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ABSTRACT 
 
Background and purpose: Osteonecrosis is a frequent and often disabling clinical occurence in 
patients with SLE. The role of glucocorticoids (GC) in the development of osteonecrosis is well 
known. Given that osteonecrosis is a frequent occurrence in patients with SLE, we decided to 
explore other possible risk factors influencing its development. 
 
Methods: A nested matched case-control study was performed in the context of a large, 
longitudinal, multiethnic lupus cohort (LUMINA for Lupus in Minorities: Nature vs Nurture) 
currently constituted by 571 SLE patients meeting ACR criteria. All patients developing 
symptomatic osteonecrosis after the diagnosis of  lupus were considered cases. Two controls 
matched  for age, disease duration, ethnicity and center were selected for each case.  Cases and 
controls were compared by univariable analyses using selected socioeconomic-demographic, 
clinical, laboratory findings and treatment exposure variables. Variables with p<0.10 and those 
felt to be clinically relevant were entered into conditional logistic regression models including 
either the average dose or the highest dose of GC with osteonecrosis as the dependent variable. 
 
Results: Thirty-two cases were identified and 59 matched controls (in five cases only one control 
could be found) were selected. By univariable analyses, both groups were largely comparable 
with regard to socioeconomic-demographic, clinical and laboratory variables analyzed, but cases 
were less exposed to hydroxychloroquine (as assessed by the percent of exposure time) 
(p=0.026), used higher doses of GC (average and highest doses) (p=0.011 and 0.001, 
respectively) and received cytotoxic drugs more frequently (p=0.015).  In the multivariable 
analyses only cytotoxic drug use (both models) and the highest dose of GC remained associated 
with the occurrence of osteonecrosis (the average dose of GC was of  borderline significance). 
 
Conclusions: In addition to GC, cytotoxic drug use is a risk factor for the development of 
symptomatic  osteonecrosis in SLE patients. Although hydroxychloroquine exposure appeared to 
be a protective factor in the univariable analyses, it was not retained in the multivariable model. 
No other protective factors were identified.  
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INTRODUCTION 
 
Osteonecrosis is a relatively frequent and disabling complication occurring in patients with 
systemic lupus erythematosus (SLE), requiring often major surgical procedures as treatment. It 
has been reported to occur in 40% of patients if silent cases are included; approximately 15% of 
patients develop symptomatic osteonecrosis (1-9).  Glucocorticoid (GC) use is considered a risk 
factor for the occurrence of osteonecrosis in general, but particularly in patients with lupus 
(10,11). Other factors may also be implicated in its development, as osteonecrosis has been 
described in SLE patients who have not received GC (11). Additional risk factors have been 
variably identified by different investigators (9,12-16); they include a Cushingoid body habitus, 
smoking, thrombophlebitis, vasculitis, Raynaud’s phenomenon, arthritis, presence of certain 
autoantibodies [(anti-phospholipid (aPL), anti-Ro plus anti-RNP or antitopoisomerase I)] or 
disease-related fibrinolytic abnormalities. In none of these studies, however, an attempt has been 
made to identify possible protective factors for the occurrence of this complication in patients 
with SLE. 
 
We thus undertook identifying both possible risk and protective factors for the development of 
symptomatic osteonecrosis in SLE by performing a nested matched case-control study in the 
context of a large multiethnic longitudinal lupus cohort.  
 
PATIENTS AND METHODS 
 
Patients. As previously described (17,18), LUMINA is a longitudinal study of outcome in SLE 
and includes patients from three ethnic groups living in the US: Hispanics from Texas and Puerto 
Rico, African Americans and Caucasians; when this study was conducted the cohort was 
constituted by 571 patients. LUMINA is being conducted in three geographical areas (Alabama, 
Texas and the Island of Puerto Rico) and at three institutions: The University of Alabama at 
Birmingham, The University of Texas Health Science Center at Houston1 and The University of 
Puerto Rico Medical Sciences Campus. Patients with SLE as per the American College of 
Rheumatology (ACR) criteria (19,20), with disease duration of five years or less, defined 
ethnicity (all four grandparents of the same ethnic group as the patient) and living in the 
geographic recruitment areas of the participating institutions are eligible to be enrolled in 
LUMINA. Every patient has a baseline visit (T0); follow up visits are conducted every six 
months for the first year (T0.5 and T1, respectively), and yearly thereafter (T2, T3, etc. to TL, for 
the last available visit).  At each visit an interview, a physical examination, and laboratory tests 
are performed; a review of all previously available medical records is also done to obtain 
pertinent clinical information for the interval. Data for missed study visits are obtained, 
whenever possible, by review of medical records.  
 
