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ABSTRACT. Objective. Nontraumatic osteonecrosis (ON) is a well-recognized complication causing disability and
affecting quality of life in patients with systemic lupus erythematosus (SLE). The aim of this study
was to identify the risk factors for ON, and to identify the minimal investigation(s) needed to optimally
monitor the risk of ON in patients with SLE.

Methods. A systematic review was conducted using MEDLINE and EMBASE. These databases were
searched up to January 2016 using the Medical Subject Heading (MeSH) terms “Osteonecrosis,”
“Systemic lupus erythematosus,” and synonymous text words. Randomized controlled trials, case
control, cohort, and cross-sectional studies were included. Risk factors for ON in patients with SLE
were compiled. The quality of each study was assessed using the Newcastle-Ottawa scale for nonran-
domized studies. The quality of evidence of each risk factor was assessed using the Grading of
Recommendations, Assessment, Development, and Evaluation method.

Results. Of the 545 references yielded, 50 met inclusion criteria. Corticosteroid (CS) use may be
strongly associated with ON in patients with SLE. Other clinical variables were moderately associated,
including hypertension, serositis, renal disease, vasculitis, arthritis, and central nervous system
disease. However, the evidence was low to very low in quality.

Conclusion. Based on the best evidence available, CS use may be strongly associated with ON in
patients with SLE. Results of this review were considered in the development of recommendations
for the diagnosis and monitoring of patients with SLE in Canada and will guide clinicians in their
assessment of these patients. (First Release July 1 2018; J Rheumatol 2018;45:1462—76; doi:10.3899/
jrheum.170837)
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REVIEW

Osteonecrosis (ON), also known as avascular necrosis of the
bone, is a well-recognized complication in systemic lupus
erythematosus (SLE). The clinical presentation of ON
is variable; it may be clinically silent or present with
gradual-onset pain that can progress to severe pain, bone
collapse, and joint damage, causing restriction of the range
of motion and eventually requiring total joint arthroplasty.
The prevalence of ON in patients with SLE ranges between
10% and 15%, but can reach as high as 44% when asympto-
matic lesions are included!2. Multifocal ON is frequent in
patients with SLE; bilateral hip ON has been reported to
occur in up to 90% of patients with SLE who have ON?2.

Previous studies have demonstrated that symptomatic ON
frequently causes disability and considerably affects quality
of life3, as measured by the Health Assessment Questionnaire
and/or the 20-item Short Form Health Survey (SF-20)*3. As
shown by the presence of the item “avascular necrosis” in
the Systemic Lupus International Collaborating Clinics/
American College of Rheumatology (ACR) Damage Index
for SLE, ON is a well-recognized feature of the accumulated
damage in SLE®.
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The pathophysiology of ON is not completely understood.
It is likely the result of the combined effects of genetic predis-
position, metabolic factors, and other factors affecting blood
supply’. Ultimately, ON is characterized by bone death,
which may be due to traumatic or atraumatic factors
decreasing blood supply or causing osteotoxicity. Many
theories regarding the mechanisms leading to blood inter-
ruption have been proposed and include increased bone
marrow pressure and intravascular occlusion of subchondral
vessels by coagulation, fat emboli, thrombi, or abnormally
shaped red blood cells. Moreover, direct osteotoxicity by
alcohol and drugs can lead to bone cell death®. Although the
use of corticosteroids (CS) has been recognized as a major
risk factor for the development of ON, ON occurs more
frequently in patients with SLE than in any other illness
requiring administration of systemic CS®. This suggests that
the use of CS may not be the only risk factor associated with
the development of ON in patients with SLE. As part of the
development of Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE)-based Canadian
recommendations in SLE, we conducted this systematic liter-
ature review to determine the different risk factors for ON in
patients with SLE. The specific question addressed was,
“what are the minimum investigation(s) necessary to
optimally monitor the risk of ON in SLE patients?” To
answer this question, the identification of all the risk factors
associated with ON in SLE was necessary, and that was the
goal of our present study.

MATERIALS AND METHODS

Search strategy. A comprehensive and systematic search was performed
using MEDLINE and EMBASE. Each database was searched from its
inception to January 2016 in both French and English. A broad combination
of Medical Subject Heading (MeSH) terms included “Systemic lupus erythe-
matosus,” “Osteonecrosis,” “Aseptic necrosis,” “Avascular necrosis,”
“Femur head necrosis,” and synonymous text words. Additional articles were
retrieved by hand-searching relevant references and guidelines, especially
European League Against Rheumatism recommendations'®-!! and ACR
Appropriateness Criteria'?. Ethics board approval for a systematic review
and metaanalysis was not required, in accordance with the policy of our insti-
tution (Centre Hospitalier de I’Université de Montréal). The end date for the
search represents when this review was completed for the results to be used
for the GRADE-based recommendations for assessment and monitoring of
SLE in Canada; therefore, the search was not further updated, to ensure
consistency of data.

Study selection. Two reviewers (SH and MS) screened all articles based on
titles and abstracts and selected potentially eligible studies. Full-text articles
of all relevant studies were retrieved and assessed for inclusion, based on
specific eligibility criteria: (1) randomized controlled trials (RCT), case
control, cohort, or cross-sectional studies; (2) patients diagnosed with SLE
(according to authors of the articles); (3) symptomatic and/or asymptomatic
ON (any joint could be affected); (4) ON confirmed by 1 or more of the
following methods: conventional radiography, bone scan, magnetic
resonance imaging (MRI), tomograms, or histology; and (5) reporting of at
least 1 risk factor for ON. Exclusion criteria included any of the following:
(1) case reports, letters, and review articles; (2) non-human studies; and (3)
publication in languages other than French or English.

