
Seizures in patients with systemic lupus erythematosus: data
from LUMINA, a multiethnic cohort (LUMINA LIV)

R M Andrade1, G S Alarcón1, L A González1, M Fernández1, M Apte1, L M Vilá2, G McGwin
Jr1, and J D Reveille3 for the LUMINA Study Group
1Departments of Medicine (Division of Clinical Immunology and Rheumatology). Surgery (Section
of Trauma, Burns and Critical Care) and Epidemiology, Schools of Medicine and Public Health, The
University of Alabama at Birmingham, Birmingham, Alabama
2The University of Puerto Rico Medical Sciences Campus, Department of Internal Medicine (Division
of Rheumatology), San Juan, Puerto Rico
3Department of Medicine (Division of Rheumatology), the University of Texas Health Science Center
at Houston, Houston, Texas, USA

Abstract
Objective—To examine the predictors of time-to-seizure occurrence and their impact on damage
accrual and mortality in LUMINA, a multiethnic (Hispanic, African American and Caucasian) cohort
of patients with systemic lupus erythematosus.

Methods—Seizures were defined as per the American College of Rheumatology (ARC)
nomenclature and case definitions for neuropsychiatric lupus syndromes. Factors associated with
time-to-seizure occurrence occurring at or after diagnosis (TD) of systemic lupus erythematosus were
examined by univariable and multivariable Cox proportional hazard regression analyses. The impact
of seizures on damage accrual and mortality was also examined by multivariable analyses after
adjusting for variables known to affect these outcomes.

Results—A total of 600 patients were included in these analyses. Of them, 40 (6.7%) developed
seizures at or after TD; by multivariable analyses, disease activity and younger age were independent
predictors of a shorter time-to-seizure occurrence (HR = 1.10 and 1.04; 95% CI 1.04 to 1.15 and 1.00
to 1.08, p = 0.0004 and 0.0304, respectively) whereas mucocutaneous involvement (HR = 0.34, 95%
CI 0.16 to 0.41, p = 0.0039) and hydroxychloroquine use (HR = 0.35, 95% CI 0.15 to 0.80, p =
0.0131) were independent predictors of a longer time-to-seizure occurrence. Seizures were an
independent contributor to damage accrual but not to mortality.

Conclusions—Seizures tend to occur early in the course of systemic lupus erythematosus, and
contribute to damage accrual. Younger age and disease activity are independent predictors of a shorter
time-to-seizure occurrence; antimalarials appear to have a protective role in seizure occurrence.

Neuropsychiatric manifestations of systemic lupus erythematosus (SLE) comprise a complex
array of neurological, psychiatric and behavioural manifestations. Seizures are probably one
of the most ominous and relevant clinical expressions of damage accrual in SLE,1 hence, of
its long-term prognosis.
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Different mechanisms of nervous tissue injury have been described in SLE but a precise one
is yet to be elucidated. Indeed, the secretion of pro-inflammatory cytokines (such as interleukin
1 and 6, and tumour necrosis factor-α) leads to the activation of the hypothalamic—pituitary
—adrenal axis with the consequent reduction of the seizure threshold.2-4 In this setting of
ongoing inflammation, anti-neuronal antibodies have been recognised in the serum of patients
with SLE suffering from neurological manifestations such as encephalopathies and seizures.
2 5 Focal ischaemia and/or infarcts resulting from vascular occlusion secondary to thrombosis,
embolism, vasculopathy or haemorrhage are also recognised as possible causative factors of
seizures in SLE.2 6 Furthermore, these patients may experience other clinical events that may
increase their risk of developing seizures and the occurrence of seizures may associate with
other serious clinical events. Given these evidences, we decided to examine the factors
associated with time-to-seizure occurrence, as a primary manifestation of SLE, in LUMINA,
a large multiethnic cohort. We hypothesised that patients with other serious disease
manifestations and higher levels of disease activity will experience seizures early in the course
of their disease and that seizures will contribute to damage accrual and mortality.

PATIENTS AND METHODS
Patients

The LUMINA cohort has been previously described.7 Briefly, LUMINA is a longitudinal
outcome study of patients with SLE from three different ethnic groups (Hispanic (of Mexican
and Central American (Texan) or Puerto Rican ancestry), African American and Caucasian),
being conducted at three institutions (The University of Alabama at Birmingham, The
University of Texas Health Science Center at Houston and The University of Puerto Rico
Medical Sciences Campus). This study was approved by the Institutional Review Boards for
the Protection of Human Subjects of these institutions and is conducted according to the
Declaration of Helsinki’s guidelines.

Patients meeting four American College of Rheumatology (ACR) revised and updated criteria
for SLE,8 9 ≥16 years of age, with disease duration ≤5 years at study entry, who are followed-
up at any of the institutions are eligible for inclusion. Patients are seen at recruitment or baseline
(T0), at 6 and 12 months (T0.5 and T1, respectively) and yearly thereafter (T2, T3, etc. to TL
(last visit)). Cumulative data prior to enrolment in the cohort are obtained from the patients’
medical records. All visits include medical records review, interviews and questionnaires,
physical examination, and ancillary laboratory studies. The time of diagnosis is defined as the
time at which patients meet four of the ACR criteria for SLE (TD, herein).

