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Prospective Study of Neuropsychiatric Events in
Systemic Lupus Erythematosus
JOHN G. HANLY, LI SU, VERN FAREWELL, GRACE McCURDY, LISA FOUGERE, and KARA THOMPSON

ABSTRACT. Objective. To prospectively examine neuropsychiatric (NP) events and their association with health
related quality of life (HRQOL) over time in patients with systemic lupus erythematosus (SLE).
Methods. In an observational cohort study from a single academic center, NP events and their attri-
bution were identified at enrollment and at annual assessments for up to 7 years. NP events were
characterized using the American College of Rheumatology case definitions; other variables were
global SLE disease activity and cumulative organ damage. The outcomes of NP events were record-
ed and self-report HRQOL was measured with the mental (MCS) and physical (PCS) component
summary scores of the Medical Outcomes Study Short Form-36.
Results. There were 209 patients, 88% female and 92% Caucasian, with a mean (standard deviation)
age of 43.7 (13.8) years. Followup was available in 175/209 (84%) patients. There were 299 NP
events in 132/209 (63%) patients over a mean followup of 3.6 (2.5) years. Thirty-one percent of NP
events in 54 patients were attributed to SLE. Multivariate analysis indicated lower MCS scores in
patients with NP events compared to those without events (p < 0.001) regardless of attribution. The
group means for PCS scores were significantly lower in patients with NP events (p < 0.001) regard-
less of attribution. There was no association between HRQOL and cumulative organ damage, nor
between NP events and the progression of organ damage.
Conclusion. The association of lower HRQOL with NP events over time, which is independent of
progression in cumulative organ damage, emphasizes the persistent negative effect of NP events in
the lives of patients with SLE. (J Rheumatol First Release May 15 2009; doi:10.3899/
jrheum.081133)
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Nervous system disease, characterized by a variety of neu-
ropsychiatric (NP) manifestations, is frequent in patients
with systemic lupus erythematosus (SLE). The NP events
include common clinical conditions such as headache, mood
disorders and cognitive complaints, to less frequent entities
such as seizures, psychosis, and myelopathy1-6.

Most clinical studies of NPSLE have been cross-section-
al in design and there is a relative paucity of information on
the longterm outcome of NP events and their clinical effect
on patients with SLE. Further, many longitudinal studies
have focused upon a specific subset of NPSLE such as cog-
nitive dysfunction7-11, in lieu of a more comprehensive
assessment encompassing all NP manifestations12,13. The
adverse clinical effect of NP events in patients with SLE has
been demonstrated in cross-sectional studies using a variety
of outcomes such as the association with patient self-report
health related quality of life (HRQOL)3,4, employment his-
tory14, disability15, and mortality16,17. However, given the
potential for improvement or worsening of NP disease in
SLE it is important to examine changes in NP status and its
clinical significance over time. Thus, our objective was to
prospectively examine the longterm outcome and effect on
HRQOL of all NP events, attributed systematically to SLE
or non-SLE causes, in patients who were followed at our
center for up to 7 years.

MATERIALS AND METHODS
Patients. Consecutive patients attending the Dalhousie University Lupus
Clinic at the Queen Elizabeth II Health Sciences Center, Halifax, Nova
Scotia, were enrolled in our study between June 2000 and December 2007.
The Clinic receives referrals from primary care physicians, general
internists, rheumatologists, and other subspecialties such as nephrology,
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dermatology, and hematology in a referral base of approximately 1 million
people and is the only designated lupus clinic in the region. All patients ful-
filled the American College of Rheumatology (ACR) criteria for SLE18,
and the date of diagnosis of SLE was the time when a patient first fulfilled
theACR criteria as determined by a rheumatologist. The study protocol was
approved by the local institutional research ethics committee (Capital
Health Research Ethics Board).