Disease duration was defined as the time elapsing from the date the patient met four ACR criteria 
(diagnosis date or TD herein) to T0, whereas duration of follow up in the cohort was defined as 
the time between T0 and TL (follow up time, herein); therefore total disease duration was 
defined as the time elapsing from TD to TL.  
 

                                                 
1 Some patients currently followed at The University of Texas Health Science Center at Houston were originally 
enrolled at The University of Texas Medical Branch at Galveston. 
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Variables. As previously reported (18,21), the LUMINA database includes variables from the 
following domains: socioeconomic-demographic, clinical, immunologic, immunogenetic, and 
behavioral and psychological. These variables are measured at T0 and at every subsequent visit. 
Only the variables included in the present analyses will be described. From the socioeconomic-
demographic domain, variables included were ethnicity, age, gender, and unhealthy behaviors 
(smoking, drinking and sedentary life-style). From the clinical domain, the variables included 
were disease duration (TD-T0), follow up time (T0-TL), total disease duration time (TD-TL), 
body mass index (BMI), disease activity and disease damage at T0, presence of arthritis and 
Raynaud’s phenomenon, comorbidities, ancillary laboratory tests and medications.  
 
Disease activity was assessed using the Systemic Lupus Activity Measure-Revised or SLAM-R 
(22). Disease damage was assessed using the Systemic Lupus International Collaborating Clinics 
(SLICC)/ACR damage index or SDI (23); for this study the osteonecrosis item was removed 
from the SDI score. For patients with disease duration of less than six-months at T0, the first SDI 
score (T0.5) measured was used in the analyses. 
 
Co-morbidities included were diabetes mellitus (either self-reported and/or physician-based 
diagnosis and/or requiring pharmacological treatment) and hypertension (defined as a systolic 
blood pressure > 140 mm/Hg and/or a diastolic blood pressure > 90 mm/Hg on two or more 
occasions and/or patient self-reported intake of antihypertensive medications, regardless of the 
cause). 
 
Laboratory variables were obtained at T0.  They were non-fasting serum lipoproteins [total 
cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides, and low-density 
lipoprotein (LDL) cholesterol calculated using the Friedewald formula], and serum CRP 
(measured as high-sensitivity-CRP or hs-CRP, immunometric assay, Immulite 2000 Diagnostic 
Products Corporation, Los Angeles, CA) . 
 
Autoantibodies were measured at T0 and included IgG and IgM aPL antibodies  (abnormal > 13 
GPL U/mL  and/or > 13 MPL U/mL) by enzyme-linked immunoabsorbent assay (ELISA) 
technique (24), and the lupus anticoagulant (LAC) (Staclot test Diagnostica Stago 92600, 
Asnières-Sur-Seine, France)] (25,26), and IgG and/or IgM anti-oxidized LDL (oxLDL) 
antibodies [for the purpose of this study, abnormality was defined as greater than the mean + 
standard deviation (SD) of values for 50 unselected healthy individuals] by ELISA, Specialty 
Laboratories, Santa Monica, CA 90404 (27). Patients were considered to have aPL antibodies if 
they have IgM and/or IgG antiphospholipid antibodies and/or LAC, as described above, or if 
these antibodies had been obtained between TD and T0, as per the medical records reviewed. 
 
Medications included were current and past use of non-steroidal anti-inflammatory drugs 
(NSAIDs), statins, and cytotoxic drugs (cyclophosphamide, either oral or intravenous, and/or 
azathioprine).  Hydroxychloroquine exposure was recorded as current and past use (yes or no), 
average dose and percentage time of exposure over the total disease duration (from TD to TL).  
TL for cases was defined as the time at which the event (osteonecrosis) occurred; TL for the 
controls was a time comparable to the time of the event for the matched case.  GC use was 
recorded as the average daily dose of prednisone and as the highest dose ever taken from TD to 
TL. Exposure to these drugs between TD to T0, which had not been recorded in detail at T0 and 
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thus not included in the original LUMINA database, were completed by review of all available 
medical records. 
 
Outcome variable. Osteonecrosis events included were those ascertained by the study physician 
during LUMINA study visits and/or documented in the medical records reviewed for these visits, 
thus they were symptomatic. The diagnosis of osteonecrosis was made by the treating 
rheumatologists using standard procedures (plain radiographs and/or MRIs) during regular clinic 
visits. All patients with at least one osteonecrosis event documented after TD were defined as 
cases.  
 
