patient populations were excluded. We often found 
that only significant infections requiring hospitalization or those 
occurring in more than 5% of enrolled patients were presented. In 

F I  G U R  E  4    Rate of serious adverse events of infections in denosumab vs placebo
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addition, RCTs are designed and powered to test the efficacy of a 
specific drug rather than to assess uncommon and/or rare safety 
outcomes. As a result, they may be underpowered when assessing 
such safety outcomes. We excluded populations with confounding 
immune system inhibition, such as in patients with rheumatoid ar-
thritis treated with DMARDS, organ transplant patients, and those 
taking glucocorticoids. It is unclear if these populations would be 
at increased risk for infection during treatment with denosumab. 
Given our finding of an increased occurrence of SAEI in denosumab- 
treated patients compared with those given placebo, future study 
designs looking at a dedicated analysis of denosumab use in high- risk 

immunocompromised patients would be useful to determine the 
safety profile in that population, and determine the validity of this 
signal in our study.

Denosumab is also used in oncology at higher dosages for pre-
vention of skeletal- related events. Lipton et al evaluated safety and 
efficacy in 5732 oncologic patients across three RCTs who were re-
ceiving either denosumab 120 mg subcutaneously every 4 weeks or 
intravenous zoledronic acid. Similar rates of infections were seen in 
both groups; 43.4% of patients receiving denosumab versus 42.9% 
of zoledronic- acid- treated patients had an infectious adverse event, 
whereas 11.6% of denosumab- treated patients experienced an SAEI 

F I  G U R  E  5    Rate of serious adverse events of infections in denosumab vs bisphosphonates
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compared with 10.9% of patients on zoledronic acid.22 These event 
rates slightly favor denosumab, but the absolute increase in number 
of events was low.

In conclusion, our study showed that patients with low bone 
mineral density treated with denosumab at a dosage of 60 mg every 
6 months have an increased incidence of SAEI compared with pa-
tients given placebo, but not when compared with those given bi-
sphosphonates. Bisphosphonates are not known to be associated 
with an increased risk for infection. These results add to the body 
of data available regarding denosumab safety. Application of these 
findings to clinical practice needs to be taken into context depend-
ing on the patient and their overall risk for infection based on their 
medical comorbidities and susceptibility.
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Abstract
Systemic lupus erythematosus (SLE) is a more common autoimmune rheumatic 
disease in the Asia- Pacific region. The prognosis of SLE remains unsatisfactory in 
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for specialists, family physicians, specialty nurses, and other healthcare professionals 
in the Asia- Pacific region. This article reports a systematic literature review of the 
infective complications of SLE in Asia and evidence for prevention of these infections 
by pre- emptive antimicrobial therapy and vaccination.
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1  | INTRODUC TION

Systemic lupus erythematosus (SLE) is a prototypic multi- system 
inflammatory disorder with unpredictable disease flares and vari-
able prognosis.1 It is characterized by a myriad of immune abnor-
malities, which are contributed to by complex interactions among 
genetic, hormonal and environmental factors.2- 4 The heterogeneity 
of disease manifestations and treatment responses, and a paucity 
of new medicines, has made it difficult to establish a uniform ther-
apeutic protocol for SLE. Individualized treatment has to be consid-
ered according to the nature and severity of lupus manifestations, 
organ function, presence of comorbidities and variable tolerance of 
therapies.

As a result of improved therapeutics and supportive care for 
complications, the prognosis of SLE markedly improved in the sec-
ond half of the 20th century, but the survival rate in SLE has pla-
teaued since. A meta- analysis showed that renal disease, infective 
and thrombotic complications are the major causes of death in SLE 
patients.5 Survival varies greatly between countries, contributed 
to by the difference in medical systems, availability of medications, 
treatment adherence and tolerance, and the incidence of infective 
and cardiovascular complications. Clinical guidelines have been de-
veloped primarily in Europe and North America to improve the qual-
ity and uniformity of clinical practice for the management of SLE.6- 9

SLE occurs more frequently in Asian, African, Caribbean and 
Hispanic ancestry individuals than Caucasians. Differences in clinical 
manifestations of Asian patients with SLE exist, such as higher prev-
alence and severity of lupus nephritis (LN) than in Caucasians.10- 12 
Differences in efficacy and tolerability of immunosuppressive 
drugs have also been reported in Asian SLE patients, which might 
be related to body weight and/or pharmacogenetics. For instance, 
induction therapy of LN with mycophenolate mofetil (MMF) was 
associated with a higher rate of infective complications in pivotal 
clinical trials in Asia. A meta- analysis did not reveal a reduction in 
the overall infection risk with MMF compared to cyclophosphamide 
in the Asian populations in contrast to non- Asians.13 On the other 
hand, the prevalence of certain infective diseases such as tuberculo-
sis and hepatitis B are higher in Asia, and hence in SLE patients in the 
region, than in Europe and North America.14,15

There is an unmet need to formulate clinical practice guidelines 
for SLE in the Asia- Pacific region, taking into account variations in 
healthcare access, cultural background, infection risk, comorbidities, 
as well as adherence and tolerance to medications. The Asia- Pacific 
League of Associations for Rheumatology (APLAR) SLE special inter-
est group developed consensus recommendations for the manage-
ment of SLE in the Asia- Pacific region. By means of a Delphi exercise 
that involved 29 key rheumatologists and nephrologists, and 3 SLE 
patients, steered by a group of 13 rheumatologists from different 
APLAR regions, 34 consensus recommendations were formulated to 
serve as a guide to specialists, family physicians, specialty nurses, 
and other healthcare professionals.16

The current work is to report a systematic literature review 
(SLR) of the APLAR SLE management consensus statements that 

relate to the prevention of infective complications in SLE (Table 1). 
Information relating to infections and vaccinations not included 
in the APLAR SLE consensus statements will be left for a future 
exercise.

The clinical questions being evaluated are as follows.

1. What is the prevalence of tuberculosis, hepatitis B/C,
Pneumocystis jirovecii pneumonia (PJP), and COVID- 19 infection
in Asian patients with SLE?

2. What are the risk factors of these infections in Asian SLE patients?
3. What is the role of pre- emptive treatment in reducing the above

infections in Asian patients with SLE?
4. What is the efficacy of vaccination against common pathogens

such as influenza, pneumococcus, human papilloma virus and her-
pes zoster in Asian patients with SLE?

2  | METHODS

2.1 | Search strategy and eligibility criteria

A SLR was conducted by 6 core members of the APLAR SLE special 
interest group to address the clinical questions related to infective 
complications of Asian patients with SLE. A search of the PubMed 
database was performed using the key words “lupus”, “infection”, 
“vaccination”, “vaccines” and other relevant key words in the state-
ments covering the period from 1990 until April 2020. The search 
formulas (key words) are shown in Table S1 and Figure S1A- E. 
Additional studies not retrieved from the search strategy but are rel-
evant for the clinical questions were added from the personal files 
of the SLR team members. Only clinical trials (randomized controlled 
trials [RCTs]), longitudinal cohort and cross- sectional observational 
studies, case series and case reports published in English and involv-
ing adult patients (≥18 years) were included. The quality of the stud-
ies included was appraised by 2 independent team members and 
selection of studies was performed. The studies included were dis-
cussed among the team members through teleconferences.

3  | RESULTS

Figure 1 shows the results of literature search for this SLR. A total 
of 384 articles were screened under 5 topics: (a) hepatitis B/C infec-
tion; (b) tuberculosis; (c) PJP; (d) COVID- 19; and (e) vaccination. One 
hundred and ninety- seven full text articles were included for analy-
sis and 123 articles were excluded. Finally, 74 articles were summa-
rized for this SLR.

3.1 | Hepatitis B infection in SLE

Hepatitis B virus (HBV) infection is endemic in Asian countries. The 
prevalence of chronic HBV carriers (HbsAg positive) in SLE patients 
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of Japan, Israel, Taiwan and mainland China was reported to be 0.8%, 
0.9%, 3.5%- 4.2% and 2.3%- 3.1%, respectively17- 23 (Table 2). The HBV 
carrier state was significantly less common in Chinese SLE patients 
than matched population controls,20 particularly in the age ranges be-
tween 15 and 49 years.23 While the reason for this observation remains 
enigmatic, a “protective” effect of an immune tolerance state induced 
by chronic HBV infection against autoimmunity has been postulated, 
as suggested by the fact that HBV infected SLE patients had milder dis-
ease activity, lower proteinuria and anti- double- stranded DNA titers, 
along with an impaired in vitro production of interferon (IFN)- alpha.20

The prevalence of past/resolved HBV infection (HBsAg negative 
but anti- HBc- immunoglobulin G [IgG] positive) in Asian SLE patients 
was reported to be 16.5%- 25.8%.17,19,23 With immunosuppressive 
therapies, the rate of reactivation of hepatitis in asymptomatic HBV 
carriers was 39.5% and in those with past/resolved HBV infection, 
1.9% experienced sero- reversion of HBsAg.19 A daily dose of pred-
nisolone of 5 mg or more was identified as a risk factor for HBV 
reactivation whereas pre- emptive antiviral therapy was protective.19

A retrospective study of 38 Singaporean hepatitis B carriers with 
rheumatic diseases (9 with SLE) reported hepatitis B activation in 7 
(18%) patients upon treatment with immunosuppressive therapies.24 
Use of glucocorticoids was a major risk factor for HBV reactivation. 
With antiviral treatment, mortality occurred in 1 patient. An analysis 
of pooled data from 17 observational cohort studies suggested that 
1.7% of rheumatic disease patients with resolved HBV infection expe-
rienced reactivation during biologic disease- modifying antirheumatic 
drug (DMARD) therapy.25 Hence, the risk of reactivation is much 
higher in HBV carriers as compared to those with resolved infection.

In patients with SLE who are HBV carriers, pre- emptive antivi-
ral therapy was reported to effectively reduce hepatitis B reactiva-
tion.19 A retrospective study showed that prompt antiviral treatment 
was effective in suppressing HBV viral load in SLE patients who 
showed HBV reactivation.26 Antiviral treatment was well- tolerated. 
To this end, the APLAR recommends routine screening for HBsAg 
before immunosuppression in SLE patients. Pre- emptive antiviral 
therapy should be given to HBV carriers.16

Although the risk of reactivation is lower in those with past/
resolved hepatitis B infection than HBsAg+ carriers,19,25 it remains
high when patients receive B- cell depletion therapies such as ritux-
imab. A meta- analysis revealed that in patients with non- Hodgkin's 
lymphoma, the relative risk of having reactivation of past/resolved 
hepatitis B was 5.5 with rituximab- based chemotherapy compared 
to chemotherapy alone.27 In a pooled analysis of 340 Asian patients 
with lymphoma, 9.6% who had past/resolved infection developed 

TA B L E  1   APLAR recommendations for the management of SLE: prevention of infective complications16

Recommendations SoR QoE Agreement (%)

Screening and treatment for active hepatitis B and C infection (HBsAg, anti- HCV) is 
recommended before immunosuppressive therapies. Occult hepatitis B screening (IgG anti- 
HBc and HBV- DNA) and pre- emptive treatment should be considered for patients undergoing 
B- cell depleting therapy or intensive immunosuppression

A C 88

Active tuberculosis should be excluded before immunosuppression. Screening and treatment of 
latent tuberculosis is not routinely recommended

A C 81

Prophylaxis against Pneumocystis pneumonia during immunosuppression may be considered in 
high- risk patients

B C 88

Compliance to preventive and control measures (eg, social distancing, personal hygiene, 
protective mask) according to national guidelines is recommended during viral epidemics, 
including COVID- 19. Immunosuppressive medications should not be discontinued unless 
in active infection where individualized decisions will be made after discussion with the 
infectious disease specialists

A D 100

Vaccination for seasonal influenza, pneumococcus, human papilloma virus, and herpes zoster is 
recommended during disease quiescence with minimal immunosuppression

B B 88

Abbreviations: APLAR, Asia- Pacific League of Associations for Rheumatology; COVID- 19, coronavirus disease 2019; QoE, quality of evidence; SLE, 
systemic lupus erythematosus; SoR, strength of recommendation.

F I  G U R  E  1    Search results of this systematic literature review 
(SLR)

www.wileyonlinelibrary.com


|  883OKU et al.

hepatitis B reactivation.28 Antiviral prophylaxis effectively reduced 
the risk of hepatitis B reactivation. In Taiwanese patients with rheu-
matoid arthritis treated with rituximab, the rate of clinical hepatitis B 
reactivation in those with past/resolved infection was 8%- 8.7%.29,30 
Compared to other biologic DMARDs, rituximab was associated 
with the highest odds ratio (OR) of having hepatitis B reactivation in 
chronic hepatitis B carriers (OR 16.5), with concomitant glucocorti-
coid therapy being a major aggravating factor.31

Although there are no similar data available in patients with SLE, 
the risk of hepatitis B reactivation in those with past/resolved in-
fection is expected to be increased in the setting of B- cell depleting 
therapy. Aligned with international guidelines,32- 34 in SLE patients 
receiving B- cell depleting therapies or intensive immunosuppression 
(eg, cyclophosphamide- based combination regimens), screening and 
pre- emptive treatment of past/resolved HBV infection (HBsAg neg-
ative/anti- HBc- IgG positive/HBV- DNA positive) is recommended.16

3.2 | Hepatitis C infection in SLE

The prevalence of hepatitis C virus (HCV) infection in patients with SLE 
was reported to be 1.1%- 16.5%, significantly higher than in popula-
tion controls35,36 (Table 2). Reactivation of hepatitis C was reported to 
occur in 38.5% of Chinese SLE patients over 8.4 years, a finding not as-
sociated with immunosuppression.36 One study from Saudi Arabia re-
ported a higher rate of progression to renal failure and reduced survival 
in patients with biopsy- proven LN with concomitant HCV infection.37 
Whether the poorer renal prognosis was contributed by HCV- related 
but SLE- unrelated renal pathologies is unclear.

As risk factors for HCV infection may not be apparent from med-
ical history, routine screening for anti- HCV antibody is recommended 
before starting immunosuppressive therapy.16 In patients with active 
HCV infection, co- administration of immunosuppression and antiviral 
therapy may be considered. Close collaboration with the hepatologist 
is necessary for the timing and choice of antiviral treatment, and the 
monitoring regime.

3.3 | Tuberculosis in SLE

3.3.1 | Epidemiology

Globally, 8.9- 11.0 million people suffered from tuberculosis (TB) in 2019 
based on information from the World Health Organization (WHO).38 
Geographically, most people who developed TB were from Southeast 
Asia (44%) and the Western Pacific region (18%). Two- thirds of Asian 
TB cases were reported from India (26%), Indonesia (8.5%), China 
(8.4%), Philippines (6.0%), Pakistan (5.7%) and Bangladesh (3.6%).38

TB occurs in 10.0%- 11.4% of Asian patients with SLE14,39,40 
(Table 3). The reported incidence rates of TB in SLE in Asian countries 
ranged from 150/100 000 patient- years in Turkey to 2450/100 000 
patient- years in India.40- 44 These figures are higher compared to those 
in Western countries (187/100 000 patient- years),42 and the risk of TB 

infection in SLE patients is higher than in the general population.45 Risk 
factors for TB infection in SLE patients include high disease activity 
(SLE Disease Activity Index score >12),39 renal involvement,40 high
cumulative doses of glucocorticoids,39,40,46 lymphopenia,46 longer dis-
ease duration of SLE and a past history of TB.41

Cough, night sweating, fever and anorexia were common pre-
senting features of TB in SLE patients.39 Extrapulmonary TB man-
ifestations occurred in 30.5%- 67.0% of SLE patients.39,40,46 These 
could involve the joints, bones, meninges, lymph nodes, peritoneum, 
pleura, bowel, liver, skin and the genitourinary organs, and may be 
disseminated.14,39- 41,46- 49

Symptoms of TB infection in some organs may mimic SLE activity. 
Examples are unrelenting fever, weight loss, pericardial and pleural ef-
fusion, cytopenia, hematuria and pulmonary infiltrates.50 Distinguishing 
between SLE activity and TB infection can be difficult as they may co- 
exist, posing a diagnostic challenge in some situations.47

TB may contribute substantially to mortality in SLE patients,51,52 
with mortality of TB infection in Asian SLE patients ranging from 
5% to 31%.42 A study of hospitalized SLE patients in India showed 
that TB accounted for 15% of the deaths, half of which were due to 
disseminated disease.52 Another study from the Philippines revealed 
14.8% of SLE patients with TB infection succumbed. Those who died 
were more likely to suffer from disseminated TB and they had more 
active SLE than those who survived from the infection.49

3.3.2 | Role of prophylaxis for TB infection in 
SLE patients

The first step in prophylaxis is identification of patients at risk of TB re-
activation. In TB- endemic areas with routine bacillus Calmette- Guérin 
vaccination of the populations, IFN- gamma- release assays such as 
QuantiFERON- TB Gold is a more accurate test for the detection of latent 
TB infection.53 A study from India showed that isoniazid prophylaxis for 1 
year in SLE patients resulted in a low incidence rate (2%) of TB.54 However, 
another retrospective study from Hong Kong revealed no significant dif-
ference in the rate of TB reactivation between the isoniazid (0.55/100 
patient- years) and matched non- isoniazid (1.04/100 patient- years) users 
(P = .66). Patients treated with isoniazid had more SLE flares.45

In view of the higher prevalence of TB in Asia and the increased 
risk of SLE patients developing this infection, active TB should be ex-
cluded before immunosuppression in SLE patients. However, routine 
screening and treatment of latent TB was not recommended in the 
APLAR SLE management consensus because of the lack of evidence 
of the risk- benefit ratio of isoniazid prophylaxis in SLE patients.16

3.4 | PJP in SLE

3.4.1 | Epidemiology

Pneumocystis jirovecii is an opportunistic fungal infection that typi-
cally leads to pneumonia (PJP) with rapidly progressive respiratory 



884  | OKU et al.

TA
B

LE
 2

 
Pr

ev
al

en
ce

 o
f h

ep
at

iti
s 

B 
an

d 
C 

in
fe

ct
io

n 
in

 A
si

an
 S

LE
 p

at
ie

nt
s 

(m
aj

or
 s

tu
di

es
)

A
ut

ho
rs

, y
Lo

ca
lit

y
St

ud
y 

de
si

gn
Pa

tie
nt

 
nu

m
be

r
In

ci
de

nc
e 

ra
te

Ri
sk

 fa
ct

or
s

W
at

an
ab

e,
 2

01
317

Ja
pa

n
C

ro
ss

- s
ec

tio
na

l
24

8
H

Bs
A

g+
 0

.8
%

H
BV

 re
so

lv
ed

 (H
Bs

A
g−

 H
Bc

A
b+

) 1
6.

5%
O

ld
er

 a
ge

 a
nd

 h
ig

he
r a

nt
i- d

sD
N

A
+

 ra
te

 in
 

H
BV

 re
so

lv
ed

 p
at

ie
nt

s

G
en

de
lm

an
, 2

01
718

Is
ra

el
re

tr
os

pe
ct

iv
e

50
18

H
Bs

A
g 

0.
9%

Pr
ev

al
en

ce
 in

 S
LE

 h
ig

he
r t

ha
n 

th
e 

ge
ne

ra
l 

po
pu

la
tio

n

Li
n,

 2
01

819
Ta

iw
an

Re
tr

os
pe

ct
iv

e
C

ro
ss

- s
ec

tio
na

l
90

6
H

Bs
A

g 
4.

2%
H

BV
 re

so
lv

ed
 (H

Bs
A

g−
 H

Bc
A

b+
) 1

7.
3%

39
.5

%
 re

ac
tiv

at
io

n 
in

 H
Bs

 A
g+

, 1
.9

%
 in

 H
BV

 re
so

lv
ed

M
aj

or
 ri

sk
 fa

ct
or

 fo
r r

ea
ct

iv
at

io
n:

 P
SL

 
≥5

 m
g/

d

C
he

n,
 2

01
523

C
hi

na
Re

tr
os

pe
ct

iv
e

39
81

H
Bs

A
g 

3.
3%

H
BV

 re
so

lv
ed

 (H
Bs

A
g−

 H
Bc

A
b+

) 2
6.

1%
Pr

ev
al

en
ce

 in
 S

LE
 lo

w
er

 th
an

 th
e 

ge
ne

ra
l 

po
pu

la
tio

n

M
ah

ro
um

, 2
01

735
Is

ra
el

Re
tr

os
pe

ct
iv

e
50

18
H

C
V-

 A
b 

1.
06

%
Pr

ev
al

en
ce

 in
 S

LE
 h

ig
he

r t
ha

n 
th

e 
ge

ne
ra

l 
po

pu
la

tio
n;

 a
nt

i- H
C

V+
 a

ss
oc

ia
te

d 
w

ith
 m

al
e 

ge
nd

er
, c

hr
on

ic
 s

m
ok

in
g 

an
d 

dr
in

ki
ng

C
he

n,
 2

01
536

Ta
iw

an
Re

tr
os

pe
ct

iv
e

16
6

H
C

V-
 A

b 
16

.5
%

H
C

V
 re

ac
tiv

at
io

n 
ob

se
rv

ed
 in

 3
8.

5%
 in

 8
.4

 y
M

aj
or

 ri
sk

 fa
ct

or
 fo

r H
C

V
 re

ac
tiv

at
io

n 
w

as
 

co
rt

ic
os

te
ro

id
 tr

ea
tm

en
t; 

sa
tis

fa
ct

or
y 

re
sp

on
se

 to
 a

nt
iv

ira
l t

re
at

m
en

t w
ith

 g
en

er
al

 
po

pu
la

tio
n

M
itw

al
li,

 2
01

237
Sa

ud
i A

ra
bi

a
Re

tr
os

pe
ct

iv
e

13
4 

(L
N

)
H

C
V-

 A
b 

11
.2

%
A

nt
i- H

C
V

 a
ss

oc
ia

te
d 

w
ith

 h
ig

he
r r

at
e 

of
 

pr
og

re
ss

io
n 

to
 E

SR
F

A
bb

re
vi

at
io

ns
: E

SR
F,

 e
nd

 s
ta

ge
 re

na
l f

ai
lu

re
; H

BV
, h

ep
at

iti
s 

B 
vi

ru
s;

 H
C

V,
 h

ep
at

iti
s 

C 
vi

ru
s;

 L
N

, l
up

us
 n

ep
hr

iti
s;

 P
SL

, p
re

dn
is

ol
on

e;
 S

LE
, s

ys
te

m
at

ic
 lu

pu
s 

er
yt

he
m

at
os

us
.



|  885OKU et al.

TA
B

LE
 3

 
Pr

ev
al

en
ce

 a
nd

 ri
sk

 fa
ct

or
s 

of
 T

B 
in

 A
si

an
 p

at
ie

nt
s 

(m
aj

or
 s

tu
di

es
)

A
ut

ho
rs

, y
Lo

ca
lit

y
St

ud
y 

de
si

gn
Pa

tie
nt

 n
um

be
r

In
ci

de
nc

e 
ra

te
Ri

sk
 fa

ct
or

s
Pr

op
hy

la
xi

s

A
hm

m
ed

, 
20

19
39

Ba
ng

la
de

sh
O

bs
er

va
tio

na
l

23
0

23
/2

30
 (1

0%
)

H
ig

h 
di

se
as

e 
ac

tiv
ity

 (S
LE

D
A

I s
co

re
 

>1
2)

, t
ot

al
 in

ta
ke

 o
f P

SL
 >

10
00

 m
g

– 

Ta
m

, 2
00

240
H

on
g 

Ko
ng

Re
tr

os
pe

ct
iv

e
C

as
e-

 co
nt

ro
l

52
6

17
/1

00
0 

PY
C

um
ul

at
iv

e 
do

se
 o

f P
SL

; p
re

se
nc

e 
of

 
lu

pu
s 

ne
ph

rit
is

– 

Yu
n,

 2
00

241
Ko

re
a

Re
tr

os
pe

ct
iv

e
C

as
e-

 co
nt

ro
l

28
3

7.
9/

10
00

 P
Y

Pa
st

 h
is

to
ry

 o
f T

B 
lo

ng
er

 d
ur

at
io

n 
of

 S
LE

– 

 

M
ok

, 2
00

545
H

on
g 

Ko
ng

Re
tr

os
pe

ct
iv

e,
 c

as
e-

 co
nt

ro
l 

st
ud

y
76

1.
06

/1
00

 P
Y

– 
N

o 
di

ff
er

en
ce

s 
in

 T
B 

re
ac

tiv
at

io
n 

ra
te

 
be

tw
ee

n 
pa

tie
nt

s 
gi

ve
n 

IN
A

H
 a

nd
 th

os
e 

w
ho

 w
er

e 
no

t; 
IN

A
H

 g
ro

up
 h

ad
 m

or
e 

lu
pu

s 
fla

re
s

G
ai

to
nd

e,
 

20
02

54
In

di
a

Lo
ng

itu
di

na
l c

lin
ic

al
 tr

ia
l, 

(IN
A

H
 5

 m
g/

kg
/d

 a
nd

 P
D

X 
10

 m
g/

d)
 fo

r 1
 y

 in
 S

LE
 

pa
tie

nt
s 

tr
ea

te
d 

w
ith

 lo
ng

- 
te

rm
 s

te
ro

id
s

1-
 y 

IN
A

H
 p

ro
ph

yl
ax

is
 

(p
ha

se
 1

) (
n 

=
 9

5)
; 

fo
llo

w
ed

 u
p 

fo
r u

p 
to

 
1 

m
or

e 
ye

ar
 (p

ha
se

 2
) 

(n
 =

 7
0)

O
ne

 p
at

ie
nt

 d
ev

el
op

ed
 T

B 
in

 e
ac

h 
of

 th
e 

2 
ph

as
es

 o
f s

tu
dy

 (2
%

 d
ev

el
op

ed
 T

B 
af

te
r I

N
A

H
 p

ro
ph

yl
ax

is)

A
bb

re
vi

at
io

ns
: I

N
A

H
, i

so
ni

az
id

; P
D

X
, p

yr
id

ox
in

e;
 P

SL
, p

re
dn

is
ol

on
e;

 P
Y,

 p
at

ie
nt

- y
ea

rs
; S

LE
, s

ys
te

m
ic

 lu
pu

s 
er

yt
he

m
at

os
us

; S
LE

D
A

I, 
SL

E 
D

is
ea

se
 A

ct
iv

ity
 In

de
x;

 T
B,

 tu
be

rc
ul

os
is

.



886  | OKU et al.

failure. PJP carries significant morbidity and mortality in immuno-
compromised patient hosts, such as organ transplant recipients and 
those with hematologic malignancies.55

The prevalence of PJP is difficult to study. Positive culture of the 
organism may not be obtained in all patients and molecular diagnosis 
of the infection by polymerase chain reaction technique (PCR) may 
be needed. As a result, the prevalence of PJP may be underestimated 
as PCR is not routinely performed in all centers.56 Inter- ethnic dif-
ference in PJP incidence has been reported in developed countries, 
suggesting a genetic predisposition to the infection.57

Few studies have addressed the incidence or mortality of PJP 
in SLE (Table 3). Godeau et al.58 pooled data from 10 medical cen-
ters in the USA for 10 years and reported that the incidence of PJP 
in SLE was relatively low compared to that in patients with granu-
lomatous polyangiitis (GPA) (0.08% vs 1.2%).58 Registry data from 
the USA showed that the hospitalization rate of PJP infection has 
decreased in recent years, presumably due to improving SLE treat-
ment strategies.59 In a single- center retrospective study in the USA, 
PJP occurred in 0.45% of hospitalized SLE patients, including some 
SLE patients with concomitant human immunodeficiency virus 
infection.60

In Asia, the incidence rates of PJP were reported to be 0.2%- 
1.9% in different populations, which are higher than those in the 
USA (Table 4). In 1 retrospective Korean study, among 101 patients 
with PJP infection, only 1 (1%) had underlying SLE.61 A retrospective 
analysis of 858 hospitalized SLE patients in Taiwan between 2000 
and 2011 revealed a 0.6% incidence of PJP but the mortality rate 
was high (60%).62 None of these patients were put on prophylaxis 
and all had LN, lymphopenia and low CD4+ T cell counts. Another 
registry study from Taiwan63 reported an incidence of PJP of 0.24%, 
with higher risk in patients with severe LN (OR 6.7), those receiving 

higher doses of prednisone (5- 10 mg/d, OR 25.9; >10 mg/d, OR 287; 
compared to <5 mg/d), higher 3- month cumulative dose of cyclo-
phosphamide (≤1.4 g, OR 0.64; >1.4 g, OR 11.5; compared to no use) 
and use of MMF (OR 50.8). However, the 3- month cumulative dose 
of hydroxychloroquine (HCQ) was associated with a reduced risk of 
pancytopenia (>14 g, OR 0.20; compared to no use).

In a retrospective study of 56 episodes of community- acquired 
pneumonia in 542 SLE patients over 18 years in Thailand,64 2 cases 
(5%) were PJP. Another single- center case- control study from 
Thailand analyzed 15 cases of PJP in SLE and concluded that higher 
disease activity, higher mean cumulative dose of steroid and lower 
lymphocyte count was significantly associated with this opportunis-
tic infection. A retrospective Japanese study showed that in hospi-
talized SLE patients, the incidence of PJP was 1.7%. Lymphopenia 
was a risk factor for PJP infection.65 Park et al.66 reported 30 PJP 
cases among Korean patients with various rheumatic diseases over 
1474 patient- years. The incidence of PJP in SLE was 1.9% and one- 
third of patients succumbed. A detailed analysis of 18 SLE patients 
with PJP in China revealed that the use of MMF was associated with 
higher mortality (50% vs 14%).67 A lymphocyte count of <250/µL
and low CD4+ T cell count were additional risk factors. In a study 
of hospitalized patients with SLE in China,68 268/3831 patients died 
and 8 (3%) patients were caused by PJP.68

3.4.2 | Treatment of PJP

Trimethoprim/sulfamethoxazole (TMP/SMX) remains the first- line 
drug of choice for prophylaxis and treatment of PJP. Several studies 
highlighted a higher incidence of more severe side effects to TMP/
SMX in the Asian population.69,70 The efficacy of alternative drugs 

TA B L E  4   Prevalence and risk factors for Pneumocystis jirovecii pneumonia in Asian SLE patients (major studies)

Authors, y Locality Study design Patient number Incidence rate Risk factors

Weng, 201362 Taiwan Retrospective 858 (hospitalized patients) 0.6% (mortality rate 
60%)

LN, lymphopenia, low CD4 
count

Yeo, 202063 Taiwan Retrospective 
(national registry)

24 343 (newly diagnosed 
SLE)

0.24% Moderate to severe LN (OR 
6.8)

Higher glucocorticoid dose 
(OR 287)

Use of MMF (OR 51)
Use of CYC (≤1.4 g OR 0.64; 

>1.4 g OR 11.5)
Use of HCQ protective (OR 

0.20)

Narata, 
200764

Thailand Retrospective 542 0.37%

Kadoya, 
199665

Japan Retrospective, 
single- center

59 (hospitalized SLE and PM/
DM patients)

1.7% Lymphopenia

Park, 201866 Korea Retrospective, 
multicenter

1522 treatment episodes of 
high- dose steroid in various 
rheumatic diseases

1.9% (mortality rate 
33%)

Fei, 201468 China Retrospective 3831 (hospitalized patients) 0.2%

Abbreviations: CYC, cyclophosphamide; HCQ, hydroxychloroquine; ICD- 9- CM, International Classification of Diseases 9th Revision Clinical 
Modification; LN, lupus nephritis; MMF, mycophenolate mofetil; OR, odds ratio; PM/DM, polymyositis/dermatomyositis; SLE, systemic lupus 
erythematosus.
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is uncertain but they are often used in combination with TMP/SMX. 
These include inhaled or intravenous pentamidine, atovaquone, dap-
sone or caspofungin.

Soejima et al.71 reported the use of TMP/SMX prophylaxis in 54 
SLE patients. Adverse events occurred in one- third of patients and 
2 patients experienced severe adverse events that led to the drug 
discontinuation.71 In addition, an association between certain geno-
types with severe adverse events to TMP/SMX was found. Suyama 
described a gradual dose step- up regimen that might reduce adverse 
effects. High titer of anti- Ro antibody was associated with TMP/SMX 
toxicity.72 Maezawa73 reported that 11% of SLE patients treated 
with TMP/SMX experienced adverse events and the positivity of 
anti- ribonucleoprotein (RNP) antibody was a risk factor. Kitazawa 
et al.74 compared oral TMP/SMX with aerosolized pentamidine or 
oral atovaquone for PJP prophylaxis in patients with connective 
tissue diseases including SLE. The rates of treatment continuation 
with TMP- SMX, pentamidine, and atovaquone at 1 year were 55.3%, 
68.6%, and 100%, respectively. None of the patients who received 
prophylaxis developed PJP.74

Regarding the treatment of PJP, a multicenter retrospective 
study in Japan showed that a lower dose of TMP/SMX was as ef-
fective as higher doses of the same drug in patients with rheumatic 
diseases but was associated with fewer severe side effects. The role 
of therapeutic drug monitoring of TMP/SMX to reduce toxicity is still 
controversial.75,76

Caspofungin, a member of the new class of anti- fungal drugs 
called echinocandins, targets the synthesis of (1,3)- β- D- glucan syn-
thase and is effective for PJP.77 The efficacy of caspofungin as sal-
vage therapy of PJP has been reported.78,79 Wang et al. reported the 
use of combined caspofungin TMP/SMX in 9 SLE patients with PJP 
infection. All patients recovered with no mortality or serious side 
effects.80

The use of TMP/SMX in preventing PJP is effective but also as-
sociated with adverse effects such as allergy, skin rash, including 
the Stevens- Johnson syndrome or toxic epidermal necrolysis,81,82 
exacerbation or triggering of SLE,83,84 gastrointestinal symptoms 
and renal tubular acidosis. Whether lower doses of TMP/SMX 
are equally effective but with reduced adverse effects warrants 
further study. APLAR recommends prophylaxis for PJP in se-
lected SLE patients who are at higher risk for this opportunistic 
infection.16

3.5 | COVID- 19 infection in SLE

During the COVID- 19 pandemic, studies in Asia showed that only 
0.1%- 0.2% of SLE patients had documented infection with COVID- 
1985- 89 (Table 5). Together with other case series and reports, there 
is a total of 18 reported SLE patients with COVID- 19 infection.90- 94 
Among them, 3 patients died of pneumonia and 7 other patients had 
moderate to severe pneumonia that required oxygen therapy and 
intubation. Most SLE patients with severe COVID- 19 pneumonia (9 
out of 10) were using HCQ during the infection, but formal studies 
demonstrate that HCQ is not helpful to prevent or ameliorate severe 
COVID- 19 infection. Four patients with mild to moderate COVID- 19 
infection were reported to have disease flares during the infection.

Overall, patients with SLE do not appear to be more suscepti-
ble to COVID- 19 and HCQ does not influence the susceptibility and 
severity of the infection. Risk factors for more serious COVID- 19 
pneumonia in SLE included obesity and renal insufficiency based on 
data from Europe.95

There are no data regarding the efficacy of treatment of 
COVID- 19 infection in patients with SLE. The APLAR recommends 
patients to comply with preventive and control measures (eg, so-
cial distancing, personal hygiene, protective masks), according to 
national guidelines during viral epidemics, including COVID- 19.16 It 
is not recommended that patients discontinue immunosuppressive 
medications, except those with serious COVID- 19 infections for 
whom individualized decisions are required.

3.6 | Vaccination in SLE

The rate of vaccination in SLE patients is low.96 Concerns regarding 
safety (adverse events or disease flares), and efficacy (lower immu-
nogenicity and sero- protection) from both physicians and patients 
are the major deterrents for vaccination.

3.7 | Influenza vaccination

The influenza viruses are negative- sense, single- stranded RNA vi-
ruses. Three types of influenza viruses, namely influenza A, B and C, 
are common causes of epidemics and pandemics in humans. Influenza 

TA B L E  5   COVID- 19 infection in Asian SLE patients (major studies)

Authors, y Locality Study design
Patient 
number

Incidence 
rate Risk factors

Chen, 202085 China Cross- sectional 101 0.2% – 

Cho, 202086 Asian- Pacific Cross- sectional 3375 0.09% – 

Goyal, 201487 India Cross- sectional 845 0.2% Use of immunosuppressants did not 
result in high incidence

Teh, 202088 Malaysia Cross- sectional 26 263 0.19% – 

Rathi, 202189 India Cross- sectional 1040 0% – 

Abbreviations: COVID- 19, corona virus disease 2019; SLE, systemic lupus erythematosus.
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A is the commonest type to cause severe illness. Therefore, trivalent 
(H1N1, H3N2 and influenza B), bivalent (H1N1/H3N2) or univalent 
(H1N1) influenza vaccines were tested in most studies.