Seizures were defined either by self-report, if observed by a reliable witness and reported to
the study physician during the interview, or if they were documented in the medical records
available during the visit if occurring at any time at or after TD and were attributable to SLE.
Imaging or electrophysiological studies were not required as they were not part of the LUMINA
protocol. This definition was based on the ACR nomenclature and case definitions for
neuropsychiatric lupus syndromes.10 Patients who developed seizures not attributable to SLE
(uncontrolled hypertension, uraemia, ketoacidosis, electrolyte imbalances, infections or
medications) were excluded.

Variables
As described previously, the LUMINA database includes variables from the socio-economic
—demographic, clinical, immunological, genetic and behavioural and psychological domains.
All other variables are measured at T0 and at every subsequent visit except for the genetic
variables, which are only obtained at T0. Only variables included in this study will be described.
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Variables from the socio-economic—demographic domain included were age, ethnicity,
education, poverty (as defined by the US Federal government adjusted for the number of
subjects in the household),11 marital status, health insurance and health-related behaviours
(smoking, drinking, not exercising and using recreational drugs).

Clinical variables included were disease duration (TD-T0), follow-up time (T0-TL), total
disease duration (TD-TL), disease manifestations, disease activity and damage, ancillary
laboratory tests and medications usage. TL was the time at which seizures occurred for those
patients who developed them; thus, the observation time for them was truncated at this time.

Disease activity was ascertained with the Systemic Lupus Activity Measure-Revised (SLAM-
R)12 at TD, T0 and TL; in addition, the SLAM-R average or the arithmetic mean of this score
for all available study visits plus the SLAM-R obtained at TD was computed. An average
SLAM-R weighted with the time interval between visits was also calculated to capture disease
activity over time. Seizures were excluded from the SLAM-R at all times in order to avoid
attributing any disease activity to them.

Damage accrual was measured with the Systemic Lupus International Collaborating Clinics
(SLICC)13 Damage Index (SDI) at T0 and TL Damage was examined as a discrete numeric
variable (total damage score) but seizures were excluded from the SDI for this study.

Laboratory variables at T0 such as total cholesterol (high >200 mg/dl), low-density lipoprotein
(LDL) cholesterol (calculated using the Friedewald formula (high >130 mg/dl)), high-density
lipoprotein (HDL) cholesterol (low <35 mg/dl), triglyceride levels (high >205 mg/dl) and
serum C-reactive protein (measured as high-sensitivity C-reactive protein by immunometric
assay, Immulite 2000 Diagnostic Products Corporation, Los Angeles, CA, USA (high >16.5
mg/l)) were recorded as well as the presence of autoantibodies, including antinuclear antibodies
(by immunofluorescence using HEp-2 cell line), anti-double-stranded DNA (anti-dsDNA, by
immunofluorescence against Crithidia luciliae (abnormal ≥1:10), anti-Smith, anti-La and anti-
Ro (by counter immunoelectrophoresis against human spleen and calf thymus extract).14 15
IgG and IgM antiphospholipid antibodies ((aPL, abnormal >13 GPL U/ml and/or >13 MPL U/
ml) by enzyme immunoabsorbent assay (ELISA) technique)16 and the lupus anticoagulant
(Staclot Test Diagnostica Stago 92600, Asnières-Sur-Seine, France).17

Cumulative exposure to glucocorticoids, hydroxychloroquine, methotrexate,
cyclophosphamide and azathioprine were also recorded. Glucocorticoid exposure was
estimated based on the current daily dose reported at each study visit and the duration between
visits as an average daily dose weighted by the time between visits.

Statistical analyses
First, variables from the different domains were examined as potential predictors of time-to-
seizure occurrence by Cox univariable proportional hazards regressions; the final multivariable
Cox regression model included age, gender, ethnicity and those variables with p≤0.10 in the
univariable Cox regressions; the results are presented as hazard ratios (HR) where values ≥1
indicate a shorter time-to-seizure occurrence and values <1 indicate a longer time.

Damage was examined by a multivariable Poisson regression model and mortality with a Cox
proportional hazard regression model; in both cases, the observation time for all patients was
the last actual visit on record. Age, gender, ethnicity and variables previously found to be
important contributors to these outcomes were included in these models.1 18 19 Specific
domains and items of the SDI in those patients who developed seizures and those who did not
were examined by the χ2 distribution. Analyses were performed using SAS, version 9.1 (Cary,
NC, USA).
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RESULTS
At the time these analyses were performed the LUMINA cohort consisted of 631 patients.
Thirty-one of them were excluded from the analyses because they either developed seizures
prior to TD (n = 9) or seizures were not attributable to lupus (n = 22); thus, 600 patients (89.8%
women) were included in these analyses; 40 (6.7%) of them had developed seizures at or after
TD and were attributable to lupus. Nearly two-thirds of these patients (62.5%) developed
seizures within 1 year of SLE diagnosis, but seizures continue to occur over the follow-up; in
fact, one patient developed seizures 8 years after TD. All ethnic groups were represented
(Hispanic-Texan: 18.8%, Hispanic-Puerto Rican: 28.0%, African-American: 36.3%,
Caucasian: 16.8%). The patients’ mean (SD) age at T0 was 36.5 (12.6) years; mean (SD)
disease duration (TD-T0) for the entire group was 17.3 (16.1) months (range: 0.2–60.0).