Patients. We identified a total of 33 cases of osteonecrosis in our cohort; one case was excluded 
as the diagnosis of osteonecrosis had been made prior to the diagnosis of SLE. From the 
LUMINA database two controls for each patient matched by age (plus minus 5 years), gender, 
ethnicity, disease duration (plus minus 5 months) and study center were identified.   
 
Statistical analyses.  The dependent variable in all analyses was osteonecrosis. Categorical and 
continuous variables were examined by Chi square and Students’ t-test, respectively; the Fisher’s 
exact test was used when appropriate. Variables with a p≤0.10 in these analyses and those 
thought to be relevant for the study were examined using conditional logistic regression models 
with backward selection; in Model 1 the average daily dose of GC was included and the highest 
dose in Model 2. All analyses were done using SAS version 8.1 (Cary, NC). In all analyses the 
level of statistical significance was set at p<0.05. 
 
RESULTS 
 
Descriptive analyses. Ninety-one patients (74% women), 32 cases and 59 controls were included 
in the analyses; for five cases only one control could be selected. Twenty-two percent of them 
were Hispanics from Texas, 2% Hispanics from Puerto Rico, 57% African Americans and 19% 
were Caucasians.  The patients mean (SD) age at enrollment was 35.0 (12.0) years and their 
mean total disease duration (TD to TL) was 46.4 (26.6) months.  
 
Univariable analyses. As showed in Table 1 all socioeconomic-demographic and clinical 
variables examined were, by and large, comparable between the two patient groups; however, 
controls were older than cases, though the difference did not reach statistical significance. 
Selected laboratory findings are depicted in Table 2. Other than LDL-cholesterol levels, which 
were higher among cases than among controls, no major differences were observed in other 
lipoproteins; likewise, aPL antibodies and IgG or IgM anti-oxidized LDL antibodies were 
comparable in cases and controls. LAC was more frequent in the cases than in the controls (7% 
vs 2%), but the difference was not statistically significant. 
 
Exposure to different medications is shown in Table 3. No differences were found with respect to 
the use of statins and NSAIDs. Cases used hydroxychloroquine less frequently; they also had 
taken a lower mean dose of this medication; these differences, however, were not statistically 
significant. The exposure time to hydroxychloroquine was lower among cases than controls 
(40% vs 59%; p=0.026). As expected, cases had been exposed to higher average daily dose of 
GC than controls (22.8 vs 14.8 mg; p<0.011) and the highest dose received for the first group 
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was also higher (55.3 mg) than among the second group (37.6 mg), p=0.001. Cases were also 
more likely to have been exposed to cytotoxic drugs than controls (59% vs 32%; p=0.015).    
 
Multivariable analyses. Table 4 shows the results of the multivariable analyses. In both models 
cytotoxic drug use [(OR (95%CI), 3.890 (1.385-10.928); p=0.010 and 3.039 (1.022-9.0366); 
p=0.046] and GC use [1.033 (0.995-1.072); p=0.085 for the average GC dose and 1.025 (1.003-
1.047); p=0.027 for highest dose] were associated with the occurrence of symptomatic 
osteonecrosis, although the average daily dose of GC was only of borderline significance. No 
interaction between cytotoxic therapy and use of GC was documented when an interaction term 
was entered into the analyses. A significant negative association between osteonecrosis and 
serum levels of triglycerides was observed in Model 1 (average daily dose of GC) [0.990 (0.980-
0.998); p=0.046] but this association was only of borderline significance in Model 2 (highest 
dose of GC) [0.990 (0.969-1.013); p=0.056]. 
 
DISCUSSION 
 
The results of the present study confirm the association between the occurrence of symptomatic 
osteonecrosis and GC use in SLE patients. It also shows that the use of cytotoxic drugs is an 
additional risk factor for the occurrence of this complication in SLE patients but failed to identify 
any protective factor.  We did not have a priori hypothesis about potential protective factors for 
the development of osteonecrosis, although we had some preliminary data pointing out towards 
antimalarials having such a role.  However neither antimalarials, nor any other variable 
examined turned out to be protective of the occurrence of osteonecrosis. 
 
As already mentioned, the association between GC use and osteonecrosis in SLE is well known. 
However, no definitive conclusions have been reached with regards to the specifics of this 
association including the route of administration of GC, their mean dose, their cumulative dose 
or their highest dose used (10,11,28). We have now demonstrated that the highest dose appears 
to be more important than average daily dose used. We also observed an association with the 
duration of GC exposure (data not shown) but this variable was not included in the analyses 
given that these exact data could not be obtained for all patients.  We must add that data on the 
route of GC administration were not recorded in our patients; we believe, however, that the 
majority of the GC exposure in our patients was the oral route. Our data suggest that exposure to 
high doses of GC (and probably duration of time used) are the most important factors underlying 
this known association. 
 