Efficacy of the influenza vaccines are usually assessed by the 
criteria from the Committee for Proprietary Medicinal Products 
(CPMP) guidelines,97 namely seroprotection rate >70%, serocon-
version rate >40%, or surge of mean antibody titer by at least 2.5- 
fold. A meta- analysis reported the crude rates of seroconversion 
in SLE patients were 57%, 53% and 42%, respectively, for H1N1, 
H3N2 and influenza B vaccines,98 which met the CPMP guidelines. 
However, 2 other systematic reviews and meta- analyses including 
15 studies mainly in Caucasians found that SLE patients had lower 
seroprotection and seroconversion rates than healthy controls.98,99 
In subgroup analyses, immunosuppressants such as azathioprine and 
prednisone were associated with lower seroprotection. One study 
from Taiwan100 did not show any difference in seroconversion rate 
and seroprotective rate of the anti- H1N1 antibody between SLE and 
normal controls. Another cohort study from Taiwan reported that 
newly diagnosed SLE patients who received influenza vaccine had 
a lower rate of hospitalization, hospitalization for septicemia, bac-
teremia or viremia, intensive care unit (ICU) admission, in- hospital 
dialysis, and death over 12 years.101

Influenza vaccination has rarely been associated with autoim-
mune adverse effects such as Guillain- Barré syndrome (GBS)102 
and autoantibody production, such as anticardiolipin (aCL), anti- Sm, 
and anti- RNP antibodies.100 However, in clinical trials, there was no 
change in complement level and SLEDAI score in SLE patients be-
fore and after vaccination.100 An increased rate of adverse events 
was not reported from meta- analyses in SLE patients after influenza 
vaccination.98,99

Taken together, influenza vaccines are generally safe and effica-
cious in Asian patients with SLE and are recommended.

3.8 | Herpes zoster (HZ) vaccination

Although HZ infection is common in SLE patients,103 the rate of HZ 
vaccination in SLE is very low (7.1% according to a US study).103 The 
reasons for low rates of HZ vaccination are due to the fact that the 
most commonly available vaccine is a live- attenuated one, which is 
relatively contraindicated in immunocompromised patients because 
of safety concerns. The live HZ vaccine is licensed for the preven-
tion of HZ reactivation in immunocompetent adults with different 
age cut- offs for access in different health systems.104- 106 Based on 
expert opinion, the Advisory Committee on Immunization Practices 
(ACIP) recommends the live HZ vaccine preferably be given prior to 
initiation of immunosuppressive therapies or after withholding ther-
apies at least 1 month if disease status allows.

The ACIP considers low- to- moderate immunosuppression such 
as prednisolone <20 mg/d, methotrexate <0.4 mg/kg/wk or azathi-
oprine <3 mg/kg/d not an absolute contraindication for the live HZ 
vaccine. However, the ACIP guidelines do not give recommendations 
on several other medications that are commonly used in SLE such 

as mycophenolate mofetil and belimumab. Thus, HZ vaccination 
is less commonly given to younger SLE patients owing to a lack of 
evidence and is frequently not used in those who are on intensive 
immunosuppression.

The immunogenicity of the live HZ vaccine has been investi-
gated in Asian patients with SLE who had stable disease and were 
receiving stable doses of immunosuppressive drugs.107 In a RCT, the 
cell- mediated immune (CMI) response was similar between vaccine- 
treated SLE patients and healthy controls. Anti- varicella zoster virus 
(VZV) IgG reactivity at week 6 after vaccination increased signifi-
cantly from baseline in vaccinated SLE patients. The increment of 
anti- VZV IgG reactivity was similar between the vaccine- treated SLE 
patients and controls at 6 weeks post- vaccination. However, patients 
treated with prednisolone had a less pronounced CMI response and 
anti- VZV IgG reactivity.107 No patients developed clinical HZ erup-
tion within 6 weeks post- vaccination and serious adverse events 
were not observed. The results of this RCT confirm the safety of 
the HZ vaccine in a previous small pilot case- control study in 10 SLE 
patients.108 The long- term immunogenicity and protection of the 
vaccine against HZ reactivation warrants further longitudinal data.

More recently, a recombinant subunit HZ vaccine (Shingrix) was 
approved by the US Food and Drug Administration (FDA) for the 
prevention of HZ in adults aged ≥50 years. The vaccine (2 doses, 
0.5 mL each) is administered intramuscularly, 2- 6 months apart. The 
efficacy and safety of the subunit HZ vaccine have been confirmed 
in immunocompromised subjects as HIV infection109 and hemopoi-
etic stem cell transplantation recipients,110 but not yet in SLE pa-
tients. It is not yet available in many countries.

3.9 | HPV vaccination

HPV is a DNA virus of the Papillomavirus family. It is a widely dis-
tributed virus that generally causes benign lesions (such as warts 
and papillomas), which may evolve into malignant lesions, such as 
intraepithelial lesions and neoplasia. Currently, a bivalent (serotypes 
16 and 18),111 a quadrivalent (serotypes 6, 11, 16 and 18)112 and 
a nonvalent (serotype types 6, 11, 16, 18, 31, 33, 45, 52, and 58) 
HPV vaccine113 are available. Efficacy of these vaccines in prevent-
ing premalignant cervical lesions in healthy populations have been 
confirmed.114 This is clearly of relevance to the young adult female 
population who develop SLE. However, there is no study on the ef-
ficacy on HPV vaccination in reducing cervical malignant or prema-
lignant lesions in the SLE population.

Immunogenicity of the HPV vaccine in SLE patients has been 
tested. In 1 study involving 50 Asian SLE patients with stable doses 
of immunosuppressive drugs and 50 age- matched healthy controls, 
Mok et al.115 demonstrated that the seroconversion rates of anti- 
HPV antibodies to HPV serotypes 11, 16 and 18, but not serotype 
6, in SLE patients were similar to healthy controls at month 12. 
Extended observation up to 5 years116 showed that antibodies to 
HPV serotypes 6, 11, 16 and 18 were persistent in 89%, 84%, 94% 
and 96% of SLE patients and 97%, 97%, 100% and 96% of healthy 
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controls, respectively. A higher rate of sero- reversion of ≥1 anti- HPV 
antibody was observed in SLE patients than controls (21% vs 6%). 
SLE patients who had sero- reversion received significantly longer 
and higher doses of glucocorticoids and mycophenolate mofetil than 
those with persistent seropositivity.116

The US Centers for Disease Control (CDC) and FDA reported 
disproportion of syncope and venous thromboembolism after 
HPV vaccination.117 However, the RCT from Mok et al.115 showed 
similar rates of adverse effects between SLE patients and controls. 
The same RCT did not report significant changes in the titers of 
anti- double- stranded DNA, complement, anti- C1q and SLE dis-
ease activity score from baseline to month 12 after HPV vaccina-
tion in SLE patients, nor was there an increase in clinical disease 
flares.115 The results are consistent with other post- marketing 
studies which did not show any increased incidence of disease 
flares in SLE patients who received HPV vaccination.118,119 In addi-
tion, population- based studies have consistently shown that quad-
rivalent HPV vaccine was not associated with increased incidence 
of new- onset autoimmune disease in woman with autoimmune 
diseases.120,121

Given the high incidence of HPV infection in SLE patients122,123 
and its oncogenic potential, HPV vaccination is recommended by 
APLAR for SLE patients.

3.10 | Pneumococcal vaccination

Two pneumococcal vaccines are currently available: the 23- valent 
pneumococcal polysaccharide vaccine (PPSV23) and the 13- valent 
pneumococcal conjugate vaccine (PCV13). There are no studies on 
the immunogenicity, efficacy and safety of these vaccines in Asian 
patients with SLE.

Based on non- Asian studies, the immunogenicity of pneumo-
coccal vaccines in adult SLE patients is inconclusive. For PPSV23, 
a prospective study showed the proportion of patients who re-
sponded appropriately to at least 70% of the tested serotypes 
was less than 40%.124 However, another study by Pisoni et al.125 
demonstrated that at 3 months after PPSV23 vaccination in 30 
SLE patients, 86% of patients reached protective levels of IgG anti- 
pneumococcus antibodies. A case- control study in SLE patients 
showed that the geometric mean concentrations of capsule pneu-
mococcal polysaccharide- specific antibody increased significantly 
1 month after PPSV23 vaccination and the increase was comparable 
to healthy controls. However, 21% of SLE patients, compared to 0% 
in controls, failed to respond to PPSV23.126 Similarly, studies of the 
PCV13 showed lower post- vaccination anti- pneumococcal antibody 
levels in SLE patients than controls, as well as smaller increase in the 
absolute antibody titer in SLE patients, particularly in older individu-
als and those receiving azathioprine.127

To improve the immunogenicity of the pneumococcal vaccine, a 
stepwise approach, that is, a PCV13 prime and PSV23 boost strat-
egy, with an interval of at least 8 weeks between the administration 
of 2 vaccines, was studied in SLE patients. Compared with PPSV23 

alone, the stepwise approach did not lead to a longer duration of 
immune protection after 1 year.128,129 Nearly half of patients had 
no immune protection following stepwise pneumococcal vaccina-
tion.128 Factors associated with impaired immune response were im-
munosuppression, low lymphocyte count (<1000/µL) and low serum 
gammaglobulin level.128

Most studies demonstrated that pneumococcal vaccination did 
not lead to serious adverse events in SLE patients or increased SLE 
activity.125,128,130 One study did not observe any changes in autoan-
tibodies (anti- double- stranded DNA, anti- Ro, anti- La, anti- Sm, anti- 
RNP and anticardiolipin antibodies) in SLE patients after PPSV23 
vaccination.130

Based on the above data, pneumococcal vaccines should be ad-
ministered to stable SLE patients to reduce pneumococcal infection.

The major vaccine studies in Asian SLE patients are summarized 
in Table 6. The APLAR recommends vaccination for seasonal influ-
enza, pneumococcus, HPV, and HZ in stable SLE patients during dis-
ease quiescence and with minimal immunosuppression.16 In general, 
inactivated or subunit vaccines are safe in SLE patients and live vac-
cines should be administered with caution.

4  | DISCUSSION

Among 34 consensus statements published by the APLAR SLE 
special interest group, 5 statements involve the prevention of in-
fective complications (Table 1).16 In this study, we systematically 
reviewed the literature and presented the epidemiology, risk fac-
tors and outcome of important infective complications in SLE in 
Asia.

In addition to being a major cause of morbidity and mortality in 
patients with SLE, infections may mimic active SLE manifestations, 
leading to diagnostic confusion, and may trigger SLE flares. The 
prevalence and outcome of infective complications in SLE varies 
across different countries in the Asia- Pacific region, possibility 
due to differences in genetic predisposition but more importantly 
driven by socioeconomic factors, particularly in less developed 
areas.

Hepatitis B and TB infection are more prevalent in Asian SLE 
patients. The incidence of PJP after immunosuppression in Asian 
SLE studies also appears to be higher than that of Western stud-
ies. Whether this is partly related to the lower body weight of Asian 
patients, leading to higher doses of the immunosuppressive drugs 
relative to body weight being used when standard protocols are 
followed is not certain.131,132 On the other hand, Asian patients are 
more prone to adverse effects of therapies for these infections. For 
instance, the incidence of severe adverse reactions to TMP/SMX is 
higher in Asian studies of PJP treatment.

Another issue is the differences in socioeconomic condition 
and healthcare systems in various APLAR regions. Disparities in 
the vaccination rates in different countries are well known to be 
related to socioeconomic status and the medical systems.133,134 
During the Delphi exercise for the APLAR consensus statements 
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on the management of SLE, discrepancies in the provision of var-
ious vaccines were discussed. Although evidence from this SLR 
shows efficacy and safety of the HZ, HPV, influenza and pneu-
mococcal vaccines in Asian SLE patients, Delphi members did not 
agree for a strong recommendation to these vaccinations in the 
APLAR region.

The APLAR consensus statements were developed during the 
COVID- 19 pandemic. Although there have been numerous studies 
published on the outcome of COVID- 19 infections in the general 
population and in patients with rheumatic diseases, there are no 
specific data regarding the prognosis of SLE as compared to other 
patient groups. As a result, Delphi members did not make a recom-
mendation on stopping the pre- existing immunosuppressive drugs 
during COVID- 19 infection and recommend that patients follow 
their respective national guidelines for social distancing and other 
preventive or control measures.

There are several limitations of this SLR. First, longitudinal or 
controlled trials of treatment or prevention of infective complica-
tions in SLE are scarce. The heterogeneity of studies regarding pa-
tient inclusion, sample size, ethnicities, access to medical care and 
treatment regimens across different studies makes generalization 
difficult. Second, studies published in Asian countries are often ret-
rospective or observational such that treatment recommendations 
require extrapolation from non- Asian sources, which may not be 
entirely appropriate. Finally, because of limited evidence and varia-
tion in practice among different Asia- Pacific regions regarding pre-
vention of infective complications in SLE, it is difficult to reach high 
levels of agreement upon strong recommendations.

5  | CONCLUSION

We have presented a SLR on infective complications and their pre-
vention in patients with SLE in Asia, which was the basis for the grad-
ing of the evidence level and strength of recommendations adopted 
by the members involved in the establishment of the APLAR con-
sensus statements on the management of SLE (Table 1). Infections 
and vaccinations not being discussed will be left for a future update 
of the statements.
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1  | INTRODUC TION

The term idiopathic inflammatory myopathy (IIM) represents a het-
erogeneous group of diseases such as polymyositis, dermatomyo-
sitis, and inclusion body myositis. The incidence of inflammatory 
myopathies is estimated at 7.98 cases/million/year, whereas the 
prevalence is 14.0 cases per 100 000 inhabitants. Although inflam-
matory myopathy is a rare clinical condition, a systematic review by 
Meyer et al revealed the increase in its frequency over time,1 possi-
bly as the result of earlier recognition and diagnosis.

The IIMs are characterized by muscle inflammation, and con-
sequent fibrosis. Although severe muscle weakness is the prom-
inent symptom, patients may also present with extra- muscular 

manifestations including interstitial lung disease, skin rashes, and 
arthritis. Management of myositis is often challenging and in-
volves a multitude of immunomodulatory and immunosuppressive 
drugs. Glucocorticoids, the anchor agents of initial treatment, are 
administered together with other immunosuppressants.2 Non- 
pharmacological treatment strategies such as diet and exercise con-
stitute a vital part of management.3

Contrary to the previous concept of avoiding exercise in 
IIM, exercising is now regarded as an essential and safe non- 
pharmacological supportive line of care in IIM.4,5 Studies have 
mostly focused on the effects of exercise in patients with es-
tablished IIM. However, there is also evidence indicating that 
an individualized and supervised home exercise program might 
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be recommended in patients with recent- onset IIM, with regu-
lar assessment and close monitoring of muscle performance and 
health.4 Exercise provides both systemic and within- muscle adap-
tations.6 Over the past decade, researchers have keenly explored 
the immune- metabolic and physiological basis of improvement re-
lated to exercise in IIM. The present article aimed to review the 
recent literature on exercising for IIM and to provide an insight 
into the potential pathophysiological mechanisms underlying the 
effectiveness of exercise in myositis.

2  | SE ARCH METHODOLOGY

We systematically performed searches on PubMed/MEDLINE, 
Scopus, Web of Science, and Google Scholar (first seven pages) using 
the following keywords and their combinations: “idiopathic inflam-
matory myopathy”, “inflammatory myopathy”, “myositis”, “polymy-
ositis”, “dermatomyositis”, “inclusion body myositis”, and “exercise”. 
Inclusion criteria were: (a) randomized controlled trials, (b) observa-
tional studies, (c) articles written in English language, and (d) articles 
published during the last 7 years up to May 3, 2020. Exclusion cri-
teria were: (a) review articles, (b) study protocols, (c) pilot studies, 
(d) case reports, (e) abstracts, and (f) studies addressing participants 
<18 years of age. The search strategy was based on the recommen-
dations by Gasparyan et al.7 Figure 1 depicts the flowchart of the 
narrative review.

3  | PATHOPHYSIOLOGY OF IDIOPATHIC 
INFL AMMATORY MYOPATHIES

A close look at the pathophysiology of myositis would enhance our 
understanding regarding the mechanisms underlying the beneficial 
effects of exercising in patients with IIM. Both immune- mediated 
and non- immune- mediated pathways are important in the patho-
genesis of IIM.8 Recent insights into the molecular mechanisms 
suggest varied pathogenic events in the different subtypes of IIM. 
Although detailed discussion of each of these forms may be beyond 
the scope of this review, we shall briefly touch upon the features 
that are common across most phenotypes.

In most cases, an underlying genetic disposition catalyzes addi-
tive injury in the event of an environmental onslaught, such as viral 
infections, drugs, smoking, or sunlight- induced damage.9- 11 The an-
tigens released from damaged muscle, which is otherwise deemed 
to be an immune- privileged site, trigger a series of events, starting 
with the activation of innate immune pathways, such as the Toll- like 
receptors (TLRs), and the release of pro- inflammatory cytokines. The 
muscle is unique in that these cytokines can result in an acute fiber 
dysfunction, manifesting as weakness disproportionate to the ev-
idence of systemic inflammation early in the course of the illness. 
Later, these immune events trigger T- cell- mediated injury, antigen 
processing and presentation, germinal center formation, and autoan-
tibody production for a sustained inflammatory response.9

Despite the fact that inflammatory myopathy is an immune- 
mediated disease much attention has been given to the role of 
non- immune mechanisms of muscle dysfunction.12 It has been 
shown in a major histocompatibility complex class I conditional 

F I G U R E  1   Flowchart of the review
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upregulation model in H+T+ mice that muscle weakness occurs 
before inflammatory infiltrates are evident on muscle biopsy 
specimens.13 Adenosine monophosphate deaminase- 1 dysfunc-
tion, as a sign of cellular dysregulation, has been observed early 
in the course of myositis in a mouse model.14 Nuclear magnetic 
resonance spectroscopy can determine the concentrations of 
phosphate metabolites and quantify muscle dysfunction, even in 
clinically amyopathic cases.15 Established IIMs reveal fewer oxida-
tive slow- twitch type I muscle fibers,8 and the fast- twitch type II A 
muscle fibers, which predominantly utilize aerobic glycolytic me-
tabolism.16 Anaerobic switch of metabolism was identified in IIM. 
Significantly increased lactate levels when compared with controls 
indicate an impaired muscle oxidative efficiency in patients with 
myositis.17 This, in part, explains the muscle endurance deficits 
measured by the Myositis Functional Index- 2 in myositis patients 
with normal or near- normal strength in manual muscle testing.18 
Recent literature suggests that one subset of IIM, inclusion body 
myositis, may be reclassified as a mitochondrial disease,19 because 
of the large body of evidence pointing towards the non- immune- 
mediated pathways also being involved in the disease process of 
IIM.8,20- 22

Endoplasmic reticulum stress is another central event in the 
pathogenesis of innate immune activation in IIM. Most evidence 
centers around the activation of the nuclear factor- κB pathway 
following the activation of TLRs in polymyositis and inclusion body 
myositis subsets of IIM.23 Apart from the high mobility group box 
chromosomal protein 1 (HMGB- 1), the muscle enzyme creatine ki-
nase, which is released as a result of muscle damage, also behaves as 
an endogenous TLR ligand, accentuating the process.24 Furthermore, 
triggering of inflammasome- mediated inflammation produces a 
surge of cytokines and protein synthesis, which results in an endo-
plasmic reticulum stress response. This culminates in further release 
of heat- shock proteins (particularly, hsp 70 and hsp 90 families) and 
an endoplasmic reticulum overload response.25 The cells may even-
tually opt for autophagy to slow down and regulate the process or 
undergo apoptosis.26 A continued endoplasmic reticulum stress re-
sponse may lead to an unregulated surge of cytokines such as tumor 
necrosis factor and interferons,27 which would directly inhibit fiber 
function, and accentuate the TLR response resulting in a positive 
feedback loop of inflammation.23 The lack of protein homeostasis 
goes one step further in inclusion body myositis, where inherent 
defects in protein degradation pathways result in the accumulation 
of degenerated protein such as the β- amyloid fibrils, which further 
weakens the degenerating and diseased muscle.11

Another major component is oxidative- stress- induced muscle 
damage, which further adds to the onslaught.28 In the mitochondria, 
reactive oxygen species are generated as a result of faulty function/
metabolism, compounding the deregulated cellular metabolism and 
culminating in tissue damage from mitochondrial damage and sub-
sequent fiber atrophy.22 Both an excess activation of the endoplas-
mic reticulum response and deregulated mitochondrial function can 
trigger caspases, leading to cellular apoptosis. As a result, mitochon-
drial dysfunction is the key event, with dominant hypoxia resulting 

in a chicken and egg situation of faulty metabolism and poor muscle 
strength. Figure 2 depicts the pathophysiology of IIM.

4  | THE MECHANISMS OF E XERCISE- 
INDUCED BENEFITS IN IDIOPATHIC 
INFL AMMATORY MYOPATHIES

The beneficial effects of exercise in IIM depend upon several mecha-
nisms (Figure 3). These include: (a) increased mitochondrial biogen-
esis/enzyme activity, (b) reconditioning of immune/inflammatory 
pathways, (c) decreased endoplasmic reticulum stress, (d) modula-
tion of gene expression, (e) increased protein synthesis and cytoskel-
etal remodeling, and (f) decreased muscle fibrosis and non- muscle 
area infiltrates.

4.1 | Increased microcirculation and 
mitochondrial function

Specific exercise types have distinct primary effects in muscles. 
Strengthening exercises lead to larger improvements in muscle 
strength, muscle power, and muscle hypertrophy, whereas endur-
ance exercises improve cardiovascular endurance. On the other 
hand, these two exercise types may also interfere with each other. 
Concurrent strengthening and endurance exercises optimize the 
degree of muscle hypertrophy, strength, and endurance develop-
ment.29,30 Both exercise types can increase capillary density and 
thereby the microcirculation in muscles. Endurance exercises can 
elevate mitochondrial enzyme activity.31 Resistance exercise was 
shown to enhance mitochondrial function by improving mitochon-
drial quality control and mitochondrial oxidative capacity in a rat 
model of sporadic inclusion body myositis.32 Boehler et al31 examined 
the effects of endurance training (different protocols of cycling) on 
microRNAs in myositis skeletal muscles in a sample of patients with 
probable polymyositis and dermatomyositis. They used samples ob-
tained from patients participating in a controlled, randomized trial.33 
Muscle biopsies were taken at baseline and after the finalization of 
endurance training. The researchers compared the samples from pa-
tients and controls. They determined an increase in mitochondrial 
proteins including adenylate kinase 3 and 3- hydroxyisobutyrate de-
hydrogenase. In this regard, exercising may improve disease by in-
creasing mitochondrial biogenesis.31

4.2 | Immunomodulation

Physical activity also has immunomodulatory effects. It has been 
shown that regular exercise training has the potential to induce im-
mune competence and to reduce the risk of infection.34 Prolonged 
mechanical stress has the ability to modulate cell differentiation, as 
well as local and systemic inflammatory responses.35 In an in vitro 
study, mechanical stretch of myoblasts was shown to reduce the 
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expression of muscle autoantigens and of pro- inflammatory TLR3.36 
Hence, exercise provides some anti- inflammatory effects, as well.37 
Reduction in systemic inflammation and disease activity is partly 
achieved by the decreased expression of pro- inflammatory and 
pro- fibrotic genes.38 A trial in patients with sporadic inclusion body 
myositis examined the effects of 12 weeks of low- load blood- flow 
restriction exercise on immune and inflammatory responses.39 The 
protocol comprised unilateral leg press, knee extension, knee flexion 
(introduced from the 4th week), calf raise, and dorsiflexion.40 Muscle 
biopsies from tibialis anterior/vastus lateralis revealed an increase 
in myocellular infiltration of CD3− CD8+- expressing natural killer 
cells following blood- flow restriction exercise, which is consistent 
with an amplified immune response. On the other hand, no changes 
were demonstrated in terms of cytotoxic T cells (CD3+ CD8+, 
CD3+ CD28−), regulatory T cells (FOXP3+) or macrophage infil-
trates. Qualitative analysis revealed that the spatial positioning of 
M2 anti- inflammatory (CD68+ CD206+) macrophages was altered, 
these cells appeared to co- localize more closely to small- sized (pos-
sibly atrophied) type 2 fibers.39 This finding contradicts the previous 
concept that exercising has a detrimental effect on the immunologi-
cal muscle in patients with myositis. The results support the notion 
that low- load exercise has no risk of intensified inflammatory activ-
ity.39 Low- load blood- flow restriction exercise might be beneficial 

in preventing/delaying myositis- related decline in muscle contractile 
capacity without imposing a high magnitude of mechanical strain on 
muscles and with no exacerbation of the disease.40,41 The potential 
mechanisms underlying this positive effect of low- load blood- flow 
restriction exercise include boosted muscle fiber recruitment, over-
production of hormones, and increased muscle protein synthesis as 
a response to diminished blood flow.41

4.3 | Decreased muscle fibrosis and 
modulation of authophagy

Chronic inflammation leads to muscle fibrosis in patients with IIM. 
Exercising can also be effective in decreasing muscle fibrosis and 
non- muscle area infiltrates.38 The autophagy- lysosome system is an 
important pathway in the pathogenesis of IIM. Jeong et al,42 in a 
sporadic inclusion body myositis animal model, showed that resistive 
exercise modulates autophagy. Decreased muscle fibrosis and mod-
ulation of autophagy could be one of the potential reasons for sus-
tained muscle strength improvement after an exercise intervention. 
A multicenter randomized controlled study with a 1- year open exten-
sion follow up examined the long- term effects of exercise interven-
tion in patients with established polymyositis and dermatomyositis. 

F I G U R E  2   The pathophysiology of 
idiopathic inflammatory myopathies. 
AMPD1, adenosine monophosphate 
deaminase- 1; ER, endoplasmic reticulum; 
HSP, heat- shock protein; NF- κB, nuclear 
factor- κB; ROS, reactive oxygen species; 
TLR, toll- like receptor
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The protocol included cycling at 70% of Vo2max, muscular endur-
ance exercise of the knee extensors at 30%- 40% of one voluntary 
repetition maximum. The results showed that improvement in five 
voluntary repetition maximum sustained up to 52 weeks compared 
with baseline indicating the sustained muscle strength up to 1 year 
after a supervised exercise program in patients with IIM.43

4.4 | Angiogenesis

Due to thickened endothelial cells and reduced number of capillar-
ies, deterioration in oxygen transport occurs in IIM.8 A sub- study 
of a randomized controlled trial among patients with IIM revealed 
that an endurance exercise program upregulated genes related to 
mitochondrial biogenesis, protein synthesis, and cytoskeletal re-
modeling. Exercise made the largest fold change in genes related 
to capillary growth (Fms- related tyrosine kinase 3 ligand [FLT3L]). 
Endurance exercises, thereby, have the capacity to induce growth 
of capillaries/angiogenesis, increase mitochondrial enzyme activ-
ity, modulate mitochondrial pathways including oxidative phospho-
rylation, and enhance aerobic capacity. Polypeptides belonging to 
the cytochrome c oxidase family in complex IV in mitochondria are 
highly affected by exercise. On the other hand, proteins involved 
in the glycolysis pathway are downregulated in exercised patients, 
indicating the reduced production of energy by anaerobic glycoly-
sis.8 These changes, overall, may explain the improvement in Vo2max 
and the decrease in extracellular lactate concentrations following an 

endurance exercise regimen in patients with IIM.8,33 Aerobic training 
such as cycling would be the treatment of choice to improve endur-
ance in patients with IIM.33

4.5 | Modulation of mRNAs

MicroRNAs are regulators of gene expression. They play a role in 
several inflammatory rheumatic diseases. As regulators of myogenic 
differentiation and maintenance, the dysregulated expression of mi-
croRNAs is also important for the pathogenesis of IIM. Increased re-
lease of pro- inflammatory cytokines in IIM, which is partially driven 
by the activation of nuclear factor- κB, can suppress the expression 
of microRNAs.31 Boehler et al31 found that a 1 hour endurance exer-
cise training program three times a week for 12 weeks enhanced the 
expression of microRNAs that modulate mRNA transcripts playing 
a role in suppressing inflammation, improving aerobic activity and 
inducing muscle growth. Exercise- induced microRNAs downregu-
late transcripts taking part in immune pathways, glycolytic metab-
olism, and muscle atrophy. MicroRNAs can affect gene expression 
through translational regression and/or transcriptional regulation. 
Exercise can alter the expression of proteins (adenylate kinase 3 and 
3- hydroxyisobutyrate dehydrogenase) that are located in the mito-
chondria and involved in aerobic respiration. It is also possible that 
regular exercising increases Apurinic/Apyrimidinic Endonuclease 1 
(APEX1) which can relieve oxidative stress in skeletal muscle during 
an acute bout of exercise. This is particularly important when the 

F I G U R E  3   The underlying mechanisms of exercise- related benefits in idiopathic inflammatory myopathies (IIMs) (illustrated by the 
author ICB); ER, endoplasmic reticulum. Exercise induces mitochondrial biosynthesis, thereby aerobic metabolism. This adaptation improves 
endurance in patients with IIM. Exercise can modulate gene expression in muscle tissue. Upregulation of genes related to structural proteins 
induces cytoskeletal growth. Increased capillary formation improves tissue oxygenation and aerobic metabolism. Exercising can also inhibit 
the synthesis of pro- inflammatory cytokines and provides anti- inflammatory effects related to decreased disease activity. Endoplasmic 
reticulum stress can be decreased by exercise. This adaptation further modulates pro- inflammatory cytokine synthesis and autophagy
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reduced oxidative muscle efficiency and the precocious resort to an-
aerobic activity in patients with IIM are considered. Overall, exercise 
can improve disease phenotype by modulating microRNAs, either at 
the transcript level or by translational regulation.31

4.6 | Decreased endoplasmic reticulum stress

Pathological endoplasmic reticulum stress in skeletal muscles of 
patients with IIM enhances the inflammatory and autoimmune re-
sponse, leading to muscle weakness and fiber damage.44,45 The 
pathology is characterized by inflammation and skeletal muscle 
damage (central nucleation, variation in fiber size, fibrosis, and fiber 
atrophy).31 Endurance exercises have the potential to downregulate 
the genes related to endoplasmic reticulum stress. Decrease in en-
doplasmic reticulum stress leads to the deactivation of downstream 
ubiquitin proteasome pathways and protects from muscle degenera-
tion. It may also inhibit tumor necrosis factor expression in skeletal 
muscles.8

4.7 | Decreased production of reactive 
oxygen species

Patients with IIM have almost 25% lower Vo2max and 35% lower 
power output than the healthy population.33 Mitochondrial dys-
functions in IIM contribute to poor aerobic respiration and exercise 
capacity. Mitochondrial malfunction is partly mediated by interferon- 
β- induced reactive oxygen species in patients with myositis. On the 
other hand, mitochondrial malfunction, itself, increases the produc-
tion of reactive oxygen species, which play role in type I interferon- 
inducible gene expression and muscle inflammation.28 Exercising has 
the potential to modulate this cross- talk among immunity, mitochon-
drial dysfunction, and over- production of reactive oxygen species, 
partly through its interaction with the processes occurring in the 
mitochondria. Munters et al8 found that aerobic exercise in patients 
with established polymyositis and dermatomyositis can induce an 
aerobic phenotype and inhibit the inflammatory response in muscle 
fibers. A study by de Souza et al addressed the feasibility, safety, 
and efficacy of exercise training in sedentary patients with immune- 
mediated necrotizing myopathies. As a potential coadjuvant therapy, 
supervised exercise training increased aerobic capacity, muscle 
strength, and function, with no impairment in disease status.46

4.8 | Upregulated oxidative phosphorylation

Exercising can improve the ability of the electron transport chain to 
generate the proton gradient required for ATP production. Following 
an endurance exercise regimen, substantial increase is observed in 
several cytochrome c oxidase subunits/enzymes (especially the c ox-
idase subunit 2) involved in electron transportation.8 Exercise leads 
to preferential production of energy by oxidative phosphorylation 

instead of by glycolysis, thereby causing a shift to aerobic metabo-
lism, which increases muscle resistance to fatigue in patients with 
IIM.8 Overall, exercise can improve oxygen uptake, muscle strength, 
muscle functional capacity, clinical state, and general well- being in 
this particular patient group.43,47

There are several limitations to be discussed. The studies in-
cluded in this review mostly focused on the effects of exercise in 
patients with established IIM. However, there is also evidence re-
garding the effects of exercise training in patients with early active 
myositis. It should also be noted that, most of the studies included in 
the current review have small sample sizes. Additionally, some pop-
ulations are homogeneous and there may be difficulty in applying 
their findings to other populations.

5  | CONCLUDING REMARKS

Current evidence confirms the benefits of exercising in patients 
with IIM. The benefits are related to immune/inflammatory path-
ways, modulation of gene expression/protein synthesis, decreased 
endoplasmic reticulum stress, increased capillary growth, and mito-
chondrial enzyme activity. Exercising can increase muscle strength 
and endurance, decrease disease activity and disability, and improve 
quality of life in patients with myositis. It is of great importance to 
implement exercise in management protocols of patients with IIM.
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Abstract
Aim: Although antineutrophil cytoplasmic antibody- associated vasculitis (AAV) most 
commonly affects older individuals, many patients develop the disease during their 
most productive working years. The aim of this study was to examine the effects of 
AAV on employment and work disability in a cohort of Australian patients of working 
age.
Methods: Patients attending a vasculitis clinic located in Melbourne, Australia, 
completed an employment questionnaire in addition to the Work Productivity and 
Activity Impairment Questionnaire: Specific Health Problem.
Results: The average age of the 47 respondents was 47.8 ± 11.9 years (range 22- 
63 years), with a median disease duration of 60 months (range 10.2- 318.5 months). 
There were 68.1% who were currently employed, but 20.6% of respondents em-
ployed at the time of diagnosis were no longer working and 10.6% had experienced 
a significant reduction in work hours since their diagnosis. There were 12.7% who 
were dependent on the disability support pension. The rate of work disability was 
23.4%. Many participants considered themselves work impaired (41.9%), with 10.1% 
having missed work in the previous week. Furthermore, 44.7% of respondents re-
ported that their financial stability had been negatively impacted by their vasculitis 
diagnosis. Fatigue was commonly reported. Work disabled patients were significantly 
more likely to be obese and less likely to have completed a tertiary education. Work 
disabled patients tended to be older, myeloperoxidase- antineutrophil cytoplasmic 
antibody positive, and have renal involvement and lung involvement.
Conclusion: A proportion of people living with AAV in Australia experience a decline 
in employment and an increase in work disability when living with this condition.

K E Y W O R D S

ANCA, Australia, disability, employment, vasculitis

www.wileyonlinelibrary.com/journal/apl
mailto:
https://orcid.org/0000-0003-2007-6021
mailto:jessica.ryan@monash.edu


     |  905HERON Et al.

1  | INTRODUC TION

The antineutrophil cytoplasmic antibody (ANCA)- associated 
vasculitides (AAV) are a group of multisystem autoimmune dis-
orders causing small vessel inflammation.1 They are responsible 
for significant morbidity and mortality in both the short and 
long- term. They include granulomatosis with polyangiitis (GPA), 
microscopic polyangiitis (MPA) and eosinophilic granulomatosis 
with polyangiitis (EGPA) and are in most cases, characterized by 
autoimmunity to one of the neutrophil granule proteins, either 
proteinase- 3 (PR3) or myeloperoxidase (MPO).1,2 Common mani-
festations of disease include kidney impairment, sino- pulmonary 
and neurological disease, cardiovascular dysfunction, and sys-
temic symptoms.

Prior to 1973 the survival of patients affected by these forms 
of vasculitis was very poor, with one study in patients with GPA 
reporting a mean survival of only 5 months.3 As the management 
of AAV has evolved over the last few decades, survival rates have 
markedly improved.4- 7 While prognosis has improved with the use 
of potent immunosuppressive agents, people with AAV now live 
with the long- term ramifications of the disease and its treatment. 
They frequently experience ongoing morbidity and reduced quality 
of life due to low grade disease activity, disease relapses, fatigue, 
psychosocial factors, immunosuppressant toxicity and irreversible 
end- organ damage.3,4 With the conversion of AAV from an acute, 
frequently fatal disease to a chronic condition, patients are placing a 
higher value on quality of life, including functional elements, fatigue 
and life participation.