Data extraction. A standard data extraction form was used to collect the
relevant information from the included studies. Extracted data included year

of publication, country, study design, source of funding, sample size, SLE
definition, and ON definition. The risk factors evaluated were grouped into
4 categories: (1) those related to CS [history of CS use, current CS use
(yes/no), mean daily dose of CS, highest dose of CS (mg/day and g/month),
total cumulative CS dose, Cushingoid appearance]; (2) those related to
clinical manifestations [disease activity, arthritis, neuropsychiatric SLE,
Raynaud phenomenon (RP), vasculitis, serositis, gastrointestinal (GI)
involvement, hypertension (HTN), oral ulcers, renal disease, alopecial;
(3) those related to laboratory results [lupus anticoagulant (LAC), anticar-
diolipin antibodies (aCL) IgM and IgG, anti-f3,-glycoprotein] I antibody;
and (4) those related to treatment other than CS (antimalarial, immunosup-
pressive agents).

Quality assessment. Because no RCT were identified, the quality of each
study was graded according to the Newcastle-Ottawa scale for nonran-
domized studies (NOS)!3, a tool developed to assess the quality of that type
of study. A maximum of 9 stars could be attributed to each study, with a
higher number of stars indicating a higher quality. In addition, the quality
of the evidence per risk factor was evaluated according to GRADE
approach!4, which encompasses 8 major domains: risk of bias, directness of
evidence, inconsistency, imprecision, publication bias, large effect, dose
response, and opposing residual confounding.

Statistical analysis. For each included study and for each relevant outcome,
we extracted or computed the necessary information. For binary outcomes
(e.g., renal disease), we obtained OR with corresponding standard errors.
When OR were not given directly, they were computed from raw data or
other given information (e.g., risk ratios). For continuous outcomes (e.g.,
highest dose of CS), we obtained mean difference with standard error.
Standard errors of the mean difference (when not given directly) were
computed from other information (e.g., SD, CI, and p values). Results were
then pooled using the DerSimonian-Laird random effects method; OR were
pooled on the log scale'?. For study level and pooled estimates, 95% CI were
reported. Statistical heterogeneity was quantified using the I? statistic'®.

RESULTS

Literature search. After removing duplicate results, 370 refer-
ences were identified. Of these studies, 304 records were
excluded after initial review of titles and abstracts. After
evaluation of the full-length paper of the remaining 66
articles, 50 studies were included in the final analysis (Figure
1). The majority of full-text articles were excluded because
they did not include a comparator group (patients with SLE
without ON) or because of lack of extractable data.

Study characteristics. The details of the study characteristics
are displayed in Supplementary Table 1, available with the
online version of this article. No RCT was identified. Almost
all included studies were the case-control type (46 of 50
studies). The NOS scores varied between 3 and 8, with a
mean score + SD of 5.72 + 1.06 and a median score of 6.
One article had a score of 8, 10 articles had a score of 7, 18
articles had a score of 6, and 18 articles had a score of 5 or
lower. The quality of the body of evidence for each risk
factor was assessed as low to very low because of risk of
bias, inconsistency, and imprecision for most risk factors
(Table 1).

Risk factors related to CS. Several approaches were taken to
evaluate the risk associated with CS (Figure 2). Three studies
examined current use (yes/no) for patients with SLE!7-18.19,
One found a statistically significant higher risk of ON in
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Figure 1. Flow diagram of the literature search process, including reasons for exclusions. ON: osteonecrosis; SLE: systemic

lupus erythematosus.

patients using CS compared to those without CS use, whereas
the other 2 studies did not. Although not statistically signifi-
cant, a trend toward increased risk of ON was observed when
the 3 studies were combined. One study looked at the history
of CS use (yes/no) and did not find an association with ON20,
Combining the results of 23 studies®!7:18:21-40 " total
cumulative dose of CS was higher in patients with SLE who
had ON than in patients with SLE without ON (mean
difference 3.71 g, 95% CI 0.79-6.64). The average daily
dose3:18.29.30,32,34,35,37.38.40-46  gnq  the highest daily
dose!-3.17,18,22,24-28,34,38-4042.46-51 were also higher in patients
who presented with ON (mean difference 3.19 mg/day, 95%
CI 1.18-5.21, and mean difference 6.41 mg/day, 95% CI
2.94-9 88, respectively). The highest cumulative CS dose
received in 1 month was, however, not statistically
different between patients with SLE with or without
ON30:31.3235 The use of pulse therapy has been studied in
17 articles?-3-20-28.30.32,35.41.43.4548,52-57 and was associated
with ON (OR 1.79, 95% CI 1.31-2.46). Cushingoid

appearance was also a risk factor associated with ON (OR
366, 95% CI 2.20—6.10)] ,3,]7,27,30,32,40,46,52,54,58_

Risk factors related to clinical manifestations. Significant risk
factors associated with ON (Figure 3) were arthritis (OR
1.50.95% CI 1'04_2'16)3,]7,20,22,25,26,35,37,39,40,42,46,54,59,60

neuropsychiatric manifestations of SLE (OR 2.03, 95% CI
1.52-2 72)17 ,20,21,22,25,26,30,32,35-40,42,46 47 48,52,53 55 ,57,59- 62
RP (OR 1.28,95% CI 1.06-1 54)3 17,20-22,24-27,30,32,35,36, 37
39-41.4446-48,52.57.58,60  yasculitis (OR  2.13, 95% CI
1.48-3 .07)1 ,17,22,25,27,30,32,35,36,40,46,52,54,58,61 ,and HTN (OR
1.76,95% CI 1'49_2'08)3,]9,20,22,30,32,35,37,38,40,42,45,48,53,61'
There was also a higher risk of ON in patients with SLE
presenting with serositis, including pericarditis and/or
pleuritis (OR 1.68, 95% CI 1.24-226)%2:253032.35.37,
40.43,54.59-61 Renal disease, defined as proteinuria of > 0.5
g/day and/or active urinary sediment and/or creatinine > 1.4
mg/dl (123.2 ymol/l) and/or biopsy-proven lupus nephritis,

was also a risk factor for ON (OR 1.70, 95% CI
1 ‘32_2'19)3,17,19,20,22,25,26,30,32,35,36,37—40,43,46—48,53,54,57,59—61)'
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Table 1. Summary of the evidence quality grading using GRADE.