Features associated with time to seizure occurrence
Univariable analyses
Socio-economic-demographic features: As noted in table 1, African-American ethnicity was
associated with a shorter time-to-seizure occurrence (HR = 5.37; 95% CI 1.26 to 22.87, p =
0.0231), whereas Texan-Hispanic ethnicity was only of borderline statistical significance (HR
= 4.12; 95% CI 0.89 to 19.12, p = 0.0736). Younger age was also associated with a shorter
time-to-seizure occurrence (HR = 1.05; 95% CI 1.02 to 1.08, p = 0.0008). In contrast, being
employed and being married were associated with a longer time-to-seizure occurrence (HR =
0.39 and 0.52; 95% CI 0.17 to 0.88 and 0.28 to 0.99, p = 0.0238 and 0.0466, respectively).

Clinical features: As noted in table 2, disease activity whether at TD, T0, TL or over time
(HR = 1.11 to 1.24; 95% CI 1.07 to 1.19 to 1.15 to 1.29; p<0.0001), damage accrual at T0 (HR
= 1.47; 95% CI 1.23 to 1.76; p<0.0001) but not at TL, psychosis (HR = 3.85; 95% CI 1.20 to
6.80; p = 0.0181), diffuse proliferative glomerulonephritis (HR = 4.18; 95% CI 2.16 to 8.09;
p<0.0001), renal damage (HR = 2.22; 95% CI 1.12 to 4.38; p = 0.0214), aPL antibodies (HR
= 2.87; 95% CI 1.26 to 6.52; p = 0.0120), the average dose of glucocorticoids (HR = 1.03; 95%
CI 1.01 to 1.05; p<0.0001) and the use of cyclophosphamide (HR = 2.54; 95% CI 1.36 to 4.74;
p = 0.0034) were associated with a shorter time-to-seizure occurrence whereas disease duration
(HR = 0.18; 95% CI 0.11 to 0.29; p<0.0001), the presence of integument (HR = 0.20; 95% CI
0.11 to 0.38; p<0.0001) and musculoskeletal manifestations (HR = 0.09; 95% CI 0.04 to 0.21;
p<0.0001) and the use of hydroxychloroquine (HR = 0.18; 95% CI 0.01 to 0.34; p<0.0001)
were associated with a longer time-to-seizure occurrence.

Multivariable analyses—As noted in table 3, baseline disease activity and younger age
were associated with a shorter time-to-seizure occurrence (HR = 1.01 and 1.04; 95% CI 1.04
to 1.15 and 1.00 to 1.08, p = 0.0004 and 0.0304), whereas the presence of mucocutaneous
manifestations (HR = 0.34; 95% CI 0.16 to 0.41; p = 0.0039) and the use of hydroxychloroquine
(HR = 0.35; 95% CI 0.15 to 0.80; p = 0.0131) were associated with a longer time-to-seizure
occurrence.

Seizures and damage accrual—As noted in table 4, when seizures were examined in the
context of other variables known to be associated with the accrual of damage (age, gender,
ethnicity, poverty, disease duration, disease activity, glucocorticoid use),1 18 19 seizures were
Found to be an independent contributor to this outcome (χ2 51.43, p<0.0001). As noted in table
5, the domains of the SDI most frequently associated with seizure occurrence were
neuropsychiatric (seizures excluded), renal, musculoskeletal, gonadal and diabetes. As noted
in table 6, however, only items from the renal (≥50% decreased glomerular filtration rate,
proteinuria and end-stage renal disease) and neuropsychiatric (stroke) domains were
significantly associated with seizures.
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Seizures and mortality—When seizures were examined along with other variables known
to independently affect survival and mortality in patients with SLE (age, gender, ethnicity,
poverty, damage accrual), seizures were not found to have an independent effect on this
outcome (data not shown).

DISCUSSION
Seizures are one of the most serious neuropsychiatric manifestations of SLE. They can occur
at any time in the course of SLE and even before the diagnosis of lupus has been made or other
manifestations of the disease are present.20 In fact, up to 11% of neuropsychiatric
manifestations of SLE occur before the disease is diagnosed.20 21 In nine of our patients
seizures occurred before the diagnosis of SLE have been made; in three of these nine patients,
they occurred so many years before any manifestation of lupus ensued that attributing them to
lupus is nearly impossible. Seizures are generally well controlled with the use of
anticonvulsants but their occurrence is, unfortunately, a marker of damage accrual as
demonstrated in the analyses presented; therefore, they portend a negative impact on the overall
long-term prognosis and quality of life of patients with SLE on whom they occur. We have
now examined the factors associated with time-to-seizure occurrence and have found African-
American ethnicity, younger age, disease activity levels throughout the course of the disease,
damage early in the course of the disease, psychosis, renal involvement, particularly WHO
Class IV glomerulonephritis and renal damage at baseline, aPL antibodies, and glucocorticoid
and cyclophosphamide use to be associated with a shorter time to their occurrence; in contrast,
musculoskeletal and integument involvement and hydroxychloroquine use were associated
with a longer time-to-seizure occurrence. Because TD is the starting point in all time-dependent
analyses, the six patients in whom seizures occurred within a relatively short time from TD
(3.5 years) could not be included as this will have required adding 3.5 years of disease duration
to the other 40 patients. Moreover, variables that occurred after the event (medications, for
example) could not be included in these analyses.