Although AAV most commonly occurs in older people, with a 
peak age of onset between 65 and 74 years,8 many patients first 
develop vasculitis during their most productive working years. The 
cumulative burden of disease as well as treatment toxicities are as-
sociated with morbidity and poor quality of life,9 both of which can 
impact on an individual's ability to engage in paid and unpaid work 
activities. For most adults, work is an important part of life and con-
tributes positively to a sense of wellbeing. Chronic disease can affect 
work capacity and performance, including work disability (leaving 
the paid workforce due to poor health), absenteeism (days off work 
due to poor health) and presenteeism (attending work, but being less 
productive due to poor health).10

Work disability is common in patients with autoimmune and 
rheumatic diseases.11 Although there has been significant research 
on the impact of systemic sclerosis,11- 14 rheumatoid arthritis15,16 
and systemic lupus erythematosus17,18 on work disability, there 
have been few contemporary studies looking at the impact of AAV 
on work disability, with no data on these outcomes in an Australian 
population. Therefore, this cross- sectional study aimed to study the 
relationship between AAV and employment in a cohort of Australian 
patients of working age. The primary objective was to examine the 
effect of AAV on employment, specifically by using self- reported 
work disability, defined as loss of employment after the diagnosis 
of AAV or reliance on the disability support pension as the primary 
source of income.

2  | METHODS

2.1 | Patients

Participants who were enrolled in the Monash Vasculitis Registry 
and Biobank and attended the Monash Health Vasculitis Clinic 
for their clinical care were invited to take part in the study. The 
Monash Health Vasculitis Clinic is a multidisciplinary clinic at-
tended by nephrologists and rheumatologists. To be eligible for 
inclusion in the study, the patient had to have a diagnosis of AAV 
made at least 6 months prior to the study (to allow enough time for 
any acute impact on employment to be sustained) and be of work-
ing age (defined as patients between the ages of 18 and 65 years) 
inclusive at the time of the questionnaire completion. Diagnosis of 
AAV was based on clinical and laboratory features of GPA, MPA or 
EPGA, consistent with the 2012 revised Chapel Hill classification 
of the vasculitides.2 Ethics approval was provided by the Monash 
Health Human Research and Ethics Committee (HREC/54541/
MonH- 2019- 174914) with written informed consent obtained 
from all participants at the time of their recruitment to the vas-
culitis registry.

2.2 | Data collection

An employment questionnaire was developed by the authors (in-
cluded as Appendix S1) and was added to the Work Productivity 
and Activity Impairment Questionnaire: Specific Health Problem 
(WPAI:SHP). The employment questionnaire asks patients to de-
scribe their highest educational level, and state their occupational 
status, both immediately prior to AAV diagnosis and at the time 
of questionnaire completion. The WPAI:SHP is a validated tool 
that can be customized to apply to different diseases and is freely 
available.13,19,20 It consists of 6 questions which evaluate the ef-
fect of a disease on work and daily activities performed in the 
preceding 7 days. Four scores are calculated from the question-
naire: percentage of absenteeism, percentage of presenteeism, 
overall work impairment score and percentage of impairment in 
activities performed outside of work. For all 4 outcomes, greater 
scores (range 0% to 100%) indicate greater impact on health. Both 
questionnaires were distributed to participants and completed in 
one sitting when they attended their usual clinical care visit be-
tween July 2019 and January 2020. Demographic details, disease 
diagnosis and comorbidities were obtained from the medical re-
cords. Obesity was defined as a body mass index of greater than 
30. The occupational domains of respondents were classified ac-
cording to the Australian and New Zealand Standard Classification 
of Occupations.21 Months since AAV diagnosis was recorded, and 
only included full months. ANCA status at diagnosis (or during the 
course of disease) was recorded as either MPO- ANCA or PR3- 
ANCA (no patient was ANCA negative). In one case only a perinu-
clear ANCA pattern by indirect immunofluorescence was available 
and was classified as MPO- ANCA positive. Current disease activity 
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and damage as a result of the disease and its treatment was as-
sessed using the Birmingham Vasculitis Activity Scores (BVAS) and 
the Vasculitis Disability Index (VDI).22,23 The BVAS and VDI are 
standardized tools commonly used in research studies in AAV.1 An 
updated VDI and BVAS were completed at the time of the ques-
tionnaire by a rheumatologist or nephrologist previously trained 
in their use. The rate of work disability was calculated from those 
patients who had left the paid work force completely due to ill 
health at questionnaire completion and/or were receiving a dis-
ability support pension. It did not include those who had retired 
for non- health- related reasons.

2.3 | Statistical analysis

All data are presented as number (percentage), mean ± 1 SD, or me-
dian (interquartile range) where appropriate. Baseline differences 
between the work disability groups were assessed using t tests for 
continuous variables and the Chi- squared test or Fisher's exact test 
for categorical variables where appropriate. Logistic regression was 
used to assess predictors of work disability adjusted for age at AAV 
diagnosis only due to the small sample size. We considered a find-
ing to be statistically significant if the 2- sided P value was <.05. All 
analyses were conducted using Stata 15.0 (StataCorp).

3  | RESULTS

Forty- nine of the 58 eligible patients (who attended the Monash 
Health Vasculitis Clinic and were enrolled in the Monash Vasculitis 
Registry) completed the questionnaires, resulting in a response rate 
of 84.5%. Two patients were excluded from statistical analyses as 
they were diagnosed with AAV less than 6 months prior to complet-
ing the questionnaire. Therefore 47 participants were included in 
the study.

3.1 | Patient characteristics

The main characteristics of the study participants are shown in 
Table 1. Of the 47 participants, the mean age was 47.8 ± 11.9 years 
(range 22- 63 years) with 48.9% female. The number of individuals 
greater than 55 years of age at diagnosis was 8. The number of in-
dividuals greater than 55 years of age at time of completion of the 
survey was 16. AAV subtype was MPA in 15 participants (31.9%), 
GPA in 30 (63.8%) and EGPA in 2 (4.3%). Twenty- three participants 
were MPO- ANCA positive (46.8%) and 23 were PR3- ANCA posi-
tive (48.9%). One participant (2.1%) was both MPO-  and PR3- ANCA 
positive. The median duration of disease at the time of questionnaire 
completion was 60 months (range 10.2- 318.5 months). Thirty- three 
(70%) of participants had kidney involvement, including 4 (8.5%) 
with end- stage kidney disease (ESKD) due to AAV. Of those with 
ESKD, 3 were treated with dialysis while the other participant had a 

functioning kidney transplant. Eighteen (38.3%) had pulmonary in-
volvement and 30 (63.8%) suffered from sinus disease. One patient 
(2.1%) had cerebral vasculitis. Seventeen participants (36.2%) had 
experienced at least one disease relapse since their initial diagnosis.

The median BVAS score of participants at time of questionnaire 
completion was 0 (range 0- 6). Twelve participants had a BVAS of ≥1 
at the time of the study, meaning that the majority of patients met 
standard criteria for remission, influenced by the inclusion criteria 
that required participants to have been diagnosed with AAV for 6 
months or more. The mean VDI score was 1.3 (range 0- 5).

Twenty- seven participants (57.4%) completed secondary school 
or an equivalent technical qualification (represents 12 years of 
schooling) while 5 (10.6%) respondents did not complete secondary 
school. Thirteen (27.7%) completed a university bachelor degree and 
2 (4.3%) a postgraduate degree.

3.2 | Employment and work disability

The occupations of participants at time of AAV diagnosis are pre-
sented in Figure 1. Thirty- four of the 47 study participants (72.3%) 
were in paid employment; 27 (57.5%) employed full- time, 4 (8.5%) 
employed part- time and 3 (6.4%) employed on a casual basis. Five 

TA B L E  1   Patient characteristics

Characteristic N = 47

Age at survey completion, mean (SD) 47.8 (12.0)

Age at diagnosis, mean (SD) 42 (13)

Female, n (%) 23 (48.9)

Median disease duration, mo (range) 60 (10.2- 318.5)

Renal involvement, n (%) 33 (70.2)

End- stage kidney disease, n (%) 4 (8.5)

Lung disease, n (%) 18 (38.3)

Sino- nasal disease, n (%) 30 (63.8)

Skin involvement, n (%) 10 (21.3)

Ocular involvement, n (%) 8 (17.0)

Neurological involvement, n (%) 3 (6.4)

Gastrointestinal involvement, n (%) 4 (8.5)

Musculoskeletal involvement, n (%) 14 (29.8)

ANCA status, n (%)

MPO 23 (48.9)

PR3 23 (48.9)

MPO and PR3 1 (2.1)

Vasculitis subtype, n (%)

MPA 15 (31.9)

GPA 30 (63.8)

EGPA 2 (4.3)

Abbreviations: ANCA, anti- neutrophil cytoplasmic antibody; MPO, 
myeloperoxidase; PR3, proteinase 3; MPA, microscopic polyangiitis; 
GPA, granulomatosis with polyangiitis; EGPA, eosinophilic 
granulomatosis with polyangiitis.
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participants (10.6%) were undertaking home duties. Three (6.4%) 
were under the age of 18 at time of diagnosis and 2 (4.3%) were un-
dertaking tertiary study. Three participants (6.4%) were unemployed 
at the time of diagnosis and one patient was on a disability support 
pension which had commenced prior to diagnosis.

Figure 2A, B present the change in employment status of partic-
ipants from the time of AAV diagnosis to the time of questionnaire 
completion, in terms of total proportions and in changes in the sta-
tus of individuals over time. Changes were seen in employment sta-
tus over time. Of the 47 subjects, 32 (68.1%) were working in some 
capacity at survey completion. Of those, 20 (42.5%) were working 
fulltime, 6 (12.7%) were part- time and 6 (12.7%) were casual. Seven 
(20.6%) of the 34 participants employed at the time of diagnosis 
were no longer working in any capacity at time of completion. Three 
out of the 47 participants (6.4%) were undertaking home duties. 
Additionally, 5 patients had experienced a reduction in work hours, 
transitioning from full- time work to either part- time or casual work 
since their diagnosis. Three individuals who were either less than 
18 years of age at diagnosis, or in tertiary study at time of diagnosis, 
had joined the workforce in some capacity (the remaining 2 were un-
employed or receiving a disability support pension). Those who were 
working had on average completed 26.2 hours (interquartile range 
15- 40) of paid work in the week prior to the questionnaire. Thirty- 
eight hours is considered a full- time working week in Australia. Six 
participants (12.7%) were dependent on the disability support pen-
sion at the time of completion. The rate of work disability, that is, 
leaving paid employment completely due to ill health, was 23.4% 
(11/47 participants).

Table 2 compares the characteristics of work disabled and non- 
work disabled groups. Work disabled patients were significantly 
more likely to be obese and were less likely to have completed a ter-
tiary education. Although not reaching statistical significance, work 
disabled patients were older, and had a higher proportion that were 

MPO- ANCA positive. Table 3 presents the age adjusted results of 
the logistic regression analysis with obese participants more likely 
to be work disabled after adjustment for age at AAV diagnosis. As 
the majority of participants had a BVAS score of 0 and overall BVAS 
scores were low, associations between disease activity at the time 
of the study and work disability were hard to assess. In addition, a 
higher VDI was not associated with work disability after adjustment 
for age at AAV diagnosis.

3.3 | Work productivity and activity impairment 
questionnaire results

Overall work impairment, including presenteeism and absentee-
ism was calculated using the WPAI:SHP. Forty- two percent of par-
ticipants currently working considered themselves work impaired in 
some way, with 10% having missed work in the previous week due 
to their illness. The average work impairment score for those who 
were employed, taking into consideration both presenteeism and 
absenteeism, was 9.8% (SD 24%). Furthermore, 68% of participants 
felt that their daily activities were limited by their illness. The mean 
activity impairment from the cohort was 26.4% (SD 23.6%). Twenty- 
nine (61.7%) participants stated that vasculitis had negatively af-
fected their ability to work, while 21 (44.7%) participants reported 
that their financial stability had been negatively impacted by their 
vasculitis diagnosis. Thirteen participants reported that fatigue had 
a big impact on their ability to complete work.

4  | DISCUSSION

The transitioning of ANCA- associated vasculitis from an acute, 
severe disease to a more chronic condition in which treatments, 

F I G U R E  1   Occupational domains 
at time of diagnosis. Occupations of 
respondents at the time of antineutrophil 
cytoplasmic antibody (ANCA)- associated 
vasculitides (AAV) diagnosis, classified 
according to the Australian and New 
Zealand Standard Classification of 
Occupations (ANZSCO)
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although lifesaving, often come with substantial short and long- 
term side effects, has emphasized the importance of patient- 
centered outcomes and quality of life in people with AAV. This 
cross- sectional study explored the impact of AAV on employment 
in an Australian population attending a tertiary clinic in a metro-
politan area. Work disability and productivity are increasingly rec-
ognized as important outcomes of interest in chronic disease given 
the impact they have on individuals, families and society.12 This 
study explored the impact of vasculitis on work disability and em-
ployment, using both objective and subjective measures. Although 
a small study, it has a high response rate, which was helped by 
distributing questionnaires while patients were waiting for their 
outpatient appointments.

There is no widely accepted definition for work disability.12 
Methods to measure work disability vary between studies, making 
direct comparisons between studies and patient groups difficult. We 
asked patients their employment status before diagnosis and at the 
time of questionnaire completion. Work disability was defined as 
having gone from being employed (in any capacity) to unemployed 
and not actively looking for employment due to ill health or being 
dependent on the disability support pension for income. We also 
used the WPAI- SHP as a standardized measure of disease- related 
impact on employment. The WPAI- SHP is a validated study tool and 
patients have previously rated this questionnaire more favorably 
than the Work Productivity Survey (WPS),13 which was designed 
to look at similar outcomes. Another advantage of the WPAI- SHP 

F I G U R E  2   Employment status of 
respondents. (A) Employment status of 
respondents at time of antineutrophil 
cytoplasmic antibody (ANCA)- associated 
vasculitides (AAV) diagnosis and at time of 
questionnaire completion. (B) Changes in 
employment status of respondents over 
time

Changes in employement status of respondents over time. 

Employment status of respondents at time of AAV diagnosis and at time of 
questionnaire completion.

(A)

(B)
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is that is measures productivity doing unpaid work as well as paid 
employment. This study is the first to use this tool to examine the 
association of AAV with work disability. Those individuals who were 
employed in the preceding 7 days in our cohort had a relatively mod-
est work impairment score (which attempts to measure the degree 
the health problem impacts on work productivity) of 9.8%. However, 
overall, almost two- thirds of respondents felt that their vasculitis 
negatively affected their ability to work. Similar numbers felt that 
vasculitis limited their activities of daily living. The activity impair-
ment score of 26.4% (calculated from the degree respondents re-
ported AAV affects regular activities) reveals the significant impact 
living with AAV had on this cohort. This is the first study of work 
disability in AAV undertaken in an Australian population.

Several studies have explored the rate of work disability in AAV 
cohorts in Europe and North America. A French study including 94 
patients of working age (defined as 60 years or less), and categoriz-
ing patients as work disabled if they received the disability living al-
lowance, disability pension or recognized as a disabled worker, found 
a 40% rate of work disability among its participants.24 While quality 
of life was markedly impaired for patients with AAV compared to the 
general population, employment was preserved for the majority of 
patients. An online survey based study involving 421 AAV patients 
residing in the USA or Canada found that 21% of participants were 
work disabled and this was associated with lower educational level, 
higher severity of disease and poor functional outcomes.25 Work 
disability was defined as not working, retiring early or needing to 
reduce hours at work. Furthermore, 38% of participants noted a 
decrease in income following their diagnosis. Similar rates of work 
disability have been found in an AAV population living in the United 
Kingdom. A study including 410 AAV patients, which defined work 
disability as not working due to ill health or disability, found that 26% 

TA B L E  2   Comparisons between work disabled and non- work 
disabled patients

No disability
N = 36

Work disability
N = 11 P value

Age at last 
follow- up, mean 
(SD)

46.1 (12.0) 53.1 (10.9) .094

Age at diagnosis, 
mean (SD)

40 (13) 47 (12) .16

Female, n (%) 18 (50.0) 5 (45.5) .79

Median disease 
duration, mo 
(range)

61 (11.3 318.5) 58 (10.2 251.8) .92

ANCA status, n (%)

MPO 15 (41.7) 8 (72.7) .19

PR3 20 (55.6) 3 (27.3)

MPO and PR3 1 (2.8) 0 (0.0)

Vasculitis subtype, n (%)

MPA 10 (27.8) 5 (45.5) .58

GPA 24 (66.7) 6 (54.5)

EGPA 2 (5.6) 0 (0.0)

Renal 
involvement, 
n (%)

24 (66.7) 9 (81.8) .34

End- stage kidney 
disease, n (%)

2 (5.6) 2 (18.2) .19

Lung involvement, 
n (%)

12 (33.3) 6 (54.5) .29

Sino- nasal 
involvement, 
n (%)

24 (66.7) 6 (54.5) .46

Skin involvement, 
n (%)

8 (22.2) 2 (18.2) .77

Ocular 
involvement, 
n (%)

5 (13.9) 3 (27.3) .30

Neurological 
involvement, 
n (%)

3 (8.3) 0 (0.0) 1.00

Gastrointestinal 
involvement, 
n (%)

3 (8.3) 1 (9.1) 1.00

Musculoskeletal 
involvement, 
n (%)

11 (30.6) 3 (27.3) 1.00

Comorbidity at diagnosis

Vascular 
disease, n (%)

10 (27.8) 1 (9.1) 0.42

Obesity, n (%) 6 (16.7) 6 (54.5) 0.012

Cerebrovascular 
disease, n (%)

8 (22.2) 0 (0.0) 0.17

Diabetes 
mellitus, n (%)

3 (8.3) 1 (9.1) 1.00

BVAS score, 
median (range)

0 (0.0 5.0) 0 (0.0 6.0) 0.41

(Continues)

No disability
N = 36

Work disability
N = 11 P value

BVAS score >0, 
n (%)

8 (22.2) 4 (36.4) 0.44

VDI score, median 
(range)

1 (0.0 5.0) 1 (0.0 5.0) 0.65

VDI score >1, 
n (%)

14 (38.9) 4 (36.4) 1.00

Education level, n (%)

Secondary 
school 
equivalent or 
less

13 (36.1) 8 (72.7) 0.043

Tertiary 23 (63.9) 3 (27.3)

Note: Data are presented as mean (SD) or median (interquartile range) 
for continuous measures, and n (%) for categorical measures.
Abbreviations: ANCA, anti- neutrophil cytoplasmic antibody; MPO, 
myeloperoxidase; PR3, proteinase 3; MPA, microscopic polyangiitis; 
GPA, granulomatosis with polyangiitis; EGPA, eosinophilic 
granulomatosis with polyangiitis; BVAS, Birmingham Vasculitis Activity 
Score; VDI, Vasculitis Damage Index.

TA B L E  2   (Continued)
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of working- aged patients were unemployed due to ill health.9 These 
AAV subjects reported high levels of fatigue, depression, disease 
damage and obesity.

In our cohort, the rate of work disability, that is leaving paid em-
ployment completely due to ill health, was 23.4% and comparable 
to previous studies. An additional 10.6% of respondents had ex-
perienced a reduction in work hours. The majority of patients who 
were able to continue working after their diagnosis of AAV felt that 
vasculitis had negatively affected their ability to work, and almost 
half had their financial status impacted. These are similar to rates 
reported in other countries. This may have a negative impact on an 
individual's financial resources as they approach retirement age, 
leading to greater reliance on societal support. Fatigue was a com-
mon manifestation reported by patients. Clearly fatigue can affect 
work capacity, and while fatigue can improve with treatment over 
time, there is an important group of AAV patients for whom fatigue 

is persistent, and not clearly associated with other parameters.26 In 
our cohort, being work disabled was associated with obesity and 
lower educational level. In addition, work disabled patients were 
more likely to be older, MPO positive, have renal involvement, and 
lung involvement. The potentially modifiable factors of fatigue and 
obesity, and the prevention and mitigation of chronic organ and tis-
sue damage may inform future therapies for AAV aimed at reducing 
work disability, which has a significant impact on the individual and 
society.

The relatively small number of patients involved in this cross- 
sectional study and the single center study design limits the appli-
cability and generalizability of results to some degree. The center 
where this study was performed is a tertiary center with a multi-
disciplinary clinic dedicated to the care of patients with vasculitis. 
It is attended by nephrologists and rheumatologists, with access to 
respiratory, ear- nose- throat and neurological expertise. While the 
specialized nature of the clinic means that this population may not 
be entirely representative of the general Australian population with 
vasculitis, most patients with AAV in Australia are managed in ter-
tiary centers. Additionally, this study did not ask patients to report 
quality of life outcomes or detail specific reasons for work limita-
tions. Our study, like other studies in this field,9,24,25 does not include 
a matched control group without health conditions as a comparator. 
However, there is no evidence that overall work participation rates 
or employment rates in Victoria, Australia have declined over that 
5 years. From November 2013 to November 2019 (representing the 
median disease duration in our study, Table 1), the Australian Bureau 
of Statistics reports27 an increase in the workforce participation rate 
and the employment to population ratio, with a corresponding de-
crease in the unemployment rate over this time.

Given the severity, chronicity and need for close surveillance 
in AAV, it is unsurprising that patients often suffer some degree of 
work disability. The rates of work disability, patient reported feelings 
of limited employment opportunities and loss of financial stability 
found in this study highlight the importance of multidisciplinary care 
and close input from allied health professionals. Our study reinforces 
the concept that for the optimal management of AAV, assessment 
strategies should not only target disease activity, preventing chronic 
damage and optimizing prognosis, but should also pay attention to 
functional status and quality of life.28 While management strate-
gies in vasculitis are often founded on objective measures such as 
test results, it is important that clinicians play close attention to 
the breadth of symptoms experienced by patients that might limit 
work capacity. Clinicians and patients should consider the impor-
tance of non- pharmacological interventions such as maintenance of 
physical activity and a healthy diet to reduce the risk of obesity and 
improve wellbeing. Finally, some patients reported that work oppor-
tunities were limited due to the lack of understanding of employers 
and inflexible work arrangements. While this remains employer- 
dependent, increased community knowledge about the implications 
and severity of this (and other) rare diseases may help contribute to 
improved understanding and employment in those with autoimmune 
and rare diseases.

TA B L E  3   Univariate analysis: work disabled vs non- work 
disabled patients

Work disability

Age adjusteda 

OR 95% CI P value

Female (vs male) 0.99 0.24 3.99 .987

PR3- ANCA (vs MPO- ANCA) 0.30 0.07 1.35 .116

MPA (vs GPA) 0.61 0.14 2.71 .519

Renal involvement (vs none) 2.08 0.38 11.52 .401

End- stage kidney disease (vs 
none)

3.97 0.46 34.05 .208

Skin involvement (vs none) 0.67 0.12 3.89 .655

Ocular involvement (vs none) 2.56 0.47 13.95 .276

Gastrointestinal involvement 
(vs none)

0.99 0.09 10.92 .994

Sino- nasal involvement (vs 
none)

0.69 0.17 2.87 .612

Musculoskeletal involvement 
(vs none)

0.72 0.15 3.44 .677

PVD (vs none) 1.28 0.10 16.24 .847

Vascular disease (vs none) 0.19 0.02 1.77 .145

Obesity (vs none) 5.01 1.10 22.89 .037

Diabetes mellitus (vs none) 1.07 0.10 12.04 .956

BVAS ≥1.0 (vs 0) 2.27 0.50 10.39 .290

VDI >1.0 (vs 0- 1) 0.85 0.20 3.58 .829

University education (vs 
secondary school or less)

0.25 0.05 1.13 .071

Note: N = 11 work disabled patients and N = 36 non- work disabled 
patients.
Abbreviations: ANCA, anti- neutrophil cytoplasmic antibody; MPO, 
myeloperoxidase; PR3, proteinase 3; MPA, microscopic polyangiitis; 
GPA, granulomatosis with polyangiitis; EGPA, eosinophilic 
granulomatosis with polyangiitis; PVD, peripheral vascular disease; 
BVAS, Birmingham Vasculitis Activity Score; VDI, Vasculitis Damage 
Index.
aAge at ANCA- associated vasculitis diagnosis.
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Although AAV is a rare disease with a peak onset later in life, it 
often occurs in people of working age. This is the first study to ex-
amine work disability in an Australian cohort, and demonstrates that 
work disability is common among persons with AAV of working age. 
Loss of employment and capacity to work is likely to contribute to 
loss of life role, social status, and adverse economic consequences 
for individuals and society. In people with AAV who are younger than 
retirement age, the potential impact of the disease and its treatments 
on employment capacity should be part of the dialog between clini-
cians and patients when defining management goals and strategies.
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Abstract
Aim: Osteoporosis is a major risk factor for fractures. Poor persistence with osteopo-
rosis medication hampers outcomes. This study assessed whether encouraging the 
formation of patient- led follow- up cooperatives between general practitioners (GPs) 
and community pharmacists improved medication persistence.
Methods: All consecutive patients who attended an osteoporosis patient education 
program were invited to participate. They were given a logbook containing question-
naires they would bring to 6- monthly visits to their GP and pharmacist. The effect 
of this 3- year cooperative follow- up on persistence with medication and lifestyle 
changes was assessed.
Results: In total, 121 patients (average age, 67 years; 93% female) participated. Poor 
cooperation between GPs and pharmacists was noted. Nevertheless, medication 
persistence ranged from 83% to 91% over the 6 visits. However, since patient drop- 
out rates were high and questionnaire return rates were low, a post- study medical 
chart review was performed. This confirmed that persistence was high (74%- 83%) at 
3 years post- enrollment, even for oral bisphosphonate- treated patients (73%- 76%). 
However, adoption of anti- osteoporosis lifestyle changes was poor throughout the 
study: one-  to two- thirds of the patients did not alter their diet, physical activity, or 
surroundings to prevent falls.
Conclusion: One study goal, namely, to encourage GPs and pharmacists to cooper-
ate in patient follow- up, was not achieved. However, high medication persistence 
was observed. This may reflect the education program, patient empowerment, per-
sonalized attention from study personnel, and being in a study. Patient- centered 
approaches can thus significantly increase medication persistence in osteoporosis. 
Ongoing education may be needed to improve patient adoption of and persistence 
with lifestyle changes.
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1  | INTRODUC TION

Osteoporosis is a major global risk factor for fractures and subse-
quent pain, disability, institutionalization, and mortality.1,2 It may 
also be a cardiovascular risk factor.3 The considerable social burden 
of osteoporosis also comes with large economic costs.2,4

Medications can significantly reduce fracture risk in osteoporo-
sis, especially if patients remain treated for 3- 5 years and institute 
lifestyle changes (eg, elevating calcium intake).5,6 Nevertheless, 
osteoporosis remains undertreated due to poor understanding of 
the gravity of osteoporotic fractures and excessive concern about 
medication safety.1,7 This both reduces treatment rates and hampers 
medication persistence:8- 12 for example, only 21%- 40% of patients 
persist with oral bisphosphonates at 3 years.8 While 1- year dose 
medications like intravenous zoledronate improve persistence,13,14 
1- year persistence is still only 66%- 70%.14- 16

Interventions to improve medication persistence for chronic 
asymptomatic conditions have been trialed. Successful interven-
tions in diabetes and hypertension are multifaceted approaches 
involving patient education, supervision, and reminders.17 
Individual interventions also improve osteoporosis medication 
persistence: education programs, follow- up by health profession-
als, pharmacist- mediated counseling, and encouraging patients 
to co- own their health all promote persistence with osteoporosis 
medication.18- 25

General practitioners (GPs) play a crucial role in promoting 
behavioral change in patients.26 Due to their ready accessibility 
to patients, community pharmacists are also increasingly recog-
nized as important resources for promoting patient health- seeking 
behaviors.27 Consequently, cooperative follow- up by GPs and 
community pharmacists could improve patient outcomes; indeed, 
such cooperation is beneficial for some chronic conditions.28,29 
However, whether it can improve medication persistence in oste-
oporosis remains unclear. We conducted the SIOUX study (Suivi 
Intégré de l'Ostéoporose par les URPS- X/integrated osteoporosis- 
monitoring by regional health- professional unions- X) to determine 
whether promoting patient- led follow- up cooperation between 
GPs and pharmacists improves persistence with osteoporosis 
medication at 3 years.

2  | MATERIAL S AND METHODS

2.1 | Ethics

SIOUX was approved by the Comité Consultatif sur le Traitement 
de l'Information en Matière de Recherche dans la Domaine de la 
Santé (CCTIRS; Advisory Committee on Information Processing in 
Material Research in Healthcare) (No.13.148) and the Commission 
Nationale de l'Informatique et des Libertés (CNIL; French National 
Commission for Computing and Liberties [No.913222], registered on 
ClinicalTrials.gov [NCT02892188]), and conducted according to the 
Helsinki Declaration. All patients, GPs, and pharmacists provided 

written informed consent to participate. Patients were told they 
could access their data and leave SIOUX at will.

2.2 | Study design

This descriptive observational study was conducted in Grand Est, 
France by a regional tertiary- care hospital in cooperation with re-
gional physician/pharmacist unions.

2.3 | Study- patient recruitment

All patients were recruited from the Osteoporosis Therapy Patient 
Education Program (OTPEP), which was established in Grand Est in 
2010 by our hospital. It is offered to all patients with new/previous 
osteoporosis diagnoses who consult with local rheumatologists. It 
educates patients about the importance of persisting with osteopo-
rosis medication for ≥5 years, consuming ≥3 dairy products/d, main-
taining physical activity, and instituting fall- prevention measures 
(Appendix A, Supplementary Information).

Study participants were all consecutive patients who were treated 
for osteoporosis, participated in OTPEP in January 2013– December 
2015 after hospitalization for osteoporotic fracture or GP referral to 
a rheumatologist, and consented to participate.

To identify participants, the study investigator (DP) attended all 
24 OTPEP sessions in 2013- 2015 and asked all participants whether 
they wanted to participate. Patients who did not start treatment or 
exhibited significant cognitive problems were excluded.

2.4 | Protocol

Enrolled patients were asked to promptly visit their GP and pharma-
cist with their logbook, for which they were responsible and would 
bring to each of 6 biannual GP/pharmacist meetings. The logbook 
contained: study participation agreement forms for both profession-
als; 6 copies each of 3 questionnaires; stamped addressed envelopes 
for the signed agreement forms and completed questionnaires; and 
letters for the GP/pharmacist. The letters: (a) explained the impor-
tance of patient persistence with osteoporosis medication, how GP– 
pharmacist cooperation could improve patient outcomes, and the 
SIOUX study objectives and protocol; and (b) asked the GPs/phar-
macists whether they wished to participate in our study, informed 
them they could leave the study at any time, encouraged them to at-
tend an upcoming information meeting, indicated that annual meet-
ings between the GPs, pharmacists, and research personnel would 
be held to discuss the study's objectives and data and to obtain feed-
back, and stated that they would be remunerated for each returned 
questionnaire and for attending each meeting. The GPs/pharmacists 
were also encouraged in the letter, logbook, information meeting, 
and annual meetings to communicate with each other about the pa-
tient if necessary.
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Thus, at the baseline visit, patients gave their GP/pharmacist the 
letter and study participation agreement form. At the next 6 visits 
(starting 6 months and ending 3 years after OTPEP), patients gave 
their GP/pharmacist the relevant questionnaire. If ≥1 questionnaires 
were not returned within 2 months, the study coordinator tele-
phoned the patients. GPs/pharmacists were not followed.

2.5 | Study questionnaires

The questionnaires were generated specifically for SIOUX and in-
cluded a patient questionnaire (PtQ), a GP questionnaire (GPQ), and 
a pharmacist questionnaire (PharmQ) (Appendix B, Supplementary 
Information).

The 11- item PtQ asked about perceptions/behaviors regarding 
diet, physical activity, and fall- prevention precautions and was com-
pleted by the patient in the GP waiting room. The 4- item GPQ was 
completed by the GP and patient and asked whether the patient was 
persisting with medication (primary study outcome), consuming suffi-
cient calcium (ie, ≥3 dairy products/d), maintaining/changing physical 
activity, and taking fall- prevention precautions. The 12- item PharmQ 
was completed by the pharmacist and patient and asked about the 
patient's medication- related perceptions/adherence. After each 
visit, the GP/pharmacist sent the questionnaires to the coordinator.

2.6 | Loss to follow- up

Patients were considered lost to study follow- up if ≥1 questionnaire 
was not sent and they were uncontactable by telephone.

2.7 | Primary/secondary study outcomes

Adherence is defined as the extent to which a patient adheres to 
the prescribed interval/dose/dosing regime. Persistence is defined 
as the duration between medication initiation to discontinuation.30

Primary study outcome was persistence with osteoporosis med-
ication, defined as “yes” to GPQ Question No.1 “Are you still taking 
your medication?”

Secondary study outcomes were: patient knowledge about the im-
portance of medication/lifestyle changes (GPQ/PharmQ questions); 
adherence to lifestyle changes (ie, consuming ≥3 dairy products/d, 
walking 30 min/d, and instituting fall precautions; PtQ/GPQ questions); 
and GP/pharmacist/patient perceptions about coordinated follow- up.

2.8 | End- of- study medical chart review

Since many of the 3 stakeholders dropped out during the study 
and questionnaire return rates were low, medical charts were re-
viewed to determine medication persistence 3 years post- OTPEP/
enrollment.

2.9 | Statistics

A sample- size calculation estimated that 100 patients would be 
needed to achieve a precision of ±10%. A drop- out rate of 20% 
was expected; therefore, the target recruitment number was 120. 
Baseline patient demographic/clinical characteristics were ex-
pressed as mean ± SD or n (%). Medication persistence at each visit 
was expressed as n (%). Responses to PtQ/GPQ/PharmQ questions 
at each visit were expressed as n (%).

3  | RESULTS

3.1 | Patient cohort

All 150 patients who attended OTPEP in 2013- 2015 were asked to 
participate in SIOUX. Twenty- seven declined. Two were excluded 
because they had cognitive problems/did not start osteoporosis 
medication.

The remaining 121 patients (93% women; mean age 67 years) 
formed the cohort. The medications were intravenous zoledronate 
(60%), oral bisphosphonates (26%), denosumab (12%), and strontium 
ranelate (2%). The medication was unchanged during SIOUX except 
in 4 cases (2 cases where oral bisphosphonate was exchanged with 
another oral bisphosphonate; 2 cases where strontium ranelate was 
changed to oral bisphosphonate/intravenous zoledronate). During 
data analysis, only baseline medications were considered. When 
entering OTPEP, 38% of patients were treatment- naïve (≤2 months 
treatment), 62% were treated for >2 months, and 45% and 55% en-
tered OTPEP after hospitalization for fracture or GP referral to a 
local rheumatologist, respectively (Table 1).

TA B L E  1   Demographic and clinical characteristics of the 121 
study patients

Characteristic Mean ± SD or n (%)

Age, y, mean ± SD 67 ± 10

Female gender, n (%) 113 (93)

Osteoporosis drug treatment, n (%)

Intravenous zoledonate 72 (60)

Oral bisphosphonates 32 (26)

Denosumab 15 (12)

Strontium ranelate 2 (2)

Treatment duration, n (%)

≤2 months before OTPEP 46 (38)

>2 months before OTPEP 75 (62)

Recruitment into OTPEP, n (%)

Via hospital after fracture 55 (45)

Via local rheumatologist after referral by 
treating GP

66 (55)

Abbreviations: GP, general practitioner; OTPEP, Osteoporosis Therapy 
Patient Education Program; SD, standard deviation.
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3.2 | Study drop- outs

Of the 121 patients, 63 (52%) left the study prematurely. Half 
(n = 34) left before the first GP/pharmacist follow- up visit 6 months 
post- enrollment. A quarter left between the 12- 18 month vis-
its. Smaller losses (n = 1- 6) occurred during other visit intervals 
(Figure 1). Average duration to drop- out was 8 ± 9 months.

The main reasons for patient drop- out were withdrawal of pa-
tient consent (46% of all drop- outs), GP- recommended medication 
discontinuation (25%), and GP/pharmacist withdrawal (21%). Thus, 
study retention of the 3 stakeholders was initially poor.

Death (n = 4, 6%) and loss to follow- up (n = 1, 2%) accounted for 
remaining drop- outs (Figure 1).

3.3 | Questionnaires

All responses to questionnaires are shown in Appendix C 
(Supplementary Information, Tables S1- S4).