Study assessments. Patients were evaluated upon enrollment into the lupus
cohort and whenever possible annually thereafter. Data acquisition includ-
ed a medical history and examination including neurological, psychiatric,
neuropsychological and neuroimaging assessments when indicated, com-
pletion of standardized instruments for the quantification of disease activi-
ty, cumulative organ damage and quality of life, and review of the patient’s
medical record. Peripheral blood was collected for the assessment of hema-
tological, biochemical, and serologic variables related to the assessment of
SLE. These included a complete blood count, serum creatinine, urinalysis
and 24 h urinary protein (if indicated), antinuclear antibody, anti-dsDNA
antibody, and serum C3 and C4 levels. Global disease activity was quanti-
fied by the SLE Disease Activity Index (SLEDAI)19 and cumulative organ
damage by the Systemic Lupus International Collaborating Clinics
(SLICC)/ACR Damage Index (SDI)20. HRQOL was measured by patient-
generated mental (MCS) and physical (PCS) component summary scores
of the Medical Outcomes Study Short Form-36 (SF-36)21.

NP disease. Specific NP events were characterized using the ACR nomen-
clature and case definitions for 19 NP syndromes22 described in SLE. In all
patients a comprehensive set of questions was used to help screen for the
occurrence of any of the 19 NP syndromes. Specific investigations for NP
disease were done, not routinely on all patients but only if indicated fol-
lowing clinical assessment. The occurrence of prior NP events was con-
firmed by review of the medical record. Patients could have more than 1
type of NP event, but repeated episodes of the same event occurring
between assessments were recorded only once.

Attribution of NP events. Decision rules were used to determine the attri-
bution of NP events. Factors that were taken into account included: (1)
onset of NP event(s) prior to the diagnosis of SLE; (2) presence of concur-
rent non-SLE factor(s) that were identified within the glossary for the ACR
definitions for each NP syndrome and considered to be a likely cause or sig-
nificant contributor to the event; and (3) occurrence of “minor” NP events
as defined by Ainiala, et al, who have reported a high frequency of such
events in normal population controls1. These include all headaches, anxiety,
mild depression (i.e., all mood disorders that fail to meet the criteria for
“major depressive-like episodes”), mild cognitive impairment (deficits in
fewer than 3 of the 8 specified cognitive domains), and polyneuropathy
without electrophysiological confirmation. Thus, if a NP event occurred
around the time of diagnosis of SLE (usually not more than 6 months prior)
or at any time following the diagnosis of SLE, and if no other etiology as
listed in the ACR glossary for that NP syndrome could be identified, and if
the NP event was not 1 of those identified by Ainiala, et al1, then it was
attributed to SLE. Conversely, if the NP event preceded the diagnosis of
SLE by a considerable period of time (usually more than 6 months) or if an
alternative etiology was identified, or the NP event was one identified by
Ainiala, et al, then the NP event was attributed to “non-SLE” factors. In
keeping with the ACR case definitions22 it was recognized that in some
cases both SLE and non-SLE factors contributed to the etiology of NP
events.

Prospective evaluation of NP events. All NP events were identified upon
enrollment into the cohort and attributed to SLE or non-SLE causes.
Patients were reviewed on an annual basis as per study protocol. At fol-
lowup assessments, the occurrence of new NP events since the previous
study visit and their attribution was determined. In addition, previous NP
events were recorded as ongoing or resolved. Any NP event that had been
recorded as resolved at a prior assessment, but reemerged, was deemed a
recurrence. Thus at each assessment the status of NP events could be clas-
sified as NP-positive (new, recurrence, or ongoing) or NP-negative

(resolved or no event). Resolution was taken as the dominant status for NP
events when they occurred and resolved since the previous study visit.
Similarly, at each assessment, individual patients could be classified as NP-
negative or positive with attribution of event(s) to SLE only, both SLE and
non-SLE, and non-SLE-only causes. For some analyses, all NP events were
attributed to either SLE or non-SLE causes, in which case those events for
which both SLE and non-SLE factors were identified as etiological factors
were included with the SLE NP group.