In the multivariable analysis younger age, disease activity (at baseline), mucocutaneous
manifestations and hydroxychloroquine use, remained significant. As medication use was
examined before the occurrence of seizures, our findings indicate that hydroxychloroquine
may actually protect patients with SLE from developing them although the exact mechanism
of how this protection occurs is not known; given the multiple possible mechanisms by which
seizures may occur in patients with SLE, it is conceivable that the protective effect of
hydroxychloroquine may result from a combination of its anti-inflammatory, antithrombotic
and antiplatelet properties.22 23 These data have obvious therapeutic implications for the
management of patients with lupus and add to the numerous described benefits of this drug in
patient with lupus.24-29

Higher levels of disease activity throughout the course of the disease were associated with a
shorter time-to-seizure occurrence in our patients, even after removing them from the SLAM-
R score; the association of the use of cyclophosphamide and glucocorticoids with a shorter
time-to-seizure occurrence may be indicative of higher levels of disease activity beyond the
baseline visit. Thus, disease activity is a risk factor for the occurrence of seizures but seizures
also represent a marker of disease activity and severity in SLE. These data are in agreement
with those reported by several other investigators around the world over the years.30-34

The aetiology of seizures is considered multifactorial; aPL antibodies (IgM/IgG) and lupus
anticoagulant have been described to convey an increased risk of neurological and thrombotic
disorders whether or not secondary to SLE.35–37 In addition to inducing a prothrombotic state,
it has been suggested that these antibodies may play an important role in the pathogenesis of
seizures by non-ischaemic mechanisms, such as an increased neuronal excitability through
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inhibition of γ-aminobutiric acid receptor-ion channel complex38 or by binding to neuronal
cell membranes, causing permeabilisation and depolarisation of brain synaptoneurosomes.39

Furthermore, a vasculopathy characterised by arterial stenotic lesions has been described in
patients with the aPL syndrome.40 In our study, major thrombotic events of venous or arterial
origin were not associated with a shorter time-to-seizure occurrence. aPL antibodies, on the
other hand, were associated with a shorter time-to-seizure occurrence in the univariable
analyses; however, this variable was not retained in the multivariable analyses. Given that these
antibodies were not necessarily examined close to the event (seizures), and that their titres may
vary with disease activity, they may still play an important role in their occurrence.
Furthermore, antibodies against β2-glycoprotein I (β2-GPI), which are closely associated with
thrombotic events in patients with SLE and the aPL syndrome and which may be present in
the absence of other aPL antibodies, were not measured in our patients.41 42

Psychosis, renal involvement, particularly WHO Class IV glomerulonephritis and renal
damage (per the renal domain of the SDI) were associated with a shorter time-to-seizure
occurrence in the univariable analyses, whereas integument and musculoskeletal
manifestations reflecting a less serious disease were associated with a longer time to their
occurrence; however, only mucocutaneous manifestations remained in the multivariable
model. Some of these manifestations, renal involvement in particular, may still be important
contributing factors in some patients as it has been reported by other investigators.34 43 Indeed,
recent data on the understanding of chronic renal disease and its overall systemic consequences
suggest that erythropoietin, which secretion is impaired in this setting, is important for
neovascularisation,44 impaired neovascularisation or impaired endothelial repair might lead to
thrombotic or microthrombotic events in the central nervous system and be the basis for
seizures to occur. The association of psychosis with a shorter time-to-seizure occurrence
suggests that central nervous system involvement in SLE may be diverse and that purely
psychopathological syndromes may occur in patients with defined structural abnormalities.30

In terms of the importance of seizures as indicative of worse things to come, we have shown
that over and above other patients’ characteristics known to be associated with the accrual of
damage such as age, gender, disease activity, glucocorticoid use and disease duration,1 18 19
the occurrence of seizures is an important contributor to the accrual of damage; these data
underscore the importance of this clinical event in the lupus patient. In terms of the type of
damage associated with the occurrence of seizures, they were in the neuropsychiatric, renal,
musculoskeletal, diabetes and gonadal domains of the SDI. Within these domains, all items in
the renal domain and stroke in the neuropsychiatric domain were found to occur more
frequently in patients who had seizures than in those who did not. These data again emphasise
the fact that seizures constitute a marker of other serious and even irreversible clinical events.

Seizures were not found to be independent contributors to mortality when examined in
conjunction with variables known to be associated with this outcome. This finding should not
be interpreted as indicative of their lack of impact on this distal clinical outcome given that
they probably exert their influence through damage, a well recognised predictor of mortality.
18 45

Our study is not without limitations. First, as already noted, we could not include patients
whose seizures occurred prior to SLE diagnosis in the time-dependent analyses, even if due to
lupus. Secondly, we have only examined the development of seizures at or after SLE diagnosis
but not if they were recurrent or isolated events and the contributing factors to either course.
Thirdly, we have not examined antineuronal or other antibodies in our cohort; thus, we do not
know if they were associated with the occurrence of seizures. Fourthly, specific seizure
biomarkers and whether they may differ by ethnic group were not determined. Finally, brain
imaging studies such as magnetic resonance or computerised tomography were not necessarily
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obtained to determine the presence or the extension of brain damage in those patients
experiencing seizures as they were not required elements of the LUMINA study.