Cytotoxic drugs are frequently given to SLE patients, particularly to those with more serious 
disease manifestations. Our study demonstrates that these medications constitute a risk factor for 
the development of symptomatic osteonecrosis in SLE.  It may be argued that cytotoxic drug use 
is only a proxy for a more aggressive disease. However, no differences were observed between 
cases and controls in terms of disease activity, yet, cytotoxic drug use remained significant in the 
multivariable analyses after adjusting for the use of GC, other therapies and other potential 
confounders. Osteonecrosis has been reported to occur in cancer patients receiving chemotherapy 
(29-31).  It should be pointed out that much higher doses of cytotoxic drugs are used in oncology 
patients; moreover, in the majority of cases reported, GC had been used in combination with 
cytotoxic drugs and thus they were felt to be responsible for this association. An association 
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between chemotherapy (without GC) and osteonecrosis, however, has also been reported (32). 
The association between cytotoxic therapy and osteonecrosis has been described previously in 
the Toronto Lupus cohort involving 140 patients (12); our results thus support these findings.  
The mechanism underlying this association, however,  remains unknown. 
 
We failed to identify other risk factors for the occurrence of symptomatic osteonecrosis. We tried 
to be inclusive in our analyses; that is most of the factors (around 70) previously reported to be 
associated with osteonecrosis in lupus were considered in our preliminary analyses (9). However, 
only those factors identified in large studies, or in more than one study were included. Such is 
the case for Raynaud’s phenomenon which has been reported in 63% of 16 SLE patients with 
osteonecrosis in comparison to only 18% of those without it (15); this association was later 
corroborated in a larger cohort of SLE patients from the same institution (2). Arthritis has been 
also reported to be associated with osteonecrosis in the Canadian study previously mentioned 
(12); we, however, failed to confirm either association. aPL antibodies have been hypothesized 
to predispose to the occurrence of osteonecrosis  because of their pro-thrombogenic properties 
(having thus a role in its pathogenesis) (6,9); however this association has not been uniformly 
reported (6,9,13,14,33,34). Our data failed to support this association although LAC was more 
commonly present among the cases than the controls. 
 
We included serum lipoprotein levels in the multivariable analyses despite not being significant 
in the univariable analyses given that there were numerical differences between cases and 
controls and also because data from preliminary analyses performed including all patients in the 
LUMINA cohort suggest the presence of an independent association between osteonecrosis and 
LDL-cholesterol serum levels (35). We could not confirm, however, our preliminary findings. 
Dyslipidemia has been associated with idiopathic osteonecrosis (36-38); however, this 
association had not been reported in SLE; in fact, in a study which included 62 SLE patients who 
were being treated with high doses of GC of whom nine developed osteonecrosis, an 
independent negative association between serum levels of triglycerides and osteonecrosis was 
found suggesting a protective effect of this lipid (28).  Our data support the findings from this 
study. Higher rather than lower levels of triglycerides have been associated with osteonecrosis in 
other studies (39,40).  It is conceivable that the more aggressive management of the disease 
observed among patients with symptomatic osteonecrosis (higher doses of GC and a more 
frequent use of cytotoxic drugs) could have resulted in a decrease in the serum levels of 
triglycerides since a linear relationship between triglyceride levels and disease activity in SLE 
has been demonstrated (41). 
 
Finally, we failed to identify protective factors for the occurrence of symptomatic osteonecrosis 
(excluding the potential role of triglycerides). We specifically investigated the role of 
hydroxychloroquine which is an immunomodulatory drug with anti-inflammatory (42), lipid 
lowering (43), anti-thrombogenic (44,45) and anti-platelet (46) properties all of which may exert 
beneficial effects in the prevention of osteonecrosis. Although our cases were less exposed to 
hydroxychloroquine than controls, this variable was not retained in the multivariable models 
examined. 
 
Our study is not without limitations. First, sample size may have limited our ability to find some 
of the associations previously reported; however, we feel that the statistical approach that we 
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have used, a nested matched case-control study, although less powerful than when all other 
LUMINA patients were included as controls, is more appropriate as cases and controls are 
adjusted for variables that do affect the probability of symptomatic osteonecrosis to occur 
(disease duration) or that have obvious relevance such as gender, ethnicity and age. Second, 
although significant efforts were done to reconstruct the details about the medication exposure 
data not available in the original LUMINA database (between TD and T0), that was not possible 
in a few cases and controls. Finally some of the laboratory variables, such as serum lipid levels 
and autoantibodies, are based on data obtained at T0 and not at TD; this may have influenced our 
results since some of the osteonecrosis events clearly occurred before T0.  
 