Statistical methods. Individual NP manifestations were categorized by attri-
bution. In addition, the NP manifestations were clustered into subgroups for
additional analyses. Thus, the 19 NP syndromes were categorized into cen-
tral and peripheral nervous system manifestations as described22. In addi-
tion, NP events were categorized into diffuse and focal manifestations13:
diffuse NP syndromes were aseptic meningitis, demyelinating syndrome,
headache, acute confusional state, anxiety disorder, cognitive dysfunction,
mood disorder, and psychosis; focal NP syndromes were cerebrovascular
disease, Guillain-Barré syndrome, movement disorder, myelopathy, seizure
disorders, autonomic neuropathy, mononeuropathy, myasthenia gravis, cra-
nial neuropathy, plexopathy, and polyneuropathy. Medication use was
defined by cumulative use of at least 1 medication in 3 non-overlapping
drug clusters assembled on the basis of clinical relevance: cluster 1: low-
dose aspirin, nonsteroidal antiinflammatory drugs, or COXIB; cluster 2:
prednisone, antimalarials, or any immunosuppressive drugs; and cluster 3:
medications for treatment of comorbidities such as hypertension, osteo-
porosis, hyperlipidemia, anticoagulants, anticonvulsants, or other central
nervous system related therapies for depression, anxiety, or psychosis. The
distribution of patients in the 4-level categorization of NP-positive, with
attribution of event(s) to (1) SLE only, (2) SLE and non-SLE, and (3) non-
SLE-only causes, as well as (4) a NP-negative group, was examined for
associations with the SF-36 component summary scores and SDI scores
over time.

Descriptive statistics were used to summarize all variables with per-
centages, mean ± standard deviation (SD), or median and range as appro-
priate. A chi-squared test was used to examine the relationship between the
attribution of NP events and the distribution of the time (categorized into
intervals chosen to give comparable numbers of events in each category)
from the diagnosis of SLE to the onset of NP events. Kaplan-Meier-based
estimates were used to summarize the cumulative percentage of patients
with SLE NP events, non-SLE NP events, or both events over the study
period. In addition, we defined a time-to-case resolution variable for the NP
events, and used Kaplan-Meier estimates and log-rank tests to investigate
the relationships between this event-time variable and the attribution of NP
events as well as other NP events categorizations (central vs peripheral,
focal vs diffuse).

The relationships between the longitudinal SF-36 scores and patient NP
status at each visit, sex, age at enrolment, ethnicity, education status, dis-
ease duration at each visit, medication use at each visit, SLEDAI scores
(with and without NP variables) at each visit, and SDI scores (with and
without NP variables) at each visit were examined by linear regression.
Logistic regression analysis was used to examine which subscales of the
MCS and PCS scores of SF-36 scores were most highly related to NP sta-
tus over time and for the cross-sectional relationship between SDI score
(without NP variables) and NP status. Estimation was accomplished by
generalized estimating equations with a first-order autoregressive working
correlation structure in order to allow for the correlation between multiple
measurements over time for the same patient.

For cumulative (non-decreasing) SDI scores (with and without NP vari-
ables), a non-reversible multi-state Markov model23 was used to investigate
the relationships between explanatory variables, such as NP status, and the
subsequent rates of transitions to and from damage states defined by the
integer values of the SDI scores (0–9 with NP, 0–7 without NP).

RESULTS
Patient characteristics.A total of 209 patients were enrolled
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(Table 1). They were predominantly Caucasian (92.3%) and
female (87.6%) with a mean age (± SD) of 43.7 ± 13.8
years. At enrollment the mean disease duration was 8.4 ± 8.9
years. The spectrum of ACR classification criteria is in
keeping with other lupus cohorts24. The frequency of
patients with “neurologic disorder,” which includes seizures
and psychosis only, was 15%. The mean disease activity and
mean cumulative organ damage were low, as reflected by the
SLEDAI and SDI scores. Medication utilization was in
keeping with an unbiased lupus population. The number of
patients who were lost to followup was 24/209 (11.5%) in
addition to 10/209 (4.8%) patients who died, but no deaths
were due to nervous system disease.