3.3.1 | Questionnaire return rates

The coordinator reminded patients at least once per telephone to re-
turn the questionnaires. Nonetheless, average questionnaire return 
rate at the visits was 46%. Average PtQ/GPQ and PharmQ return 
rates were 45% and 48%, respectively. Questionnaire return rates 
dropped from 66% at 6 months to 25% at 3 years (Table S1).

Returned questionnaires varied in completeness: “Unanswered” 
response rates over the 3 years ranged from 0%- 7% to 32%- 38%. On 
average, the primary study endpoint question (GPQ Question No.1) 
“Is the patient still taking their medication” was left unanswered in 
10.5% (7%- 14%) of the returned GPQs (Table S1).

3.3.2 | Medication persistence

Osteoporosis medication persistence, as determined by GPQ 
Question No.1, was high at 6 months (91%) and did not change 
thereafter (83%- 91%) (Table S2).

Two PharmQ questions that examined medication adherence, 
namely, “Does the patient adhere to the treatment schedule?” and 
“Has the patient never/rarely forgotten to take the treatment?” sig-
naled consistently high adherence rates (83%- 96% and 77%- 94%, 
respectively) (Table S3).

Thus, the questionnaires showed high and sustained 3- year 
persistence.

3.3.3 | Medication- related knowledge

PharmQ showed that the patients consistently knew the name of 
their medication, what it was for, and why it was prescribed (all 

>93%). However, while most initially knew when treatment started 
and that it would be a long- term measure, this knowledge declined 
(95% to 80%, and 86% to 67%, respectively). Thus, medication- 
related knowledge was generally high but knowledge decay was ob-
served for some elements (Table S3).

3.3.4 | Knowledge about and adoption of 
lifestyle changes

Most patients (93%- 100%) consistently knew that cheese is an ex-
cellent calcium source and that physical activity is recommended. 
However, over time, patients became less aware that they should 
consume ≥3 calcium- rich foods/d (from 83%- 97% early on to 71% 
at 3 years). Thus, while lifestyle- related knowledge was gener-
ally good, it did not always persist/improve during follow- up 
(Table S4).

Moreover, this knowledge did not translate to good adoption of 
lifestyle changes: at 6 months, only 53% consumed ≥3 calcium- rich 
foods/d, 38% walked ≥30 min/d, 38% engaged in additional physical 
activity/wk, 60% took fall precautions, and 53% stated they changed 
their lifestyle. Adherence to lifestyle change did not improve during 
follow- up (Table S4).

3.4 | Perceptions of GPs, pharmacists, and patients 
regarding cooperative follow- up

In total, 86 GPs and 62 pharmacists participated in SIOUX. The GP/
pharmacist numbers that attended the annual summary meetings in 
early 2014, 2015, 2016, and 2017 were 14/19, 8/24, 2/22, and 3/3, 
respectively. Thus, GP and eventually also pharmacist participation 
in the annual meetings dropped. The reasons given were low avail-
ability, meetings not providing additional information, and lack/loss 
of interest in SIOUX. There was little direct exchange between the 
GPs and pharmacists at the meetings. Pharmacists were generally 
positive about cooperative follow- up, GPs less so. GPs were more 
likely to decline joining SIOUX and slower to send the agreement 
form. Moreover, although GPs and pharmacists were encouraged in 
the initial letter, logbook, and initial and annual meetings to contact 
each other about concerns regarding the patient, none did.

Patients commented that owning the logbook gave them a pro-
prietary feeling about their communications with their GP/pharma-
cist and made them feel empowered about managing their condition.

3.5 | End- of- study medical chart review on 
persistence

Since the large drop- out and low questionnaire return rates signifi-
cantly complicated the assessment of 3- year medication persistence, 
patient medical charts were reviewed. Three- year medication- 
persistence data were available for 104 (86%). Of the remaining 17, 
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4 died during SIOUX, one was lost to follow- up during SIOUX, and 
12 were lost to medical chart follow- up (Table 2).

Of the 104 patients, 18 stopped medication on their own/on 
GP advice. Thus, 86 (83%) were medication- persistent 3 years post- 
OTPEP. However, if all 13 patients lost to medical chart/study fol-
low- up were deemed to have stopped medication, the medication 
persistence of the cohort was 74%. Thus, the potential persistence 
of all patients ranged from 74% to 83% (Table 2).

The patients who did and did not persist with medication at 
3 years did not differ in terms of age (65 ± 10 and 66 ± 7 years) or 
gender (92% and 94% were women).

The 13 lost- to- follow- up patients did not differ from the remain-
ing patients in age (70 vs 66 years) or gender (100% vs 93% female) 
but all were treatment- experienced. They were more likely to be tak-
ing intravenous zoledronate (77% vs 56%) and less likely to be taking 
oral bisphosphonates (8% vs 29%).

F I G U R E  1   Patient disposition in 
the study and reasons for premature 
discharge. GP, general practitioner; 
OTPEP, Osteoporosis Therapy Patient 
Education Program

Drug persistence 3 years after enrollment, loss to follow- up, 
deaths during study n (%)

Patients with persistence data at 3 years 104 (89% of 117a  patients)

Patient persisted with treatment at 3 years 86 (83% of 104 with 
persistence data)b 

Patient did not persist with treatment at 3 years 18

3- year persistence data not available 17

Lost to medical chart follow- up at 3 years 12

Lost to follow- up during study 1

Died during the study 4

aThe 4 patients who died during the study were excluded.
bWhen the 13 patients who were lost to medical chart or study follow- up were all deemed to have 
stopped their medication, 3- year persistence was 74% (86/117).

TA B L E  2   Osteoporosis treatment rates 
at 3 years, as determined by medical chart 
review
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Three- year persistence ranges for the treatment- naïve and 
treatment- experienced patients were 80%- 80% and 69%- 85% 
(Table 2).

Three- year persistence ranges for all intravenous zoledronate, 
oral bisphosphonate, and denosumab patients were 77%- 90%, 73%- 
76%, and 67%- 77%, respectively. Persistence ranges for treatment- 
naïve patients receiving intravenous zoledronate (n = 28) and oral 
bisphosphonates (n = 15) were 70%- 96% and 79%- 79%, respectively 
(Table 3).

4  | DISCUSSION

4.1 | SIOUX outcomes

SIOUX assessed whether promoting patient- led GP- pharmacist 
follow- up cooperation would encourage patients to persist with 
osteoporosis medication. Medication persistence was high and 
barely changed during the 3- year follow- up (83%- 91%). Similar 
trends were observed for medication adherence- related ques-
tions and some medication-  and lifestyle- related knowledge 
questions.

This contrasts with many studies that find that medication per-
sistence drops inexorably over time.8- 12 Thus, when taken at face 
value, SIOUX suggested that patient- led cooperative GP- pharmacist 
follow- up successfully promoted medication persistence. However, 
SIOUX had significant limitations: half of the patients dropped out 
(many before their first GP/pharmacist visit at 6 months) due to pa-
tient withdrawal (half of all drop- outs), GP- recommended treatment 
discontinuation (one- quarter), and GP/pharmacist withdrawal (one- 
fifth). Moreover, questionnaire return rates were poor (overall aver-
age 46%).

This suggests that SIOUX may have been too complex, bother-
some, or time- consuming for the 3 stakeholders and that therefore 
the questionnaire data may be prone to selection bias, namely, the 
patients who continued to return questionnaires were simply the 
most motivated and/or knowledgeable and therefore the most likely 
to persist with medication.

4.2 | Medical chart review

These limitations led to a medical chart review of all 121 patients. 
Of the 104 patients with persistence data, 83% persisted with their 
medication 3 years after enrollment. If all 13 patients lost to chart/
study follow- up were assumed to have stopped medication, the per-
sistence was 74%. Similarly high persistence ranges were observed 
for both treatment- naïve (80%- 80%) and treatment- experienced 
(69%- 85%) patients. Again, this contrasts with many studies,8- 12 in-
cluding a meta- analysis of 24 studies that showed the persistence of 
unselected patients after 7- 12 months and 13- 24 months of osteo-
porosis medication was 50% and 42%, respectively. Moreover, the 
corresponding persistence of the treatment- naïve patients was 46% 
and 40%, respectively.12

Thus, the medical chart data supported the SIOUX study finding 
that medication persistence was high at 3 years.

4.3 | Three- year persistence for intravenous 
zoledronate and oral bisphosphonates

Intravenous zoledronate was the predominant treatment in SIOUX 
(60%), followed by oral bisphosphonates (26%). In the literature, in-
travenous zoledronate persistence at 1 and 2 years was 66%- 70% 
and 25%, respectively14- 16 (3- year persistence is unknown13). This 
is significantly better than persistence with oral medications:14 a 
large systematic review of 89 studies found that >70% showed that 
2- year oral bisphosphonate persistence was <30% and only 21%- 
40% of patients persisted with oral bisphosphonates at 3 years.8 The 
better intravenous zoledronate persistence reflects its once- yearly 
administration; by contrast, oral bisphosphonates are taken weekly/
monthly.31 Nevertheless, the literature described above indicates 
that even persistence with intravenous zoledronate drops rapidly 
over time.

Our review of the SIOUX patient charts showed that not only 
did intravenous zoledronate associate with high 3- year persistence 
(77%- 90%), persistence with oral bisphosphonates was also good 
(73%- 76%).

TA B L E  3   Three- year medical chart review- based persistence rates for various patient subgroups with and without the assumption that 
the 13 patients lost to follow- up had all stopped their treatment

Patient group
3- year drug persistence  
(patients lost to follow- up not included)

3- year drug persistence  
(patients lost to follow- up included)

Treatment- naïve 36/45 (80%) 36/45 (80%)

Treatment- experienced 50/59 (85%) 50/72 (69%)

i.v. zoledonate- treated 54/60 (90%) 54/70 (77%)

Oral bisphosphonate- treated 22/29 (76%) 22/30 (73%)

Denosumab- treated 10/13 (77%) 10/15 (67%)

Treatment- naïve i.v. zoledronate 19/22 (86%) 19/27 (73%)

Treatment- naïve oral bisphosphonates 11/14 (79%) 11/14 (79%)

Abbreviations: iv, intravenous.
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4.4 | Failure to generate GP/pharmacist follow- up 
cooperatives

One study goal was to encourage cooperative attitudes between 
GPs and pharmacists that would lead to co- owning patient care, 
which can improve outcomes.28,29 Consequently, we encouraged 
GP/pharmacist enthusiasm for the concept of GP- pharmacist 
cooperation with introductory letters and information meetings 
that emphasized the importance of cooperation for patients. We 
also sought to maintain this enthusiasm by holding annual meet-
ings that reaffirmed the messages of the introductory informa-
tion and introduced the GPs and pharmacists to each other. All 
meetings and returned questionnaires were remunerated. The GP-  
and pharmacist- completed questionnaires were not lengthy (the 
GP questionnaire consisted of 4 questions) and were completed 
during regular biannual consultations of the patients with their 
health professionals. Nonetheless, GP/pharmacist withdrawal ac-
counted for 21% of the patients who dropped out of the study 
and attendance at the annual meetings was poor and worsened 
as the study progressed. The GPs tended to evince less enthusi-
asm about cooperative follow- up than the pharmacists. The GPs 
and pharmacists interacted negligibly at the annual meetings and 
none communicated with the other about their patient(s) during 
the study.

Several reasons may explain why GP/pharmacist cooperatives 
did not develop. First, the workload of pharmacists and in particular 
GPs is well- known to be heavy;32- 37 even though we sought to make 
participating in the study as undemanding as possible, both health 
professional groups indicated concern about their availability.

Second, there may be entrenched divisions between these pro-
fessionals in France. Sources of this division may include tension 
regarding pharmacists assuming tasks that were once the domain 
of GPs and negative GP views about pharmacist professionalism 
and financial motives.33,37- 42 Such divisions are not unique to GPs 
and pharmacists,43 nor to France. For example, a recent (2018) 
systematic review of pharmacist and GP views on extending com-
munity pharmacy services in the United Kingdom showed that 
while pharmacists were optimistic about the potential value of 
extending pharmacy services, GPs were more ambivalent and col-
laboration between the 2 professionals remained poor.37 Similarly, 
despite French legislation promoting cooperation between health-
care professionals (the Hôpital, Patient, Santé, Territoire law) in 
2009, a study on new French pharmacists showed that 30% per-
ceived competition with GPs to be a significant impediment to 
developing pharmacists as care coordinators.44 Our GPs and phar-
macists also reported such impediments to GP/pharmacist col-
laboration in an interview- based study that we conducted 1 year 
after SIOUX started.45 This study was on 10 GPs and 10 pharma-
cists who were participating in our study at that time. They repre-
sented the most engaged of these professionals in our study and 
were positively minded about GP/pharmacist cooperatives. They 
were interviewed about inter- professional relationship initiation, 
their trust in the other professional, and the definition of GP and 

pharmacist roles because Snyder et al.46 proposed that a produc-
tive GP/pharmacist relationship is most likely to form if (a) one of 
the pair (usually the pharmacist) initiates a meeting with the other 
(preferably face- to- face) and then pursues the relationship, (b) the 
GPs feel they can trust the professionalism of the pharmacist, and 
(c) the patient care roles of both professionals are clearly demar-
cated. The interviews with our GPs and pharmacists confirmed the 
importance of these 3 domains. However, they also indicated that 
there were impediments to the formation of cooperatives. The 
GPs were occasionally critical of pharmacists: they complained 
that pharmacists sometimes made errors in dispensing the pre-
scriptions, were unreachable, or had an unprofessional attitude 
toward patients who refused to take medications. The GPs also 
feared that collaborative efforts, for which they were not finan-
cially compensated, might increase their workload. The pharma-
cists for their part felt they were sometimes not respected by in 
particular older GPs, that their efforts to contact GPs were annoy-
ing to some GPs, and that they lacked the time to develop their 
relationship with GPs. Both GPs and pharmacists also considered 
geographical distance to be a significant impediment to forming a 
cooperative relationship.45

What can be done to minimize these difficulties between GPs 
and pharmacists? Our study showed clearly that simply informing 
GPs and pharmacists about the importance of developing coop-
erative relationships and bringing together GP/pharmacist pairs in 
annual meetings was insufficient to generate productive relation-
ships. We believe cooperative behavior will only emerge when the 
underlying impediments are addressed systematically at a country- 
wide level. Possible approaches include: (a) educational meetings 
with GPs that explain the value of collaborating with pharmacists 
to not only the patients but also themselves;47- 49 (b) further improv-
ing pharmacist professionalism,50 clinical skills,51- 53 confidence,27 
and communication skills;34,36,54,55 (c) promoting the co- location of 
practice pharmacists within GP practices or the formation of virtual 
GP/pharmacist teams;56 and (d) providing reasonable financial incen-
tives to pharmacists and GPs for initiating and pursuing cooperative 
relationships.37

4.5 | Factors contributing to high persistence

Since GP/pharmacist cooperatives did not develop, other fac-
tors must have contributed to the good persistence of the pa-
tients, as follows. First, they were recruited from OTPEP, which 
successfully promotes persistence/lifestyle changes, at least at 
6 months.57 Multiple studies show that patient education pro-
grams can increase medication persistence.18- 21,23 Second, en-
trustment with the logbook and managing the study participation 
of their healthcare providers may have empowered the patients: 
this can enhance medication persistence.25 Third, the coordinator 
strove assiduously to keep sight of the patients via phone calls. 
Consequently, she developed personalized relationships with the 
patients. Such personal attention helps patients feel cared for and 
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encourages medication persistence.9,58 Finally, medication persis-
tence is always better in clinical trials than in clinical practice due 
to close monitoring. Moreover, patients who agree to enter stud-
ies may be more motivated on average.59

4.6 | SIOUX outcomes regarding patient 
knowledge/uptake of lifestyle changes

The similar persistence rates detected by the SIOUX question-
naire and chart- review data suggest that other SIOUX question-
naire data can be considered. Notably, despite possible selection 
of the most motivated/cooperative patients during SIOUX, certain 
OTPEP- taught knowledge elements nonetheless declined over 
time. Specifically, while 86% of patients initially knew that the 
medication should be taken for a long time, only 67% knew this at 
3 years. Moreover, while 83%- 97% of patients initially knew they 
should consume ≥3 calcium- rich foods/d, this dropped to 71% at 
3 years.

Furthermore, adoption of lifestyle changes was poor and some 
worsened over time. Thus, although 53%- 71% of patients consumed 
≥3 calcium- rich foods/d early on, this dropped to 43% at 3 years. 
Similar trends or consistently low adoption of lifestyle changes were 
observed for walking ≥30 min/d, taking additional physical exer-
cise/wk, and instituting fall precautions. This difficulty in translat-
ing knowledge into behavioral change has also been observed for 
other osteoporosis education programs.18- 20 Our findings suggest 
that patient education should be ongoing and focus intensively on 
promoting active change.

4.7 | Study limitations

This study had several limitations. First, the sample was relatively 
small. Second, medication persistence was not defined as strin-
gently as in large- scale studies, which often define non- persistence 
as failing to refill prescriptions within 30/90/120 days.30,60 
However, this may not be an issue for our study because the pa-
tients served as their own baseline and persistence was defined 
as answering “Yes” to GPQ Question No.1 throughout the study. 
Third, 33 patients (a quarter of all patients) dropped out of the 
study before the first visit took place. This was due largely to 
patient withdrawal (55% of all early drop- outs), treatment dis-
continuation by the GP (24%), and withdrawal of the GP and/or 
pharmacist (21%). It is not unusual that some patients quickly had 
their treatment discontinued by the GP: the most common reason 
for osteoporosis medication discontinuation is “my doctor felt I 
no longer needed a medication”.61 However, we believe that ad-
ditional efforts (eg, phone calls, letters, or information brochures) 
between study enrollment and the first visit to maintain patient, 
GP, and pharmacist engagement may have prevented many of the 
early drop- outs. Finally, all questionnaire- based data should be in-
terpreted cautiously due to high drop- out and low response rates 

and the tendency of questionnaire- based studies toward self- 
selection and self- reporting bias.62

5  | CONCLUSIONS

This study showed that high 3- year medication persistence 
(74%- 83%) can be achieved in osteoporosis, even for oral bis-
phosphonates (73%- 76%), which are notorious for poor long- term 
persistence. This high persistence was not due to GP/pharma-
cist cooperation, which did not materialize. This may reflect high 
workloads and endemic interpersonal difficulties between these 
professionals. Further efforts at a national level may be needed 
before active cooperation between GPs and pharmacists arises. 
The good medication persistence of the cohort was therefore 
probably due to patient- centered study elements, namely, the 
education program, patient empowerment, personalized atten-
tion from the coordinator, and study participation. Thus, increas-
ing patient centricity and involvement in their own healthcare can 
have remarkable effects on treatment outcomes. However, it was 
notable that patient knowledge about their disease sometimes de-
clined over time and fewer than one-  to two- thirds adopted appro-
priate lifestyle changes. This suggests that osteoporosis patients 
require ongoing education to encourage their adoption and persis-
tence with medication and lifestyle changes.
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Abstract
Background: Survivin have been shown to play a crucial role in rheumatoid arthritis 
(RA); however, the regulatory mechanism of survivin in RA has not been fully eluci-
dated. This study aims to investigate the effect of survivin on the proliferation and 
apoptosis of human RA fibroblast- like synoviocyte (RA- HFLS) cells in RA and its un-
derlying mechanism through the NOTCH pathway.
Methods: The RA synovial tissues of 65 RA patients with partial resection of synovium of 
knee joint by arthroscopy were collected. The expression of survivin in synovial tissue was 
detected by immunohistochemistry, and the correlation of survivin expression and clinical- 
pathological parameters of patients was analyzed. In vitro, the proliferation of HFLS and 
RA- HFLS were detected by MTT; the apoptosis of HFLS and RA- HFLS were detected by 
flow cytometry; the expression of survivin proteins, key protein factors (Notch1, Jagged1, 
Hes1) in the Notch pathway, and angiogenesis- related proteins (vascular endothelial 
growth factor receptor 1 [VEGFR1], Ang1, Ang2) were determined by western blot.
Results: We found that survivin was highly expressed in RA synovial tissues and RA- 
HFLS cells, and was positively correlated with erythrocyte sedimentation rate, cyclic 
citrullinated peptide, C- reactive protein, Disease Activity Score of 28 joints and other 
pathological indexes. Knockdown survivin induces RA- HFLS cell apoptosis, sup-
presses proliferation and the expression of VEGFR1, Ang1, Ang2. In addition, block-
ing Notch pathway using FLI- 06 significantly down- regulated survivin expression. 
When survivin is up- regulated, it promotes RA- HFLS cell proliferation, the expres-
sion of VEGFR1, Ang1, Ang2 and suppresses apoptosis by activating the NOTCH.
Conclusion: This study confirmed that survivin promotes RA- HFLS cell proliferation, 
the expression of angiogenesis- related proteins and suppresses apoptosis by activat-
ing the NOTCH pathway.
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angiogenesis, human RA fibroblast- like synoviocyte, notch pathway, proliferation, rheumatoid 
arthritis, survivin

www.wileyonlinelibrary.com/journal/apl
mailto:
https://orcid.org/0000-0002-9072-4955
mailto:rheumatologyliqin@163.com


     |  923MA et Al.

1  | INTRODUC TION

Rheumatoid arthritis (RA) is a chronic, progressive, autoimmune dis-
ease, is primarily characterized by inflammatory hyperplasia of synovial 
tissue, neovascularization and joint destruction.1,2 Women, smokers 
and people with a family history are most often affected. The patho-
logical features of RA are chronic inflammation of the synovium, car-
tilage resorption, bone destruction, and bone fibrosis.3 Among them, 
human fibroblast- like synovial cell (HFLS) proliferation dysregulation is 
the main pathogenesis of RA development. As an essential effector cell 
in RA, HFLS proliferate to produce amounts of inflammatory factors, 
induce hyperplasia and pannus formation.4,5 Although there has been a 
large amount of literature exploring the mechanism of RA development, 
it is still unclear which mechanism is beneficial to the clinical treatment 
of patients in the development of RA.

In recent years, many studies have been conducted on the patho-
genesis of RA. Based on these studies, it was found that survivin 
plays a vital role in the pathogenesis of RA.6 Survivin is a member 
of the apoptosis inhibitor (IAP) protein family that inhibits caspase 
and blocks cell death, is not expressed or low in adult tissues, but is 
highly expressed in most cancers and is involved in tumor angiogen-
esis.7 In recent years, a growing amount of research has reported 
the up- regulation of survivin in a variety of autoimmune disease en-
tities (such as RA, multiple sclerosis).8 Simultaneously, studies have 
shown that survivin plays an important role in the occurrence and 
development of RA by inhibiting synovial cell apoptosis and pro-
moting angiogenesis.9 O'connor and other authors have found that 
survivin is involved in the formation of capillary networks, mediates 
vascular endothelial growth factor (VEGF), angiogenic hormone 
(Angiopoietin- 1) and basic fibroblast growth factor, inhibits vascular 
endothelial cell apoptosis and promotes angiogenesis.10

Notch signaling is essential for cell development, differentiation, 
survival, and tissue morphogenesis.11 Increasing evidence has indi-
cated that Notch plays an important role in the regulation of inflam-
mation in many diseases including cardiovascular disease, multiple 
sclerosis, asthma and RA.12 In addition, Notch signaling pathway 
plays an important role in vascular development.13 VEGF- induced 
angiogenesis and hypoxia in RA inflammation also exhibit aberrant 
interaction with Notch signaling pathway.14 However, the specific 
mechanism of survivin in the development of RA through the Notch 
pathway is still unclear.

In this study, we aimed to determine the effect of survivin on 
the proliferation, apoptosis and angiogenesis- related protein ex-
pression of RA- HFLS cells through the Notch pathway. To provide 
new ideas and treatment plans for RA treatment by studying this 
mechanism.

2  | MATERIAL S AND METHODS

2.1 | Patient sample collection

Synovial tissues were collected from the Department of 
Rheumatology and Immunology of the First People's Hospital of 

Yunnan Province from September 2007 to March 2012. A total 
of 65 RA patients underwent knee joint synovectomy, including: 
16 males and 49 females, aged 17- 68 years. The synovial tissues 
of 21 patients with fractures were used as normal controls, in-
cluding: 7 males and 14 females, aged 36- 55 years. All patients 
met the RA diagnostic criteria revised by the American College 
of Rheumatology (ACR), and all other autoimmune diseases, in-
fections, tumors and other joint- related diseases were excluded. 
All patients signed informed consent. The present study protocol 
complied with the Declaration of Helsinki and was approved by 
the Medical Ethics Committee of the First People's Hospital of 
Yunnan Province (2018GJ166).

2.2 | Cell culture and grouping

RA- HFLS and HFLS cells were obtained from Cell Applications 
Inc. (San Diego, CA, USA; CAT: 408RA- 05a, 408- 05a); endothelial 
medium (ECM: Sciencell 1001), 5% high quality fetal bovine serum 
(Sigma, St Louis, MO, USA USA), 1% endothelial growth factor 
(Gibco USA), and 1 μg/mL hydrocortisone (cyberex) (LGM Pharma 
USA), were added to the flask. The culture medium was changed 
every 3 days. We created the following groups: the normal group 
(HFLS), the blank control group (RA- HFLS), the si- survivin group 
(RA- HFLS knockdown survivin), the FLI- 06 group (RA- HFLS treated 
with Notch inhibitor FLI- 06), and the FLI- 06 + pcDNA- survivin group 
(RA- HFLS treated with Notch inhibitor FLI- 06 and overexpression of 
survivin). The half maximal effective concentration of FLI- 06 (MCE 
USA) was 5 μmol/L.

2.3 | Transfection

RA- HFLS in the logarithmic growth period was selected 24 h before 
transfection and inoculated to 6- well plates at a density of 5 × 104/
well. Each well was cultured in 2 mL medium with 10% fetal bovine 
serum (Gibco USA) and high glucose Dulbecco’s modified Eagle’s me-
dium (Gibco USA) without antibiotics. Transfection was conducted 
when the fusion density reached 80%. Experiments were carried out 
according to the instructions of the transfection kit Lipofectamine 
2000 (Invitrogen USA).

2.4 | The expression of survivin was detected by 
immunohistochemistry

Different paraffin sections were washed with phosphate- buffered 
saline (PBS) After dewaxing and hydration, the corresponding 
thermal repair of tissue antigen was performed. The tissues were 
washed 3 times with PBS after being sealed at room temperature 
for 10 minutes with 3% hydrogen peroxide. Each paraffin section 
was incubated at room temperature for 60 minutes with 50 μL pri-
mary antibody survivin rabbit anti- human monoclonal antibody 
(Abcam USA), then washed 3 times with PBS; then each section was 
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incubated for 30 minutes with glyceraldehyde 3- phosphate dehy-
drogenase (GAPDH) antibody (Abcam USA), then washed 3 times 
with PBS. Each section displayed brown when they were dyed for 
10 minutes by 10 μL diamino benzidine chromogenic solution; they 
were re- dyed with hematoxylin after washing with tap water, and 
the slices again displayed blue after washing with PBS, Finally, they 
were sealed with neutral gum after dehydration and drying by gradi-
ent alcohol. Five visual fields were randomly selected for observa-
tion in each section under a 200× optical microscope; each visual 
field had 100/cell.

2.5 | MTT assay was used to detect the 
proliferation of cells

In the cell logarithmic phase, RA- HFLS and HFLS cells were inocu-
lated into 96- well plates at a ratio of 5 × 103 cells/well 24 hours 
before transfection. Transfection was carried out according to the 
parameter specification rules of 96- well plates. The medium was 
completely replaced 6 hours after transfection. During the inter-
val culture for 24 hours, 48 hours and 72 hours, 30 μL of 5 mg 
mL MTT (Gibco USA) was added to each well, and activated at 
37℃ for 4 hours. After being slightly washed with PBS 3 times, 
150 μL DMSO (Gibco USA) was added to each well, and the mix-
ture was shaken for 15 minutes at room temperature to avoid light. 
The absorbance (A) value at the wavelength of 490 nm was deter-
mined by setting 3 multiple pores in each group. The experiment 
was repeated 3 times. Cell growth inhibition rate was calculated at 
(%) = (1-  Experimental group A value/blank control group A value) 
× 100%.

2.6 | Flow cytometry

RA- HFLS and HFLS cells apoptotic rate was detected by using the 
Annexin V- fluorescein isothiocyanate (FITC) apoptosis detection 
kit. Each group of cells were cultured for 48 hours, and then were 
collected and washed using cold PBS (DXT- 103- 070- 525, Miltenyi, 
USA), followed by addition of 100 μL 10 ×  binding buffer, then cells 
were stained with Annexin V- FITC/ propidium iodide (PI) staining 
according to the manufacturer's instructions. The cells were incu-
bated in conditions devoid of light for 15 minutes at room temper-
ature. Then cell apoptotic rates were analyzed by flow cytometry 
(CytoFLEX, Beckman Coulter).

2.7 | Western blot was used to detect the 
expression of related proteins

After 48 hours of transfection, the precipitates were collected and 
the lysate was added. The extracted protein was quantified by the 
Bradford method. The quantified protein was separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis, and transferred to 

polyvinylidene difluoride (PVDF) membrane. Then it was sealed with 
5% skimmed milk powder for 1 hour, the primary antibodies and inter-
nal reference were added and incubated overnight at 4℃. The PVDF 
membrane was washed 3 times with Tris- buffered saline with Tween 
20 (TBST) for 10 minutes each time. Secondary antibody was labeled 
with specific horseradish peroxidase (dilution ratio: 1:7000), incubated 
at room temperature for 1 hour, and washed with TBST 3 times. Finally, 
the PVDF membrane was colored with luminescence agent (electro-
chemiluminescence) and exposed to the darkroom. The normalized 
value is determined by the ratio of target band to GAPDH reference 
band. The electrophoresis strip was density scanned by Bio- Rad gel 
imaging analysis system. The image was analyzed by scion image soft-
ware, and to measure the gray value of the electrophoresis strip of the 
target protein and GAPDH protein, and the relative expression of tar-
get protein was expressed by its ratio. Two compound holes were set 
for each sample, and the experiment was repeated 3 times.

2.8 | Statistical methods

SPSS 17.0 statistical software was used to analyze the data, which 
are presented as mean average ± SD (x±s), and independent sample 
t test and Spearman rank correlation analysis were used for com-
parison between the 2 samples. P <.05 or P <.01 were considered 
statistically significant.

3  | RESULTS

3.1 | Survivin is highly expressed in synovial tissues

The results of immunohistochemistry and western blot showed that 
the expression of survivin in synovial tissue of RA patients was signif-
icantly higher than that of the remission group and the normal group 
(Figure 1A- B; P <.01). The survivin expression level was positively 
correlated with patient erythrocyte sedimentation rate (r = .499), 
C- reactive protein (r = .312), cyclic citrullinated peptide (r = .547) 
value and Disease Activity Score of 28 joints (r = .561), but not sta-
tistically significant with gender, age, disease course (Table. 1). The 
expression of survivin is closely related to the occurrence of RA and 
high expression may promote the progress of RA.

3.2 | Knockdown survivin induces RA- HFLS 
cell apoptosis, suppresses proliferation and the 
expression of angiogenesis- related proteins

The results of western blot showed that the control group survivin 
and angiogenesis- related proteins VEGFR1, Ang1, Ang2 were signifi-
cantly up- regulated compared with the normal group; knockdown 
of survivin significantly decreased the expression of survivin and 
angiogenesis- related proteins VEGFR1, Ang1, Ang2 compared with 
control group (Figure 2A; P <.01). MTT test results showed that the 
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control group significantly increased cell viability compared with the 
normal group; knockdown survivin significantly decreased RA- HFLS 
cell viability compared with the control group (P <.01, Figure 2B). 
The results of flow cytometry showed that the control group sig-
nificantly reduced cell apoptosis rate compared with the normal 

group; knockdown survivin significantly elevated RA- HFLS cell ap-
optosis rate compared with the control group (Figure 2C; P <.01). 
These results suggested that knocking down survivin induces RA- 
HFLS cell apoptosis, suppresses proliferation and the expression of 
angiogenesis- related proteins.

F I G U R E  1   Survivin is highly expressed in synovial tissues. A, The expression of survivin in synovial by immunohistochemistry (200×). B, 
The protein levels of survivin in the tissues were detected by Western blot; **P <.01 compared with the synovium of active group; ##P <.01 
compared with the synovium of remission group

TA B L E  1   Comparison of clinical features of rheumatoid arthritis patients

Group Number

Gender

Age Course ESR (mm/h) CRP (mg/L) DAS28 CCP (IU/mL)Man Woman

Synovium of 
active group

50 12 38 44.0 ± 11.2 6.3 ± 4.7 60.24 ± 24.0 41.4 ± 6.5 5.7 ± 1.0 321.4 ± 64.7

Synovium of 
remission 
group

15 4 11 43.2 ± 11.5 7.6 ± 5.6 11.3 ± 4.2 4.7 ± 1.0 2.5 ± 0.2 316.4 ± 36.7

P value .09 .85 .37 .001 .001 .001 .001

Note: P <.05 or P <.01 was considered statistically significant.
CCP, cyclic citrullinated peptide; CRP, C- reactive protein; DAS28, Disease Activity Score of 28 joints; ESR, erythrocyte sedimentation rate.
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3.3 | Knockdown survivin inhibiting Notch pathway

Notch pathway was activated in RA- HFLS cells; the results of 
western blot showed that the FLI- 06 group (adding Notch inhibi-
tor FLI- 06) significantly reduced the expression of survivin com-
pared with the control group (Figure 3; P <.01). The si- survivin 
group significantly reduces the expression of Notch- 1, Jagged- 1, 
Hes- 1; compared with the control group (Figure 3; P <.01). There 
was no significant difference between the FLI- 06 group, the si- 
survivin group and the normal group. This data suggested that 
inhibition of the activity of Notch pathway could down- regulate 
survivin expression.

3.4 | Survivin promotes RA- HFLS cell 
proliferation, the expression of angiogenesis- related 
proteins and suppresses apoptosis by activating the 
NOTCH pathway

The results of western blot showed that the FLI- 06 + pcDNA- 
survivin group significantly elevated the expression of survivin, 
VEGFR1, Ang1, Ang2, Notch- 1, Jagged- 1, Hes- 1 compared with 
the normal group and the FLI- 06 group. In the FLI- 06 + pcDNA- 
survivin group compared with the control group, the difference 
was not statistically significant (Figure 4A; P <.01) MTT test results 
showed that the control group significantly increased cells viability 

F I G U R E  2   Knockdown survivin induces rheumatoid arthritis human fibroblast- like synoviocyte (RA- HFLS) cell apoptosis, suppresses 
proliferation and the expression of vascular- related proteins. A, The protein levels of survivin and angiogenesis- related protein in the cells 
were detected by western blot; B, The viability of HFLS and RA- HFLS cells were detected by MTT assay; C, The apoptosis of HFLS and RA- 
HFLS detected by flow cytometry; ∗P <.05 or ∗∗P <.01 compared with the normal group; #P <.05 or ##P <.01 compared with the control group

F I G U R E  3   Knockdown survivin inhibiting Notch pathway. The protein levels of survivin, Notch- 1, Jagged- 1 and Hes- 1 in the cells were 
detected by western blot; ∗∗P <.01 compared with the normal group; ##P <.01 compared with the control group
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compared with the normal group and the FLI- 06 group. In the FLI-  
06 + pcDNA- survivin group compared with the control group, the 
difference was not statistically significant (Figure 4B; P <.01) The 
results of flow cytometry showed that the FLI- 06 + pcDNA- survivin 
group significantly reduced cell apoptosis rate compared with the 
normal group and the FLI- 06 group. In the FLI- 06 + pcDNA- survivin 
group compared with the control group, the difference was not 
statistically significant (Figure 4C; P <.01) These results suggested 
that survivin promotes RA- HFLS cell proliferation, the expression of 
angiogenesis- related proteins and suppresses apoptosis by activat-
ing the NOTCH pathway.

4  | DISCUSSION

RA is a kind of autoimmune disease with progressive joint disorder.15 
Survivin has been reported to promoted the development of RA,16,17 
However, the relevant mechanism and dysfunction of survivin in RA 
is unclear. In the present study, we explored the regulatory effect 
of survivin on the proliferation and apoptosis of RA- HFLS cells. Our 
study shows a relationship between survivin and Notch pathway 
for nearly all RA- HFLS functional processes that induce the patho-
genesis of RA, such as RA- HFLS cell proliferation, apoptosis and 

angiogenesis- related protein expression. We provide evidence that 
survivin is highly expressed in synovial tissue and RA- HFLS cells, 
knockdown survivin induces RA- HFLS cell apoptosis, suppresses 
proliferation and the expression of angiogenesis- related proteins. 
In addition, survivin interacts with the Notch pathway, and knock-
ing down survivin inhibits the Notch pathway. The current findings 
reveal that survivin promotes RA- HFLS cell proliferation, and the ex-
pression of angiogenesis- related proteins by activating the NOTCH 
pathway.