Risk Factor No. Studies Quality of
Included Evidence (GRADE)
History of CS use 1 ®OOO
VERY LOW
Current CS use 3 ®®OO
LOW
Average daily dose of CS 16 (NNO®)
LOW
Highest dose of CS (mg/day) 21 ®ROO
LOW
Highest CS dose (g/month) 4 ®OCOO
VERY LOW
Total cumulative CS dose 23 (NNO®)
LOW
Pulse of CS 17 R®ROO
LOW
Cushingoid appearance 11 ®XRX0CO
LOW
Arthritis 15 ®®OO
LOW
Neuropsychiatric SLE 24 ®K®OO
LOW
Raynaud phenomenon 27 ®X®OO
LOW
Vasculitis 15 ®ROO
LOW
Serositis 12 ®K®OO
LOW
Gastrointestinal involvement 1 ®OCOO
VERY LOW
Hypertension 15 ®ROO
LOW
Oral ulcers 11 ®K®OO
LOW
Renal disease 25 ®X®OO
LOW
Alopecia 9 ®ROO
LOW
SLEDAI > 8 in the previous year 1 ®OO00
VERY LOW
Anticardiolipin antibodies IgM 8 ®OCOO
VERY LOW
Anticardiolipin antibodies I1gG 10 ®O0O
VERY LOW
Lupus anticoagulant 11 ®K®OO
LOW
Antimalarial 14 ®X®OO
LOW
Mixed immunosuppressive agents 10 R®®OO
LOW
Cyclophosphamide use 7 ®K®OO
LOW
Azathioprine use 8 ®X®OO
LOW
Mycophenolate mofetil use 4 ®OO0O
VERY LOW
Methotrexate use 3 ®OOO
VERY LOW

GRADE: Grading of Recommendations, Assessment, Development, and
Evaluation; CS: corticosteroids; SLE: systemic lupus erythematosus;
SLEDALI: SLE Disease Activity Index.

One study?’ evaluated disease activity as a risk factor for ON
in patients with SLE and found that a Systemic Lupus
Erythematosus Disease Activity Index (SLEDAI) > 8 in the
previous year statistically increases the risk of ON (OR 6.78,
95% CI 1.05-43.66). Alopecia>-30-32.33,374043.44.60 apd oral
ulcers?2-25:26,30,32,35.40,43.46,59.60 did not show a significant
association with ON. Only 1 study evaluated GI involvement
as a risk factor for ON in patients with SLE®!, and it did not
find a statistically significant association.

Risk factors related to laboratory results. Overall, studies that
investigated the association between aCL and ON did not
find a significant association (Figure 4)3-17-20.2657 In studies
that looked at aCL subtypes, aCL IgM were more often
positive in patients with SLE who had ON compared to
patients without (OR 2.29, 95% CI 1.31-3.98)!:22.27,32.33,
3536.59; however, aCL IgG!?22273032333536.38.59 4nd
LA(C?226273032,33354248,57.59 \yere not associated with ON.
The 2 studies that evaluated the association between
anti-B,-glycoprotein I antibody and ON found no associ-
ation3093_ Interestingly, 1 study found an association between
vitamin D deficiency and ON.

Risk factors related to treatment other than CS. The use of
antimalarials317:2022.26,27.38.42,53,57,59,61.62.64 showed no effect
on the risk of ON (Figure 5). The use of at least 1 immuno-
suppressive agent (including methotrexate, azathioprine,
cyclophosphamide, cyclosporine, and mycophenolate mofetil)
was associated with an increased risk of ON (OR 1.87,95%
CI 1.17-2.98)317:27:3548.52,53.5457.61 When studied independ-
ently, cyclophosphamide was the only immunosuppressive
agent associated with the development of ON (OR 2.98,95%
CI 1.33-6.68)22263032384259 Azathioprine?2232630323842.59
methotrexate?63°, and mycophenolate mofeti]?2-26-30-38
were not associated with a higher risk of ON.

DISCUSSION
The objective of our study was to determine the risk factors
associated with ON, an important complication affecting
patients with SLE. Our systematic review of the literature
revealed that studies were heterogeneous in terms of design
and quality. Nevertheless, some important points emerged.

CS are a risk factor that may be associated with ON. The
average daily dose of CS, highest dose of CS, total cumu-
lative CS dose, pulse therapy, and Cushingoid appearance
were all associated with ON. However, the quality of this
evidence was low to very low because of the high risk of bias
and often inconsistency across studies, and therefore strong
conclusions cannot be made. Although 2 of the 3 studies that
investigated the current use of CS and the study that
examined the history of CS use did not show a statistically
significant association with ON, a clear tendency in favor of
an association was observed.

This is in agreement with the observation that ON is rarely
observed in patients with SLE who did not receive CS!7. Also,
empirical evidence suggests that ON is closely associated with
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A

Odds Ratio
Study or Subgroup  Weight IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

1.19.1 History of CS use
Cozen 1998 100.0%
Subtotal (95% CI) 100.0%
Heterogeneity. Mot applicable
Test for owverall effect: 2 = 0.98 (P = 0.332)

1.72 [0.58, 5.09]
1.72 [0.58, 5.09]

1.19.2 Current CS use
Gladman 2001 29.6% 13.60[3.04, 60.87]
Gurion 2013 41.0% 1.44 [0.67, 3.10]

Gurion 2015 29.3% 1.77[0.39, 8.12]
Subtotal (95% CI) 100.0%  2.98 [0.79, 11.32]

Heterogeneity: Tau? = 0.98; Chi* = 6.92, df = 2 (P = 0.03); I = 71%

Test for overall effect: 2 = 1.61 (P = 0.11)