Frequency and attribution of neuropsychiatric (NP) events.
A total of 132 of 209 (63%) patients had at least a single NP
event over the period of study. Eighty-one patients (39%)
had 2 or more events, with a maximum of 6 NP events in a
single patient. In the 132 patients with NP events there were

a total of 299 events (Table 2). The most frequent NP events
were headache (32%) and mood disorder (23%). Seven of
the NP events had a prevalence of less than 2%. Two of the
NP syndromes (Guillain-Barré syndrome and autonomic
neuropathy) were not identified.
Ninety-two (31%) of the 299 NP events in 54/209 (26%)

patients were attributed to SLE, and 207/299 (69%) events
in 78/209 (37%) were attributed to non-SLE causes. The
most frequent NP events attributed to SLE were cognitive
dysfunction (21%), cerebrovascular disease (15%), and
seizures (13%), and the most frequent NP events attributed
to non-SLE causes were headache (46%), mood disorder
(29%), and anxiety (12%).
The onset and attribution of NP events and the relation-

ship to the time of diagnosis of SLE is illustrated in Figure
1. The proportion of NP events attributed to SLE compared
to non-SLE causes was highest in the 6 months prior to and
in the first year following the diagnosis of SLE (p < 0.0001).

3Hanly, et al: Neuropsychiatric events in SLE

Table 1. Demographic and clinical manifestations at enrollment of all patients with SLE and those with and with-
out cumulative neuropsychiatric (NP) events regardless of attribution.

With NP Without NP Total

Number of patients 100 109 209
Sex (%)
Female 89 (89.0) 94 (86.2) 183 (87.6)
Male 11 (11.0) 15 (13.8) 26 (12.4)

Age, yrs (mean ± SD) 40.9 ± 12.8 46.3 ± 14.3 43.7 ± 13.8
Ethnicity (%)

Caucasian 94 (94.0) 99 (90.8) 193 (92.3)
Black 2 (2.0) 4 (3.7) 6 (2.9)
Asian 0 5 (4.6) 5 (2.4)
Other 4 (4.0) 1 (0.9) 5 (2.4)

Disease duration, yrs (mean ± SD) 8.6 ± 8.7 8.1 ± 9.1 8.4 ± 8.9
Cumulative ACR manifestations (%)

Malar rash 43 (43.0) 40 (36.7) 83 (39.7)
Discoid rash 9 (9.0) 9 (8.3) 18 (8.6)
Photosensitivity 60 (60.0) 50 (45.9) 110 (52.6)
Oral/nasopharyngeal ulcers 48 (48.0) 31 (28.4) 79 (37.8)
Serositis 33 (33.0) 32 (29.4) 65 (31.1)
Arthritis 67 (67.0) 77 (70.6) 144 (68.9)
Renal disorder 29 (29.0) 28 (25.7) 57 (27.3)
Neurological disorder 15 (15.0) 0 (0) 15 (7.2)
Hematologic disorder 68 (68.0) 67 (61.5) 135 (64.6)
Immunologic disorder 79 (79.0) 94 (86.2) 173 (82.8)
Antinuclear antibody 98 (98.0) 108 (99.1) 206 (98.6)

SLEDAI score (mean ± SD) 4.4 ± 4.7 3.4 ± 3.4 3.9 ± 4.1
SLICC/ACR damage index score (mean ± SD) 1.4 ± 1.8 0.7 ± 1.3 1.0 ±1.6
Medications, %

Corticosteroids 59 (59.0) 64 (58.7) 123 (58.9)
Antimalarials 73 (73.0) 82 (75.2) 155 (74.2)
Immunosuppressants 40 (40.0) 41 (37.6) 81 (38.7)
Aspirin 8 (8.00) 17 (15.6) 25 (12.0)
Antidepressants 23 (23.0) 8 (7.3) 31 (14.8)
Anticonvulsants 12 (12.0) 0 (0.00) 12 (5.7)
Warfarin 16 (16.0) 9 (8.3) 25 (12.0)
Antipsychotics 3 (3.0) 1 (0.9) 4 (1.9)

SLE: systemic lupus erythematosus; ACR: American College of Rheumatology; SLEDAI: SLE Disease Activity
Index; SLICC: Systemic Lupus International Collaborating Clinics.
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Ten NP events in 7 patients that were attributed to SLE had
their onset more than 6 months prior to the diagnosis of
SLE. These were cerebrovascular events (5 events in 4
patients), seizure disorder (3 events in 3 patients), cognitive
dysfunction (1 patient), and myasthenia gravis (1 patient).