In summary, we have now confirmed the association between GC use and the development of 
symptomatic osteonecrosis in SLE patients; we have also identified the association between this 
complication and the use of cytotoxic drugs as demonstrated by Gladman et al several years 
before but never corroborated (12).  The relationship between symptomatic osteonecrosis and 
serum lipid levels deserves to be further studied. There is no reason to suspect that different 
factors are associated with the occurrence of asymptomatic osteonecrosis, but such a study will 
require the systematic imaging evaluation of a large number of lupus patients which is certainly 
not financially feasible.  The findings from our study, nevertheless, may have direct applicability 
to the management of lupus patients reinforcing the notion that both GC and cytotoxic drugs 
should be used only when strictly indicated in terms of both, dose and duration. 
 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2005.040428 on 3 N
ovem

ber 2005. D
ow

nloaded from
 

http://ard.bmj.com/


 9

ACKNOWLEDGEMENTS 
 
The authors would like to acknowledge all LUMINA patients without whom this study would 
have not been possible, our supporting staff (Martha L. Sanchez M.D., M.P.H., and Ellen D. 
Sowell, A.A. at UAB, Carmine Pinilla M.T. at UPR and Robert Sandoval B.A., Li-Lu Wang 
M.S., B.S. at UTH) for their efforts in securing our patients’ follow up and performing other 
LUMINA-related tasks, Drs. Ruihua Wu and Yehuda Schonfield for determining anti-oxidized 
LDL antibodies in all patients and Ms. Ella Henderson and Maria A. Tyson, A.As. for their 
expert assistance in the preparation of this manuscript.  
 
“The Corresponding Author has the right to grant on behalf of all authors and does grant on 
behalf o fall authors, an exclusive licence (or non exclusive for government employees) on a 
worldwide basis to the BMJ Publishing Group Ltd and its Licensees to permit this article (if 
accepted) to be published in ARD editions and any other BMJPGL products to exploit al 
subsidiary rights, as set out in our licence 
(http://ard.gmjjournals.com/misc/ifora/licenceform.shtml). 
  
 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2005.040428 on 3 N
ovem

ber 2005. D
ow

nloaded from
 

http://ard.bmj.com/


 10

REFERENCES 
 

 (1)  Gladman DD, Chaudhry-Ahluwalia V, Ibanez D, Bogoch E, Urowitz M. Outcomes of 
symptomatic osteonecrosis in 95 patients with systemic lupus erythematosus. J 
Rheumatol. 2001;28:2226-29. 

 (2)  Petri M. Musculoskeletal complications of systemic lupus erythematosus in the Hopkins 
Lupus Cohort: An Update. Arthritis Care Res. 1995;8:137-45. 

 (3)  Abeles M, Urman JD, Rothfield N. Aseptic necrosis of bone in systemic lupus 
erythematosus. Relationship to corticosteroid therapy. Arch Intern Med. 1978;138:750-
754. 

 (4)  Dubois EL, Cozen L. Avascular (aseptic) bone necrosis associated with systemic lupus 
erythematosus. J Am Med Assoc. 1960;174:966-71. 

 (5)  Zizic TM. Avascular necrosis of bone. Curr Opin Rheumatol. 1990;2:26-37. 

 (6)  Asherson RA, Liote F, Page B, et al. Avascular necrosis of bone and antiphospholipid 
antibodies in systemic lupus erythematosus. J Rheumatol. 1993;20:284-88. 

 (7)  Nagasawa K, Ishii Y, Mayumi T, Tada Y, Ueda A, Yamauchi Y et al. Avascular necrosis 
of bone in systemic lupus erythematosus: possible role of haemostatic abnormalities. Ann 
Rheum Dis. 1989;48:672-76. 

 (8)  Mont MA, Fairbank AC, Petri M, Hungerford DS. Core decompression of osteonecrosis 
of the femoral head in systemic lupus erythematosus. Clin Orthop. 1997;334:91-97. 

 (9)  Mont MA, Glueck CJ, Pacheco IH, Wang P, Hungerford DS, Petri M. Risk factors for 
osteonecrosis in systemic lupus erythematosus. J Rheumatol. 1997;24:654-62. 

 (10)  Oinuma K, Harada Y, Nawata Y, Takabayashi K, Abe I, Kamikawa K et al. 
Osteonecrosis in patients with systemic lupus erythematosus develops very early after 
starting high dose corticosteroid treatment. Ann Rheum Dis. 2001;60:1145-48. 