Survivin, a member of the apoptotic inhibitor protein (IAP) family, 
is one of the most powerful apoptotic inhibitors discovered so far, 
and one of the important components of apoptosis and cell cycle 
regulation in the body.18- 20 It apparently promotes cell transforma-
tion and participates in mitosis and angiogenesis.19 In the context of 
chronic autoimmune disease, such as RA, survivin has emerged as a 
feature associated with severe bone and cartilage tissue damage, and 
joint damage.21 Inhibition of apoptosis by survivin, as a critical antia-
poptotic protein, contributes to both the persistence of autoreactive 
T lymphocytes and tumor- like phenotype of FLS in RA.19,22 Survivin 
shows the feature of a descriptive and pharmacodynamic biomarker 
beside its prognostic value. Levitsky et al. found that the determi-
nation of survivin can be used to monitor the response of conven-
tional treatment regimens in RA.23 In addition to the antiapoptotic 

F I G U R E  4   Survivin promotes rheumatoid arthritis human fibroblast- like synoviocyte (RA- HFLS) cell proliferation, the expression of 
angiogenesis- related proteins and suppresses apoptosis by activating the NOTCH pathway. A, The protein levels of survivin, Notch- 1, 
Jagged- 1, Hes- 1 and angiogenesis- related protein in the cells were detected by western blot. B, The viability of HFLS and RA- HFLS cells 
were detected by MTT assay. C, The apoptosis of HFLS and RA- HFLS detected by flow cytometry; ∗∗P <.01 compared with the normal group; 
##P <.01 compared with the control group; △△P <.01 compared with the FLI- 06 group



928  |     MA et Al.

role, survivin also has prognostic relevance in the RA prodromal 
phase.24 In our study, we found that survivin is highly expressed in 
human RA synovial tissue and RA- HFLS cells. Then, we constructed 
and transfected plasmids that knockdown survivin in RA- FLS. The 
results exhibited that knockdown of survivin induces RA- HFLS cell 
apoptosis and inhibits its proliferation, and reduces the expression 
of angiogenesis- related proteins VEGFR1, Ang1 and Ang2.

The Notch signaling pathway is highly conserved beyond species 
and plays a critical role in a variety of cellular functions. The activation 
of the N1ICD domain in the Notch signaling pathway promotes RBP- Jκ 
(recombinant signal binding protein binding immunoglobulin κJ 
region) to connect to the survivin promoter, ultimately leading to 
the transcriptional activation of surviving.25,26 Notch pathway is 
involved in the pathophysiological process of RA synovitis; among 
them, Notch1, one of the 4 receptors of Notch, \ can promote the 
proliferation of tumor necrosis factor- α- induced RA synovial cells and 
the secretion of inflammatory factors.27 Simultaneously, previous 
studies have shown that Jagged- 1, one of Notch ligands, was over-
expressed in the synovial lining and sublining cells on synovial hy-
perplastic lesions.28 In our research, we demonstrated that Notch- 1, 
Jagged- 1, Hes- 1 are highly expressed in RA- HFLS cells and interact 
with survivin protein. Simultaneously, this pathway regulates the pro-
liferation, apoptosis and angiogenesis of RA- HFLS cells. The Notch 
pathway inhibitor FLI- 06 significantly decreased the expression of 
survivin. We explored the relationships between survivin, the Notch 
pathway, and RA- HFLS cells by the construction and transfection of 
plasmids that over- express survivin. The results exhibited that sur-
vivin through the Notch pathway induces proliferation and angiogen-
esis and suppresses apoptosis of RA- HFLS cells.

In summary, survivin is highly expressed in the RA- HFLS cells 
and synovial tissue of RA patients, and knockdown of survivin in-
duces RA- HFLS cell apoptosis and inhibits its proliferation, and 
reduces the expression of angiogenesis- related proteins VEGFR1, 
Ang1 and Ang2. The Notch signaling pathway is activated in RA- 
HFLS. Survivin through the Notch pathway induces proliferation 
and the expression of angiogenesis- related proteins, and suppresses 
apoptosis of RA- HFLS cells. It is suggested that survivin and Notch 
signaling pathways play an important role in the regulation of syno-
vial hyperplasia of RA, and thus have the potential to be gene targets 
for the treatment of RA.
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Abstract
Background: Patients with juvenile dermatomyositis (JDM) experience muscle weak-
ness, tiredness, and loss of energy, which restrict their abilities in performance of 
their daily living activities.
Objective: To explore the effect of aquatic- based plyometric (Aqua- PLYO) exercises 
on muscle strength, fatigue, and functional ability in patients with JDM.
Methods: This was a randomized, single- blind, crossover pilot study that included 
16 patients with JDM (age 13.44 ± 2.85 years). They were assigned randomly to 
receive either the Aqua- PLYO exercises (n = 8) or the standard outpatient care (SoC ; 
n = 8) first. After a 1- month washout, the treatment was reversed. Lower limb muscle 
strength, fatigue perception, functional ability, and disease activity were evaluated 
before and after each treatment period.
Results: Irrespective of the treatment order, the Aqua- PLYO treatment yielded 
greater improvement in muscle strength (hip flexors and abductors [P < 0.001] or 
knee flexors [P < 0.001] and extensors [P = 0.0008]), fatigue perception (P < 0.001), 
functional ability (P = 0.009), and disease activity (P = 0.0001) than the SoC treat-
ment. By using the shortest confidence intervals (100[1– 2α]%) of the difference, 
the average bioequivalence of the Aqua- PLYO and SoC has not been established at 
P = 0.05, because the upper and lower confidence bounds of all outcomes were not 
between the acceptance limits. No period or carryover effects were detected in all 
outcomes.
Conclusion: The Aqua- PLYO exercise protocol as implemented in this study is safe, 
feasible, and well- tolerated in patients with JDM and seemingly useful to help in-
crease muscle strength, reduce fatigue, and enhance functional ability in such a pa-
tient population.
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1  | INTRODUC TION

Juvenile dermatomyositis (JDM), the most common childhood in-
flammatory myopathy, is a rare but serious and potentially life- 
threatening systemic autoimmune disease that is characterized by 
pathognomonic skin rashes, symmetrical proximal muscle weakness, 
and general fatigue.1 JDM has a worldwide incidence of about two to 
three children per million per year.2,3 The age of onset falls between 
7 and 18 years; however, in about 25% of affected children, their age 
at diagnosis is less than 5 years.4

In patients with JDM, muscle weakness is most prominent in 
the large muscle groups surrounding the shoulder and hip girdles.5 
The reasons behind muscle weakness are not completely known. 
However, the effect of myositis in the acute phase, metabolic 
changes in the sub- acute phase (ie, decreased adenosine triphos-
phate concentration), and the effect of steroid- induced myopathy 
and activity limitation in the chronic phase could have a role in devel-
oping muscle weakness.6,7 The reduced force- generating capacity of 
skeletal muscle on account of the chronic inflammation, residual at-
rophy, and scarring of the muscles may lead to functional limitations, 
disability, and reduced health- related quality of life.8,9 Hence, there 
is a need for improved, clearly effective treatment programs for chil-
dren with JDM that target muscle weakness; these may then reduce 
fatigue and enhance functional capacity.

Lately, the use of exercise training has increased in chronic in-
flammatory diseases like JDM as a non- pharmacologic intervention 
to reduce symptoms and promote recovery, while being of general 
benefit to the child's well- being.10,11 In the inflammatory phase, ex-
ercise plays an essential role in avoiding joint contracture and im-
proving physical fitness, whereas, in the revitalization phase, it helps 
to strengthen muscle fibers and cure steroid- induced myopathy.12 
Plyometric exercises are a form of explosive strength training that 
involves the use of a sequence of muscle stretches and contractions 
to generate maximum force in a minimum time. This type of training 
has safely and effectively been used in children with low motor com-
petencies to help them make progress with their long- term motor 
skills.13,14 Aquatic- based plyometric (Aqua- PLYO) exercises form a 
category of plyometric training that is performed underwater and 
has the advantage of reducing the impact forces and weight- bearing 
stresses on joints and extremities through the buoyancy provided by 
the water, so reducing the risk of injury.15 An additional advantage of 
Aqua- PLYO exercises is that the high viscosity of water and dynamic 
properties of the medium, particularly the surface profile and wave 
drag, increase movement resistance, so further activation of muscles 
is required to conquer the water resistance and to perform similar 
movements in the water.16

Aqua- PLYO exercises not only influence the physical condition 
but can also impact some psychological aspects. Aqua- based exer-
cises are usually perceived as a source of enjoyment for children, it 
can increase their motivation and maintain their interest to engage in 
exercise programs for longer periods, improve their disposition and 
self- esteem, and enhance their quality of life.17 Despite the poten-
tial benefits of Aqua- PLYO exercises, there have been no empirical 

investigations that explored the relevance of this training paradigm 
for children with JDM. This study was, therefore, designed to in-
vestigate the effect of Aqua- PLYO exercises on muscle strength, 
fatigue, and functional ability in children with JDM.

2  | MATERIAL S AND METHODS

2.1 | Design and participants

We performed a randomized, single- blind, crossover pilot trial be-
tween July 2018 and November 2019 at the Physical Rehabilitation 
Center, Prince Sattam bin Abdulaziz University, Al- Kharj, Saudi 
Arabia. The study protocol was approved by the institutional re-
search ethics committee and given an authorization number 
(RHPT/0018/0034). The study procedures conformed to ethical 
principles regarding experimental trials on humans stated in the 
Declaration of Helsinki, 1975. All parents/guardians signed a writ-
ten consent form, and participants themselves signed an assent form 
before data collection.

Sixteen children with JDM (11 girls and 5 boys) were recruited 
from the Rheumatology Outpatient Clinic of four large children’s 
hospitals, Riyadh, Saudi Arabia. Children were included if they had 
a confirmed diagnosis of JDM by a rheumatologist/immunologist. 
Five children (31%) were diagnosed based on the international con-
sensus of the JDM diagnostic criteria,18 and 11 children (69%) were 
diagnosed according to the original Bohan and Peter classification 
schema and diagnostic criteria,19 which include symmetrical weak-
ness in the upper arms/shoulders or upper legs/hips and trunk mus-
cles; characteristic dermatomyositis skin rash; high muscle enzyme 
levels (creatine kinase, aldolase, transaminase); myopathic changes 
on electromyograph; muscle pain on grasping or spontaneous pain; 
nondestructive arthritis or arthralgias; abnormalities on magnetic 
resonance imaging suggestive of inflammatory myositis; systemic in-
flammation signs (fever, accelerated erythrocyte sedimentation rate 
or elevated serum C- reactive protein). The other inclusion criteria 
were: age between 8 and 18 years, disease duration at least 1 year 
(ie, chronic JDM),20 inactive to moderately active, stable conditions 
according to the Patient Global Assessment,21 unchanged disease 
activity or drug dosages for a minimum of 3 months before enroll-
ment, with no need to change the type/doses of medication during 
the study period (indicated by rheumatologist), proximal muscle 
strength of at least grade 3— meaning that the muscle can contract 
against gravity and hold the testing position with no added pres-
sure,22 non- involvement in regular exercises in the last 6 months or 
scheduled during the study period excluding the physical education 
classes and formal physical therapy exercises (ie, children who did 
not participate in sport activities or engage in a moderate or high- 
intensity exercise program for more than 30 minutes a day on at 
least 3 days per week), and the ability to adhere to the treatment 
schedule (ie, 24 sessions divided into two treatment periods, 12 ses-
sions in each period, with a 1- month washout period in- between). 
Children who had any health- related co- morbidities (such as arterial 
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hypertension, cardiac arrhythmias, pericarditis, myocarditis, or heart 
failure) whose symptoms may worsen as a result of exercises, and 
those who were recommended not to participate in physical activi-
ties by the pediatric rheumatologist, or were suffering from chronic 
pulmonary disorders, were excluded from the study.

Participants were randomized using a sealed envelope to receive 
either Aqua- PLYO exercises or standard outpatient care (SoC) in 
the first treatment period, which lasted for 1 month. Participants 
who were initially treated with the Aqua- PLYO exercises received 
the SoC program, whereas those who had previously given the SoC 
were treated with Aqua- PLYO exercises in the second period, which 
also continued for 1 month. Participants had a 1- month wash- out 
period between the two treatment periods. The sequential order of 
randomization was concealed by one researcher, whereas the other 
research- team members who were concerned with data collection 
remained blinded throughout the study period. However, we were 
not able to blind participants to the experimental group because of 
the nature of the treatment. A flowchart of the crossover design is 
shown in Figure 1.

2.2 | Interventions

2.2.1 | Aqua- PLYO exercises

The Aqua- PLYO training was conducted three times per week, with 
a 2- day recovery period between sessions for 4 successive weeks. 
Every session lasted for about 45 minutes and comprised a warm-
 up, basic exercise set, and cool down. The training was conducted in 
waist- deep water in a swimming pool (4 × 3 m). The pool temperature 
was regulated at 30℃- 31℃ and the room temperature was held at 
26℃- 28℃. Participants performed all Aqua- PLYO exercises under 
the direct supervision of a certified physical therapist and were in-
structed before each session on the appropriate implementation of 
the exercises. The warm- up phase lasted for 10 minutes and consisted 
of low- intensity aerobic exercises (ie, walking on a treadmill with an 
intensity corresponding to 50% of the predicted heart rate maximum, 
dynamic and static stretches, and free jogging in the water pool. The 
main Aqua- PLYO exercise set was applied for 20- 30 minutes and 

consisted of 12 exercises directed at the lower body that gradually 
progressed by increasing the set/repetition numbers in four exercise 
blocks, each continued for 1 week. A list of the Aqua- PLYO exercises 
and the progression that was adopted is outlined in Table 1. The cool- 
down period was 5 minutes and included walking at self- preferred 
speed and static stretches of the major muscle groups. The training 
program was designed and implemented as per the standards and 
guidelines set out by the US National Strength and Conditioning 
Association,23 and the safety recommendations stated by the 
American Academy of Pediatrics.24 For this study, we considered the 
minimum dosing of plyometric- related exercises (4 weeks) for the fol-
lowing reasons. First, the intense nature of plyometric- related exer-
cises, which is deemed stressful on account of the high mechanical 
impact demands imposed on muscles, tendons, ligaments, and lower- 
extremity joints and the nervous system's ability to respond to these 
rapidly applied forces. Besides, performing plyometric exercises in an 
aquatic environment imposes additional demands on lower extrem-
ity muscles to encounter the dragging force caused by the movement 
against water. Second, some evidence exists on the positive effect of 
4 weeks of plyometric training on the strength variables in healthy 
individuals.25,26 As the children/adolescents in our sample were pa-
tients with JDM, who are relatively weaker than their healthy coun-
terparts, it was imperative to apply a short- term plyometric training. 
Third, to avoid fatigue, which we thought could result from long- term 
plyometric training and affect the children's performance and com-
pliance with treatment.

2.2.2 | Standard outpatient care

The SoC program was generally aiming to prevent/correct muscle 
contractures, enhance muscle strength, promote aerobic fitness, 
and improve functional performance.27 The program consisted 
of a combination of flexibility, resistance, and aerobic exercises, 
which were supervised by a pediatric physical therapist. Each 
session started with a 5- minute treadmill warm- up followed by 
5 minutes of flexibility exercises (active range motion and stretch-
ing exercises), 25 minutes of resistance training (leg- press, leg- 
extension, glute bridge, single- leg glute bridge, seated calf raises, 

F I G U R E  1   A flowchart demonstrating the crossover study design
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reverse table- up, suspension trainer leg curl exercises), 15 minutes 
of aerobic exercises, and a 5- minute cool- down, with a total of 
45 minutes per session. During the resistance training, partici-
pants were required to perform one set of 10 repetitions for each 
exercise in the first week. From the second week on, two sets of 
10 repetitions were performed. Aerobic exercise intensity was set 
at 75% of the predicted heart rate maximum. The program was 
implemented by a licensed physical therapist three times per week 
over 4 consecutive weeks.

2.3 | Assessment protocol

2.3.1 | Baseline assessment

Participants' height (m) was measured using a metric stadiom-
eter (Charder HM200P; Quick Medical, Warwick, RI, USA) and 
their weight (kg) was measured by an electronic weighing scale 
(TANITA; BC- 418; Tanita, Tokyo, Japan). The body mass index 
(BMI, kg/m2) was derived from weight and height using Quetelet's 
index (ie, BMI = weight divided by square of height).28 Pubertal 
maturation was subjectively evaluated by asking participants or 
their families (a yes/no question) whether they had completed pu-
berty. Also, disease characteristics (duration at enrollment and age 
at diagnosis), medication usage, and length of rehabilitation were 
determined.

2.3.2 | Muscle strength

The maximum isometric force (MIF) was measured before and 
after each treatment period using a strain gauge hand- held dy-
namometer (Micro FET2; Hoggan Health Technologies Inc., Salt 

Lake City, UT, USA) by the same examiner. Four muscle groups 
representative of the lower limb muscles (hip flexors and abduc-
tors and knee flexors and extensors) were tested. The MIF was 
measured through an accommodating isometric “make” test, 
where participants applied maximal force against the examiner 
while a steady position was maintained.29 Each muscle group was 
assessed in a gravity- neutralized position. Following at least one 
familiarization trial, participants performed three, 5- second con-
tractions for each muscle group with a 30- second rest after each 
trial and 5 minutes rest between muscle groups. The average force 
of the three testing trials was computed for each muscle. The 
examiner encouraged participants to do their best effort during 
measurement. The testing positions and dynamometer placement 
were implemented based on standardized protocols.30- 33 Hip flex-
ors were assessed from supine, with hip 90° flexion and legs sup-
ported by the investigator. The dynamometer was placed proximal 
to the knee joint on the anterior aspect of the thigh. Hip abductors 
were assessed with participants in supine position, the tested limb 
in full extension and 10° abduction at the hip. The dynamometer 
was positioned proximal to the ankle joint on the lateral aspect of 
the shank. Knee extensors and flexors were assessed while partic-
ipants were in a sitting position, hips and knees 90° flexed. The dy-
namometer was positioned above the ankle joint, on the anterior 
aspect of the shank for assessing knee extensors, or on the pos-
terior aspect of the shank for measuring knee flexors. Data from 
the dominant side (right side in all participants) were analyzed. A 
preliminary reliability assessment was carried out. Precision test 
for a single operator over 2 consecutive weeks showed high re-
peatability metrics. The intraclass correlation coefficient ranged 
between 0.92 and 0.98 and the coefficient of variation fluctuated 
from 1.46% to 2.71%. For statistical analysis, the average scores 
were normalized and expressed as percentages of norm refer-
ences from age-  and gender- matched normal children.33

Exercise Week 1 Week 2 Week 3 Week 4

Side- to- side ankle hop 1 set/5 Rs. 1 set/10 Rs. 1 set/15 Rs. 2 sets/10 Rs.

Standing jump and reach 1 set/5 Rs. 1 set/10 Rs. 1 set/15 Rs. 2 sets/10 Rs.

Standing long jump 1 set/5 Rs. 1 set/10 Rs. 1 set/15 Rs. 2 sets/10 Rs.

Double- leg hop 4 sets/3 Rs. 6 sets/3 Rs. 8 sets/3 Rs. 10 sets/3 Rs.

Lateral jump 4 sets/4 Rs. 6 sets/4 Rs. 8 sets/4 Rs. 10 sets/4 Rs.

Single- leg lateral jump 1 set/4 Rs. 1 set/6 Rs. 1 set/8 Rs. 2 sets/6 Rs.

Lateral hop 4 sets/4 Rs. 6 sets/4 Rs. 8 sets/4 Rs. 10 sets/4 Rs.

Single- leg lateral hop 1 set/4 Rs. 1 set/6 Rs. 1 set/8 Rs. 2 sets/6 Rs.

Tuck jump 2 sets/2 Rs. 2 sets/3 Rs. 2 sets/4 Rs. 3 sets/4 Rs.

Single- leg bound 1 set/5 Rs. 1 set/10 Rs. 1 set/15 Rs. 2 sets/10 Rs.

Box jump 1 set/5 Rs. 2 sets/5 Rs. 1 set/10 Rs. 2 sets/10 Rs.

Depth jump 1 set/5 Rs. 2 sets/5 Rs. 3 sets/5 Rs. 4 sets/5 Rs.

Note: Exercise volume is shown as sets/repetitions. Participants were constantly motivated 
to exert as close to maximal effort as possible during training. Repetitions were performed 
successively with no pauses in between. Intervals of rest for a couple of minutes were permitted 
between exercise sets. A box measuring 25 cm in height was used in the box and depth jump 
exercises.

TA B L E  1   Specifics of the aqua- based 
plyometric (Aqua- PLYO) exercises and 
progression over a 4- week training period
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2.3.3 | Fatigue levels

Participants' level of fatigue was measured through the PedsQL™ 
Multidimensional Fatigue Scale (self- report test).34 The scale dem-
onstrated excellent reliability and good validity for assessing fa-
tigue in children with rheumatic diseases between 2 and 18 years 
old.35 The PedsQL™ Multidimensional Fatigue Scale consists of 18 
items in three domains (general fatigue, sleep/rest fatigue, and 
cognitive fatigue). Items are rated on a 5- point Likert scale from 0 
(never) to 4 (almost always). Scores were inversely transformed on 
a 0- 100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0). To account 
for the missing data, scores by domains were computed as the 
total of item scores divided by the number of answered items in 
each domain. The aggregate scale score is estimated as the total 
of all item scores divided by the number of answered items on 
all domains. Lesser scale scores indicate higher levels of fatigue 
perception.

2.3.4 | Functional ability

The grade of disability in performing activities of daily living was 
measured using the parents- proxy Childhood Health Assessment 
Questionnaire (CHAQ).36 The questionnaire has previously been 
validated for patients with JDM.37 The CHAQ measures disability 
over the past week in eight categories: walking, eating, dressing & 
grooming, hygiene, grip, arising, reaching, and activities. Parents 
were required to record the amount of difficulty their child had in 
each category and indicate if they used aids, devices, or needed 
help from another person for any of these activities. The compo-
nent questions had the following possible responses: without ANY 
difficulty = 0, with SOME difficulty = 1, with MUCH difficulty = 2, 
UNABLE to do = 3. The score for that category was determined 
by the highest score for any component question. The score was 
recorded as 2 if either device or help from another person was 
reported for a category unless the score on any other component 
question was 3. The index of functional disability was estimated as 
the total score of all categories over the number of reported cat-
egories. Possible scores range from 0 (no disability) to 3.0 (maxi-
mum disability).

2.3.5 | Disease activity

The disease activity was evaluated using the patient/parent global 
activity assessment, a validated tool for global assessment of the dis-
ease activity, by patients with JDM older than 10 years or parents 
accompanying patients who were minors (ie, <10 years).38 Patient/
parents were asked to rate the overall activity of the disease by plac-
ing a mark on a 10- cm visual analog scale, considering all the ways 
in which JDM affects them/their children, where 0 indicates “no evi-
dence of disease activity” and 10 implies “extremely active or severe 
disease activity”.

2.3.6 | Safety assessment

Safety of intervention was evaluated by assessing the disease ac-
tivity through the patient/parent global activity and evaluating re-
lapse of disease symptoms during the intervention period, reflected 
by hospitalization or intensification of medications (ie, immune 
suppression).

2.4 | Statistical analysis

The data normality was checked using Shapiro- Wilk test. The 
analysis indicated that the dependent variables were symmetrical 
about their means and permitted the use of a parametric test for 
comparing the Aqua- PLYO and SoC interventions. The Student's 
t test for paired samples was used to compare the outcomes be-
fore and after Aqua- PLYO and SoC treatments. Equivalence test 
for 2 × 2 crossover design was applied to calculate differences 
between treatments (Aqua- PLYO/SoC), period effect, carryover 
effect, and to provide a supplementary analysis of therapeutic 
equivalence of two dose- equivalent exercise interventions (ie, 
Aqua- PLYO and SoC treatments) using 100(1– 2α)% confidence 

TA B L E  2   Baseline demographic and clinical characteristics of 
the study participants

Variables
JDM patients 
(n = 16)

Age (years), mean ± SD 13.44 ± 2.85

Gender (girls/boys), n (%) 11 (68.75%)/5 
(31.25%)

Weight (kg), mean ± SD 47.38 ± 6.91

Height (m), mean ± SD 1.49 ± 0.12

BMI (kg/m2), mean ± SD 21.15 ± 1.22

Pubertal maturation (yes/no), n (%) 12 (75%)/4 (25%)

Age at diagnosis (years), mean ± SD 7.50 ± 1.63

Disease duration at inclusion (years), 
mean ± SD

5.94 ± 2.21

Disease activity per PGA, median (range) 4.5 (2- 6)

Immunosuppressive medication (on/off), n (%) 13 (81.25%)/3 
(18.75%)

Oral corticosteroids, n (%); mg/day/kg, median 
(range)

7 (43.75%); 0.2 
(0.2- 0.3)

Accumulative corticosteroids duration (years), 
median (range)

1.7 (0.8- 6.2)

Methotrexate, n (%); mg/week/kg, median 
(range)

10 (62.5%); 0.4 
(0.3- 0.8)

Azathioprine, n (%); mg/day 1 (6.25%); 50

Intravenous immunoglobulin, n (%); g/month 1 (6.25%); 16

Tacrolimus, n (%); mg/day 1 (6.25%); 10

Prior physical rehabilitation duration (months), 
median (range)

14 (6- 36)

Abbreviations: BMI, body mass index; JDM, juvenile dermatomyositis; 
PGA, patient global assessment; SD, standard deviation.
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intervals (CI) of the difference. All analyses were performed 
through Minitab statistical software, version 19.2 (Minitab Inc., 
State College, PA, USA), and a value of P less than 0.05 was con-
sidered significant.

3  | RESULTS

Eighteen patients with JDM were recruited, but two of them did 
not complete (one patient for unknown causes and the other moved 
outside the working area). The total sample consisted of 16 patients 
(11 girls and 5 boys) with a mean age of 13.44 ± 2.85 years. Twelve 
patients (75%) reported complete pubertal maturation (10 girls and 
2 boys). The mean age at diagnosis was 7.50 ± 1.63 years. The aver-
age disease duration at inclusion was 5.94 ± 2.21 years. The median 
(range) disease activity per the Patient Global Assessment was 4.5 
(2- 6). The participants' baseline demographic and clinical character-
istics are depicted in Table 2.

Each of the 16 participants completed 12 treatment sessions in 
each treatment period with a 1- month washout between the first 
and second treatment period. On four occasions, sessions were 
re- scheduled on alternative days for four participants because ei-
ther they moved out of the working area the day they should have 
attended for the treatment, or were unable to attend for personal 
reasons. So, all participants completed all treatment sessions (ie, the 
adherence- to- treatment rate was 100%).

Muscle strength, fatigue, functional ability, and disease activ-
ity results before and after Aqua- PLYO and SoC treatments are 
shown in Table 3. There was an increase in muscle strength and 
functional ability scores and a decrease in fatigue levels and dis-
ease activity scores after both Aqua- PLYO and SoC treatments. 

Changes in all outcomes were statistically significant for both 
treatments (all P < 0.05).

Results of the crossover analysis are summarized in Table 4. 
At an α level of 0.05, the Aqua- PLYO and SoC treatment means 
of normalized hip flexor and abductor strength were significantly 
different (actual P < 0.001) favoring the Aqua- PLYO treatment. 
The average change in response to the Aqua- PLYO was 6.77% 
and 6.33% for hip flexors and abductors, respectively, and the 
average change in response to SoC was 2.16% and 1.91%, respec-
tively. The period and carryover effects on hip flexor (P = 0.31 
and P = .87, respectively) and abductor (P = 0.88 and P = 0.74, 
respectively) strength were not statistically significant. Similar 
trends were observed for the normalized knee flexor and exten-
sor strengths. The Aqua- PLYO and SoC treatment means of knee 
flexor and extensor strength were significantly different (actual 
P < 0.001, and P = 0.0008, respectively) in favor of the Aqua- 
PLYO treatment. The mean change in response to the Aqua- PLYO 
was 7.87 and 8.12 for knee flexors and extensors, respectively, 
whereas the mean change in response to SoC was 1.56 and 3.54, 
respectively. There were no significant period or carryover ef-
fects on knee flexor (P = 0.50 and P = 0.99, respectively) or ex-
tensor (P = 0.96 and P = 0.43, respectively) strength. The average 
bioequivalence of the Aqua- PLYO and SoC treatments have not 
been established at the 0.05 significance level using the shortest 
CI of the difference approach because both the upper and lower 
confidence limits for the strength of each muscle group were not 
between the acceptance limits of that muscle group, as illustrated 
in Figure 2.

Also, the crossover analysis revealed that the Aqua- PLYO 
and SoC treatment means of fatigue levels and functional abil-
ity were significantly different (actual P < 0.001 and P < 0.009, 

TA B L E  3   Muscle strength, fatigue levels, functional ability, and disease activity before and after Aqua- PLYO and SoC treatments

Variable

Aqua- PLYO (n = 16) SoC (n = 16)

Before After
Change 
% P value Before After

Change 
% P value

Muscle strength, normalized, %

Hip flexor 36.1 ± 3.6 42.8 ± 5.1 18.6% <0.001* 37.9 ± 6.4 40.1 ± 5.8 5.8% 0.0004*

Hip abductors 34.9 ± 2.8 41.7 ± 3.9 19.5% <0.001* 36.8 ± 4.8 38.7 ± 5.1 5.2% 0.002*

Knee flexor 37.3 ± 4.3 45.2 ± 4.9 16.7% <0.001* 40.3 ± 8.2 41.9 ± 7.9 3.2% 0.002*

Knee extensor 41.1 ± 4.9 49.2 ± 6.4 15.8% <0.001* 42.5 ± 7.6 46.0 ± 7.7 6.7% <0.001*

Fatigue level

PedsQL- MFS 58.6 ± 7.6 66.1 ± 7.4 12.8% <0.001* 60.3 ± 6.6 64.5 ± 6.4 6.9% <0.001*

Functional ability

CHAQ 1.5 ± 0.6 0.99 ± 0.5 34% 0.0002* 1.3 ± 0.5 1.1 ± 0.4 15.4% <0.001*

Disease activity

Pat/par- GA 4.01 ± 1.26 2.13 ± 1.02 46.9% <0.001* 3.31 ± 1.14 2.88 ± 0.89 7.6% 0.029*

Note: Values are listed as means ± standard deviations.
Abbreviations: CHAQ, Childhood Health Assessment Questionnaire; Pat/par- GA, patient/parents Global Assessment; PedsQL- MFS, Pediatric Quality 
of Life Multidimensional Fatigue Scale.
*Significant t test for paired samples.
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TA B L E  4   The crossover analysis summary

Variable
Aqua- PLYO 
response SoC response

P value

Treatment effect Period effect
Carryover 
effect

Muscle strength, normalized, %

Hip flexor 6.77 (5.58- 7.96) 2.16 (1.13- 3.20) <0.001* 0.31 0.87

Hip abductor 6.83 (5.69- 7.96) 1.91 (0.84- 2.99) <0.001* 0.88 0.74

Knee flexor 7.87 (6.21- 9.54) 1.56 (0.65- 2.48) <0.001* 0.50 0.99

Knee extensor 8.12 (6.11- 10.13) 3.54 (2.36- 4.72) 0.0008* 0.96 0.43

Fatigue level

PedsQL- MFS 7.46 (6.28- 8.65) 4.21 (3.57- 4.85) <0.001* 0.26 0.77

Functional ability

CHAQ 0.47 (0.30- 0.63) 0.23 (0.17- 0.28) 0.009* 0.59 0.44

Disease activity

Pat/par- GA 1.88 (1.45- 2.30) 0.44 (0.05- 0.83) 0.0001* 0.49 0.53

Note: The treatment responses are listed as absolute values of mean differences (95% confidence interval).
Abbreviations: CHAQ, Childhood Health Assessment Questionnaire; Pat/par- GA, patient/parents Global Assessment; PedsQL- MFS, Pediatric Quality 
of Life Multidimensional Fatigue Scale.
*Significant effect in a 2 × 2 crossover design and 0.05 level of significance.

F I G U R E  2   Schematic illustration of aqua- based plyometric (Aqua- PLYO) exercises and standard outpatient care (SoC) treatment 
equivalence based on the confidence interval of the difference in muscle strength
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respectively) in favor of the Aqua- PLYO treatment. The aver-
age changes in fatigue level in response to the Aqua- PLYO and 
SoC were 7.46 and 4.21, respectively, and the average changes 
in functional ability in response to the Aqua- PLYO and SoC were 
−0.47 and −0.23, respectively. The period and carryover effects 
on fatigue level (P = 0.26 and P = 0.77, respectively) and func-
tional ability (P = 0.59 and P = 0.44, respectively) were equal in 
both treatments (Table 4). By employing the shortest CI of the 
difference approach, equivalence of the effect of Aqua- PLYO and 
SoC treatments cannot be claimed at the 0.05 α level as neither 
of the confidence limits of fatigue level, −4.23 and −2.29, was be-
tween the acceptance limits of −1.49 and 1.49, and the confidence 
limits of functional ability, 0.10 and 0.39, were not between the 
acceptance limits of 0.09 and −0.09.

Further, the analysis indicated that the Aqua- PLYO and SoC 
treatment means of disease activity were significantly different, 
favoring the Aqua- PLYO treatment (actual P = 0.0001). The aver-
age change disease activity score was −1.8 in response to the Aqua- 
PLYO treatment and −0.44 to the SoC treatment. There were no 
significant period (P = 0.49) or carryover (P = 0.53) effects on the 
disease activity scores in both treatments. The average bioequiv-
alence of the Aqua- PLYO and SoC treatments has not been estab-
lished at the 0.05 significance level using the shortest confidence 
interval of the difference approach because neither of the confi-
dence limits, 0.98 and 1.90, was between the acceptance limits of 
0.38 and −0.38.

Regarding safety issues, no worsening of the symptoms occurred 
and none of the participants needed hospitalization or change in the 
medication dosages during the study period. More importantly, as 
previously mentioned, most of the patients reported a reduction in 
the disease activity following the Aqua- PLYO treatment.

4  | DISCUSSION

The purpose of this randomized crossover pilot study was to explore 
the effect of Aqua- PLYO exercises on muscle strength, fatigue, and 
functional ability in children with JDM. The program was feasible, 
safe, and well- tolerated, showing a high adherence rate. The Aqua- 
PLYO exercise program, as performed in the present study, was 
safe as no worsening of the disease activity occurred, but rather, 
it reduced in most of the patients following such intervention. Our 
findings demonstrated that the use of Aqua- PLYO or SoC caused 
significant improvement in all measured outcomes. However, the 
most significant findings to emerge from this analysis were that the 
Aqua- PLYO exercises resulted in greater strength gain, less fatigue 
perception, and better functional ability than the SoC, regardless of 
whether the Aqua- PLYO exercises were performed in the first or 
second treatment period.

To date, this seems to be the first trial to evaluate the effect 
of Aqua- PLYO exercise on strength, fatigue, and functional ca-
pacity in patients with JDM. This made it difficult to compare 
the results demonstrated herein with similar studies. However, 

numerous studies exist that report on the benefits of the Aqua- 
PLYO exercises in healthy individuals and adult patients with 
multiple sclerosis. Overall, these reports seem to suggest that 
Aqua- PLYO exercises alone or conjoined with other exercise 
modes for 4- 8 weeks have positive effects regarding changes 
in muscle strength, postural control, mobility, and functional 
performance,39,40 which may relatively support the evidence 
reached in the present study on the helpful role of Aqua- PLYO 
exercises for patients with JDM. Besides, one of these reports 
has further highlighted that Aqua- PLYO exercises are associated 
with physiological and psychological benefits that limit the late- 
onset of muscle fatigue that occurs with the land plyometrics 
and increase intrinsic motivation.40 Our results, therefore, pro-
vide empirical evidence that substantiates this allegation as the 
PedsQL™ Multidimensional fatigue scale scores increased signifi-
cantly following the Aqua- PLYO exercises, suggesting less fatigue 
perception.