The median (range) interval between the onset of these 10
events and the diagnosis of SLE was 25 (6–52) months.

Outcome of neuropsychiatric (NP) events. The proportion of
patients with NP events and their attribution at each of the
study assessments over 7 years are summarized in Table 3.

4 The Journal of Rheumatology 2009; 36:6; doi:10.3899/jrheum.081133

Table 2. Neuropsychiatric (NP) events and their attribution since the diagnosis of SLE in 209 patients.

No. of SLE NP No. of Non-SLE NP Total NP
Events Events Events, n (%)

Headache 0 96 96 (32.1)
Mood disorder 9 61 70 (23.4)
Cognitive dysfunction 19 6 25 (8.4)
Anxiety disorder 0 24 24 (8.0)
Seizure disorder 12 8 20 (6.7)
Cerebrovascular disease 14 3 17 (5.7)
Acute confusion 11 0 11 (3.7)
Cranial neuropathy 7 3 10 (3.3)
Polyneuropathy 5 1 6 (2.0)
Demyelinating syndrome 5 1 6 (2.0)
Psychosis 5 0 5 (1.7)
Mononeuropathy 1 2 3 (1.0)
Myasthenia gravis 1 1 2 (0.7)
Aseptic meningitis 1 0 1 (0.3)
Movement disorder 1 0 1 (0.3)
Myelopathy 1 0 1 (0.3)
Plexopathy 0 1 1 (0.3)
Guillain-Barré syndrome 0 0 0 (0.0)
Autonomic neuropathy 0 0 0 (0.0)
Total (%) 92 (30.8) 207 (69.2) 299 (100.0)

Figure 1. The time of onset of neuropsychiatric (NP) events in relation to the date of diagnosis of SLE. All the NP events have been
attributed to SLE (SLE NP events) or non-SLE (non-SLE NP events) causes.

 www.jrheum.orgDownloaded on April 4, 2024 from 

http://www.jrheum.org/


As individual patients could have NP events attributed both
to SLE and to non-SLE causes the NP-positive group was
divided into 3 mutually exclusive groups (patients with SLE
NP events only; patients with non-SLE NP events only; and
patients with both SLE and non-SLE NP events). The pro-
portion of patients in each subgroup at study assessments
remained remarkably stable over the period of followup, and
indicated that up to 49% of patients had some form of NP
event recorded at each assessment. The proportion of
patients with NP events attributed to SLE only, non-SLE
only, and SLE plus non-SLE causes was approximately
1:3:1.
Additional analysis indicated that the cumulative per-

centage of patients with NP events increased over time: NP
events attributed to SLE (32%) and non-SLE NP events
(61%); only 27% of patients remained in the NP-negative
group by the end of the study (Figure 2). At each assessment
(Figure 2) the status of NP disease was a mixture of new,
ongoing, recurrent, and resolved events reflecting a dynam-
ic rather than a static process. There was no significant dif-
ference (p = 0.13) in the time to resolution between NP
events attributed to SLE (median 1.17 yrs) versus those
attributed to non-SLE causes (median 1.14 yrs). Similarly,
comparisons of central versus peripheral NP events (p =
0.36) and diffuse versus focal NP events (p = 0.89) did not
reveal any significant differences.

NP events, HRQOL, and cumulative organ damage.
Significantly lower group means over time for MCS scores
in patients with NP events compared to those without events
were observed (43.1 vs 51.9; p < 0.001 in a multivariate
analysis). A summary multivariate analysis (Table 4) that
used an expanded categorization of NP status also demon-
strated associations between lower MCS scores and
Caucasian race (p = 0.009), younger age at enrollment (p =
0.029), and overall cumulative medication use (p < 0.001),
although there was no significant variation across individual
medication clusters for patients receiving medication.
Similarly, the group means for the PCS of the SF-36 were
significantly lower in patients with NP events (34.3 vs 42.3;
p < 0.001 in a multivariate analysis) regardless of attribu-

tion. In the summary multivariate analysis (Table 5), other
significant associations with lower PCS scores were with
lack of college education (p < 0.001), older age at enroll-
ment (p < 0.001), global SLE disease activity excluding NP
variables (p < 0.001), and overall cumulative medication use
(p < 0.001). The mean MCS and PCS scores at each study
assessment are shown in Figure 3 for patients with and with-
out NP events incorporating attribution of NP events to SLE
or non-SLE causes.
A logistic discriminant analysis, to compare patients with