 (11)  Assouline-Dayan Y, Chang C, Greenspan A, Shoenfeld Y, Gershwin ME. Pathogenesis 
and natural history of osteonecrosis. Sem Arthritis Rheum. 2002;32:94-124. 

 (12)  Gladman DD, Urowitz MB, Chaudhry-Ahluwalia V, Hallet DC, Cook RJ. Predictive 
factors for symptomatic osteonecrosis in patients with systemic lupus erythematosus. J 
Rheumatol. 2001;28:761-65. 

 (13)  Mok CC, Lau CS, Wong RW. Risk factors for avascular bone necrosis in systemic lupus 
erythematosus. B J Rheumatol. 1998;37:895-900. 

 (14)  Cozen L, Wallace DJ. Risk factors for avascular necrosis in systemic lupus 
erythematosus. J Rheumatol. 1998;25:188. 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2005.040428 on 3 N
ovem

ber 2005. D
ow

nloaded from
 

http://ard.bmj.com/


 11

 (15)  Zizic TM, Hungerford DS, Stevens MB. Ischemic bone necrosis in systemic lupus 
erythematosus. II. The early diagnosis of ischemic necrosis of bone. Medicine. 
1980;59:134-42. 

 (16)  Sheikh JS, Retzinger GS, Hess EV. Association of osteonecrosis in systemic lupus 
erythematosus with abnormalities of fibrinolysis. Lupus. 1998;7:42-48. 

 (17)  Alarcón GS, Friedman AW, Straaton KV, Moulds JM, Lisse J, Bastian HM et al. 
Systemic lupus erythematosus in three ethnic groups: III. A comparison of characteristics 
early in the natural history of the LUMINA cohort.  LUpus in MInority populations: 
NAture vs. Nurture. Lupus. 1999;8:197-209. 

 (18)  Alarcón GS, Roseman J, Bartolucci AA, Friedman AW, Moulds JM, Goel N et al. 
Systemic lupus erythematosus in three ethnic groups: II. Features predictive of disease 
activity early in its course. Arthritis Rheum. 1998;41:1173-80. 

 (19)  Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF et al. The 1982 
revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum. 
1982;25:1271-77. 

 (20)  Hochberg MC. Updating the American College of Rheumatology revised criteria for the 
classification of systemic lupus erythematosus. Arthritis Rheum. 1997;40:1725. 

 (21)  Reveille JD, Moulds JM, Ahn C, Friedman AW, Baethge B, Roseman J et al. Systemic 
lupus erythematosus in three ethnic groups: I. The effects of HLA class II, C4, and CR1 
alleles, socioeconomic factors, and ethnicity at disease onset.  LUMINA Study Group.  
Lupus in minority populations, nature versus nurture. Arthritis Rheum. 1998;41:1161-72. 

 (22)  Liang MH, Socher SA, Larson MG, Schur PH. Reliability and validity of six systems for 
the clinical assessment of disease activity in systemic lupus erythematosus. Arthritis 
Rheum. 1989;32:1107-18. 

 (23)  Gladman DD, Urowitz MB, Goldsmith CH, Fortin P, Ginzler E, Gordon C et al. The 
reliability of the Systemic Lupus International Collaborating Clinics/American College of 
Rheumatology Damage Index in patients with systemic lupus erythematosus. Arthritis 
Rheum. 1997;40:809-13. 

 (24)  Harris EN. Special report.  The second international anti-cardiolipin standardization 
workshop/the Kingston anti-phospholipid antibody study (KAPS) group. Am J Clin 
Pathol. 1990;94:476-84. 

 (25)  Roisin J-P, Contant G, Martinoli J-L. Detection of lupus-like anticoagulants (LA). Use of 
hexagonal phosphatidylethanolamine and of an APTT reagent sensitive to LA. Thromb 
Haemost. 1991;65:2023. 

 (26)  Triplett DA, Barna LK, Unger GA. A hexagonal (II) phase phospholipid neutralization 
assay for lupus anticoagulant identification. Thromb Haemost. 1993;70:787-93. 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2005.040428 on 3 N
ovem

ber 2005. D
ow

nloaded from
 

http://ard.bmj.com/


 12

 (27)  Wu R, Lefvert AK. Autoantibodies against oxidized low density lipoproteins (oxLDL): 
characterization of antibody isotype, subclass, affinity and effect on the macrophage 
uptake of oxLDL. Clin Exp Immunol. 1995;102:174-80. 

 (28)  Ono K, Tohjima T, Komazawa T. Risk factors of avascular necrosis of the femoral head 
in patients with systemic lupus erythematosus under high-dose corticosteroid therapy. 
Clin Ortho Related Res. 1992;277:89-97. 