In summary, the present study provides important information for clinicians involved in the
care of patients with lupus. First, although seizures tend to occur early in the course of the
disease they may occur years later; conversely, they may herald the onset of lupus as they can
occur years before the disease is diagnosed.20 Secondly, seizures usually occur in the context
of important disease activity and other serious clinical manifestations and in younger
individuals. Thirdly, seizures are important determinants of damage accrual particularly
occurring in the renal, neuropsychiatric, musculoskeletal, diabetes and gonadal domains of the
damage index and as such they exert intermediate (and even long-term) impact or the course
of SLE. Finally, and quite important, patients may be protected from their occurrence with the
use of hydroxychloroquine.

Acknowledgements
The authors would like to acknowledge all patients in the LUMINA cohort without whom this study would have not
been possible, our supporting staff (Martha L Sanchez, MD, MPH, Jie Zhang, MPH and Ellen D Sowell, AA at UAB.
Cermine Pinilla-Diaz, MT at UPR and Robert Sandoval BA at UTH) for their efforts in securing our patients’ follow-
up and performing other LUMINA-related tasks and Ms Maria Tyson, AA for her expert assistance in the preparation
of this manuscript. We also gratefully acknowledge Drs Robin Brey and John Hanly for their most helpful comments
to an earlier version of this manuscript.

Funding: Supported by grants from the National Institute of Arthritis and Musculoskeletal and Skin Diseases R01-
AR42503 and P01 AR49084, General Clinical Research Centers M01-RR02558 (UTH) and M01-RR00032 (UAB)
and from the National Center for Research Resources (NCRR/NIH) RCMI Clinical Research Infrastructure Initiative
(RCRII) 1P20RR11126 (UPR); and fellowships from Rheuminations, Inc. and the STELLAR (Supporting Training
Efforts in Lupus for Latino American Rheumatologists) program funded by Rheuminations, Inc. (UAB).

REFERENCES
1. Alarcon GS, McGwin G Jr. Bartolucci AA, Roseman J, Lisse J, Fessler BJ, et al. Systemic lupus

erythematosus in three ethnic groups. IX. Differences in damage accrual. Arthritis Rheum
2001;44:2797–806. [PubMed: 11762940]

2. Moore, PM. Neuropsychiatric systemic lupus erythematosus. In: Lahita, RG., editor. Systemic lupus
erythematosus. Vol. 3rd edn. Academic Press; San Diego, CA: 1999. p. 575-601.

3. Russell PW, Haserick JR, Zucker EM. Epilepsy in systemic lupus erythematosus, effect of cortisone
and ACTH. AMA Arch Intern Med 1951;88:78–92. [PubMed: 14837547]

4. Besedovsky H, del Rey A, Sorkin E, Dinarello CA. Immunoregulatory feedback between interleukin-1
and glucocorticoid hormones. Science 1986;233:652–54. [PubMed: 3014662]

5. Greenwood DL, Gitlits VM, Alderuccio F, Sentry JW, Toh BH. Autoantibodies in neuropsychiatric
lupus. Autoimmunity 2002;35:79–86. [PubMed: 12071439]

6. West, SG. Systemic lupus erythematosus and the nervous system. In: Wallace, DJ.; Hahn, BH., editors.
Dubois lupus erythematosus. Vol. 6th edn. Lippincott Williams & Wilkins; Philadelphia, PA: 2002.
p. 693-738.

7. Alarcon 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.
[PubMed: 10342712]

8. Tan EM, Cohen AS, Fries JF, Masi AT, McShane OJ, Rothfield NF, et al. The 1982 revised criteria
for the classification of systemic lupus erythematosus. Arthritis Rheum 1982;25:1271–7. [PubMed:
7138600]

9. Hochberg MC. Updating the American College of Rheumatology revised criteria for the classification
of systemic lupus erythematosus. Arthritis Rheum 1997;40:1725. [PubMed: 9324032]

Andrade et al. Page 7

Ann Rheum Dis. Author manuscript; available in PMC 2009 August 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



10. ACR Ad Hoc Committee on Neuropsychiatric Lupus Nomenclature. The American College of
Rheumatology nomenclature and case definitions for neuropsychiatric lupus syndromes. Arthris
Rheum 1999;42:599–608.

11. US Department of Commerce, Bureau of the Census. Current population reports, Series P-23, No.
28 and Series P-60, No. 68 and subsequent years. Washington, DC: Housing and Household
Economic Statistics Division; 1995.