NP events to those without events, showed that the differ-
ence in MCS scores between these patient groups was pri-
marily due to observed differences in the vitality subscale of
the SF-36. A comparable analysis of PCS scores showed
that differences were primarily linked to observed differ-
ences in the physical function and general health subscales
of the SF-36.
While there was no cross-sectional association between

SDI scores of cumulative organ damage and HRQOL, there
was a suggestive relationship between higher SDI scores
(excluding NP variables) and positive NP status (p = 0.04).
However, the progressive multi-state model analysis demon-
strated no association between subsequent progression of
SDI scores and NP events.

DISCUSSION
We examined the longterm outcome and influence on
HRQOL of a wide range of NP events prospectively catego-
rized and attributed to SLE and non-SLE causes. Although
the cumulative frequency of NP events increases over time,
the NP status of individual patients changes between assess-
ments. The presence of NP disease is associated with a sig-
nificant negative effect on HRQOL. Further, applying previ-
ously described decision rules for attribution, it is clear that
both SLE and non-SLE related NP events contribute to the
self-report reduction in HRQOL.
The demographic features, clinical manifestations of

SLE, and medication use indicate an unbiased cohort of
patients24 that was predominantly Caucasian, female, and
middle-aged, with a mean disease duration of 8.4 years at
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Table 3. The number (%) of patients with NP events and their attribution at each study assessment over 7 years.

NP-positive
Visit SLE NP, Non-SLE NP, SLE and Non-SLE, Total, NP-negative, Total no. Patients

n (%) n (%) n (%) n (%) n (%)

1 13 (6.2) 56 (26.8) 13 (6.2) 82 (39.2) 127 (60.8) 209
2 17 (9.4) 50 (27.6) 10 (5.5) 77 (42.5) 104 (57.5) 181
3 13 (8.8) 45 (30.6) 12 (8.2) 70 (47.6) 77 (52.4) 147
4 12 (10.5) 34 (29.8) 10 (8.8) 56 (49.1) 58 (50.9) 114
5 9 (9.7) 27 (29.0) 8 (8.6) 44 (47.3) 49 (52.7) 93
6 7 (9.3) 23 (30.7) 7 (9.3) 37 (49.3) 38 (50.7) 75
7 5 (9.8) 12 (23.5) 3 (5.9) 20 (39.2) 31 (60.8) 51
8 2 (9.1) 2 (9.1) 1 (4.6) 5 (22.7) 17 (77.3) 22
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enrollment. Although 63% of patients had at least 1 NP
event over the study, only 31% of these were attributed to
SLE. The proportion of NP events attributed to SLE was
highest in the 18 months around the diagnosis of SLE.

Despite the long study duration, with a total of 741 patient-
years of observation, 7 of the 19 NP syndromes had a fre-
quency of ≤ 2% each and 2 additional NP events were not
recorded in any patient. The predilection for NP events to

6 The Journal of Rheumatology 2009; 36:6; doi:10.3899/jrheum.081133

Figure 2. Cumulative NP events in 209 patients with SLE assessed annually for up to 7 years. NP events are attributed
to SLE and non-SLE causes and the outcome expressed as the proportion of patients with cumulative NP events (upper
panel). Status of NP events at enrollment and at each annual assessment is classified as new, ongoing, recurrence, or
resolved (lower panel).
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present early in the disease course25-28 and the low frequen-
cy of some types of NP disease in SLE have been noted in
other studies.
Previous cross-sectional studies of patients with SLE