B

PR S E—

~rei

0.005 01 10 200
Factor decreases risk Factor increases risk

Test for subgroup differences: Chi? = 0.39, df = 1 (P = 0.53), I* = 0%

B

Mean Difference Mean Difference
Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Abeles 1978 6.5% 0.19[-6.32, 6.70] —
Al Saleh 2010 4.6% 17.84 [7.98, 27.70]
Bergstein 1974 1.7% 23.00[2.62, 43.28)
Castro 2011 1.6% -3.90[-24.75, 16.95]
Dimant 1978 4.4% 13,10 [2.90, 23.30]
Faezi 2014 7.7% 0.96 [-3.70, 5.63] b
Fialho 200& 6.7% -3.10 [-9.38, 3.18] —
Gladman 2001 7.5% 8.10[3.00, 132.20] —_—
Gurion 2013 2.2% 1.13 [-16.44, 18.€9]
Hagiwara 2015 1.2% -12.50[-37.59, 12.59]
Houssiau 1998 1.8% 21.70[1.97, 41.43]
Lee 2014 6.0% 0.20 [-7.08, 7.48] I
Migliaresi 1994 3.3% -8.50[-21.69, 4.69] —
Mok 1998 6.9% 360 ([-2.37, 9.57] -
Mok 2000 4.2% 4.80 [-5.98, 15.58] —
MNakamura {Dew) 2010 1.4% -10.20[-32.84, 12.44]
Prasad 2007 5.9% 0.40 [-7.08, 7.88] T
Sayarlioglu 2012 6.9% 10.60 [4.74, 16.46] —_—
Sheikh 1998 2.9% 11.95 [0.58, 23.321)
Smith 1976 5.8% -4.35 [-12.00, 3.30] —1
Uea-areewongsa 2009 4.3% 2.06 [-7.42, 12.54] e E
Watanabe 1997 2.8% 0.08 [-14.46, 14.63] S E—
Zizic 1985 2.6% 3.42 [-11.94, 18.78] —
Total (95% CI) 100.0% 3.71[0.79, 6.64] L 2

i 2 _ . i? = - - DT } 1 I I

Heterogeneity. Tau® = 23.10; Chi® = 48.06, df = 22 (P = 0.001); I* = 54% e 35 ) PG 54

Test for overall effect: 2 = 2.49 (P = 0.01)

Dose higher in Controls Dose higher in Cases

Figure 2A-B. Forest plots for risk factors associated with corticosteroid use: A. CS use; B. Total cumulative CS dose (g). CS: corti-

costeroids.

the use of high-dose CS early in the course of SLE, especially
in patients who develop Cushingoid appearance!1732:4054.65
However, 1 study of 144 patients followed by periodic MRI
(hips and knees) for a minimum of 10 years found no new
lesion development in patients receiving a low or medium CS
dose (< 30 mg/day of prednisone)>*.

Although the effect of CS on ON seems to be clearly
established, the pathophysiology is not fully understood. It
has been hypothesized that chronic CS use promotes
intraosseous adipocyte hypertrophy and fat conversion of red
marrow, leading to increased bone marrow pressure, which
compromises intraosseous perfusion®. Another postulated
mechanism is that CS alter lipid metabolism, leading to fat
microemboli in subchondral vessels®.

The higher prevalence of ON in patients with SLE
compared to other diseases requiring CS therapy suggests
that additional SLE-specific risk factors may be involved®.
Indeed, our systematic review identified additional possible
risk factors for ON in patients with SLE; however, not all
data regarding these risk factors were concordant.

Although antimalarials may have antithrombotic®® and
lipid-lowering properties®’, our review showed that using
antimalarials may have little to no effect on the risk of ON in
patients with SLE.

ON has been identified in patients with primary antiphos-
pholipid syndrome without previous CS therapy, suggesting
arole for antiphospholipid antibodies (aPL) in the pathophys-
iology of ON®. Indeed, it is reasonable to think that these
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C

Mean Difference

Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI

Aranow 1997 4.5% -1.82[-9.4¢6, 5.82]

Cahvo-Alen 2006 6.0%  7.90[1.86, 13.94]

Gurion 2013 2.9% 13.70[3.37, 24.03] _—*
Houssiau 1998 8.5% 5.10[1.06, 9.14] e —

Kuroda 2015 6.7% 4.90[-050, 10.30] T

Lee 2014 10.4% 2.29[-0.48, 5.06] T

Mok 1998 8.5%  6.30[2.26, 10.34] EEe—
Makamura (Dew) 2010 3.8% -2.90[-11.50, 5.70]

Ono 1992 1.7% 1.90[-12.50, 16.30]

Prasad 2007 8.7% 0.20[-32.69, 4.09]  —

Savarlioglu 2012 11.0% -1.00[-3.34, 1.34] —

Sekiyva 2010 7.5% 0.50[-4.25, 5.25]  ee—

Smith 1976 3.4% -2.30[-11.72, 7.12]

Uea-areewnongsa 2009 9.0% 5.65[1.99, 9.31] e —

Weiner 1989 2.9% 14.90[4.59, 25.21] _—
Zizic 1985 4.5% 2.90[-4.75, 10.55]

Total (95% CI 100.0% 3.19 [1.18, 5.21] R

Heterogeneity: Tau? = 8.22; Chi® = 36.16, df = 15 (P = 0.002); I’ = 59% 1o 3 : e

Test for overall effect: Z = 2.10 (P = 0.002) Dose higher in Controls Dose higher in Cases