 (29)  Ishii E, Yoshida N, Miyazaki S. Avascular necrosis of bone in neuroblastoma treated 
with combination chemotherapy. Eur J Pediatr. 1984;143:152-53. 

 (30)  Obrist R, Hartmann D, Obrecht JP. Osteonecrosis after chemotherapy. Lancet. 1978;1 
(8077):1316. 

 (31)  Sweet DL, Jr., Roth DG, Desser RK, Miller JB, Ultmann JE. Avascular necrosis of the 
femoral head with combination therapy. Ann Intern Med. 1976;85:67-68. 

 (32)  Marymont JV, Kaufman EE. Osteonecrosis of bone associated with combination 
chemotherapy without corticosteroids. Clin Orthop. 1986;204:150-153. 

 (33)  Houssiau FA, Toukap AN, Devogelaer JP, Maldague B, Vande Berg B. Avascular bone 
necrosis in SLE patients is associated with glucocorticoid use but not the 
antiphospholipid antibodies. Clin Exp Rheumatol. 1996;14:S16. 

 (34)  Migliaresi S, Picillo U, Ambrosone L, Di Palma G, Mallozzi M, Tesone ER et al. 
Avascular osteonecrosis in patients in patients with SLE: relation to corticosteroid 
therapy and anticardiolipin antibodies. Lupus. 1994;3:37-41. 

 (35)  Calvo-Alén J, McGwin G, Jr., Roseman JM, Toloza SM, Bastian HM, Fernández M et al. 
High-LDL cholesterol level is a risk factor for, and hydroxychloroquine (HCQ) use is 
protective of the development of osteonecrosis in systemic lupus erythematosus (SLE). 
Arthritis Rheum. 2004;50:S595. 

 (36)  Aguiar De Aragao P, Lemos RB, Aquino MZ, Souza Marques HH. Hyperlipidaemia a 
risk factor for femoral head osteonecrosis (Legg-Calv-Perthes-like disease) in children 
with AIDS: case report. Brazilian J Infect Dis. 2002;6:142-45. 

 (37)  Puhl W, Niethard FU, Hamacher P, Augstin J, Greten H. [Metabolic diseases and 
idiopathic ischemic necrosis of the femoral held in adults ( author's translation)]. Z Ortho 
Ihre Grenzgeb. 1978;116:81-92. 

 (38)  Jacobs B. Epidemiology of traumatic and nontraumatic osteonecrosis. Clin Ortho Related 
Res. 1978;130:51-67. 

 (39)  Mielants H, Veys EM, DeBussere A, van der Jeught J. Avascular necrosis and its relation 
to lipid and purine metabolism. J Rheumatol. 1975;2:430-436. 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2005.040428 on 3 N
ovem

ber 2005. D
ow

nloaded from
 

http://ard.bmj.com/


 13

 (40)  Schorn D, Niehaus CE, Mowat AG. Blood lipids in patients with rheumatoid arthritis and 
avascular necrosis of the femoral head. J Rheumatol. 1982;9:730-732. 

 (41)  Svenungsson E, Gunnarsson I, Fei GZ, Lundberg IE, Klareskog L, Frostegård J. Elevated 
triglycerides and low levels of high-density lipoprotein as markers of disease activity in 
association with up-regulation of the tumor necrosis factor α/tumor necrosis factor 
receptor systemic systemic lupus erythematosus. Arthritis Rheum. 2003;48:2533-40. 

 (42)  Fox RI, Kang HI. Mechanism of action of antimalarial drugs: Inhibition of antigen 
processing and presentation. Lupus. 1993;2:S9-S12. 

 (43)  Wallace DJ, Metzger AL, Stecher VJ, Turnbull BA, Kern PA. Cholesterol-lowering 
effect of hydroxychloroquine in patients with rheumatic disease: reversal of deleterious 
effects of steroids on lipids. Am J Med. 1990;89:322-26. 

 (44)  Ernst E, Rose M, Lee R. Modification of transoperative changes in blood fluidity by 
hydroxychloroquine: a possible explanation for the drug's antithrombotic effect. 
Pharmatherapeutica. 1984;4:48-52. 

 (45)  Johnson R, Charnley J. Hydroxychloroquine in prophylaxis of pulmonary embolism 
following hip arthroplasty. Clin Orthop. 1979;144:174-77. 

 (46)  Espinola RG, Pierangeli SS, Gharavi AE, Harris EN, Ghara AE. Hydroxychloroquine 
reverses platelet activation induced by human IgG antiphospholipid antibodies. Thromb 
Haemost. 2002;87:518-22. 