have found a high variability in the frequency of NP events,
even when the ACR case definitions have been used1-6. The
reasons are multiple and include retrospective study design
based upon chart review, patient evaluation at a single time
in the disease course, and variability in the rigor for deter-
mining the attribution of NP events. We prospectively iden-
tified all NP events on an annual basis for up to 7 years and
systematically applied previously described decision rules
for determining their attribution. Patients continue to accrue
new NP events over time, attributed to both SLE and non-
SLE causes, which may partially explain the discrepancy in
the frequency of NP disease between previous cross-sec-
tional studies. This is supported by reports of an association
between the occurrence of NP events and disease duration6.
At each of the annual study assessments the proportion of
patients with NP events attributed to SLE, with or without
the co-occurrence of non-SLE NP events, was a minority.
The longterm outcome of NP events, whether attributed

to SLE or non-SLE causes, has not been well studied. The
limited clinical trials have been uncontrolled, or of short
duration, or focused upon a single NP manifestation29-34.
The data from observational cohorts have been inconsistent.
For example, increased mortality in patients with NP events

has been reported in some studies35-37 but not in
others28,38,39. In a 2-year followup study12 of 32 patients
hospitalized for NPSLE, the outcome was generally favor-
able, with either substantial improvement (69%) or stabi-
lization (19%). However, Jonsen, et al15 reported a higher
frequency of disability in SLE patients with NP disease
compared to patients without NP events and to the general
population. In our study, there was a resolution of approxi-
mately 15% of NP events at each assessment, although the
majority of events were persistent. Of interest, the attribu-
tion of NP events to SLE or non-SLE causes did not predict
their resolution. This is in contrast to the findings from a
recent large inception cohort study of SLE13 in which the
short-term outcome was more favorable in patients with NP
events attributed to SLE. It may be that treatment of NPSLE
early in the disease course may have a more favorable out-
come, and so may present a therapeutic window of opportu-
nity akin to that seen in other rheumatic diseases40,41.
An indicator of the clinical significance of NP events in

SLE patients is self-report HRQOL. Normative data on
SF-36 scores are available for the Canadian population42

and the mean MCS and PCS summary scores in patients
with NP events are approximately 7 and 16 points below the
expected population means. The group mean differences
over the course of the study in MCS and PCS scores
between patients with and without NP disease were 8.8 and
8.0, respectively. These values exceed the change in mean

7Hanly, et al: Neuropsychiatric events in SLE

Table 4. Multivariate regression analysis for Mental Component Summary scores.

Explanatory variables Estimate SE Confidence Limit p

Intercept 54.37 2.00 50.43, 58.31 < 0.001
NP status < 0.001

SLE NP currently –7.92 1.96 –11.82, –4.01
Only non-SLE NP currently –5.54 1.44 –8.42, –2.66
NP-negative currently and SLE NP at previous assessment –5.84 3.59 –13.01, 1.33
NP-negative currently and only non-SLE NP at previous assessment –2.40 1.30 –5.00, 0.20
NP-negative currently and at previous assessment 0 — —

Caucasian race
Yes –5.48 2.08 –9.58, –1.38 0.009
No 0

Age at enrolment ≥ 45 yrs
Yes 3.21 1.46 0.33, 6.08 0.029
No 0 — —

Disease duration at current assessment < 3 years
Yes –1.96 1.23 –4.39, 0.46 0.112
No 0 — —

Medications ever used < 0.001
Cluster 1: no; cluster 2: no; cluster 3: no 8.71 1.95 4.79, 12.63
Cluster 1: no; cluster 2: no; cluster 3: yes 0.28 2.57 –4.88, 5.44
Cluster 1: no; cluster 2: yes; cluster 3: no –3.63 3.30 –10.25, 2.99
Cluster 1: no; cluster 2: yes; cluster 3: yes –0.08 1.20 –2.49, 2.33
Cluster 1: yes; cluster 2: no; cluster 3: no*
Cluster 1: yes; cluster 2: no; cluster 3: yes 3.91 3.01 –2.12, 9.95
Cluster 1: yes; cluster 2: yes; cluster 3: no 0.39 1.88 –3.38, 4.16
Cluster 1: yes; cluster 2: yes; cluster 3: yes 0 — —