12. 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.
[PubMed: 2775320]

13. Gladman DD, Goldsmith CH, Urowitz MB, Bacon P, Fortin P, Ginzler E, et al. The Systemic Lupus
International Collaborating Clinics/American College of Rheumatology (SLICC/ACR) Damage
Index for Systemic Lupus Erythematosus International Comparison. J Rheumatol 2000;27:373–76.
[PubMed: 10685799]

14. Aarden LA, De Groot ER, Feltkamp TE. Immunology of DNA. III. Crithidia luciliae, a simple
substrate for the determination of anti-dsDNA with the immunofluorescence technique. Ann NY
Acad Sci 1975;254:505–15. [PubMed: 52321]

15. Hamilton RG, Harley JB, Bias WB, Roebber M, Reichlin M, Hochberg MC, et al. Two Ro (SS-A)
autoantibody responses in systemic lupus erythematosus. Correlation of HLA-DR/DQ specificities
with quantitative expression of Ro (SS-A) autoantibody. Arthritis Rheum 1988;31:496–505.
[PubMed: 2451920]

16. 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.
[PubMed: 2220676]

17. Triplett DA, Barna LK, Unger GA. A hexagonal (II) phase phospholipid neutralization assay for lupus
anticoagulant identification. Thromb Haemost 1993;70:787–93. [PubMed: 8128436]

18. Fernandez M, Alarcon GS, Calvo-Alen J, Andrade RM, McGwin G Jr, Vila L, et al. A multiethnic,
multicenter cohort of patients with systemic lupus erythematosus (SLE) as a model for the study of
ethnic disparities in SLE. Arthitis Rheum 2007;57:576–84.

19. Alarcon GS, Roseman JM, McGwin G Jr, Uribe A, Bastian HM, Fessler BJ, et al. Systemic lupus
erythematosus in three ethnic groups: XX. Damage as predictor of further damage. Rheumatology
2004;43:202–5. [PubMed: 12923289]

20. Mackworth-Young CG, Hughes GR. Epilepsy: an early symptom of systemic lupus erythematosus.
J Neurol Neurosurg Psychiatry 1985;48:185. [PubMed: 3981181]

21. Toubi E, Khamashta MA, Panarra A, Hughes GRV. Association of antiphospholipid antibodies with
central nervous system disease in systemic lupus erythematosus. Am J Med 1995;99:397–401.
[PubMed: 7573096]

22. Andrade RM, Alarcon GS. Antimalarials in systemic lupus erythematosus: benefits beyond disease
activity. Future Rheumatol 2006;1:225–33.

23. Espinola RG, Pierangeli SS, Gharavi AE, Harris EN, Ghara AE. Hydroxychloroquine reverses platelet
activation induced by human lgG antiphospholipid antibodies. Thromb Haemost 2002;87:518–22.
[PubMed: 11916085]

24. Fessler BJ, Alarcón GS, McGwin G Jr, Roseman JM, Bastian HM, Friedman AW, et al. Systemic
lupus erythematosus in a multiethnic group: XVI. Hydroxychloroquine usage is associated with a
lower risk of damage accrual. Arthritis Rheum 2005;52:1473–80. [PubMed: 15880829]

25. Wallace DJ. Antimalarials—the ‘real’ advance in lupus. Lupus 2001;10:385–7. [PubMed: 11434570]
26. The Canadian Hydroxychloroquine Study Group. A randomized study of the effect of withdrawing

hydroxychloroquine sulfate in systemic lupus erythematosus. N Engl J Med 1991;324:150–4.
[PubMed: 1984192]

27. Ruiz-Irastorza G, Egurbide MV, Pijoan JI, Garmendia M, Villar I, Martinez-Irastorza A, et al. Effect
of antimalarials on thrombosis and survival in patients with systemic lupus erythematosus. Lupus
2006;15:577–83. [PubMed: 17080912]

28. Kasitanon N, Fine DM, Haas M, Magder LS, Petri M. Hydroxychloroquine use predicts complete
renal remission within 12 months among patients treated with mycophenolate mofetill therapy for
membranous lupus nephritis. Lupus 2006;15:368–70.

Andrade et al. Page 8

Ann Rheum Dis. Author manuscript; available in PMC 2009 August 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



29. Alarcon GS, McGwin G Jr. Bertoli AM, Fessler BJ, Calvo-Alen J, Bastian HM, et al. Effect of
hydroxychloroquine in the survival of patients with systemic lupus erythematosus. Data from
LUMINA, a multiethnic us cohort (LUMINAL). Ann Rheum Dis 2007;66:1168–72. [PubMed:
17389655]

30. Swaak AJ, van den Brink HG, Smeenk RJ, Manger K, Kalden JR, Tosi S, et al. Systemic lupus
erythematosus. Disease outcome in patients with a disease duration of at least 10 years: second
evaluation. Lupus 2001;10:51–8. [PubMed: 11243510]

31. Mikdashi J, Krumholz A, Handwerger B. Factors at diagnosis predict subsequent occurrence of
seizures in systemic lupus erythematosus. Neurology 2005;64:2102–7. [PubMed: 15985581]

32. Navarrete MG, Brey RL. Neuropsychiatric systemic lupus erythematosus. Curr Treat Options Neurol
2000;2:473–85. [PubMed: 11096772]

33. Feinglass EJ, Arnett FC, Dorsch CA, Zizic TM, Stevens MB. Neuropsychiatric manifestations of
systemic lupus erythematosus: diagnosis, clinical spectrum, and relationship to other features of the
disease. Medicine 1976;55:323–38. [PubMed: 781466]

34. Appenzeller S, Cendes F, Costallat LT. Epileptic seizures in systemic lupus erythematosus. Neurology
2004;63:1808–12. [PubMed: 15557494]