 
 
 
 
 
 
 
 
 
 
 
 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2005.040428 on 3 N
ovem

ber 2005. D
ow

nloaded from
 

http://ard.bmj.com/


 14

Table 1. Selected Baseline (T0)*Socioeconomic-demographic and Clinical Features in Cases 
and Controls. 

*Except as noted; †Only p values < 0.10 are shown. ‡As defined by the US Federal Government, 
adjusted for the number of household inhabitants.  §TD=diagnosis date; TL=last visit date (event 
for cases and comparable time for controls). ¶Systemic Lupus Activity Measure-Revised; 
**Systemic Lupus International Collaborating Clinics/American College of Rheumatology 
Damage Index.

 Cases Controls  
Variable, mean (SD) or % (n=32) (n=59) p value† 

Ethnicity    

• Hispanic Texas 22 22  

• Hispanic Puerto Rico 3 2  

• African American 56 57  

• Caucasian 19 19  

Age, years 32.2 (10.9) 37.1 (12.4) 0.064 

Gender, women 81 82  

Poverty (below)‡ 41 43  

Body Mass Index 25.6 (5.3) 26.5 (4.3)  

Drinking alcohol 12 9  

Smoking  9 12  

Disease duration§ months    

• TD-T0 24.8 (16.5) 19.8 (16.4)  

• TD-TL (follow up) 21.9 (25.4) 26.5 (28.3)  

• TD-TL (total) 46.8 (25.7) 46.2 (27.3)  

Diabetes 12 7  

Hypertension 59 49  

Arthritis 87 88  

Raynaud’s phenomenon 34 37  

SLAM-R¶ score  9.8 (4.8) 10.0 (4.9)  

SDI**score 0.9 (1.3) 1.1 (1.3)  
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Table 2. Selected Baseline (T0)* Laboratory Features in Cases and Controls. 
 

*Except as noted; †Only p values < 0.10 are shown; ‡High-density lipoprotein; §Low-density 
lipoprotein; ¶IgG and/or IgM antiphospholipid antibodies and/or the lupus anticoagulant, obtained at 
T0 or between diagnosis and T0. 
 
 

 Cases Controls  
Variable, mean (SD) or % (n=32) (n=59) p value† 

Cholesterol , mg/dL    
• Total 186.9 (79.7) 173.0 (60.3)  
• HDL‡ cholesterol 31.9 (15.1) 37.8 (19.7)  

• LDL§ cholesterol 131.5 (81.5) 106.9 (50.1) 0.088 

Triglycerides, mg/dL 117.1 (52.7) 129.2 (68.4)  

IgM anti-oxidized LDL antibodies, U/mL 30 36  

IgG anti-oxidized LDL antibodies, U/mL 13 21  

Any antiphospholipid antibody ¶  38 32  

Lupus anticoagulant 7 2  
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Table 3. Medication Exposure in Cases and Controls. 
 

*Only p values < 0.10 are shown; †Cyclophosphamide and/or azathioprine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Cases Controls  
Variable, mean (SD) or % (n=32) (n=59) p value* 

Nonsteroidal anti-inflammatory drug use 44 44  
Hydroxycloroquine use    

• Use, ever 69 76  
• Average dose, mg 248.0 (180.3) 271.3 (166.1)  
• Percent exposure time  40 59 0.026 

Statin use 7 10  

Glucocorticoid use, mg    

• Mean daily dose  22.7 (14.1) 14.8 (13.9) 0.011 

• Highest dose 55.3 (23.2) 37.6 (25.2) 0.001 

Cytotoxic drug use† 59 32 0.015 
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Table 4. Multivariable Conditional Logistic Regression Models for the Occurrence of  
Symptomatic Osteonecrosis.  
 

Feature OR* 95% CI† p value 

Model 1( average daily dose of glucocorticoids)  

• Cytotoxic drug use‡ 3.890 1.385-10.928 0.010 

• Triglyceride level 0.990 0.980-0.998 0.046 

• Average daily dose of glucocorticoids 1.033 0.995-1.072 0.085 

Model 2 ( highest dose of glucocorticoids)  

• Cytotoxic drug use 3.039 1.022-9.036 0.046 

• Triglyceride level 0.990 0.969-1.013 0.056 

• Highest dose of glucocorticoids 1.025 1.003-1.047 0.027 
*Odds Ratio; †Confidence Interval; ‡Cyclophosphamide and/or azathioprine. 
 
 
 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2005.040428 on 3 N
ovem

ber 2005. D
ow

nloaded from
 

http://ard.bmj.com/