D

Mean Difference Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Al Saleh 2010 5.1%  24.00([15.29, 32.61] _—
Calvo-Alen 2006 4.5% 17.70 [7.41, 27.99]
Castro 2011 0.9% -18.00[-52.69, 16.69] +
Dirnant 1978 4.6% 0.20[-9.72, 10.32] e e—
Faezi 2014 2.3% -1.73[-20.89, 17.43]
Fialho 2006 5.9% -3.10 [-9.38, 3.18] —_—T
Gladman 2001 4.5% 16.20 [6.11, 26.49] e —
Gurion 2013 1.5%  20.00[-5.34, 45.34] +
Hagiwara 2015 5.9% 0.50[-5.93, 6.93] e
Mont 1997 3.4% 232.00 [9.05, 36.95] _—
Nagasawa 1989 5.0% 9.00[0.15, 17.85] EE—
Makarnura {age A) 2010 7.2% -1.90 [-4.13, 0.33] —
Makamura {age P) 2010 4.1% 9.10[-2.23, 20.43] S e—
Makamura {age T1 2010 6.6% -4.00[-8.29, 0.29] —
Nakamura (Dev) 2010 6.6% 2.30[-2.186, 6.76] h
Oihuma 2001 6.0% -0.40 [-6.62, 5.82] —r
Prasad 2007 5.7% 2.60[-4.43, 9.63] B e
Shigernura 2011 6.5% 4.20[-0.58, 8.98] T
Shigemura 2013 5.8% 6.20 [-0.46, 12.86] 1
Uea-areewongsa 2009 3.4% 15.50[1.61, 29.39] e —
Watanabe 1997 2.4% 12.80 [-5.45, 31.05]
Weiner 1989 0.8%  48.10[12.20, 84.00] _—
Zizic 1985 1.5%  24.30[-1.06, 49.66] >
Total (95% CI) 100.0% 6.41 [2.94, 9.88] <
i 2 _ . i? = = BT I Il ! Il
Heterogeneity. Tau® = 42.50; Chi® = 96.75, df = 22 (P < 0.00001); I* = 77% 30 1o 0 55

Test for overall effect: Z = 3.62 (P = 0.0003) Dose higher in Controls Dose higher in Cases

E

Mean Difference
IV, Random, 95% CI

Mean Difference

Study or Subgroup  Mean Difference SE Weight IV, Random, 95% CI

Lee 2014 -0.09 0207583 34.5% -0.09[-050, 0.32] ——

Migliaresi 1994 1 0.902186 6.7% 1.00[-0.77, 2.77]

Mok 1998 0.64 0187883 36.0% 0.64 [0.27, 1.01] —a—
Sayarlioglu 2012 0.7 0373347 22.7% 0.70[-0.03, 1.43] T
Total (95% CI) 100.0% 0.43 [-0.07, 0.92] +
Heterogeneity: Tau? = 0.14; Chi? = 8.24, df = 2 (P = 0.04); I? = 64% _12 — ‘i 2‘

Test for overall effect: Z = 1.68 (P = 0.09) Dose higher in Controls Dose higher in Cases

Figure 2C-E. Forest plots for risk factors associated with corticosteroid use: C. Average daily CS dose (mg/day); D. Highest
CS dose (mg/day); E. Highest CS dose (g/month). CS: corticosteroids.

antibodies may induce a hypercoagulable state that could
cause vessel thrombosis and lead to bone ischemia and
necrosis. The various studies on the risk of ON associated
with aPL in SLE showed conflicting data, and the pooled

result showed that there may only be an association with aCL
of the IgM subtype, but this is uncertain. This observation is
certainly difficult to explain, but is consistent with another
metaanalysis published on this subject that found the same
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Odds Ratio
IV, Random, 95% CI

Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI
Aranow 1997 -0.11333 1.134838 1.8% 0.89[0.10, 8.2¢]
Cozen 1998 0678619 0511913 6.5% 1.97 [0.72, 5.38] —
Hagiwara 2015 -0.16432 0.836789 3.1% 0.85 [0.16, 4.37] EEEE—

Hamijoyo 2008 1.071584 0.450677 7.6% 2.92[1.21, 7.06]

Joo 2015 0583073 0.112953 16.8% 1.79[1.44, 2.24] -

Kuroda 2015 -0.82055 0.815647 3.2% 0.44 [0.09, 2.18] —

Lee 2014 0.268264 0.424104 8.1% 1.31[0.57, 3.00] e B

Massardo 1992 1.245843 0.533183 6.1% 3.48[1.22, 9.88]

Mok 1998 -0.06847 0.591427 5.3% 0.93 [0.29, 2.98] ——

MNagasawa 1989 -0.01207 0.696433 4.2% 0.99[0.25, 3.86]

Magasawa 2005 2.418346 0.848801 3.0% 11.23[2.13, 59.26] _—
Qinuma 2001 0.553595 0.478838 7.0% 1.74 [0.68, 4.45] -1

Prasad 2007 0 0507875 6.5% 1.00[0.37, 2.71] s —

Sayarlioglu 2012 0.33134 0337342 10.2% 1.39[0.72, 2.70] -1

Sekiva 2010 -1.38629 1.258306 1.5% 0.25 [0.02, 2.94] 4

Yang 2007 1.8683 0.543948 6.0% 6.48[2.23, 18.81] e —

Yang 2015 2.104134 0.837805 3.1% 8.20[1.59, 42.36] e —
Total (95% CI) 100.0% 1.79 [1.31, 2.46] <

i 2 _ . i? = - - 12 = } } }
Heterogeneity: Tau® = 0.14; Chi® = 27.27, df = 16 (P = 0.04); I = 41% 005 0z 3 55

Test for overall effect: 2 = 3.62 (P = 0.0003)

Factor decreases risk Factor increases risk

G
Odds Ratio Odds Ratio
Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% CI
Fialho 2006 2.6% 4.90 [0.26, 93.99]
GCladman 2001 11.9% 3.80[1.54, 5.40]
Hamijoyo 2008 12.5% 1.27 [0.61, 2.68] ——
Lee 2014 4.7% 22.79[2.93, 177.34] e e——
Massardo 1992 8.6% 5.68[1.58, 20.49] e —
Mok 1998 12.5% 3.31([1.42, 7.71] —_—
Mont 1997 11.6% 4.03 [1.59, 10.21] —_—
Petri 1985 13.5% 2.80[1.33, 5.91] ——
Prasad 2007 11.4% 1.78 [0.68, 4.64] —1
Weiner 1989 2.6% 1.12 [0.06, 21.09]
Zizic 1985 7.2% 33.00[7.25, 148.1¢] —_—
Total (95% CI) 100.0% 3.66 [2.20, 6.10] ’
i 2 _ . i2 = - — BT - I 1 1 I
Heterogeneity. Tau® = 0.36; Chi® = 21.96, df = 10 (P = 0.02); I* = 54% o b1 o1 5 oo

Test for owverall effect: 2 = 4.98 (P < 0.00001)

Factor decreases risk Factor increases risk

Figure 2F-G. Forest plots for risk factors associated with corticosteroid use: F. Corticosteroid pulse; G. Cushingoid appearance.

result®. Another one” did not find a strong correlation
between aPL and the occurrence of ON. Thus, the true
character of the association between aPL and ON in SLE is
not clear and seems to be, at best, weak.