35. Gibbs JW III, Husain AM. Epilepsy associated with lupus anticoagulant. Seizure 2002;11:207–9.
[PubMed: 12018967]

36. Verrot D, San-Dermarco M, Dravet C, Genton P, Disdier P, Bolla G, et al. Prevalence and signification
of antinuclear and anticardiolipin antibodies in patients with epilepsy. Am J Med 1997;103:33–8.
[PubMed: 9236483]

37. Shrivastava A, Dwivedi S, Aggarwal A, Misra R. Anti-cardiolipin and anti-beta2 glycoprotein I
antibodies in Indian patients with systemic lupus erythematosus: association with the presence of
seizures. Lupus 2001;10:45–50. [PubMed: 11243509]

38. Liou HH, Wang CR, Chou HC, Arvanov VL, Chen RC, Chang YC, et al. Anticardiolipin antisera
from lupus patients with seizures reduce a GABA receptor-mediated chloride current in small
neurons. Life Sci 1994;54:1119–25. [PubMed: 8152332]

39. Chapman J, Cohen-Armon M, Shoenfeld Y, Korczyn AD. Antiphospholipid antibodies permeabilite
and depolarize brain synaptoneurosomes. Lupus 1999;8:127–33. [PubMed: 10192507]

40. Christodoulou C, Sangle S, D’Cruz DP. Vasculopathy and arterial stenotic lesions in the
antiphospholipid syndrome. Rheumatology (Oxford) 2007;46:907–10. [PubMed: 17403711]

41. Galli M, Luciani D, Bertolini G, Barbui T. Anti-beta 2-glycoprotein I, antiprothrombin antobidies,
and the risk of thrombosis in the antiphospholipid syndrome. Blood 2003;102:2717–23. [PubMed:
12816875]

42. Danowski A, Kickler TS, Petri M. Anti-beta2-glycoprotein I: prevalence, clinical correlations, and
importance of persistent positivity in patients with antiphospholipid syndrome and systemic lupus
erythematosus. J. Rheumatol 2006;33:1775–9. [PubMed: 16960938]

43. Mayes B, Brey R. Evaluation and treatment of seizures in patients with systemic lupus erythematosus.
J Clin Rheumatol 1996;2:336–45. [PubMed: 19078099]

44. Heeschen C, Aicher A, Lehmann R, Fichtischerer S, Vasa M, Urbich C, et al. Erythropoietin is a
potent physiologic stimulus for endothelial progenitor cell mobilization. Blood 2003;102:1340–6.
[PubMed: 12702503]

45. Alarcon GS, McGwin G Jr, Bastian HM, Roseman J, Lisse J, Fessler BJ, et al. Systemic lupus
erythematosus in three ethnic groups. VII (correction of VIII). Predictors of early mortality in the
LUMINA cohort. LUMINA Study Group. Arthritis Rheum 2001;45:191–202. [PubMed: 11324784]

Andrade et al. Page 9

Ann Rheum Dis. Author manuscript; available in PMC 2009 August 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Andrade et al. Page 10

Table 1
Univariable Cox regression analyses of baseline socio-economic—demographic variables and time-to-seizure
occurrence in patients in the LUMINA cohort

Variable HR (95% CI) p Value

Younger age, years 1.05 (1.02 to 1.08) 0.0008

Gender, female 0.51 (0.23 to 1.15) 0.1043

Ethnicity

 Hispanic-Texan 4.12 (0.89 to 19.12) 0.0736

 Hispanic-Puerto Rican Reference group

 African American 5.37 (1.26 to 22.87) 0.0231

 Caucasian 2.05 (0.43 to 9.90) 0.3708

Education, years 0.95 (0.86 to 1.04) 0.2491

Health insurance 0.61 (0.30 to 1.23) 0.1656

Employment 0.39 (0.17 to 0.88) 0.0238

Marital status 0.52 (0.28 to 0.99) 0.0466

Poverty level* 1.05 (0.53 to 2.10) 0.8915

Smoking 0.75 (0.27 to 2.12) 0.5889

Drinking 1.26 (0.39 to 4.09) 0.7013

Not exercising 0.92 (0.48 to 1.75) 0.7991

LUMINA, LUpus in MInorities: NAture versus Nurture.

*
As per US Federal government guidelines.
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Table 2
Univariable Cox regression analyses of clinical variables and time-to-seizure occurrence in patients in the LUMINA
cohort