Plyometric- related exercises, although not a new concept, have 
become more interesting, in the past decade, to researchers working 
on the rehabilitation of children with motor challenges. The back-
ground knowledge pointed out that plyometric exercises have been 
very effective in enhancing muscle strength, promoting motor func-
tion, and boosting balance capabilities in these children.13,14,41,42 
In addition, the aquatic environment has been used widely in the 
rehabilitation of children with rheumatic diseases. The water of-
fers therapeutic effects that are unattainable on land.43 Preceding 
studies on patients with JDM and juvenile idiopathic arthritis sug-
gest that aquatic interventions have favorable effects on pain, mus-
cle strength, fatigue levels, and JDM disease activity.27,44 On that 
basis, it may be inferred that implementing plyometric exercises in 
an aquatic environment can be more conducive in re- establishing 
strength, minimizing fatigue, and enhancing functional ability in pa-
tients with JDM.

Of note, expert specialists in JDM reached a consensus that 
physical function and muscle strength should improve by at least 
15% and patient/parent global activity assessment by at least 20% 
to be clinically meaningful for patients with JDM.45 In the present 
study, Aqua- PLYO treatment led to 15.8%- 19.5% improvement in 
muscle strength, 12.8% in fatigue level, 34% in functional ability, 
and 46.9% in the patient/parent global assessment of disease activ-
ity, which indicates that changes in muscle strength, physical func-
tion, and global disease activity were clinically meaningful, but the 
improvement in fatigue level did not achieve the minimum clinically 
important improvement. However, changes in fatigue level following 
the Aqua- PLYO treatment cannot be disregarded considering the 
statistical significance, and higher dosages of training (ie, more than 
4 weeks) could induce further improvement that reaches the level of 
clinical meaningfulness.

Although the study design did not allow the authors to de-
termine the exact mechanism whereby the Aqua- PLYO exercises 
improved strength, fatigue perception, or functional ability, sev-
eral credible explanations have been proposed. The plyometric- 
related exercises might have led to changes within the neural and 
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muscular systems (such as heightening muscle reflexes, increasing 
proprioceptive awareness, and restoring functional motor pat-
terns), which helped to enhance the neuromuscular efficiency.13,14 
From this perspective, research evidence suggests that plyometric 
exercises stimulate and activate more motor units and enhance 
the neural frequency.14 Consequently, activating more motor units 
enables an increase in the rate of force development inside the 
muscle and improves the tendon- muscle strength. In the present 
study, plyometric exercises have been performed in a water me-
dium, which is denser and provides greater movement resistance 
than the air. From an exercise standpoint, the lateral or horizon-
tal movement performed in water required participants, during 
the Aqua- PLYO treatment, to increase their efforts to overcome 
water resistance.46 This increase, presumably, helped children to 
strengthen their muscles more than they have achieved during the 
SoC. Besides, the buoyant force of the water reduces the land-
ing force during Aqua- PLYO jumping movements, which promotes 
a faster transition from eccentric to concentric contraction and 
eventually increases the force output.47 The remarkable improve-
ment in muscle strength may have, then, transferred to the fatigue 
perception and functional outcomes as the PedsQL multidimen-
sional fatigue scale and CHAQ scores were improved after the 
Aqua- PLYO treatment.

This study has some strengths; to the best of our knowledge, 
it stands as the first attempt to analyze the effect of Aqua- PLYO 
exercises in patients with JDM. Despite there being no washout 
period legacy standards in physical therapy investigations, the 
washout period for 1 month between both treatments was suf-
ficient to eliminate the carryover effects of the treatment that 
was applied first, which assures greater internal validity and ro-
bustness of the study estimates in the face of the potential bi-
ases. However, the findings in this report are subject to some 
limitations that are worthy of mention. With a small sample size, 
caution must be applied, as the results might not be firmly gener-
alizable. Despite observed differences between two treatments 
(Aqua- PLYO and SoC) in the present study, the small sample size 
and time frame may not be adequate to demonstrate statistical 
significance. Also, it was not possible to blind participants to their 
intervention. Therefore, we are unable to confirm whether the 
outcomes have been affected by changes in participants' behav-
ior during the Aqua- PLYO exercises (that is, they became more 
active and motivated to exert more efforts in an enjoyable ex-
ercise medium). Besides, while the focus of this study was on 
the analysis of the post- treatment effects, the long- term impli-
cations of Aqua- PLYO exercises are difficult to predict. Hence, 
additional studies with robust research designs that address the 
above- mentioned weaknesses are needed to confirm the evi-
dence demonstrated in the current study on the role of Aqua- 
PLYO exercises in patients with JDM. Further, given the nature 
of Aqua- PLYO treatment, which incorporates jumping, hopping, 
and bounding activities that primarily activate lower extremity 
muscles, this first study looked only at the strength of an isolated 
set of muscles across the lower extremity. Therefore, we assume 

that examining the effect of similar programs incorporating upper 
limb and trunk exercises in addition to the lower limb exercises 
and considering the core set measures of muscle strength as de-
fined by the International Myositis Assessment & Clinical Studies 
Group48 would be the next step, to provide a full overview of the 
effect of Aqua- PLYO treatment in patients with JDM. Finally, this 
study evaluated the JDM disease activity through a patient/par-
ent rating of the global activity of the disease. However, future 
studies need to consider expansion of the outcomes measures, 
beyond the recommended IMACS core set, to address disease 
activity using other clinical measures (laboratory abnormalities) 
more broadly.

5  | CONCLUSION

In brief, the present study suggests that Aqua- PLYO exercises are 
feasible, safe, and tolerable by patients with JDM and are likely more 
effective than the SoC for increasing muscle strength, reducing fa-
tigue perception, enhancing functional ability, and ameliorating dis-
ease activity. The Aqua- PLYO exercises are, therefore, of value in 
the clinical management of this patient population. We assume that 
replicating the analysis with a larger sample size is the next step to 
draw a more robust conclusion.
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Abstract
Introduction: There are many studies on the Greater Trochanteric Pain Syndrome 
(GTPS), however its relationship with radiographic and biomechanics parameters is 
not established.
Objective: To compare the magnetic resonance images (MRI) of the hip, radiographic 
parameters of sagittal alignment (pelvic incidence, sacral slope and lumbar lordosis), 
muscular strength and endurance in women with and without GTPS.
Methods: Forty women, age over 45, IMC <30 Kg/m2 and sedentary, were recruited 
and distributed in two groups: GTPS group (GTPSG, n = 20) and Control group (CG, 
n = 20). All participants underwent MRI scans and X- ray for sagittal alignment analy-
sis in the hip and performed tests for muscular strength and endurance of the hip 
and trunk.
Results: No differences were found between the GTPSG and CG for the frequency 
of tendinopathy (P = .30), peritendinitis (P = .10), bursitis (P = .68) and enthesitis 
(P = .15), however the gluteus medius tendon tear was more prevalent in GTPSG 
(P = .05). There were no differences in radiographic parameters for pelvic incidence 
(P > .05), sacral slope (P > .05) and lumbar lordosis (P > .05). The GTPSG showed 
lower strength of all hip muscle groups (abductors, adductors, flexors, extensors and 
rotators; P < .01 for all), as well as lower endurance in the Supine Bridge test and 
Prone bridge test (P < .01).
Conclusion: The results of the MRI and radiographic parameters did not differenti-
ate women with and without GTPS. However, the evaluation of muscle strength and 
endurance can establish the difference between groups.
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1  | INTRODUC TION

Greater Trochanteric Pain Syndrome (GTPS) is a common in women, 
which includes trochanteric bursitis associated with weakness of the 
hip abductor muscles, a gluteus medius and minimus tears and external 
coxa saltans.1 Clinical presentation of GTPS includes pain and tender-
ness over the lateral aspect of the affected hip. Other features, such 
as exacerbation of pain while lying on the affected side or while climb-
ing stairs 2 may also be present.3 Physical examination reveals pain on 
palpation of the greater trochanter. Pain in the greater trochanteric 
region during the Patrick's test or Faber test, is also identified as a key 
indicator,3 and the Trendelenburg sign is indicative of tendinous tear.2

The relationship between pelvic alignment measurements and 
femoroacetabular impingement (FAI) has been described, as well as 
the relationship between balance in the frontal plane and the GTPS.3 It 
is believed that poor pelvic alignment influences lumbar alignment, as 
proposed and established by Legaye et al, when establishing the con-
cept of pelvic incidence and relating it to the sacral inclination and angle 
of lumbar lordosis.4 However, no studies have previously evaluated the 
sagittal pelvic angles such as pelvic incidence 3 in individuals with GTPS. 
Magnetic resonance images (MRI) is the primary means of evaluating a 
patient with GTPS,1 however, there is a high prevalence of abnormal 
findings in the peritrochanteric space of asymptomatic individuals.2,5

Biomechanic abnormalities may be related to the etiopathogen-
esis of the GTPS, such as inadequate CORE stability, gluteus weak-
ness, lower limb size discrepancy and change in foot pronation and 
supination.6,7 The gluteus medius and minimus act synergistically 
on the hip joint, but also participate in the stabilization of the hip 
joint 8,9 and require detailed evaluation. In this sense, the functional 
tests (prone bridge test and supine bridge test) have high reliability 
10 and validity 11 to evaluate lumbar spine– stabilization endurance 
capability and upper and lower limbs. In addition, the supine bridge 
test (SBT) recruits the posterior muscles of the trunk,12 defies the 
neuromuscular control while the individual holds the position,12,13 
and requires great activity of the posterior hip muscles.14- 16

Currently, there are no studies that compare and relate the MRI and 
radiographic findings, strength and endurance measurements of the hip 
and trunk in women with GTPS. Therefore, the objective of this study 
was to evaluate these parameters, hypothesizing that women with GTPS 
have more advanced MRI findings in the peritrochanteric region, the sag-
ittal pelvic angles (pelvic incidence, lumbar lordosis and sacral slope) al-
tered, and worse muscular strength and endurance in the hip and trunk. 
The authors believe that these analyzes may contribute to clinical prac-
tice, since they may direct the evaluation of patients with GTPS.

2  | MATERIAL AND METHODS

2.1 | Study design

This research has a cross- sectional characteristic. It evaluated 
women with Greater trochanteric pain syndrome, with an emphasis 
on diagnostic imaging and biomechanical analysis.

2.2 | Ethical approval

This research was approved by the Research Ethics Committee of 
the institution (Number 2.632.895) and follows all norms and con-
cepts of ethics in research with humans.

2.3 | Participants

Sample size was calculated using Power and Sample Size Calculation 
software with a confidence interval of 95%, alpha level of 5%, and 
power test of 80%, considering 0.83 points for the mean difference 
and 0.25 points for the SD difference for the variable “Maximal iso-
metric hip abductor strength” in the article entitled "Hip Abductor 
Muscle Weakness in Individuals with Gluteal Tendinopathy",17 which 
established a minimum sample with 9 participants for each group. It is 
noteworthy that only women were considered as participants, since 
the GTPS has a prevalence of 4:1 in women, aged over 40 years.1

Data collection was conducted from October 2018 to January 
2019. The recruitment of participants with GTPS occurred by refer-
ral of the specialist doctor, after the evaluation. The recruitment of 
asymptomatic participants was performed through the researchers' 
personal contacts, called on social networks and that respected the 
inclusion criteria for the control group.

The GTPS group (GTPSG) was composed of women, aged over 
45 years, sedentary, complaining of lateral pain(>3/10) in the hip 
in activities of daily living for more than a year, painful sensitivity 
(>3/10) to palpation in the region of the greater trochanter and 
who sought medical attention from an orthopedist, a hip specialist. 
The Control group (CG) consisted of healthy women, age over 45, 
sedentary. Exclusion criteria for both groups were no musculoskel-
etal complaints, rheumatic or neurological diseases, scoliosis, previ-
ous surgery in the homolateral hip, previous infiltration injections, 
trauma, femoroacetabular impact, labral hip injury and moderate or 
advanced degenerative hip disease, according to Tönnis classifica-
tion (Tönnis & Heinecke, 1999)18 -  grade 2 or 3.

In total, 47 women were recruited, 27 with GTPS and 20 as-
ymptomatic. However, five women with Greater Trochanteric Pain 
Syndrome were excluded because they did not have compatible 
times for data collection and two were excluded because they had 
been subjected to infiltrations. Then, forty female volunteers, aged 
45- 75, were distributed into two groups: Greater Trochanteric Pain 
Syndrome group (GTPSG, n = 20) and Control group (CG) with no 
history of hip pain (CG, n = 20).

2.4 | Procedures

All the participants (n = 40) were examined by a specialized orthope-
dist for the presence or absence of GTPS and underwent pelvis and 
lumbar spine x- rays as well as MRI scans. The MRI scans were per-
formed using a Magnetom Essenza 1.5T scanner, in the axial T2 (TR/
TE:4000/54), T1(538/11) and coronal T2 FS (2200/54) sequences, 
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and the analyses were developed as proposed by Kingzett- Taylor 
et al19 The X- rays were taken in the standing position from the pelvis 
in the AP and from the lumbar spine in the AP and side position for 
the evaluation of pelvic incidence, lumbar lordosis and sacral slope 
angles, as proposed by Kingzett- Taylor et al19 The images were cap-
tured at painful hip in GTPSG and at right hip in CG. Afterwards, 
the images were evaluated by a single blinded radiologist specialized 
in musculoskeletal image. Data were then obtained for the charac-
terization of the sample (age, height, weight, BMI). Pain intensity was 
measured with a Visual Analogue Scale (VAS),20 which consists of a 
rating scale from 0 (no pain) to 10 (the maximum level of pain).

Muscle strength and endurance tests were developed by a phys-
iotherapist, with more than 10 years of experience in traumatic and 
orthopedic disorders. A portable dynamometer (MicroFet®, Hoggan 
Scientific, Salt Lake City, Utah, USA), that demonstrated excellent 
reliability for analysis for the strength of the hip muscles,21 was 
used for assessing the strength of hip- muscle groups: extensors and 
flexors, internal and external rotators, adductors, and abductors 
(Figure 1A, B, C, D, E, F) as proposed by Oliveira et al.22 The sub-
jects performed a maximum voluntary isometric contraction (MVIC) 
for five seconds, which was recorded three times with a 1- minute 
break in between each repetition. The interval between each muscle 

group evaluation was the necessary time frame for changing posi-
tions, however, respecting a minimum 1-  minute interval. The result 
was calculated considering the mean of the three measures.

Finally, the participants performed the prone bridge test (PBT) 
(Figure 1G) 14,15 and the supine bridge test (SBT) (Figure 1H) 11,13 
three times with a 1- minute interval, in a randomized order to avoid 
the influence of muscle fatigue on the test results. The result was 
calculated considering the mean of the three measures. The inter-
val between each muscle group evaluation was the necessary time 
for changing positions, however, respecting a minimum 1-  minute 
interval.

2.5 | Data analysis

The statistical analysis was performed using SPSS version 22.0 for 
Windows (SPSS Inc; Chicago, IL, USA) with a 95% confidence inter-
val and 5% significance. The Shapiro- Wilk test was used for testing 
the normality of data. The Student´s T test was used to compare 
the sample characterization data, lumbar lordosis, sacral slope and 
pelvic incidence angles. The Fisher- Freeman Halton test was ap-
plied to compare the MRI findings in each group. The Spearman's 

F I G U R E  1   Body positions to evaluate 
the isometric strength using hand- held 
dynamometry of the flexor (A),extensor 
(B), abductor (C) adductor (E) muscles as 
well as the internal (E) and external rotator 
muscles (F) of the hip. Prone Bridge Test 
(G) and Supine Bridge Test (H). 
Source: Author's image databank
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correlation coefficient (rS) was used to measure the relationship 
between the lumbar lordosis, sacral slope and pelvic incidence an-
gles and the endurance and strength of the trunk and hip muscles.23 
The Scheirer- Ray- Hare test was used to compare and verify the in-
teration between groups (GTPSG X CG), endurance and muscular 
strength.

3  | RESULTS

The results of the present study established that women in the 
GTPSG and those in the control group were similar in age, weight, 
height and BMI., as shown in Table 1.

The results for Magnetic Resonance Images through the statis-
tical test Fisher- Freeman were inconclusive since the two groups 
showed similar results, these results are shown in Figure 2. There 
were no significant differences in MRI scans, for tendinopathy in 
GTPSG (n = 20) and CG (n = 20), respectively, with 18 and 18 par-
ticipants (P = 0,30), for peritendinitis with 17 and 17 participants 
(P = 0,10), bursitis with 8 and 7 participants (P = 0,68) and enthesitis 
with 2 and 0 participants (P = 0,15), however the gluteus medius 
tendon tear was more prevalent in GTPSG with 9 participants and 2 
participants for to CG (P = 0,05).

The results of the angular analysis using the X- ray showed that 
there were no significant differences between the GTPSG and GC 

groups, respectively, for the sacral slope angle of 40,02 (SD=8,30) 
and 38,02 (SD=8,99) (P = 0,46), the lumbar lordosis angle of 56,30 
(SD=9,53) and 53,40 (SD=12,99) (P = 0,42), and the pelvic incidence 
angle of 56,20 (SD=8,40) and 50,85 (SD=11,94) (P = 0,11). However, 
in GTPSG, we found moderate negative correlations between the 
lumbar lordosis angle and external rotator strength; between pel-
vic incidence and weight, PBT time and SBT time; and between the 
sacral slope angle and weight, SBT time, adductor strength (table 2). 
For CG, all the correlations were weak (rS<0.4).

The results of Scheirer- ray- Hare test showed that women 
with GTPS demonstrated weakness in all muscle groups com-
pared to CG, as well as an interaction between groups and 
muscle strength (Table 3). Comparing the difference muscles in 
the same group we noted that in GTPSG the hip flexors were 
the strongest, followed by the abductors and external rotators 
(P <.01), and in CG, the hip flexors, abductors and extensors 
were the strongest (P <.01).

The results of the PBT and SBT showed that women with GTPS 
had worse muscle endurance, however, there was no interaction be-
tween groups and tests. These results are shown in table 4.

4  | DISCUSSION

The results of this cross- sectional study demonstrated that there 
are no differences in magnetic resonance findings for tendinopathy, 
peritendinitis, bursitis and enthesitis, but the images of tendinous 
tear were common in GTPSG; therefore, these findings should not 
be valued for clinical diagnosis. There was no significant difference 
in the radiographic pelvic alignment angles between women with 
and without GTPS, which points out that the X- ray is not necessary 
for the diagnosis. In highlight, the main finding of the present study 
is that the participants demonstrated worse muscle strength and en-
durance, what can characterize patients with GTPS. The pain inten-
sity mean in women with GTPS was 6.8 points, and they had suffered 
pain over more than a year. Still, the lumbar lordosis, pelvic incidence 
and sacral slope were found to have a moderate positive correlation 
with an increase in weight, and a negative correlation with muscular 
strength and endurance of the hip and trunk in women with GTPS. In 

TA B L E  1   Characterization data of women with and without 
Greater Trochanteric Pain Syndrome

GTPSG CG P value

Age (years) 61.45 (10.06) 59.35 (8.72) 0.48

Weight (Kg) 71.78 (11.61) 64.83 (6.54) 0.06

Height (m) 1.60 (0.06)  1.60 (0.06) 0.78

BMI (Kg/m2) 27.21 (3.78) 25.41 (2.89) 0.10

Pain (VAS) 6.80 (2.37) - - 

Time of pain (months) 15.90 (3.83) - - 

Note: Variables are expressed in means (standard deviation) and were 
compared using the Student's T test.
Abbreviations: BMI, Body mass index; VAS, Visual Analogue Scale.

F I G U R E  2   Magnetic Resonance 
Images Results



     |  945MIYASAKI et Al.

other words, the heavier the woman with GTPS, the wider the angle 
measured and the worst the endurance and the muscle strength of 
the hips and trunk.

To our knowledge, this is the first study to evaluate pelvic align-
ment measurements in women with GTPS, with no significant dif-
ferences between groups regarding these angles. Pelvic incidence 
angle is associated with occurrence of CAM morphology and other 
diseases of the hip.3,24 However, the role of pelvic incidence in hip 
disorders is unclear. Literature shows that a higher pelvic incidence 
may predispose or be linked to coxarthrosis,3 but there are no 

studies that associate pelvic incidence and GTPS, which highlights 
the importance of the present study. It should also be noted that 
this study found a moderate and inverse correlation between pel-
vic alignment angles and endurance, muscular strength and body 
weight in women with GTPS, this indicates that decreased muscle 
strength and endurance and greater corporal weight are associated 
to worse pelvic alignment angles. However more study is needed to 
establish the relationship between pelvic alignment and hip pathol-
ogies, but we see the importance of weight control and the concern 
in improving muscle strength and endurance in these individuals.

Pelvic
incidence Lumbar Lordosis

Sacral
Slope

Weight rho=0.45, P =.05 rho=0.44, P =.05

Muscle strength

Abductors

Adductors rho=−0.60, P <.01

Internal rotators

External rotators rho=−43, P =.06

Flexors

Extensors

CORE resistance tests

Supine Bridge Test rho=−0.40, P =.08 rho=−0.43, P =.06

Prone Bridge Test rho=−0.53, P =.02

Note: Results obtained through Spearman's correlation coefficient (rho).

TA B L E  2   Results of the correlations 
between the pelvic incidence angles, 
lumbar lordosis and sacral inclination 
and the variables of muscle strength and 
CORE resistance of women with Great 
trochanter pain syndrome

Muscles GTPSG (kilos) CG (Kilos)

Abductors 9.45 (8.27 -  12.21) 13.75 (12.77 -  18.59)

Adductors 5.80 (5.27 -  7.34) 12.57 (11.68 -  15.03)

Internal rotators 7.81 (7.06 -  9.82) 12.30 (10.81 -  14.16)

External rotators 8.13 (7.05 -  11.10) 10.15 (9.51 -  12.77)

Flexors 10.90 (9.40 -  13.10) 15.96 (13.85 -  17.10)

Extensors 7.04 (5.30 -  12.13) 13.45 (11.86 -  16.08)

Scheirer- Ray- Hare 
test

GTPSG X CG Muscles Interaction
(Groups X Strength)

p value <0.01 <0.01 0.02

Note: Results are expressed as median (quartiles). Results obtained through Scheirer- Ray- Hare test.
Abbreviations: CG, Control Group; GTPSG, Greater Trochanteric Pain Syndrome Group.

TA B L E  3   Comparison and interaction 
of muscle strength between women with 
and without Greater Trochanteric Pain 
Syndrome

Functional Tests GTPSG CG

Prone Bridge Test (s) 21.30 (18.23- 31.34) 58 (42.83- 72.46)

Supine Bridge Test (s) 71.50 (57.08- 88.39) 96.50 (76.50- 146.49)

Scheirer- Ray- Hare test Groups
(GTPSxControl)

Tests
(PBT and SBT)

Interaction
(Groups X tests)

p value <0.01 <0.01 0.81

Note: Results are expressed in medians (quartiles). Results obtained through Scheirer- Ray- Hare 
test.
Abbreviations: CG, Control Group; GTPSG, Greater Trochanteric Pain Syndrome Group; s, seconds.

TA B L E  4   Comparison and interaction 
of muscle endurance between groups and 
tests (PBT and SBT)
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The analysis of MRI scans showed results similar to those of 
Blankenbaker et al,5 Cvitanic et al 25 and Ganderton et al.26 There 
was a high prevalence of MR abnormal findings in the trochanteric 
space in both groups, however with signs of more advanced lesions 
in individuals with GTPS, since our results showed significantly 
more ruptures of the middle gluteus tendon in this group (Figure 2). 
Bird et al 2 reported that the MR images of individuals with GTPS 
revealed gluteus medius tear (45.8%) gluteus medius tendinitis 
(62.5%), and trochanteric bursal distension (8%). These values are 
similar to those obtained in the present study. Besides that, the 
image of trochanteric bursal distension was uncommon, suggest-
ing that the term GTPS is more accurate to designate patients with 
lateral hip pain.

In the muscular strength analysis, we observed weakness of the 
flexors, extensors, abductors, adductors, internal and external ro-
tators of the hip in women with GTPS compared to their counter-
parts in CG. These results are complementary to those presented 
by Alison et al,17 Fearon et al (Fearon, Neeman, Smith, Scarvell, & 
Cook, 2017)27 and Ganderton et al28 who observed weakness only in 
the abductors of individuals with GTPS. These findings are different 
from those reported by Ganderton et al28 who showed no difference 
in adductors and internal rotators, although it was not clear whether 
this weakness preceded or was caused by tendinopathy. Moreover, 
we found that the extensors were the strongest muscle group in CG, 
different from the result obtained in GTPSG. This may indicate the 
need to strengthen the extensors of the hip in order to minimize the 
difference between groups.

Women with GTPS showed worse performance in the PBT and 
in the SBT, which is associated with lower resistance of the central 
trunk muscles. Ho & Howard,6 Mulligan et al 7 and Bliss 8 empha-
size that the central muscles play a fundamental role in lumbopelvic 
stability. Also, the lumbopelvic- hip complex is related to changes in 
movement during one- legged squat exercises and one- legged verti-
cal jump, and plays an important stabilizing role.29 In addition, two 
points should be highlighted: 1) there are no previous studies that 
relate the PBT and SBT tests with the GTPS, which makes it difficult 
to discuss the results established in this study, and 2) these tests did 
not present interactions (P =.81) and it is recommended that women 
with GTPS should be evaluated by both tests.

Our study has some limitations. The examiners were not blinded 
for the endurance and strength tests. The clinical diagnosis and 
image interpretations were performed by one single specialist in 
his respective area. Nevertheless, the clinical contribution relies on 
the fact that the observed weakness and worse endurance of the 
hip and trunk muscles can guide the physician who is developing a 
treatment plan for patients with GTPS. In addition, the prevalence of 
abnormal findings in MRI scans of asymptomatic individuals empha-
sizes the importance of the medical history and physical examination 
for the correct diagnosis in patients with GTPS. As the image of ten-
don tear is the most important feature that differentiates individuals 
with and without GTPS, it should be consider in the diagnosis and 
treatment plan.

5  | CONCLUSION

In conclusion, women with Greater trochanteric pain syndrome pre-
sent similar findings in MRI and X- ray analysis when compared to 
women without pain and are not necessary for diagnosis. In high-
light, the strength of the hip muscles and the endurance of the trunk 
muscles are lower in women with GTPS, they can differentiate the 
functional diagnosis and should be included in the evaluation of 
these patients. And, body weight, muscular strength and muscular 
endurance have a moderate correlation with the angles found in the 
X- ray. The results of the present study can contribute to the evalu-
ation of women with Greater trochanteric pain syndrome, as well as 
serve as a guide for future treatments.
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Abstract
Aim: The aim of this study was to compare OsiriX software with the previous pub-
lished Medical Image Analysis Framework (MIAF) method to assess the volume of 
erosion in patients with rheumatoid arthritis (RA).
Methods: Forty RA patients underwent high- resolution peripheral quantitative 
computed tomography scans of the second and third metacarpophalangeal joints, 
and thirty- four patients with any bone erosion were enrolled. Two techniques were 
applied to erosion evaluation: (a) semi- automated MIAF software, and (b) semi- 
automated segmentation by free open- source Digital Imaging and Communications 
in Medicine viewer, OsiriX software. MIAF has been published before, but this is the 
first time that OsiriX has been used in this way in rheumatology. Bland & Altman plots 
described agreement between methods.
Results: Forty- eight erosions from 34 patients were analyzed. Mean age was 
40.74 ± 5.32 years and mean disease duration was 10.68 ± 4.96 years. Both methods 
demonstrated a strong correlation regarding erosion volume (r = 0.96, P < 0.001). 
Median (interquartile range) of erosion volume was 12.14 (4.5– 36.07) when MIAF 
was considered, and 11.80 (3.45– 29.42) when the OsiriX tool was used (P = 0.139). 
MIAF and OsiriX showed good agreement when the Bland & Altman plot was per-
formed. Evaluation by MIAF took 22.69 ± 6.71 minutes, whereas OsiriX took only 
2.62 ± 1.09 minutes (P < 0.001).
Conclusion: The three- dimensional segmentation of bone erosions can be done by 
both MIAF and OsiriX software with good agreement. However, because OsiriX is 
a widespread tool and faster, its method seems to be more feasible for evaluating 
peripheral bone damage, especially bone erosions.
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1  | INTRODUC TION

Bone erosions are the hallmark of rheumatoid arthritis (RA), a 
chronic inflammatory joint disease1 that affects mainly appendicu-
lar bone, especially the small joints of the hands and feet, leading 
to bone destruction, impairment of physical function, and increased 
mortality risk.2,3 The evaluation of local bone destruction, as de-
picted by erosions, has been considered an important target of the 
current new era of RA treatment, which is based on tight control 
of radiologic bone damage being one of the primary outcomes to 
be achieved. Bone erosions express severity, so are used to identify 
disease progression.4,5

Currently, conventional radiographs (X- ray) are the standard 
technique to identify bone erosions in RA.6 However, X- ray allows 
only partial assessment of bone damage, in a semi- quantitative 
analysis.7 High- resolution peripheral quantitative computed to-
mography (HR- pQCT) is a technology created in 2004 to analyze 
volumetric bone mineral density (BMD) and bone microarchi-
tecture at distal radius and tibia in vivo, and has been used in 
studies with RA patients to identify and precisely quantify bone 
erosions.8- 11

The first studies to quantify bone erosions were performed 
using a manual method through a semi- ellipsoid formula.12- 14 
However, a three- dimensional (3D) assessment of erosion 
volume has been described, and the German software known 
as Medical Image Analysis Framework (MIAF), which showed 
very good precision, has been applied more often.10,15,16 Even 
though MIAF accurately identifies and measures bone ero-
sions,10 its use is not widespread in the world and it does not 
allow osteophyte quantification, defined as bone prolifer-
ations emerging from cortical bone that may be part of the 
bone damage found in rheumatic diseases.11,13 We chose the 
open- source Digital Imaging and Communication in Medicine 
(DICOM) viewer OsiriX to compare with MIAF software for the 
following reasons: according to the standardized protocol im-
aging acquisition that has been elaborated by the SPECTRA 
group (Study group for x- trEme Computed Tomography in RA), 
OsiriX software, which works as a program using a threshold- 
based algorithm installed on external workstations, should 
always be used to primarily assess all HR- pQCT images and 
identify erosions and osteophytes,17 so in the end only one 
software will be used for the bone analysis. OsiriX has been 
commonly used by many surgical medical specialties to eval-
uate the volumes of tumors or other lesions as a preoperative 
procedure,18- 20 so technically it might support clinical special-
ties in their assessment of any lesions, including bone erosions. 
It should not be difficult to evaluate bone destruction using 
tools accessed directly by OsiriX .

The aim of this study was to compare both software methods— 
OsiriX and MIAF— in evaluating bone erosions in RA patients, 
demonstrating new possibilities of the different use of OsiriX tools, 
an open- source widespread software.

2  | MATERIAL S AND METHODS

2.1 | Patients

Forty women with RA were randomly selected from the RA outpa-
tient clinic at Hospital das Clinicas, University of Sao Paulo. All pa-
tients between 18 and 50 years of age who fulfilled the American 
College of Rheumatology/European League Against Rheumatism 
2010 criteria21 and agreed to participate were enrolled in this study. 
Only patients with at least one bone erosion in the second or third 
metacarpophalangeal (MCP) joint were included, so 34 patients 
participated in the study. Demographic, physical function (Health 
assessment questionnaire), and disease- specific measures (disease 
duration and disease activity by DAS- 28 [Disease Activity Score- 28]) 
were collected.

Scans of the second and third MCP joints of the dominant hand 
were performed in all patients by HR- pQCT (XtremeCT I, Scanco 
Medical AG). The scans were performed with an isotropic voxel 
size of 82 × 82 × 82 µm. The dominant hand was positioned in an 
outstretched prone position and padded, using the same custom- 
made holder for all patient measurements. The scan was performed 
within 80 slices distal and 242 slices proximal to the surface of the 
third metacarpal head. Motion grade artefacts were classified from 
grades 1 to 5 according to literature,22 and only grades 1 and 2 were 
used.

2.2 | Imaging acquisition and erosion assessment

A 3D reconstruction was made with the manufacturer software 
after image acquisition, then all images were exported as DICOM 
files. After this, bone erosions were identified by OsiriX according 
to a standardized definition: erosions were defined as juxta- articular 
breaks within the cortical shell, seen in at least two consecutive 
slices and in two perpendicular planes.17

2.3 | Semi- automated 3D medical image analysis 
framework software (MIAF)

MIAF analysis has been published before.10 Briefly, the software 
allows quantification of erosions by applying a 3D segmentation.10 
First, the operator identifies morphologically the MCP head, the sec-
ond followed by the third, leading to periosteal full segmentation, 
including bone erosions, that are sealed by this segmentation. Then, 
each identified erosion is marked by a seed point, followed by a seg-
mentation that uses a level- set method through a spherical struc-
ture centered at the seed point. The inflation stops inside where it 
is restricted by trabecular bone and outside the erosion break at the 
cortical bone is limited by the periosteal segmentation. However, it 
is often necessary to adjust and correct manually the contour of the 
bone surfaces. MIAF also provides information about BMD values 
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of the MCP head and of BMD around the erosion, separated by four 
layers (Figure 1A).

Introduction and training on how to use MIAF was done by CF. 
Various images from the study were analyzed by the two operators 
together until the other operator (VC) was comfortable to use the 
software. After that, both operators evaluated the images for this 
study independently.

2.4 | OsiriX volume rendering

The method described here is new and has not been described 
before in HR- pQCT measurements. However, it is widely used 
in preoperative procedures, where virtual models reconstructed 
through segmentation help in the planning of challenging surgical 
interventions.23- 26

The images were analyzed using an open- source DICOM viewer 
(OsiriX Lite, v.11.0.2 32 bit) for Mac iOS. All scans were read by two 
readers (CF, VC) in normally lit office conditions using a 69 cm iMac, 
and the scans were read randomly. The scans were evaluated with 
window levels set to CT- bone view. After the identification, the 
bone erosions were semi- automatically delineated by OsiriX grow 
region. It is essential that the first and last slice of the erosion is con-
toured. Then the operator can contour only those slices in which the 
erosion presents a very different shape. It is also possible to contour 
all slices one by one if the erosion is very irregular. Following this, 
the software semi- automatically contours slice by slice, circumscrib-
ing the entire erosion. After that, if necessary, the repulsor tool can 
be used to correct manually any distortions from outside to inside 
and vice versa; however, this step is often not required, because of 
exact contouring. Finally, after the erosion was defined by the op-
erator and semi- automatically segmented slice by slice (defined as 
region of interest = ROI), total volume was automatically calculated 
by the OsiriX software and the result was recorded in cubic millime-
ters (Figure 1B,C), with a 3D reconstruction of erosion processed 

(Figure 2A,B). OsiriX also provides a complete visual analysis of the 
entire edges of the erosion in a 3D view, especially after detaches 
erosion from the bone surface (Video S1).

The training procedure for OsiriX was equivalent to that for 
MIAF, the facility in operating both softwares was the purpose that 
drove the analysis. The same two blinded readers (CF and VC) per-
formed the OsiriX analysis.

2.5 | Statistical analysis

Data collection, organization, and analysis were done with SPSS 
software v. 21.0 (IBM, Armonk, NY, USA). The comparison be-
tween OsiriX and MIAF software was done only in the second and 
third MCP, because MIAF was developed to analyze MCP joints 
with better quality than proximal interphalangeal (PIP) joints.10 
The Kolmogorov- Smirnov test was used to classify variables de-
pending on their deviation from normal distribution. Continuous 
variables were described as mean ± standard deviation (SD) or 
median (interquartile range [IQR]). Interreader agreements were 
assessed using intra- class correlation coefficient (ICC), with con-
fidence interval (CI) in a two- way random test and referring to 
single measures. Spearman's correlation test was applied in order 
to assess the relation between erosion volume by both methods. 
A t test was applied to test for significant group differences. 
Bland & Altman plots were used to describe agreement between 
methods. For all analyses, a P value less than 0.05 was considered 
significant.

3  | RESULTS

Thirty- four female RA patients were enrolled and a total of 48 ero-
sions were analyzed. Regarding the demographic data, the mean age 
was 40.74 (SD 5.32) years, the mean of disease duration was 10.68 

F I G U R E  1   A, Erosion segmentation by semi- automated Medical Image Analysis Framework (MIAF) software (green line), 
volume = 13.71 mm3, together with metacarpal head segmentation (red line), and four layers of trabecular bone where the BMD will be 
analyzed. B, Erosion segmented by OsiriX (green line with purple dots) in axial view. C, The same erosion in a 3D segmentation by OsiriX, 
volume = 12.9 mm3

(A) (B) (C)
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(SD 4.96) years, the median of DAS- 28 was 2.66 (IQR 1.89- 3.92) and 
mean of Health Assessment Questionnaire was 0.80 (SD 0.63).