It could be postulated that immunosuppressive agents
could lead to ON by a direct cytotoxic effect on osteoblasts
and osteoclasts. In fact, some authors found that immunosup-
pressive therapy is a risk factor for QN!7-22,30324257
Conversely, these agents could be surrogates for disease
activity, which could be a risk for ON. Also, their use likely
clusters with CS but their use could also be steroid-sparing.
In most of these studies, immunosuppressive therapy was not
studied as an independent risk factor. However, 1 study found
that cytotoxic drug use remained a significant risk factor for
the occurrence of ON, even after adjusting for the use of CS
and other treatments*?. In our study, no difference was
observed between ON cases and controls regarding disease
activity. Similarly, another article found that cytotoxic drugs
remain a significant risk factor for ON in multivariate
analysis (OR 2.7,95% CI 1.02-8.8; p = 0.046)!7.

Our review provides a comprehensive picture of the risk
factors of ON in patients with SLE. It was conducted as part
of the development of Canadian clinical practice recommen-
dations for the diagnosis and monitoring of patients with
SLE, which are the first, to our knowledge, to use the
GRADE methodology for SLE and are endorsed by different
SLE associations across Canada. The aim of our review was
to identify subgroups of patients with SLE at risk of ON, and
to optimally monitor them for this debilitating complication.
The strength of this metaanalysis is that we used a systematic
approach and established a quality of evidence for each risk
factor with the GRADE approach. However, some limitations
must be identified. First, only a few included studies
controlled for confounders and provided adjusted results.
This may help explain the notable heterogeneity for some
outcomes. We reported adjusted results whenever possible,
because many risk factors for ON may be codependent.
Second, all studies included in this review had an observa-
tional design, and therefore causality cannot be inferred.
Also, the different diagnostic methods of ON (with varying
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Al Saleh 2010 0.405465 0.464071 12.6% 1.50[0.60, 3.72] —
Calvo-Alen 2006 -0.05942 0.66918 6.8% 0.94 [0.25, 3.50] —
Cozen 1998 -0.24692 0.636252 7.5% 0.71[0.20, 2.46] —_—T
Dimant 1978 1.031577 1.459257 1.6% 2.81[0.16, 48.99]
Faezi 2014 0.349449 0.325096 21.0% 1.42 [0.75, 2.68] i
Fernandes 2010 -2.13549 1.744557 1.1% 0.04 [0.00, 1.33] +
Gladman 2001 1.029619 0.402598 15.7% 2.80[1.27, 6.16] —
Griffiths 1979 0.521578 1.522328 1.5% 1.68[0.09, 33.29]
Massardo 1992 1.966459 1.4484324 1.6% 7.15[0.42, 122.16]
Prasad 2007 0 0.399141 15.9% 1.00 [0.46, 2.19] —
Sayarlioglu 2012 0.872018 0563146 9.2% 2.39[0.79, 7.21] T
Smith 1976 2.959365 1.625198 1.3% 19.29[0.80, 466.24] >
Watanabe 1997 1.833905 1475915 1.5% 6.26[0.35, 112.92]
Weiner 1989 -0.24116 1.470489 1.6% 0.79[0.04, 14.03]
Zizic 1985 -1.06157 1.655526 1.2% 0.35 [0.01, 8.87]
Total (95% CI) 100.0% 1.50 [1.04, 2.16] s 2
i 2 . i _ - — P I t L L
Heterogeneity. Tau® = 0.06; Chi® = 15.89, df = 14 (P = 0.32); I° = 12% ool o 1 100

Test for overall effect: Z = 2.18 (P = 0.03) Factor decreases risk Factor increases risk

B
Odds Ratio Odds Ratio

Study or Subgroup Weight 1V, Random, 95% CI IV, Random, 95% CI
Al Saleh 2010 7.7% 2.50[1.74, 7.05]
Cozen 19398 5.8% 2.41[1.36, 8.56]
Dimant 1978 5.3% 1.47 [0.54, 2.99] S E—
Faezi 2014 4.7% 5.56[1.86, 16.68] e
Fernandes 2010 0.8% 0.60[0.03, 13.98]
Gladman 2001 8.1% 1.00[0.51, 1.95] —_—r
Griffiths 1979 1.6% 0.42 [0.05, 2.77]
Klippel 1979 2.9% 1.79[0.29, 8.27] —
Kurnyakham 2012 6.9% 1.54 [0.70, 3.38] B
Kuroda 2015 1.6% 0.42 [0.05, 3.76]
Lee 2014 5.9% 218 [1.28, 7.90] e e—
Li 20132 6.1% 2.76[1.14, 6.69] —_—
Massardo 1932 2.9% 0.61[0.13, 2.81] ——
Mok 1998 6.8% 4.01 [1.80, 8.96] e —
Magasawa 1989 4.5% 1.26[0.41, 2.92] s e—
MNagasawa 2005 2.7% 4.50[0.90, 22.39] 1
Sayarlioglu 2012 5.4% 1.81[0.68, 4.82] N
Sheikh 1998 2.4% 1.22[0.24, 7.35] —
Smith 1976 0.7% 32.46[0.12, 100.51] +
Uea-areewongsa 2009 1.5% 0.12 [0.01, 1.14]
Watanabe 1997 2.3% 3.45[0.60, 19.97] —
Weiner 1989 2.0% 4.64[0.71, 20.42] —
Yang 2015 6.8% 2.27 [1.48, 7.31] I—
Zizic 1985 4.7% 1.20[0.40, 3.586] e R—
Total (95% CI) 100.0% 2.03 [1.52, 2.72] <

i 2 . i2 -2 I Il I Il
Heterogeneity. Tau® = 0.16; Chi® = 34.41, df = 23 (P = 0.06); I = 33% 501 o1 T 100