Variable HR (95% CI) p Value

Disease duration 0.18 (0.11 to 0.29) <0.0001

SLAM-R score

 TD* 1.11 (1.07 to 1.15) <0.0001

 T0† 1.11 (1.07 to 1.16) <0.0001

 TL‡ 1.15 (1.11 to 1.20) <0.0001

 Average 1.24 (1.19 to 1.29) <0.0001

 Average weighted 1.16 (1.11 to 1.22) <0.0001

SDI score

 T0 1.47 (1.23 to 1.76) <0.0001

 TL 1.05 (0.91 to 1.21) 0.4820

Disease manifestations

 Integument 0.20 (0.11 to 0.38) <0.0001

 Musculoskeletal 0.09 (0.04 to 0.21) <0.0001

 Cardiovascular

  Hypertension 1.44 (0.77 to 2.70) 0.2521

  Venous thrombosis 1.76 (0.74 to 4.20) 0.1763

  Arterial
  thrombosis

1.13 (0.44 to 2.89) 0.7974

 Neurological

  Stroke 2.02 (0.79 to 5.15) 0.1423

  Psychosis 3.85 (1.20 to 6.80) 0.0181

 Haematological 0.74 (0.29 to 1.88) 0.5200

 Renal involvement 2.06 (1.02 to 4.14) 0.0426

  WHO Class IV
  glomerulonephritis

4.18 (2.16 to 8.09) <0.0001

  Renal damage 2.22 (1.12 to 4.38) 0.0214

Auto-antibodies

 Anti-DNA 1.59 (0.83 to 3.04) 0.1647

 Anti phospholipid§ 2.87 (1.26 to 6.52) 0.0120

Medications

 Hydroxychloroquine 0.18 (0.01 to 0.34) <0.0001

 Glucocorticoid

  Average dose 1.03 (1.01 to 1.05) <0.0001

  Weighted average
  dose

1.00 (1.00 to 1.00) 0.3603

 Cyclophasphamide 2.54 (1.36 to 4.74) 0.0034

LUMINA, LUpus in MInorities: NAture versus Nurture; SLAM-R, Systemic Lupus Activity Measure-Revised; SDI, SLICC (Systemic Lupus International
Collaborating Clinics) Damage Index.

*
Diagnosis time.

†
Baseline.
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‡
Last visit.

§
IgM, IgG and/or the lupus anticoagulant.
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Table 3
Time-to-seizure occurrence by multivariable proportional hazard regression analysis in patients in the LUMINA
cohort*

Variable HR (95% CI) p Value

Younger age, years 1.04 (1.00 to 1.08) 0.0304

SLAM-R† 1.10 (1.04 to 1.15) 0.0004

Mucocutaneous manifestations 0.34 (0.16 to 0.41) 0.0039

Hydroxychloroquine use 0.35 (0.15 to 0.80) 0.0131

LUMINA, LUpus in MInorities: NAture versus Nurture.

For alternative analyses, please refer to text.

*
Adjusted for gender, ethnicity, marital status, disease duration, damage accrual (seizures excluded), disease manifestations (musculoskeletal, psychosis

and renal damage) and medications (cyclophosphamide, average dose of glucocorticoids).

†
Systemic Lupus Activity Measure-Revised at baseline (secures excluded).
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Table 4
Poisson multivariable regression of damage accrual in patients in the LUMINA cohort

Variables χ2 p Value

Age, years 68.49 <0.0001

Gender, male 3.99 0.0459

Ethnicity

 Hispanic-Texan 35.22 <0.000l

 Hispanic-Puerto Rican Reference group

 African American 40.99 <0.000l

 Caucasian 23.62 <0.000l

Poverty level 19.53 <0.0001

Disease duration, years 24.75 <0.0001

SLAM-R, average weighted score 170.30 <0.0001

Seizures 51.43 <0.0001

Glucocorticoid use, weighted average dose 20.78 <0.0001

LUMINA, LUpus in MInorities: NAture versus Nurture; SLAM-R, Systemic Lupus Activity Measure-Revised.
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Table 5
Frequency distribution of the domains of the SLICC Damage Index as a function of seizure occurrence in patients in
the LUMINA cohort

Seizures

Damage domain, % Yes
n = 40

No
n = 559 p Value*

Ocular 22.5 15.2

Neuropsychiatric† 42.5 25.4 0.0180

Renal 55.0 16.5 <0.0001

Pulmonary 5.0 7.3

Cardiac 12.5 8.8

Vascular 5.0 5.4

Gastrointestinal 7.5 4.8

Musculoskeletal 27.5 11.6 0.0036

Integument 12.5 15.4

Gonadal 20.0 5.9 0.0006

Diabetes 17.5 6.4 0.0089

Malignancy 2.5 1.4

SLICC, Systemic Lupus International Collaborating Clinics; LUMINA, LUpus in MInorities; NAture versus Nurture.

*
Only values p≤0.05 are shown.

†
Seizures excluded.
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Table 6
Frequency distribution of items of selected domains of the SLICC Damage Index as a function of seizure occurrence
in patients in the LUMINA cohort

Seizures

Damage domains and items, % Yes
n = 40

No
n = 559

p Value*

Renal

 Decreased glomerular filtration rate
 (<50%) (n = 51)

32.5 6.8 <0.0001

 Significant proteinuria (n = 85) 37.5 12.5 <0.0001

 End-stage renal disease (n = 32) 30.0 3.4 <0.0001

Neuropsychiatric

 Cognitive impairment (n= 126) 30.0 20.2

 Stroke (n = 43) 25.0 5.9 <0.0001

 Cranial or peripheral neuropathy (n = 22) 7.5 3.2

Musculoskeletal

 Muscle atrophy (n = 18) 5.0 2.9

 Deforming arthritis (n = 22) 5.0 3.6

 Osteoporosis (n = 20) 7.5 3.0

 Osteonecrosis (n = 27) 10.0 3.4 0.0591

 Osteomyelitis (n = 8) 0 1.4

SLICC, Systemic Lupus International Collaborating Clinics; LUMINA, LUpus in MInorities NAture versus Nurture.

*
Only p values ≤0.05 are shown.
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