Both methods demonstrated a good agreement between erosion 
volume measurements (r = 0.96, P <0.001). The median of erosion 
volume was 12.14 mm3 (IQR 4.5- 36.07 mm3) when MIAF was con-
sidered and 11.80 mm3 (IQR 3.45- 29.42 mm3) when OsiriX rendering 
volume was used, showing no statistically significant difference be-
tween values (P = 0.139). The good agreement between MIAF and 
OsiriX was evident when the Bland & Altman plot was performed. 
This can be depicted in Figure 3, where the difference between the 
mean erosion volumes with MIAF and OsiriX was only 1.93 mm3. 
Nevertheless, MIAF software showed slightly higher values of 

erosion volume than the OsiriX rendering volume tool. Similarly, the 
interval of ±2 SD was restricted to 34.97 mm3.

MIAF software provides values of BMD in MCP heads and BMDs 
around erosions, separated by four layers. The mean of BMD in 
the second MCP head was 288.39 ± 61.61 mg/cm3, and the mean 
of BMD in the third MCP head was 295.83 ± 46.31 mg/cm3. The 
four layers were named as VOI 1- 4 (volume of interest) as seen in 
Figure 1A.

The inter- reader agreement was investigated and the ICC was 
excellent for both methods; however, OsiriX seemed to be easier 
(ICC for MIAF = 0.92 [95% CI 0.86- 0.95]; ICC for OsiriX = 0.98 [95% 
CI 0.97- 0.99]).

Regarding times taken, evaluation by MIAF took an aver-
age of 22.69 ± 6.71 minutes per finger, whereas OsiriX took only 
2.62 ± 1.09 minutes (P < 0.001).

4  | DISCUSSION

This study comparing the previous published MIAF with a well- 
known OsiriX volume rendering tool, showed that both segmenta-
tion techniques had good agreement and it was feasible to measure 
erosion volume in RA in a 3D setting. It is important to emphasize 
that MIAF is a semi- automated 3D software used previously to spe-
cifically analyze bone erosions in rheumatic diseases and that OsiriX 
software is widely used in planning surgical procedures, but is not 
commonly used in rheumatic diseases.

Bone erosions, which represent the destruction found in hands 
and feet of RA patients, have a direct relationship with RA severity 
and disease progression, and lately with decrease of physical func-
tion and increased mortality rates.27,28 As a result, the sensitivity in 
detecting bone erosions, as well as their precise volume, has been a 
crucial goal in RA patient follow up, mainly to evaluate new biologic 
RA treatment.5,16

HR- pQCT has shown great capability in revealing bone erosions, 
even those very small cortical breaks that some very sensitive meth-
ods, such as other sensitive radiologic methods like magnetic reso-
nance imaging, are not able to find.12

Both semi- automated methods are precise and can analyze 
bone erosions accurately, but neither of them can automatically 
identify where the erosions are placed, so the presence of an ex-
pert rheumatologist or radiologist remains necessary. Although 
MIAF can be used in both the second and third MCP joints, be-
cause it uses a spherical structure that was drawn based on an 
MCP head, it is little used when the erosions are placed on any 
bone surface of PIP, especially because the operator has to seg-
ment all the bone's surfaces manually most of the time, which is 
time- consuming and not feasible. A convenience of OsiriX, which 
can be suitable in both clinical and research settings, is the fact 
that the software is able to analyze PIP joints, not only MCP joints 
as MIAF does. Therefore, when the goal is analysis of the amount 
of total bone destruction in both MCP and PIP joints by adding the 
volume of all erosions, even very tiny damage is essential at the 

F I G U R E  2   A, 3D reconstruction of second metacarpophalangeal 
joint by OsiriX volume rendering, showing the cortical break 
where an erosion is placed (green). B, 3D reconstruction of the 
same erosion segmented by OsiriX (green), with part of the bone 
detached to show an internal view of erosion

(A) (B)

F I G U R E  3   Bland & Altman plots comparing erosion volume 
obtained by MIAF software vs OsiriX. x- axis shows erosion volume 
found by the mean between the methods. y- axis shows the 
difference between OsiriX software and MIAF. When an erosion 
has the same volume in both methods the value is plotted on the 0- 
line. Values below the 0- line show that OsiriX found higher erosion 
volume
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final analysis. For this, OsiriX has a great advantage. Besides, be-
cause HR- pQCT is a relatively time- consuming radiologic method, 
having OsiriX as a good option of a faster method to evaluate the 
images is also very welcome.

One of the advantages of MIAF software is the ability to perform 
the evaluation of BMD of total MCP head and also the BMD around 
erosions, separately in four layers.15 Although this assessment re-
quires more studies to justify its use including mostly RA treatment 
outcomes.

OsiriX volume rendering is a more feasible method, especially 
because it is a widespread software, with a free version, that can 
be easily accessed by any Mac iOS system. Each erosion analysis 
takes less than 1 minute to perform, and it is also possible to create 
a 3D model of both bone surface and bone erosion detached from 
the bone. Because OsiriX is the standardized software chosen for 
erosion identification,17 when MIAF is used it means changing the 
computer and work station because MIAF only runs in Microsoft 
systems. For longitudinal studies, authors should choose only one 
method in all analyses.

This study has some limitations. The results might not be appli-
cable to early RA patients and also male patients were not included, 
further investigations with larger sample and different diseases 
should be done.

Many studies have been looking for the most suitable method 
to determine erosion volume,8- 11 especially after the development 
of HR- pQCT, a very sensitive technique for finding bone damage 
evidence. We conclude here that both the MIAF and OsiriX soft-
ware can perform 3D segmentation of bone erosions with very 
good agreement. They are suitable, practicable, and had compa-
rable erosion evaluation performances. OsiriX is faster and more 
user- friendly. Moreover, because OsiriX is a widespread tool, its 
method is more practical for evaluating peripheral bone damage.
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Abstract
Aim: The aim of this study was to detect macrovascular findings in systemic sclerosis 
(SSc) by means of color Doppler ultrasonography (CDUS) and to evaluate the rela-
tionship between the laboratory and clinical findings in the setting of the disease.
Methods: This was a cross- sectional study. Eighty- eight patients were included in the 
study. CDUS examinations of the bilateral carotid, vertebral, and peripheral arteries 
were performed. The presence of macrovascular involvement was investigated and 
recorded, and its relationships with the clinical, laboratory, and cardiovascular risk 
factors were evaluated.
Results: An atheromatous plaque was found in 67.7% of the 1936 arteries examined 
by CDUS. Of these 1936 arteries, 37.4% demonstrated a narrowing of the intralumi-
nal diameter. On the other hand, the carotid intima- media thickness (CIMT) was found 
to have increased in 55.7% of the patients. This increase was found to be statistically 
correlated with disease duration, the modified Rodnan Skin Thickness Score, and the 
Medsger Disease Activity Score. But no relation existed with the disease subtype, 
age, or cardiovascular risk factors. Arterial occlusion was detected in 10 patients. An 
association was found between the CIMT values and arterial occlusion.
Conclusions: In this study, we examined the arteries by means of CDUS, and we de-
tected structural alterations in the peripheral and carotid arteries. We witnessed 
that these macrovascular changes had a close association with certain features of 
SSc. We think there is a need for broader prospective studies in order to evalu-
ate the contribution of these factors to the macrovascular changes stated in the 
article.
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carotid intima- media thickness, macrovascular disease, modified Medsger Severity Scale, 
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1  | INTRODUC TION

Systemic sclerosis (SSc) is a connective tissue disorder charac-
terized by fibrotic changes in the skin and subcutaneous tis-
sues, as well as vascular anomalies and immune dysfunction.1 
Vascular anomalies have a critical role in the determination of 
disease progression. Raynaud's phenomenon is the earliest and 
most frequent finding of microvascular involvement and is char-
acterized by concentric intimal fibrosis, medial thickening, tel-
angiectasis at the vaso vasorum, and changes in small arteries.2 
Even though microvascular involvement is the main component 
of the disease, macrovascular involvement is also encountered 
in SSc.

Vasospasm and endothelial dysfunction occur in small arteries. 
It has been shown that this endothelial dysfunction leads to car-
diovascular disorders by means of macrovascular atherosclerosis 
development.3

Besides traditional cardiovascular risk factors, the chronic in-
flammatory course of the disease also contributes to the develop-
ment of macrovascular atherosclerosis. The main clinical features of 
atherosclerotic disease in SSc patients are peripheral vascular dis-
ease, stroke, and coronary heart disease.

In a systematic review of the current literature, it has been 
emphasized that in 7 of the 8 randomized controlled studies, the 
prevalence and incidence of coronary heart disease was found 
to be higher in SSc patients, in comparison to the controls (prev-
alence 10%- 56% against 2%- 44%; and incidence 2.3% against 
1.5%).4

In a rather few number of studies which evaluate asymptomatic 
cerebrovascular atherosclerosis, the incidence of atherosclerosis 
was found to be significantly higher in SSc patients than in con-
trols.5,6 On the other hand, a study conducted by Ying et al.7 have 
demonstrated that the risks of stroke and transient ischemic attack 
were 20%- 30% higher in SSc patients than in controls, independent 
of the traditional cardiovascular risk factors.

It must also be emphasized that SSc is a risk factor for early pe-
ripheral arterial disease of both the upper and lower extremities; and 
the ulnar and posterior tibial arteries are reported to be among the 
most frequently affected.8

The mortality rate increases in these patients due to the inflam-
matory fibroproliferative process.

A large cohort study has demonstrated that the general mor-
tality rate in SSc patients is 4 times higher than that in the general 
population, and 30% of these deaths are related with cardiovascular 
pathologies.9

Only a limited number of studies are present in the literature 
which examine multiple arteries and which, at the same time, evalu-
ate the associating and contributing factors, in SSc.

The aim of this study was to detect and define macrovascular in-
volvement in SSc through the utilization of Doppler ultrasonography 
and to evaluate the relationship between the laboratory and clinical 
findings in the setting of the disease.

2  | MATERIAL S AND METHODS

This is a single- center, cross- sectional study. Patients who had 
applied to the Rheumatology Department of the University of 
Cukurova School of Medicine between July 2016 and July 2017, 
and met the American College of Rheumatology / European League 
Against Rheumatism classification criteria for SSc, were enrolled in 
the study.10 Patients were classified as having diffuse or limited SSc, 
according to LeRoy's criteria.11

Except for pregnant women and those with an overlapping syn-
drome, randomly selected SSc patients over the age of 18 were in-
cluded in the study. In a study performed by Othman et al.,12 the 
average frequency rate of macrovascular disease in the studied SSc 
cases was accepted as 78%. This led to the authors' decision to in-
clude 88 patients (with a simple random sampling method) in the 
study, with a 5% acceptable error level and a 95% confidence level.

The patients were evaluated on the basis of age, gender, ill-
ness duration, smoking status, drug history, and cardiovascular risk 
factors. Duration of disease was measured as the time between 
the onset of the first non- Raynaud's symptom and the study visit. 
Data on treatment regimens, including immunosuppressants, an-
tiplatelets, lipid- lowering and vasoactive drugs, were recorded. 
Cardiovascular risk factors were designated as follows: age (men 
≥45 years; women ≥55 years or early menopause); family history 
(coronary artery disease of first- degree relatives before 55 years 
of age in men and 65 years of age in women); smoking; hyperten-
sion (blood pressure ≥140/90 mm Hg or being on antihypertensive 
treatment); hypercholesterolemia (total cholesterol ≥200 mg/dL, 
low- density lipoprotein [LDL]- cholesterol ≥100 mg/dL, high- density 
lipoprotein [HDL]- cholesterol value <40 mg/dL); and diabetes mel-
litus.13 Post- resting blood pressure (BP) was measured in both arms, 
and the body mass index was calculated by measuring the waist cir-
cumference (cm), weight (kg), and height (m).

The modified Rodnan Skin Score (mRSS) was utilized in order 
to evaluate the severity and distribution of skin involvement.14 The 
hands and feet of the patients were evaluated on the basis of the 

Key Points

• SSc may cause the development of macrovascular alter-
ations in patients without a diagnosis of cardiovascular 
disease or its risk factors.

• Increased disease severity and disease duration seem 
to be associated with atherosclerosis. Increase in mRSS 
may further increase this risk. Close follow- up of these 
patients in terms of cardiovascular disease may help 
prevent complications.

• Ulnar arterial alterations may be related with Raynaud's 
phenomenon and the presence of digital ulcers.
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presence of Raynaud phenomena and digital ulcers. The severity of 
disease involvement was assessed by the utilization of the modified 
Medsger Severity Scale (MSS).15

Data concerning the presence of pulmonary, gastrointestinal, 
and renal involvement, in addition to the presence of pulmonary 
arterial hypertension, were drawn from the digital hospital re-
cords (HIS). Interstitial lung disease (ILD) diagnosis was made by 
the utilization of respiratory function and carbon monoxide tests 
and high- resolution computed tomography. Pulmonary arterial 
hypertension (PAH) was diagnosed by means of echocardiogra-
phy and right heart catheterization. Gastrointestinal involvement 
was determined on the basis of symptomatologic and endoscopic 
findings.

All carotid, vertebral, and peripheral arterial Doppler ultra-
sound (US) examinations were performed by an experienced ra-
diologist on an Esoate Mylab 70 color Doppler ultrasound (CDUS) 
scanner. The radiologist did not possess any knowledge about the 
patients' medical conditions. Bilateral carotid, vertebral, brachial, 
radial, ulnar, palmar, femoral, popliteal, tibialis anterior, tibialis 
posterior, and dorsalis pedis, arterial CDUS examinations were 
performed on both the B and CDUS modes. All vessels examined 
were assessed for their intraluminal diameters and atheromatous 
plaques. The vessels were evaluated on the basis of their diam-
eters and morphological features. Arteries lacking pulsation and 
returning no Doppler signals were accepted as occluded. Carotid 
intima- media thickness (CIMT) was measured at a level about 2 cm 
below the carotid bifurcation. The CIMT was defined as the dis-
tance measured between the 2 echogenic lines that appear on 
the walls of the vessel. The CIMT was considered as a significant 
cardiovascular risk factor when it was found to be higher than 
0.90 mm. CIMT and the presence of atherosclerotic plaques were 
evaluated as separate entities.

In addition, some laboratory test results were scanned and drawn 
from the HIS. Built on this investigation, values of the following blood 
factors were recorded: anti- nuclear antibody; anti- topoisomerase 
1 (anti- Scl- 70); anti- centromere antibody (ACA); anti- phospholipid 
antibodies (anticardiolipin antibodies [aCL] immunoglobulin G [IgG]- 
IgM; anti- b2- glycoprotein I antibodies IgG- IgM; lupus anticoagulant); 
and anti- neutrophil cytoplasmic antibodies (ANCA). Additionally, C- 
reactive protein (CRP), HDL, LDL, total cholesterol, triglyceride, and 
glucose levels from the last 3 months, were obtained from the HIS 
data of the hospital.

All participants gave a written full consent in accordance with 
the Declaration of Helsinki. The Ethics Committee of the University 
of Cukurova approved the study (June 2017, approval number = 65).

2.1 | Statistical analysis

All statistical analyses were performed by the utilization of the IBM 
SPSS Statistics Version 20.0 statistical software package (2011).

Categorical variables were expressed as numbers and percent-
ages. Continuous variables, on the other hand, were defined as the 

mean and standard deviation values, or the median and minimum- 
maximum values, according to the structure of the statistical ex-
pression. The Chi- square test was used for the comparison of the 
variables between the 2 groups. On the other hand, the comparison 
of the continuous variables of the 2 groups was made by the utiliza-
tion of either Student's t test or Mann– Whitney U test, depending on 
whether the statistical hypotheses were fulfilled or not. In order to 
evaluate the correlations between the measurements, the Pearson 
correlation coefficient or the Spearman rank correlation coefficient 
test was utilized, depending on whether the statistical hypotheses 
were fulfilled or not.

Logistic regression was used to determine the risk factors for 
the CIMT variable and obtain the adjusted odds ratios (ORs) for 
the age and gender variables. In univariate analysis, variables sig-
nificant at the P < .1 level were entered into the logistic regression 
analysis.

3  | RESULTS

3.1 | Patient characteristics

Eighty- eight patients, of whom 79 (89.8%) were female, and 9 
(10.2%) were male, were included in the study. The mean age of the 
patients was 54.17 ± 10.9 years, while the median (interquartile 
range [IQR]) duration of the disease was 96 (156) months. Fifty- six 
(63.6%) patients had diffuse, while 32 (36.4%) had limited subtypes 
of involvement. There were no patients with renal impairment. 
None of the patients was on an angiotensin- II receptor- blocker or 
angiotensin- converting enzyme- inhibitor regimen. None of the pa-
tients received intermittent or regular corticosteroid therapy, and 
there was no history of corticosteroid therapy. The mean mRSS 
value of the patients was 20.65 ± 9.12, and the mean MSS value 
was 9.14 ± 5.78.

The main demographic, clinical, and laboratory data are given in 
the Table S1.

3.2 | CDUS results

3.2.1 | CIMT and its associating factors

The intima- media thicknesses of the carotid arteries were found to 
have increased in 49 (55.7%) patients. This increase was not found 
to be associated with gender, disease type, or other cardiovascular 
disease risk factors (P > .05). A statistically significant difference 
was found between the mRSS of patients with and without an in-
crease in the carotid wall thickness. The mRSS was significantly 
higher in patients with an increased CIMT than in patients with-
out an increased CIMT (24.76 ± 8.8, and 15.49 ± 6.7, respectively) 
(P < .001).

A similar statistically significant difference was detected be-
tween the same 2 groups, this time in terms of the MSS. The MSS 
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also was found to be significantly higher in patients with an increased 
CIMT than in patients without an increased CIMT (13.35 ± 4.4, and 
3.85 ± 1.1, respectively) (P < .001) (Figure 1). The CIMT values 
were found to be higher in patients with a longer disease duration 
(P < .001, 173.4 ± 114 months) and a higher level of CRP (P < .001). 
A positive relation was found between the CIMT values and arterial 
occlusion (P < .01).

The CIMT data are displayed in Table 1 and Tables S2 and S3.

3.2.2 | Carotid plaques and associating factors

A total of 1936 arteries were evaluated by CDUS. Atheromatous 
plaques were detected in 1312 (67.7%) arteries. Forty- three 
(48.9%) patients were found to possess plaques in their carotid ar-
teries. Of the 43 patients who had a carotid plaque, 37 also had 
plaques in at least 1 of the vertebral, upper extremity, and lower 
extremity arteries. Anti- Scl- 70 antibody positivity was found to be 
more frequent in patients with carotid plaques (P = .018). No sta-
tistically significant relation was found between the presence of 
carotid artery plaques and traditional cardiovascular risk factors 
(Table S3).

The disease durations were found to be longer in patients with 
arterial plaques (P < .01). Also, the MSS and mRSS values were sig-
nificantly higher in patients with carotid artery plaques (P < .001, 
13.3 ± 4.9; and P < .01, 24.7 ± 9.1, respectively). The presence of 
carotid artery plaques was a more frequent finding in patients with 
ILD, but this difference was not found to be statistically significant 
(P = .14). PAH was more frequent in patients with plaques (P = .006). 
The data are shown in Table S4.

3.2.3 | Intraluminal diameter and associating factors

Seven hundred and ninety (40.8%) arteries demonstrated a decrease 
in the intraluminal diameter bilaterally. These arteries are listed as 
follows, according to their decreasing frequencies: the dorsalis pedis 
artery, the posterior tibial artery, the ulnar artery, and the anterior 
tibial artery.

The intraluminal diameters of the ulnar arteries were found to 
have decreased in patients with the Raynaud phenomena in their 
hands (P < .01). The very same finding was present in patients who 
had a digital ulcer in at least one finger of their hands (P < .01).

No statistically significant relation was found between the 
presence of foot digital ulcers and diminishment in tibial artery di-
ameters. Most of the patients who displayed ulnar artery diameter 
diminishments had the diffuse subtype of the disease (P = .036). 
But no association was found between ulnar arterial narrowing 
and disease duration (P = .52), MSS (P = .68), or mRSS, values 
(P = .49). Although there was no statistically significant relation-
ship between the presence of foot digital ulcers and diminishment 
of the intraluminal diameters of the tibial arteries (P > .05), a sta-
tistically significant relation was found between the presence of 
these ulcers and narrowing of the dorsalis pedis arteries (P < .01). 
However, still no statistically significant relationship could be 
found between the presence of Raynaud's phenomena in the feet 
and a decrease in the intraluminal diameters of the foot arteries 
(P = .28, P = .32).

3.2.4 | Arterial occlusion and associating factors

An arterial occlusion was detected in 10 (11.4%) patients. The dis-
tribution of these occlusions were as follows: in the ulnar arter-
ies in 3 patients, in the anterior tibial arteries in 2 patients, in the 
posterior tibial arteries in 2 patients, and in the dorsalis pedis ar-
teries in 3 patients. These arterial occlusions were more of the dif-
fuse type, but this was not a statistically significant finding (n = 9, 
P = .06).

3.2.5 | Logistic regression analysis

Table 2 demonstrates that the CMIT odds ratio increases by 1.93 
fold (95% CI 1.071- 1.329) as the mRSS increases by 1 unit, and by 
1.022 fold as the disease duration increased by 1 unit (95% CI 1.007- 
1.037) (Table 2).

4  | DISCUSSION

Even though microvascular involvement has been at the forefront 
in the evaluation of SSc for a long time, most recent data have 
revealed that macrovascular involvement also deserves attention 
and importance. In a meta- analysis compiled by Au et al.,16 it has 

F I G U R E  1   Error bar related to the carotid intima- media 
thickness values. CIMT, carotid intima- media thickness; mRSS, 
modified Rodnan Skin Score; MSS, Medsger Severity Scale
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been demonstrated that SSc patients have a higher prevalence 
of coronary atherosclerosis, peripheral vascular disease, and cer-
ebrovascular calcification, when compared with healthy controls.

The spectrum of pathological changes in macrovascular disease 
includes large vessel occlusion and transmural inflammation of the 
vessel wall, finally leading to tissue damage. SSc vasculopathy is 
caused by the complex interaction of various pathological processes, 
including autoimmune attacks, impaired compensatory vasculogen-
esis and angiogenesis, endothelial dysfunction, and an impaired 
coagulation- fibrinolysis system.17,18

The backbone of our study was to detect macrovascular find-
ings in SSc. Eighty- eight patients were enrolled in the study for this 
purpose. All patients underwent CDUS examinations of their bilat-
eral vertebral, carotid, brachial, radial, ulnar, palmar, superficial fem-
oral, popliteal, tibialis anterior, tibialis posterior, and dorsalis pedis 

arteries. Ultrasonographic findings were compared with the clinical 
and demographic characteristics of the patients.

The most conspicuous macrovascular findings we detected 
during the CDUS examinations were as follows: the presence of 
atherosclerotic plaques in more than half of the arteries studied, in-
crease in intraluminal diameters in some arteries, the presence of oc-
clusion in some arteries, and an increase in the carotid intima- media 
thickness in most of the patients.

We found that macrovascular involvement was quite common in 
our SSc patients and was associated with the clinical features, dura-
tion, and severity of the disease.

Doutrelon et al. conducted a study in which they explored the 
macrovascular complications of SSc. The authors reported that they 
had performed a Doppler ultrasound examination on 20 patients. 
Each patient underwent a CDUS examination of the aorta and the 

CIMT 
right

CIMT 
left

Disease 
duration Age MSS mRSS

CIMT right 1 0.926 0.378 0.188 0.725 0.561

CIMT left 1 0.353 0.207 0.739 0.554

Disease duration 1 0.377 0.402 0.145

Age 1 0.011 −0.004

MSS 1 0.574

mRSS 1

Abbreviations: CIMT, carotid intima- media thickness; mRSS, modified Rodnan Skin Score; MSS, 
Medsger Severity Scale.

TA B L E  1   Correlations for CIMT

TA B L E  2   Forward logistic regression of the significant variables in groups with and without increased CIMT values

Variable Category Coefficient SE Wald P value Adjusted OR (95% CI)

Gender Male Reference

Female 0.396 1.572 0.063 .801 1.486 (0.068– 32.367)

Age, y 0.016 0.040 0.160 .689 1.016 (0.939– 1.100)

mRSS 0.177 0.055 10.355 .001 1.193 (1.071– 1.329)

Disease duration 0.022 0.008 8.483 .004 1.022 (1.007– 1.037)

HDL cholesterol, mg/dL −0.076 0.037 4.253 .039 0.927 (0.863– 0.996)

CRP, mg/L 1.756 0.804 4.775 .029 5.791 (1.198– 27.981)

PAH No Reference

Yes −0.172 1.120 0.024 .878 0.842 (0.094– 7.553)

Iloprost treatment No Reference

Yes −1.013 0.964 1.105 .293 0.363 (0.055– 2.401)

ACA Negative Reference

Positive −0.374 1.185 0.099 .753 0.688 (0.068– 7.017)

Scl70 Negative Reference

Positive 0.491 1.005 0.239 .625 1.635 (0.228– 11.709)

IS treatment No Reference

MMF 0.968 1.800 0.289 .591 2.643 (0.077– 89.754)

CTX 1.261 0.882 2.044 .153 3.528 (0.626– 19.871)

Abbreviations: ACA, anti- centromere antibody; CIMT, carotid intima- media thickness; CRP, C- reactive protein; CTX, cyclophosphamide; HDL, 
high- density lipoprotein; IS, immunosuppressive; MMF, mycophenolate mofetil; mRSS, modified Rodnan Skin Score; PAH, pulmonary arterial 
hypertension; Scl70, anti- topoisomerase I.
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upper and lower extremity arteries, and a thickening of the arterial 
wall was found in 80%, a plaque in 60%, and occlusions in 12% of 
the patients.19

The CIMT is measured by means of high- resolution US, which 
can well disclose subclinical atherosclerosis by defining early struc-
tural abnormalities of the vessel wall. Unlike other autoimmune 
rheumatoid diseases, the presence of accelerated atherosclerosis in 
SSc is still debated.

There are papers in the literature reporting that the CIMT does 
not increase in SSc.20,21 There are also studies in the literature show-
ing an increase in the CIMT values in favor of atherothrombotic in-
volvement associated with SSc.22 In a meta- analysis of 35 studies 
comprising a total of 1292 SSc patients, performed by Meiszterics 
et al.,23 the intima- media thickness was found to be higher in SSc 
patients.

We detected an increase in the CIMT in 49 (55.7%) of our pa-
tients. We also found an association between the CIMT and the dis-
ease duration (P < .01), MSS (P < .01), and mRSS (P < .01) values. We 
were unable to detect any association between the SSc subtype and 
the traditional cardiovascular risk factors (P > .05) and drugs used 
(P > .05). But still we were able to disclose positive correlations be-
tween the CIMT values and CRP levels (P < .01), and the CIMT values 
and arterial occlusion (P < .01).

Farag et al. examined 30 SSc (5 diffuse, 25 limited subtypes) pa-
tients using carotid duplex scanning. The authors observed that 11 
of these 30 patients had a thickened carotid artery wall. According 
to the results of this study, macrovascular involvement in the form 
of thickened carotid IMT was positively correlated with the variants 
of mean age, disease duration, systolic BP, total cholesterol, and 
HDL cholesterol levels. On the other hand, no significant associa-
tions were found between the presence of macrovascular involve-
ment and the sedimentation and blood glucose values. The authors 
reported they found no relationship between disease subtypes.24 
The fundamental differences between the results of our study and 
these studies can be listed as follows: the limited number of patients 
in our control group, the majority of our cohort comprising of the 
limited subtype of SSc, and the rather low levels of disease severity 
scores in our patients. Thus, the effects of associating factors on the 
development of subclinical atherosclerosis could not be evaluated 
by means of a regression analysis. The above- mentioned differences 
can explain the discrepancy between our results and the results of 
these studies.

Hettema et al. have measured the CIMT with B- mode US in 49 
patients. Of these patients, 92% had the limited cutaneous type of 
the disease. There were 32 controls in the study. No statistically 
significant association was found in these patients between the 
maximum CIMT values and the disease- related variables and en-
dothelial activation markers.25 Hettema et al.'s patient group was 
smaller than ours. Further, the mean disease duration time and 
the Medsger and Rodnan scores of the authors' cohort were lower 
than the ones of our cohort. Our patients were mostly of the dif-
fuse type in which the inflammatory process was more substantial. 
Both the disease duration and severity were more pronounced in 

our patients. The substantial inflammation and the aggressive en-
dothelial activation may help explain the positive correlation we 
found between the CIMT values and disease duration and severity 
scores.

Caimmi et al. found that 75 (49%) of their 155 SSc patients had 
carotid plaques. The authors stated that SSc patients with plaques 
demonstrated hypertension (P = .05) with a more advanced age 
(P < .001) and mostly a limited cutaneous disease pattern (P = .030). 
Also, disease severity scores were found to be higher in these pa-
tients (P = .034).26

The authors performed a multivariant analysis of the probable 
determinators of atheromatous plaques and found there were sta-
tistically significant associations between the formation of carotid 
plaques and advanced age (P = .001), high disease severity scores 
(P = .034), and limited cutaneous patterns (P = .001), but no associa-
tion was found between hypertension and the risk of carotid plaque 
formation (P > .05).

We detected a plaque of the carotid artery in 43 (48.9%) of our 
patients. No statistically significant relation was found between the 
presence of carotid artery plaques and the traditional cardiovascular 
risk factors. But, on the other hand, a statistically significant associ-
ation was found between the presence of carotid artery plaques and 
disease duration (P < .01), MSS (P < .01), mRSS (P < .01), and CRP 
(P < .01) values.

In our study, carotid plaques were found to be more frequent in 
patients with PAH (P = .006). Caimmi et al.26 reported that PAH is 
more common in patients with increased CIMT, in support of a pos-
sible link between micro-  and macro- vasculopathy, through a com-
mon pathological pathway such as endothelial dysfunction. In 14 of 
our 18 patients with hypertension, the CIMT was found to have in-
creased (P = .034), and this was in full agreement with the literature. 
In addition, PAH also was found to be associated with the presence 
of carotid artery plaques (P < .001).

When Kurmann et al. examined the medical records of 78 SSc pa-
tients between 1980 and 2016, they found that patients with SSc had 
twice the risk of experiencing a cardiovascular event than those with-
out a diagnosis of SSc. They noted that the Framingham Risk Score 
and the American College of Cardiology/American Heart Association 
scores predicted the risk of CVD events 4 to 5 times less.27

The traditional risk factors being already present in the general 
population, SSc also has unusual risk factors such as the presence 
of increased lipoprotein (a), oxidized LDL, inflammation, vasospasm, 
endothelial dysfunction, and increased levels of vascular adhesion 
molecules.

Schiopu et al.28 have reported from their study that they found 
the levels of serum proteins like interleukin- 2, ikaros isoform 6, and 
keratinocyte growth factor, which have been shown to play a major 
role in the development of vasculopathies and fibrosis, were found 
to be significantly higher in SSc patients than in controls.

An increase in these unconventional risk factors comes out as a 
result of increased disease activity.

The diagnosis of SSc depends mainly on the initiation of early 
microvascular damage, which, in fact, is the Reynaud phenomenon. 
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This supports the possibility that SSc patients with a prolonged 
disease duration and increased disease severity may have an ex-
tended and more conspicuous form of endothelial dysfunction. 
It might well be emphasized that the macrovascular changes we 
found in our cases may have developed due to the alterations in 
vascular wall morphology and function that are directly associated 
with SSc, rather than the conventional cardiovascular risk factors.

But we think that future larger studies which will encompass the 
pathological mechanisms of the disease will be of great help in un-
derstanding SSc more thoroughly.

In a meta- analysis, the global prevalence of peripheral arte-
rial disease in the general population has been declared as 5.56% 
in people 25 years of age or over. In this meta- analysis, the risk 
factors have been stated as smoking, diabetes, hypertension, and 
hypercholesterolemia.29

Endothelial damage seen in SSc causes fibroblast activation and 
abnormal vascular remodeling. In addition, vascular damage acti-
vates thrombocytes and leads to the accumulation of fibrin, which 
in turn gives way to the narrowing of the vessel lumen and, conse-
quently, vessel occlusion.30 In addition, antiphospholipid antibodies 
too, may lead to hypercoagulopathy.

Hasegawa et al.31 have reported from their study that 9 of their 
29 SSc patients had an arterial occlusion in their forearms. The au-
thors have stated that these occlusions were limited within the ulnar 
arteries, and none of the patients had an occlusion in the radial ar-
teries. In another study performed by Watelet et al.,8 it was reported 
that flow was absent in 25% of the ulnar arteries of the 14 patients 
examined by Doppler US. The same study also reported that 15.4% 
of the tibial arteries demonstrated a pathological flow.

We found arterial occlusions in 11.4% of our patients. The oc-
cluded arteries we detected were the ulnar, anterior and posterior 
tibial, and dorsalis pedis arteries. This finding was in congruence 
with the literature data.29 Patients who had arterial occlusions 
did not demonstrate any antiphospholipid antibody and ANCA 
positivity.

Stafford et al.32 reported that the ulnar artery seemed to be 
specifically targeted in patients with scleroderma. The authors rec-
ommend the assessment of the ulnar artery in scleroderma patients 
by means of Doppler US in the presence of digital gangrene. There 
are articles in the literature stating that ulnar arterial obliteration is 
more common in the SSc group compared to the control group; this 
frequency increases with the duration of the disease and also shows 
its relationship with digital ulcers and gangrene. In some studies, 
intimal fibrosis and chronic intimal proliferation were detected in 
a histological examination performed from samples taken.33,34 We 
have observed in our study that the most frequently affected arter-
ies were the ulnar and dorsalis pedis arteries of the upper and lower 
extremities.

We found a narrowing of the intraluminal diameter of the 
dorsalis pedis artery in 72 (81.8%) patients. A statistically signif-
icant association was present between this diameter reduction 
and foot digital ulcers (P = .03). The intraluminal diameter of the 
ulnar artery was diminished in 52 (59.1%) patients. This situation 

was associated with the presence of digital ulcers in the hands 
(P < .01).

This finding was in full agreement with the literature.
The strengths of the study are as follows.

• First of all, a large cohort of patients made up the backbone of 
our study. Multiple arteries were examined in all patients, and nu-
merous criteria were evaluated, such as intraluminal diameters, 
atheromatous plaques, and occlusions.

• Because it had been thought that patients suffering from the 
limited subtype of SSc experienced more vasculopathies, most 
of the literature on the subject consisted of studies performed 
on patients with the limited subtype of the disease. But we, on 
the other hand, examined the results we obtained from patients 
who mostly had the diffuse subtype of the disease. In the end, we 
could not find any relation between macrovascular involvement 
and disease subtype.

• The presence of peripheral arterial disease has usually been 
demonstrated by the utilization of certain methods, such as flow- 
mediated dilation and ankle brachial index. However, in our study 
we made this evaluation by means of CDUS.

• To our knowledge, this is the first study examining the association 
of carotid intima- media thickness increase with the Rodnan Skin 
Thickness Score and Medsger Disease Activity Score.

A limitation of our study was that it did not have a control group. 
But since the normal values of the parameters we have studied are 
substantially present in the literature, we were still able to make 
solid scientific comparative evaluations of our findings.

The radiologist on our team was highly experienced and per-
formed the CDUS examinations with high precision. However, we 
did not have the chance to evaluate for test –  retest error.

5  | CONCLUSIONS

In our study, we examined the arteries with CDUS, and we detected 
structural alterations in peripheral arteries as well as the carotid 
arteries. These macrovascular findings may be listed as follows: in-
crease in CIMT, the presence of atherosclerotic plaques, intralumi-
nal diameter diminishments in certain arteries, and occlusions. We 
demonstrated that these findings had intimate relations with certain 
characteristics of SSc.

In conclusion, we think there may be a strong relation between 
macrovascular alterations encountered in SSc and the severity and 
duration of the disease. The detection of the relation between CIMT 
increase and the presence of arterial occlusions may indicate that 
these macrovascular findings may be the result of the processes of 
inflammation and endothelial damage.