Test for overall effect: Z = 4.78 (P < 0.00001) Factor decreases risk Factor increases risk

Figure 3A-B. Forest plots for clinical manifestations of SLE: A. Arthritis; B. Neuropsychiatric SLE. SLE: systemic lupus

erythematosus.

sensitivity) used in the included studies are a source of may be strongly associated with ON, but this is still uncertain
heterogeneity. Finally, although some studies were graded as due to the very low quality of evidence. Results of this review
good quality according to the NOS scale, the quality of may be considered by clinicians in their assessment of the risk
evidence for the risk factors was low to very low based on of ON in patients with SLE. A careful medical history should
GRADE. This limits our ability to draw strong conclusions be obtained, including information about CS use. Physicians
concerning some risk factors. should maintain a high index of suspicion for ON in patients

Based on the published literature, CS may be a strong risk with SLE, especially in the presence of known risk factor such
factor associated with ON in patients with SLE. Other risk as the use of CS. Patients should be educated on the presenting
factors, such as arthritis, neuropsychiatric manifestations of symptoms of ON (progressive or sudden deep joint pain worse
SLE, vasculitis, hypertension, serositis, and renal disease may with movements). We suggest adopting a preventive strategy
be moderately associated with ON, and a SLEDAI score > 8 with a judicious use of CS.
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Odds Ratio Odds Ratio

Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% CI
Abeles 1978 2.1% 1.12 [0.31, 4.02] —
Al Saleh 2010 4.2% 2.50[1.01, 6.17]
Aranow 1997 1.6% 1.76 [0.40, 7.78] —
Calvo-Alen 2006 4.3% 0.88[0.26, 2.17] s
Castro 2011 1.1% 0.48 [0.08, 2.84] —
Cozen 1998 4.4% 1.03[0.42, 2.50] —
Dimant 1978 4.2% 0.76[0.21, 1.89] s e
Faezi 2014 6.3% 1.30[0.62, 2.74] —_—T
Fialho 2006 1.5% 0.31[0.07, 1.328] —
Gladman 2001 7.2% 0.80 [0.40, 1.60] —_— 1T
Griffiths 1979 1.6% 0.94[0.21, 4.09]
Hamijoya 2008 4.0% 1.49[0.59, 3.78] I e
Klippel 1979 2.9% 0.73 [0.24, 2.20] —
Lee 2014 6.9% 2.03 [1.00, 4.14]
Massardo 1992 3.0% 2.82 [0.97, 8.27]
Mok 1998 4.9% 0.96 [0.41, 2.22] —_— T
Magasawa 1989 4.2% 1.23[0.50, 3.04] I R
Ono 1992 1.5% 1.00[0.22, 481]
Petri 19395 ©.3% 2.10[1.00, 4.40] e
Prasad 2007 7.3% 1.20[0.60, 2.41] e
Sayarlioglu 2012 8.1% 2.10[1.10, 4.04] —_—
Sheikh 1998 1.4% 0.95 [0.20, 4.54]
Smith 1976 0.3% 11.67 [0.48, 282.04] +
Watanabe 1997 1.2% 1.23[0.23, 6.73]
Weiner 1989 1.3% 0.38[0.07, 1.99] —
Yang 2015 5. 1% 1.32[0.58, 3.01] e
Zizic 1985 3.0% 157 [0.54, 4.61] —
Total (95% CI) 100.0% 1.28 [1.06, 1.54] &

i 2 _ . i2 - - 12 = I 1 Il Il
Heterogeneity. Tau® = 0.00; Chi® = 24.61, df = 26 (P = 0.54); I° = 0% o1 o1 T 100
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Odds Ratio Odds Ratio
Study or Subgroup  Weight 1V, Random, 95% CI IV, Random, 95% CI
Al Saleh 2010 10.7% 2.70[1.39, 5.25]
Aranow 1997 2.2%  1.51[0.15, 14.91]
Dimant 1978 5.6% 0.49[0.14, 1.71] e —
Fialho 2006 4.1% 1.50[0.31, 7.17] —
Gladman 2001 B.4% 1.90 [0.78, 4.61] 1
Harnijoyo 2008 8.2% 4.45[1.79, 11.02] _
Kunyakham 2012 5.9% 6.51[1.94, 21.83] e —
Lee 2014 9.2% 1.92 [0.86, 4.27] —
Massardo 1992 7.2% 2.18 [0.78, 6.09] -
Mok 1998 7.3% 0.45 [0.16, 1.24] e—
Mant 1997 7.7% 3.50[1.33, 9.21]
Petri 1995 10.1% 32.40[l.66, 6.95] —_—
Savarliogly 2012 8.7% 2.68[1.14, 5.22]
Sheikh 1998 1.3% 4.26 [0.18, 98.07]
Weiner 1989 3.5% 0.92 [0.1¢, 5.21]
Total (95% CI) 100.0% 2.13 [1.48, 3.07] .
i 2 _ B 2 _ — — L2 _ I 1 1 1l
Heterogeneity: Tau® = 0.21; Chi® = 24.91, df = 14 (P = 0.04); I° = 44% o1 o1 % 100

Test for overall effect: 2 = 4.06 (P < 0.0001) Factor decreases risk Factor increases risk

Figure 3C-D. Forest plots for clinical manifestations of SLE: C. Raynaud phenomenon; D. Vasculitis. SLE: systemic lupus
erythematosus.
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Odds Ratio Odds Ratio

Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Al Saleh 2010 0993252 0.33%601 20.1% 2.70[1.39,5.25] —
Dimant 1978 0.620576 0573019 7.1% 1.86[0.61, 5.72] —
Fernandes 2010 0965081 1473981 1.1% 2.63[0.15, 47.18]
Criffiths 1979 0035718 0.777884 3.8% 1.04[0.23, 4.76]
Kunyakham 2012 0.41211 0.750172 4.1% 1.51[0.35, 6.57] E B —
Kuroda 2015 0.020618 0.7309856 4.3% 1.02 [0.24, 4.28]
Lee 2014 0556288 0402869 14.3% 1.74 [0.79, 3.84] T
Massardo 1992 0.460993 0.564279 7.3% 1.59[0.52, 4.79] s —
Mok 1998 -0.47 0.487145 9.8% 0.63 [0.24, 1.62] s
Sayarlioglu 2012 0982371 0344592 19.6% 2.67[1.36, 5.25] —
Smith 1976 0 1.080123 2.0% 1.00[0.12, 8.31]
Zizic 1985 -0.25131 0599359 6.5% 0.781[0.24, 2.52] e p—
Total (95% CI) 100.0% 1.68 [1.24, 2.26] L 2

i 2 _ . 2 _ - - T L 1 1 1
Heterogeneity. Tau® = 0.00; Chi* = 10.78, df = 11 (P = 0.46); I° = 0% o1 o T Too

Test for overall effect: 2 = 2.29 (P = 0.0007)

F

Study or Subgroup

log[Odds Ratio]

Odds Ratio
SE Weight 1V, Random, 95% CI

Factor decreases risk Factor increases risk

Odds Ratio
IV, Random, 95% CI

Kunyakham 2012 1.693779 0873878 100.0% 5.44[0.98, 30.1¢6]
Total (95% CI) 100.0%  5.44 [0.98, 30.16] e ———
Heterogeneity. Not applicable [ + t |
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Odds Ratio Odds Ratio
Study or Subgroup Weight 1V, Random, 95% CI IV, Random, 95% CI
Al Saleh 2010 8.3% 1.80[1.02, 2.19]
Calvo-Alen 2006 2.6% 1.51[0.83, 2.61] —
Cozen 1998 4.2%  2.71[1.22, 6.03]
Gurion 2015 2.6%  3.19[1.1s, 8.83] +
Joo 2015 55.3% 1.78[1.43, 2.22] ——
Kunyakham 2012 5.3% 1.35 [0.66, 2.77] e B —
Lee 2014 2.5% 2.58[1.086, 6.26] e
Mok 1998 1.3% 1.96 [0.47, 8.22]
MNagasawa 1989 1.7% 1.28 [0.40, 4.80]
Prasad 2007 5.7% 1.20[0.80, 2.40] e E—
Sayvarlioglu 2012 5.5% 1.81[0.90, 2.63] -
Sekiyva 2010 0.6% 133[0.15, 11.50] +
Smith 1976 0.2% 0.02 [0.00, 0.52] —
Uea-areewongsa 20039 0.7% 1.59[0.24, 10.70] +
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Total (95% CI) 100.0% 1.76 [1.49, 2.08] ’
Heterogeneity: Tau? = 0.00; Chi? = 12.33, df = 14 (P = 0.58); I’ = 0% 012 0=5 i 5'
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H
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
Al Saleh 2010 0.470004 0328534 13.5% 1.60[0.84, 3.05] 1
Dimant 1978 -0.53808 076667 7.7% 0.581[0.13, 2.62]
Faezi 2014 -1.22483 0287927 14.0% 0.29[0.17, 0.52] —
Fernandes 2010 -0.34831 1463611 3.3% 0.71[0.04, 12.43]
Criffiths 1979 -0.55962 1116702 4.9% 0.57 [0.06, 5.10]
Kuroda 2015 -1.85413 1483121 3.2% 0.16 [0.01, 2.87] +
Lee 2014 0322773 0360168 13.0% 1.38[0.68, 2.80] o
Mok 1998 0.003914 0.594887 9.8% 1.00[0.31, 3.22] I Sa—
Savarlioglu 2012 0.924717 0.340164 13.3% 2.52[1.29, 4.91] —
Weiner 1989 0 0821584 7.2% 1.00[0.20, 5.00]
Zizic 1985 -0.74721 056355  102% 0.47 [0.16, 1.43] —_—T
Total (95% CI) 100.0% 0.85 [0.48, 1.52]

Heterogeneity. Tau? = 0.54; Chi® = 32.01, df = 10 (P = 0.0004); I* = 69% [ |

- 0.01 0.1 { 10 100
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Figure 3E-H. Forest plots for clinical manifestations of SLE: E. Serositis; F. Gastrointestinal involvement; G. Hypertension;
H. Oral ulcers. SLE: systemic lupus erythematosus.
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Odds Ratio Odds Ratio

Study or Subgroup Weight 1V, Random, 95% CI IV, Random, 95% CI
Al Saleh 2010 6. 8% 3.00[1.68, 5.35]
Cozen 1998 5.1% 4.07 [1.82, 9.11]
Dimant 1978 4.4% 1.04[0.42, 2.60] E e—
Faezi 2014 4.4% 1.64 [0.66, 4.09] N e
Fernandes 2010 0.6% 0.11[0.00, 2.46] 4
Gladman 2001 5.3% 0.90[0.41, 1.96] —_—r
Griffiths 19749 2.2% 253[0.57, 11.28] —
Gurion 2015 2.8% B.08[2.24, 29.14]
Joo 2015 9.0% 1.56[1.13, 2.15] —_
Klippel 1979 2.4%  0.53[0.17, 1.62] _—
Kunyakham 2012 6.9% 1.29[0.73, 2.28] -1
Kuroda 2015 3.9% 0.86[0.32, 2.34] s
Lee 2014 5.8% 1.47 [0.73, 2.98] o
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Figure 5A. Forest plots for risk factors associated with medication other than CS: A. Antimalarials. CS: corticosteroids.
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Figure 5B. Forest plots for risk factors associated with medication other than CS: B. Immunosuppressive agents. CS:
corticosteroids.
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