Ulnar artery narrowing may be associated with the Raynaud's 
phenomenon and digital ulcers. This study may bring to mind certain 
questions such as: “Can the CDUS evaluation of the ulnar arteries pre-
dict the outcome of the development of digital ulcers?” and “Can a 
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comment be made about the presence of subclinical atherosclerosis by 
evaluating the skin hardness score?” We believe that such a question-
ing approach may pave the way for further research on the subject.
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Severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) 
is a new RNA virus that is homologous with the previously known 
SARS- CoV- 2 and Middle East respiratory syndrome (MERS) coro-
naviruses. SARS- CoV- 2 binds to various cell types, including lung 
epithelial cells, via the angiotensin- converting enzyme (ACE)- 2 
molecules expressed on the cell surface. After binding, viral RNA 
enters the cytosol of the infected cells and stimulates intracellu-
lar signals to activate intranuclear gene transcriptions of multiple 
pro- inflammatory cytokines, including tumor necrosis factor alpha, 
interleukin (IL)- 6, and IL- 1, causing substantial inflammatory re-
actions.1,2 In susceptible patients, the complex inflammatory re-
sponses, the so- called cytokine storm, would lead to severe acute 
respiratory distress syndrome.2

SARS- CoV- 2 infection triggers autoimmunity aside from in-
flammation. The clinical features of the coronavirus disease 2019 
(COVID- 19) may include ground- glass opacity on chest radiography, 
coagulopathy, and other hematological abnormalities that resemble 
those found in autoimmune diseases.3,4 Autoantibodies, including 
anti- nuclear, anti- Sjögren’s syndrome (SS)- A/Ro, anti- neutrophilic 
cytoplasmic, anti- cyclic peptide containing citrulline, and anti- 
interferon were detected in COVID- 19 patients.5- 7 As for T cell im-
munity, long- term antigenic stimulation by SARS- CoV2 would induce 
T cell activation and exhaustion in both CD4+ and CD8+ T cells.8,9 
Furthermore, a T- helper 17 (Th17) phenotype has been shown in 
COVID- 19, as the T cells of patients with COVID- 19 produce more 
IL- 17 than those of controls.9 T cell exhaustion and Th17 phenotype 
are characteristics found in autoimmune rheumatic diseases, such as 
in systemic lupus erythematosus (SLE).10 In fact, a considerable num-
ber of COVID- 19 patients were diagnosed as having autoimmune 
rheumatic diseases as they fulfilled the respective criteria.4,11,12

In general, infection, either viral or bacterial, is recognized as 
the most critical factor to accelerate the incidence and/or disease 

activity of autoimmune diseases. For example, parvovirus, hepatitis 
virus, and Epstein- Barr virus (EBV) have been significant candidates 
as pathogens in autoimmune diseases such as SLE and SS.13,14 The 
precise mechanisms by which infection would accelerates autoimmu-
nity are unclear; however, it may be plausible that infection evokes 
antiviral or antibacterial immune responses and activates inflamma-
tory cytokines, which lead to a dysregulation of innate and adaptive 
immunity. Pusch et al15 described that viruses induce “heterologous 
immunity” to the infected host, altering adaptive immune responses 
to viral and self- antigens. Moreover, EBV evokes B lymphocyte acti-
vation associated with overproduction of autoantibodies.16

A “molecular mimicry” may exist between the viral antigen and 
autoantigen(s).17,18 Coxsackie virus, for example, has sequence ho-
mologies between the viral protein and an autoantigen, Ro60 pep-
tide, which is often found in SS and other autoimmune diseases.12

In addition, infections themselves, or the administration of anti- 
pathogenic agents, may alter the host's intestinal homeostasis, caus-
ing dysbiosis in the gut flora. Recent investigations suggest that the 
alteration of gut homeostasis, or dysbiosis, is crucial in the induction 
of autoimmune diseases.19 For instance, the potential role of a spe-
cies of Gram negative bacteria in oral and gut microbiota, that is, 
Prevotella spp., in the pathogenesis of rheumatoid arthritis is attract-
ing widespread interest.19,20 As for SS, researchers have suggested 
an association between gut dysbiosis and the severity of dry eye.21

Of note, in 2011, Shoenfeld et al22 identified the concept of ASIA 
syndrome (autoimmune/inflammatory syndrome induced by adju-
vants). The proposed syndrome encompasses a broad spectrum of 
autoimmunity that is induced after exposure to external factors such 
as infections.22 Considering the time gap between exposure to an 
infection and autoimmune disease diagnosis, the authors hypothe-
sized that "the non- antigenic activation” of immunity might deter-
mine the degree of autoimmune reaction after the infection. In the 
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proposed entities for the diagnosis of “ASIA,” “exposure to external 
stimuli” is one of the major criteria. According to the concept, SS is a 
typical example of “ASIA”.23

Considering these findings, the current pandemic of COVID- 19 
would evoke the occurrence of autoimmune rheumatic diseases 
such as SLE or SS,24 which may constitute the ASIA syndrome.12 To 
support this notion, it was observed that a significant number of pa-
tients with COVID- 19 show clinical and laboratory findings similar to 
those in autoimmune rheumatic diseases.24 The sequence homology 
between SARS- CoV- 2 spike and nuclear proteins and human pep-
tides has been demonstrated.17,18 Moreover, altered gut dysbiosis 
after SARS- CoV- 2 infection has been reported,25 suggesting its im-
plication in dysregulated immunity in COVID- 19.

Regarding other coronaviruses, only few reports have described 
the occurrence of autoimmune diseases after SARS- CoV or MERS- 
CoV infection, owing to the relatively small- scale pandemic com-
pared with the current COVID- 19 pandemic. However, MERS- CoV 
was reported to induce pro- inflammatory reactions and Th17 cyto-
kine profile,26 suggesting a possibility that it triggers autoimmunity.

Brito- Zerón et al27 reported that patients who developed primary 
SS after contracting SARS- COV- 2 infection manifested clinical pre-
sentation similar to those in the general population. Nevertheless, 
Fernandez- Gutierrez et al28 demonstrated a slight but significant 
difference in the crude incidence of COVID- 19- related hospital ad-
mission among different rheumatologic diseases, with SS being one 
of the conditions with a higher risk. This finding may support the 
implication of viral infection in the pathophysiology of SS.

Therefore, I propose that autoimmunity against the salivary 
glands should be carefully monitored, as SARS- CoV- 2 infects human 
salivary glands as abundantly so that the saliva could be used as 
an excellent clinical sample for COVID- 19 diagnosis.29 The expres-
sion of ACE2, the SARS- CoV- 2 receptor, was even higher in minor 
salivary glands than in the lungs.30 After the infection, saliva may 

cultivate the live virus, and the salivary glands would act as a long- 
term viral reservoir of SARS- CoV- 2.30 Hence, autoimmune siaload-
enitis, which is or at least mimics SS, might become apparent even 
after susceptible individuals recover from COVID- 19 (Figure 1). The 
well- known complaint of altered taste and smell functions in pa-
tients with COVID- 1931 may reflect in a part a clinical manifestation 
of salivary dysfunction.

Conversely, because of the mimicry between viral spike pro-
tein and human cells, whether the messenger RNA (mRNA)- based 
anti- SARS- CoV- 2 vaccines might stimulate an unwanted immune 
reaction in individuals with immune dysfunctions is controversial.32 
The speculation may not be limited to mRNA vaccines, as an associ-
ation between specific vaccination (eg, influenza vaccine) and SS or 
the production of anti- Ro/anti- La antibodies has been reported.23 
Thus, the infection and/or vaccination might trigger or accelerate 
autoimmune responses against the spike protein of the SARS- CoV- 2 
in genetically susceptible individuals or patients with immune dys-
function. In this concern, not only autoimmune rheumatic diseases 
but also other autoimmunity entities such as hepatitis33 and thy-
roiditis34 have been reported to emerge after vaccination against 
SARS- CoV- 2. Therefore, the potential stimulatory effect of SARS- 
CoV- 2 vaccines (regardless of mRNA, virus vectored, or protein sub-
unit) to brake immunological tolerance should be examined for both 
short-  and long- term events. Nevertheless, considering the severe 
outcome of COVID- 19, vaccinations should be processed under a 
balance between the risk and the benefit for each individual in this 
pandemic.32
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Juvenile dermatomyositis (JDM) is the commonest inflammatory 
myopathy in children and affects multiple systems. Primary objec-
tives in managing JDM are control of disease activity and preven-
tion of functional disabilities and growth disturbance. There are very 
few published randomized clinical trials on treatment of JDM. Liu 
et al. have selected a pilot cohort of 39 patients with JDM from the 
Childhood Arthritis and Rheumatology Research Alliance (CARRA) 
Legacy Registry and assigned them to 1 of 3 consensus treatment 
plans (CTPs): (a) methotrexate and prednisone (MP); (b) intravenous 
methylprednisolone, methotrexate and prednisone (MMP); and (c) 
intravenous methylprednisolone, methotrexate, prednisone and in-
travenous immunoglobulin (MMPI). MP, MMP and MMPI were admin-
istered to 13, 18 and 8 patients, respectively. At 6 months follow- up, 
the proportion of patients who had achieved moderate improvement 
in each CTP was recorded. Moderate improvement was noted in 16/36 
patients (44%) who were evaluated at 6 months. There were no statis-
tically significant differences between the 3 CTPs. Although the study 
sample is not large and authors have not provided details of myositis- 
specific and myositis- associated antibodies, the results are reassuring 
for all pediatric rheumatologists and have direct clinical implications.

2  | CLINIC AL CHAR AC TERISTIC S AND 
POOR PREDIC TORS OF ANTI-  NXP2 
ANTIBODY- A SSOCIATED CHINESE JDM 
CHILDREN

Wang X, Ding Y, Zhou Z, Hou J, Xu Y and Li J. Pediatr Rheumatol 
Online J 2021 Jan 6;19(1):6. https://doi.org/10.1186/s1296 9- 020- 
00492 - z

JDM is a pediatric- onset idiopathic inflammatory myopathy 
characterized by proximal muscle weakness and a pathognomonic 
rash. Studies carried out over the last 2 decades have clearly shown 
that the phenotype of JDM can be correlated with some of the 
myositis- specific and myositis- associated antibodies. Anti- nuclear 
matrix protein 2 (anti- NXP2) antibody has been associated with 
a severe clinical phenotype of the disease. In this single- center 
study from China, Wang et al. reported 26 children with anti- 
NXP2 antibody- associated JDM. Authors reported that there was 
a female preponderance (1.9:1.0) with median age of onset being 
4.5 years. Eleven refractory JDM patients (as defined by ineffec-
tiveness of glucocorticoids combined with more than 2 immuno-
suppressive agents, and/or needing more aggressive treatment like 
biological agents) in their cohort were associated with edema, skin 
ulcers, muscle strength ≤ grade 3, CD4/CD8 ratio < 1.4 and ferritin 
> 200 μg/mL. Six cases (23.1%) had severe gastrointestinal involve-
ment and 5 of them succumbed to the illness. Authors concluded 
that edema, skin ulcer and severe muscle weakness predicted re-
fractory disease, gastrointestinal involvement and mortality in 
anti- NXP2 antibody- positive JDM of Chinese children. The results 
of this study have important therapeutic implications for pediatric 
rheumatologists.

© 2021 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.
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3  | E ARLY COMBINATION THER APY WITH 
ETANERCEPT AND METHOTRE X ATE IN 
J IA PATIENTS SHORTENS THE TIME TO 
RE ACH AN INAC TIVE DISE A SE STATE AND 
REMISSION: RESULTS OF A DOUBLE-  BLIND 
PL ACEBO -  CONTROLLED TRIAL

Alexeeva E, Horneff G, Dvoryakovskaya T, Denisova R, Nikishina 
I, Zholobova E, et al. Pediatr Rheumatol Online J 2021 Jan 6;19(1):5. 
https://doi.org/10.1186/s1296 9- 020- 00488 - 9

Early remission is the primary goal in treatment of patients with 
juvenile idiopathic arthritis (JIA). But the optimal treatment regi-
men in JIA remains to be defined. In this multi- center, double- blind, 
prospective, randomized, placebo- controlled study carried out at 
7 pediatric rheumatology centers in Russia, Alexeeva et al. divided 
polyarticular JIA patients into 2 groups. One group received etaner-
cept (ETA) + methotrexate (MTX) (n = 35) while the other group 
received placebo + MTX (n = 33) for up to 24 weeks, followed by 
an open label phase of 24 weeks. It was found that more patients 
in the ETA+MTX group reached the pediatric American College of 
Rheumatology 30 response at week 12 (33 [94.3%]) than in the pla-
cebo+MTX group (20 [60.6%]). At week 24, percentages of patients 
who reached inactive disease (11 [31.4%] vs 11 [33.3%]) were com-
parable. This study provides objective evidence for pre- emptive use 
of biologics like etanercept in achieving early remission in patients 
with polyarticular JIA.

4  | PRE VALENCE AND SIGNIFIC ANCE OF 
SERUM 14– 3-  3Η  IN JUVENILE IDIOPATHIC 
ARTHRITIS

Reyhan I, Zhukov O, Lagier R, Bridgforth R, Williams G, Popov J, 
Naides S and Reiff A. Pediatr Rheumatol Online 2021 Feb 16;19(1):14. 
https://doi.org/10.1186/s1296 9- 021- 00502 - 8

JIA is the most common pediatric rheumatologic disease. It may 
persist into adulthood and its diagnosis is mainly based on clinical 
assessment. Recent studies have shown that elevated serum 14– 3- 
3η is a useful marker for rheumatoid factor (RF) positive rheuma-
toid arthritis in adults, and has been associated with a more severe 
clinical phenotype. However, there is paucity of pediatric literature 
on this subject. Reyhan et al. investigated prevalence and clinical 
significance of serum 14– 3- 3η in different sub- types of JIA in chil-
dren being followed up at a single center in Los Angeles. Serum 14– 
3- 3η levels > 0.2 ng/mL were considered positive. Disease activity 
was assessed by the Juvenile Arthritis Disease Activity Score- 71 
(JADAS- 71). Authors found that elevated 14– 3- 3η levels were de-
tected in 34/151 (23%) patients across all groups tested. Highest 
prevalence of 14– 3- 3η was in PJIA RF+ patients (49%), followed by 
oligoarticular juvenile idiopathic arthritis (OJIA) (22%). However, 
positivity for 14– 3- 3η was not significantly associated with disease 
activity in children. Authors propose that serum 14– 3- 3η levels may 
be pointers to disease activity and joint damage. However, healthy 

controls were not enrolled in this study. Further, studies such as 
these need to be replicated in multicentric settings before one can 
validate the results.

5  | MAGNETIC RESONANCE IMAGING 
FINDINGS IN THE STERNOCL AVICUL AR 
JOINT IN JUVENILE IDIOPATHIC ARTHRITIS 
AND COMPARISON WITH CLINIC AL 
E X AMINATION

Brijendra P, Sudhakar M, Pal S, Hlawndo JL, Sachdev N, Yadav TP. 
Clin Rheumatol 2021 Jan 2. https://doi.org/10.1007/s1006 7- 020- 
05525 - 2

Sternoclavicular joint (SCJ) provides a link between axial and 
appendicular skeleton. There is paucity of literature on involve-
ment of this joint in children with JIA. Brijendra et al. conducted 
a cross- sectional study to compare magnetic resonance imaging 
(MRI) changes in SCJ with findings on clinical examination. They 
enrolled 21 patients (42 SCJs) for MRI examination and studied 4 
components of early and late inflammatory changes, namely syno-
vial hypertrophy, bone marrow edema (BME), cartilage lesions, and 
bone erosions. Twenty- seven SCJs (15 patients) showed significant 
MRI changes out of 42 SCJs evaluated. Early MRI abnormalities 
were noted in 60% of joints that were labeled as normal after clini-
cal examination and 1/4 of them revealed late destructive changes. 
Synovial hypertrophy, BME, cartilage lesions, and bone erosions 
were detected in 5, 15, 4, and 10 patients, respectively. Sensitivity 
and specificity of clinical examination to evaluate SCJ involvement 
was 55.5% and 53.3%, respectively. This study found MRI to be a 
useful tool in detecting early and late inflammatory changes in SCJ 
in JIA patients. This is a novel observation that may impact clinical 
management of patients with JIA.

6  | JNK PATHWAY- A SSOCIATED 
PHOSPHATA SE A S A SERUM MARKER 
FOR DISE A SE AC TIVIT Y AND TRE ATMENT 
OUTCOME OF JUVENILE IDIOPATHIC 
ARTHRITIS

Zhu S, Lv H, Luo Y, Huang Q, Shen J. Tohoku J Exp Med 2021 
Jan;253(1):19- 28. https://doi.org/10.1620/tjem.253.19

JIA is a heterogeneous group of childhood arthritides. Several 
pathways have been studied in the pathogenesis of JIA. JNK 
pathway- associated phosphatase (JKAP) has regulatory effects 
on inflammatory and immune response, as it is a negative regula-
tor of T cell activation. The clinical role of JKAP in JIA is unknown. 
Zhu et al. have carried out this study on 104 JIA patients. Authors 
studied the correlation of JKAP with disease activity and treatment 
response to a tumor necrosis factor (TNF) inhibitor (etanercept: 
ETN) in 104 JIA patients (6.9 ± 2.7 years old) and 100 age-  and 
gender- matched healthy controls (HCs) (7.2 ± 2.4 years old). JKAP 
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was assayed in serum samples by enzyme- linked immunosorbent 
assay (ELISA). Clinical response was assessed by American College 
of Rheumatology pediatric (ACRpedi) 50 criteria after 24- week ETN 
treatment. It was found that JKAP levels were significantly lower in 
JIA patients compared with healthy controls. Among JIA patients, 
higher JKAP levels were associated with lower disease activity in-
dices. Higher baseline JKAP levels correlated with worse ACRpedi 
50 response to ETN at week 24, and were also an independent pre-
dictive factor for worse ACRpedi 50 response to ETN. This study 
concludes that serum JKAP is a potential biomarker for JIA activity 
and treatment response to a TNF inhibitor. However, this is a single- 
center study and more work needs to be carried out before extrapo-
lating the results for clinical purposes.

7  | SARS-  COV- 2- A SSOCIATED 
MULTISYSTEM INFL AMMATORY 
SYNDROME IN CHILDREN: CLINIC AL 
MANIFESTATIONS AND THE ROLE OF 
INFLIXIMAB TRE ATMENT

Abdel- Haq N, Asmar B, Leon M, McGrath E, Arora H, Cashen K, 
Tilford B, Eddine A, Sethuraman U, Ang J. Eur J Pediatr 2021 Jan 16;1- 
11. https://doi.org/10.1007/s0043 1- 021- 03935 - 1

This study was conducted to assess the clinical spectrum, 
management, and outcome of SARS- CoV- 2- related multisystem 
inflammatory syndrome in children (MIS- C). Abdel- Haq et al. re-
viewed medical records of children with MIS- C managed at Detroit, 
Michigan, USA. Thirty- three children were identified including 22 
who required critical care (group 1) and 11 with less intense inflam-
mation (group 2). Children in group 1 were older (median 7.0 years) 
than those in group 2 (median 2.0 years). Abdominal pain was pres-
ent in 68% of patients in group 1. Hypotension or shock was present 
in 17/22 patients in group 1. Thirteen (39.4%) had Kawasaki disease 
(KD)- like manifestations. Five developed coronary artery dilatation 
that resolved on follow- up. Intravenous immunoglobulin (IVIg) was 
given to all patients in group 1 and 7/11 in group 2. Second- line ther-
apy (usually infliximab) was needed in 13/22 (group 1) for persisting 
inflammation or myocardial dysfunction. All patients had a favorable 
outcome. The authors report that clinical manifestations of MIS- C 
may overlap with KD; however, MIS- C is likely a distinct inflamma-
tory process characterized by reversible myocardial dysfunction 
and rarely coronary artery dilatation. Supportive care, IVIg, and 
second- line therapy with infliximab were associated with a favorable 
outcome.

8  | 2021 UPDATE ON THE CLINIC AL 
MANAGEMENT AND DIAGNOSIS OF 
K AWA SAKI DISE A SE

Zhu F and Ang J. Curr Infect Dis Rep 2021;23(3):3. https://doi.
org/10.1007/s1190 8- 021- 00746 - 1

Zhu and Ang have provided a state of the art review on KD, in 
context of MIS- C. They also provide a detailed critique on the 2017 
American Heart Association treatment guidelines for KD, especially 
with regard to dose of aspirin and use of steroids. The authors also 
allude to adjunctive therapies like etanercept, infliximab and cyclo-
sporin that are now being used frequently in KD. The authors note 
that a significant proportion of children diagnosed with MIS- C fulfill 
the diagnostic criteria for KD. This is a useful and updated review on 
the subject.

9  | PREDIC TIVE VALUE OF C-  RE AC TIVE 
PROTEIN TO ALBUMIN R ATIO A S A 
BIOMARKER FOR INITIAL AND REPE ATED 
INTR AVENOUS IMMUNOGLOBULIN 
RESISTANCE IN A L ARGE COHORT 
OF K AWA SAKI DISE A SE PATIENTS:  A 
PROSPEC TIVE COHORT STUDY

Liu X, Wang L, Zhou K, Shao S, Hua Y, Wu M, Liu L and Wang 
C. Pediatr Rheumatol Online 2021 Mar 12;19(1):24. https://doi.
org/10.1186/s1296 9- 021- 00517 - 1

IVIg resistance is seen in 10%- 15% of all patients with KD. Several 
markers have been studied to assess their correlation with IVIg re-
sistance. Serum C- reactive protein (CRP)- to- albumin (ALB) ratio 
(CAR) is one such biomarker. Liu et al. prospectively investigated the 
value of CAR in predicting both initial and repeated IVIg resistance 
in patients with KD, and to test the hypothesis that CAR was more 
valuable or accurate than either CRP or ALB alone in IVIg resistance 
prediction. The authors concluded that CAR was significantly higher 
in IVIg non- responders and was identified as an independent risk 
factor for both initial and repeated IVIg resistance in KD. Best cut- 
off value of CAR for initial and repeated IVIg resistance prediction 
was 2.07 (sensitivity 0.610; specificity 0.552) and 3.34 (sensitivity 
0.548; specificity 0.813) respectively. However, the value of CAR 
was not better than either CRP or ALB alone for both initial and 
repeated IVIg resistance prediction. This study is one among many 
such studies that have attempted to predict IVIg resistance in KD 
based on a single biomarker. None among these have, so far, have 
stood the test of time.

10  | INTEGRIN Α2 GENE POLYMORPHISM 
IS A RISK FAC TOR OF CORONARY ARTERY 
LESIONS IN CHINESE CHILDREN WITH 
K AWA SAKI DISE A SE

Yuan J, Jiang Z, Li M, Li W, Gu X, Wang Z, Pi L, Xu Y, et al. Pediatr 
Rheumatol Online J 2021 Feb 8;19(1):12. https://doi.org/10.1186/
s1296 9- 021- 00494 - 5

Genetic factors have often been implicated in pathogenesis of 
coronary artery lesions (CALs) in KD. Integrin α2 (ITGA2) is a gene 
that encodes for alpha subunit of transmembrane receptor for 

https://doi.org/10.1007/s00431-021-03935-1
https://doi.org/10.1007/s11908-021-00746-1
https://doi.org/10.1007/s11908-021-00746-1
https://doi.org/10.1186/s12969-021-00517-1
https://doi.org/10.1186/s12969-021-00517-1
https://doi.org/10.1186/s12969-021-00494-5
https://doi.org/10.1186/s12969-021-00494-5


     |  969SIL et aL.

collagen and related proteins and mutations of this gene are asso-
ciated with vascular injury. Yuan et al. have conducted a retrospec-
tive study in a cohort of 785 patients with KD (300 with CALs; 485 
without CALs) enrolled from a single Chinese center in Guangzhou. 
The authors analyzed whether ITGA2 gene polymorphism increases 
susceptibility to CALs in patients with KD. There was a direct asso-
ciation between ITGA2 gene (specifically rs1126643) polymorphism 
and increased risk of CALs in KD patients, especially in boys below 
60 months. CT/TT genotype was associated with significant risk of 
small and medium size aneurysm formation in comparison to CC gen-
otype. However, genetic correlations in KD are difficult to interpret 
as this disease has heterogenous footprints among different ethnic-
ities. Prudence, therefore, demands that the results be replicated in 
other populations before making any conclusions.

11  | LUNG BIOPSY IN THE DIAGNOSIS OF 
PEDIATRIC ANC A- A SSOCIATED VA SCULITIS

Sayad E, Vogel T, Cortes- Santiago N, Patel K, McNeill D, Spielberg D, 
Silva- Carmona M. Pediatr Pulmonol 2021 Jan;56(1):145- 152. https://
doi.org/10.1002/ppul.25151

There is paucity of information on the role of lung biopsy in di-
agnosis of pediatric anti- neutrophil cytoplasmic antibody (ANCA)- 
associated vasculitis (pAAV). Sayad et al. report on pulmonary 
histopathologic features in a cohort of 14 pediatric patients with 
AAV who underwent a lung biopsy at a single center in Texas. Nine 
patients met inclusion criteria for microscopic polyangiitis (MPA) and 
5 patients with granulomatosis with polyangiitis (GPA). Indication for 
biopsy was confirmation of diagnosis prior to initiating therapy in 11 
patients (78%), part of infectious evaluation in 2 (14%), and part of 
interstitial lung disease evaluation in 1 (7%). Eleven out of 14 (78%) 
biopsies had findings consistent with pAAV diagnosis: 6/9 (67%) of 
the MPA patients compared to 5/5 (100%) of the GPA patients. Four 
patients (28%) developed pneumothorax after lung biopsy. They 
concluded that lung biopsy had a higher diagnostic yield in GPA 
compared to MPA patients. However, obtaining a lung biopsy for di-
agnostic purposes in pAAV should be reserved only for cases where 
the diagnosis cannot be confirmed clinically and serologically. This 
study provides a new perspective on pAAV.

12  | ENDOTHELIN- 1 SERUM 
CONCENTR ATION IN PEDIATRIC CHRONIC 
IDIOPATHIC UVEITIS

Powierza K, Sawicka- Powierza J, Urban B, Żelazowska- Rutkowska 
B, Cylwik B, Mikołuć B, et al. Clin Ophthalmol 2021 Jan 12; 15:157- 
164. https://doi.org/10.2147/OPTH.S276109

Uveitis continues to be an important cause of ocular morbidity in 
children. Although several scores have been developed to assess dis-
ease activity and response to treatment, the search continues for a 
reliable, objective biomarker. Endothelin- 1 (ET- 1) is a vasoconstrictor 

peptide that plays an important role in ocular inflammatory reactions 
via the arachidonic acid pathway. Powierza et al. have conducted 
a cross- sectional study in children with idiopathic chronic uveitis 
and determined serum ET- 1 concentration. The authors enrolled 
17 patients with uveitis and 22 healthy controls. Serum ET- 1 levels 
were assayed by ELISA. The authors report statistically significant 
differences in serum ET- 1 concentrations in patients with idiopathic 
chronic uveitis and healthy controls (1.33 vs 1.93 pg/mL). There was 
no correlation between ET- 1 concentration and age of patient or site 
or grade of inflammation. This study provides evidence that serum 
ET- 1 may be a valid biomarker for children with chronic idiopathic 
uveitis. However, these are early days for defining a biomarker for 
a disease as complex as childhood uveitis and we need more data 
before drawing any meaningful conclusion.

13  | NAILFOLD C APILL ARY 
ABNORMALITIES IN CHILDHOOD -  ONSET 
SYSTEMIC LUPUS ERY THEMATOSUS: A 
CROSS- SEC TIONAL STUDY COMPARED 
WITH HE ALTHY CONTROL S

Schonenberg- Meinema D, Bergkamp SC, Nassar- Sheikh Rashid 
A, van der Aa LB, de Bree GJ, Ten Cate R, et al. Lupus 2021 Mar 
3:961203321998750. https://doi.org/10.1177/09612 03321 998750

Nailfold capillaroscopy (NFC) is a non- invasive method for de-
tailed evaluation of capillaries on fingertips. While it is an import-
ant disease monitoring tool in juvenile dermatomyositis and juvenile 
systemic sclerosis, its role in disorders such as childhood- onset 
systemic lupus erythematosus (cSLE) is less clear. Schonenberg- 
Meinema et al. have conducted a cross- sectional study in a cohort 
of 41 patients with cSLE and 41 healthy controls. Video capillaros-
copy was performed on 8 fingers. “Abnormal capillary shapes and 
pericapillary extravasations” were detected in 78% (32/41) of pa-
tients. “Microangiopathy” and “scleroderma pattern” were detected 
in 68.3% (28/41) and 17.1% (7/41) of patients. The authors found 
there was significant correlation between number of “abnormal 
capillary shapes per mm” and treatment- naivety. Further, there was 
significant correlation between number of “large pathological hem-
orrhages per mm” with SLE Disease Activity Index and presence of 
nephritis. This study shows that nailfold capillaroscopy may be used 
as a surrogate marker of disease activity and/or severity in cSLE. 
This is an important and novel observation.

ORCID
Surjit Singh  https://orcid.org/0000-0002-6716-1883 

How to cite this article: Sil A, Barman P, Singh S. Recent 
advances in pediatric rheumatology: January to March 2021. 
Int J Rheum Dis. 2021;24:966– 969. https://doi.
org/10.1111/1756- 185X.14159

https://doi.org/10.1002/ppul.25151
https://doi.org/10.1002/ppul.25151
https://doi.org/10.2147/OPTH.S276109
https://doi.org/10.1177/0961203321998750
https://orcid.org/0000-0002-6716-1883
https://orcid.org/0000-0002-6716-1883
https://doi.org/10.1111/1756-185X.14159
https://doi.org/10.1111/1756-185X.14159


970  |     Int J Rheum Dis. 2021;24:970–972.wileyonlinelibrary.com/journal/apl

 

Received: 14 December 2020  |  Revised: 28 May 2021  |  Accepted: 28 May 2021

DOI: 10.1111/1756-185X.14161  

C O R R E S P O N D E N C E

Takayasu arteritis developing during the course of 
palmoplantar pustulosis

To the Editor,
Recently, HLA- B52- positive Takayasu arteritis (TAK) patients 

with inflammatory bowel disease (IBD) have been reported; it has 
been suggested that changes in the intestinal microbiome trigger the 
disease.1 Palmoplantar pustulosis (PPP) is characterized by localized 
erythema and pustules with scaling on the palms and soles. The pus-
tules of PPP were thought to be sterile based on cultures. However, 
the presence of Staphylococcus DNA was revealed using Sanger and 
16S rRNA sequencing.2 We experienced a case of TAK during the 
course of PPP.

A 41- year- old Japanese woman who had been diagnosed with 
PPP followed by synovitis- acne- pustulosis- hyperostosis- osteitis 
(SAPHO) syndrome developed new symptoms comprising anterior 
neck pain, fever, and general malaise. She had smoked from the ages 
of 18 to 38 years. She was diagnosed with PPP at the age of 32 years, 
but had no history of tonsillitis or periodontitis. She had visited our 
hospital with tenderness of the anterior upper chest wall at the age 
of 39 years. Multiple small pustules were found on the soles of the 
feet (Figure 1A), and a skin biopsy of the site was consistent with 
PPP (Figure 1B,C). Bone scintigraphy revealed accumulation in 
both sternoclavicular joints and confirmed the diagnosis of SAPHO 
syndrome. Although treated with prednisolone, non- steroidal anti- 
inflammatory drugs, and various conventional synthetic disease- 
modifying anti- rheumatic drugs, the SAPHO syndrome was 
insufficiently controlled. At the age of 41 years, she developed an-
terior neck pain, fever, and general malaise. Enhanced computed to-
mography showed thickening of the walls of the brachiocephalic and 
left common carotid arteries and aortic arch (Figure 2A,B). She had 
no symptoms suggesting Behçet's disease, such as recurrent aph-
thous ulcers, acne, uveitis, or genital ulcers. We diagnosed TAK and 
her HLA type was B52 positive, although she was B- 67 negative. 
She was treated with increasing doses of prednisolone (maximum 
40 mg), intravenous cyclophosphamide, and cyclosporin A, which 
were ineffective. Tocilizumab (162 mg), which was subcutaneously 
administered biweekly, temporarily produced C- reactive protein- 
negative measurements and improved neck pain, but 6 months later, 
C- reactive protein had become positive again and neck pain grad-
ually increased. Tocilizumab was therefore changed to an infusion 
(8 mg/kg, monthly), and although C- reactive protein levels became 
negative again, the neck pain was worse, and enhanced MRI showed 
edema and inflammatory changes around the left common carotid 

artery. For this reason, treatment was changed to golimumab. Her 
symptoms, overall condition, serological inflammatory parameters, 
and radiographic findings improved, although the pustulosis was 
unchanged.

The cause of TAK is unknown. Pathologically, macrophages 
and natural killer, T, and B cells infiltrate the vasa vasorum of the 
aorta and its branches; lymphoid follicles and tertiary lymphoid 
organs also develop.3,4 Local antigen presentation on the aortic 
wall is suspected to cause an immune reaction. Recently, it was re-
ported that aortitis was associated with IBD in HLA- B52- positive 
patients.1 In these cases, IBD may precede TAK by an average of 
7 years. Ohta et al5 examined 36 hospitalized TAK patients and 

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

F I G U R E  1   (A) Photograph of plantar pustulosis. 
Histopathological findings of the skin biopsy. (B and C) Spongiform 
pustule of Kogoj in the stratum granulosum; (B) ×100 and (C) ×400, 
hematoxylin & eosin staining
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reported that 11 had inflammatory diseases, such as chronic ton-
sillitis and tuberculous lymphadenitis. This suggests that the mi-
crobiome triggers TAK in genetically susceptible individuals. Our 
patient had not taken supplementary probiotics and had no his-
tory of periodontitis or tonsillitis. PPP developed 9 years before 
the onset of TAK.

The pathogenic mechanism of PPP is unknown. HLA- DR9 is 
thought to determine the susceptibility to PPP because it is the 
most elevated antigen in Japanese patients with PPP. In our pa-
tient, HLA- DR was not evaluated. Although the pustulosis in PPP 
was once considered sterile because no bacteria were cultured from 
the cysts, Masuda- Kuroki et al2 recently demonstrated increased 
Staphylococcus DNA in the cysts of individuals with PPP, especially 
in smokers, using Sanger and 16S rRNA sequencing. Our patient was 
a former smoker. Smoking is reported to affect dysbiosis of the ton-
sillar pillars and the buccal mucosa microbiota.6 Moreover, it can af-
fect the Staphylococcus virulence phenotype, by inducing resistance 
to elimination by alveolar macrophages and enhancing resistance to 
cytolysis and susceptibility to oxygen.7 There have been no reports 
implicating chronic bacterial infection in PPP as the cause of focal 
infection. Recently, Yoshifuji et al8 reported that the major histo-
compatibility complex class Ⅰ chain- related gene (MIC) family may be 
more involved in the pathophysiology of TAK than HLA- B52. Various 
stresses induce MIC gene expression, such as heat shock, but it is not 
known whether the MIC family is induced in PPP.

Cytokines such as interleukin=17A (IL- 17A) and IL- 6 are thought 
to be involved in the pathogenesis of PPP, based on findings that IL- 
17A is increased in PPP and there is a positive correlation between 
serum IL- 6 and disease activity in PPP. However, a patient with 
SAPHO syndrome developed an aseptic cutaneous abscess with 
elevated serum IL- 6 levels after tocilizumab therapy.9 In our case, 
PPP exacerbation and subsequent TAK exacerbation were observed 
with tocilizumab treatment, and the serum IL- 6 increased from 10.29 
(normal level <2.41) to 38.7 pg/mL with tocilizumab treatment. In 
cases of SAPHO syndrome, tumor necrosis factor inhibitors are 
often effective for bone and joint manifestations, but not for skin 
manifestations.10 In our case, golimumab was effective against TAK, 
but not against the skin manifestations of PPP.

This is the first report of HLA- B52- positive TAK occurring during 
the course of PPP. In HLA- B52- positive patients, IBD is thought to 
trigger the onset of TAK. More case studies are needed to clarify 
whether the case we describe here was incidental or related to the 
onset of TAK during the course of PPP.
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A P L A R  M A T T E R S

Your help is needed in the fight against COVID- 19: Please 
contribute to the COVID- 19 Global rheumatology alliance 
registry
The COVID- 19 Global Rheumatology Alliance is a global collaboration of rheumatologists, scientists, patients and organisations all committed 
to addressing the issues in rheumatology created by the COVID- 19 global pandemic. To date the alliance has published important data on the 
effect of COVID- 19 infection on outcomes and the effect of rheumatic medications on COVID- 19 outcomes.

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

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

mation please email rheum.covid@gmail.com.
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