*No data were available for this estimation. NP: neuropsychiatric
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group scores in patients with scleroderma43 and chronic
obstructive pulmonary disease44 who had concurrent clini-
cally significant improvement in disease-specific outcomes
while enrolled in clinical trials. The results presented here
indicate that the negative relationship between NP events
and HRQOL that we have previously reported in cross-sec-
tional studies of SLE3,4 persists over time. As in the earlier
studies3,4, there was no statistically significant distinction
between the effect of NP events due to SLE and non-SLE
causes. Indeed, the data presented in Figure 3 suggest that
patients with concurrent NP events attributed to both SLE
and non-SLE causes had the lowest mean MCS and PCS
scores over time. These findings are in contrast to those
found when SLE patients with cognitive dysfunction were
studied in a similar manner over 5 years7, and emphasize the
importance of including all NP events in clinical studies of
NPSLE.
There are a number of limitations to our study. First, as

this was not a disease inception cohort, we were unable to
accurately determine the outcome of NP events diagnosed
and treated early in the disease course. As indicated, the
highest proportion of NP events attributed to SLE occur
early, and therapeutic intervention at this time may be asso-
ciated with a better prognosis. Second, although 17 of the 19

NP syndromes identified in the ACR case definitions were
represented in our cohort, 7 of the 17 had a frequency of less
than 2% over the entire period of observation. Thus, large
multicenter studies will be required to specifically address
the outcome of such infrequent NP events. Finally, we did
not perform routine neuroimaging or neuropsychological
assessments on all of our patients, but utilized such investi-
gations when they were clinically indicated and required by
the ACR case definitions. Although additional abnormalities
would likely have resulted from this approach, our protocol
was intended to reflect as much as possible the approach in
clinical practice and to avoid the inclusion of subclinical NP
disease, which has not been shown to have clinical signifi-
cance7-10,45-47.
We have demonstrated that in patients with well estab-

lished SLE, NP events are common and 31% are attributable
to SLE. The presence of NP events, regardless of their attri-
bution to SLE or to non-SLE causes, is associated with a
significant negative effect on HRQOL, which is independent
of cumulative organ damage. Additional studies are war-
ranted to determine which SLE-specific and nonspecific
interventions are required to treat these events and improve
the outcome of NP disease and HRQOL in patients with
SLE.
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Table 5. Multivariate regression analysis for PCS summary scores.

Explanatory variables Estimate SE Confidence Limit p

Intercept 29.27 2.42 24.50, 34.03 < 0.001
NP status < 0.001

SLE NP currently –5.68 1.55 –8.77, –2.58
Only non-SLE NP currently –5.95 1.24 –8.42, –3.48
NP-negative currently and SLE NP at previous assessment –0.68 1.60 –3.87, 2.52
NP-negative currently and only non-SLE NP at previous assessment –6.67 1.97 –10.61, –2.72
NP-negative currently and at previous assessment 0 — —

College education
Yes 6.84 1.50 3.89, 9.79 < 0.001
No 0 — —

Age at enrolment
< 35 8.45 2.07 4.37, 12.54 < 0.001
35 ≤ 45 4.46 2.31 –0.09, 9.01
45 ≤ 55 3.64 2.17 –0.63, 7.91 7.91
≥ 55 0 — —

SLEDAI without NP
0 ≤ SLEDAI ≤ 2 4.24 1.20 1.88, 6.60 < 0.001
3 ≤ SLEDAI ≤ 7 2.25 1.25 –0.22, 4.72
7 < SLEDAI 0 — — < 0.001

Medications ever used
Cluster 1: no; cluster 2: no; cluster 3: no 10.88 1.65 7.56, 14.20
Cluster 1: no; cluster 2: no; cluster 3: yes 8.40 2.56 3.26, 13.53
Cluster 1: no; cluster 2: yes; cluster 3: no 4.43 2.57 –0.72, 9.59
Cluster 1: no; cluster 2: yes; cluster 3: yes 0.74 1.17 –1.61, 3.09
Cluster 1: yes; cluster 2: no; cluster 3: no*
Cluster 1: yes; cluster 2: no; cluster 3: yes 0.17 3.19 –6.25, 6.58
Cluster 1: yes; cluster 2: yes; cluster 3: no –2.00 3.55 –9.13, 5.12
Cluster 1: yes; cluster 2: yes; cluster 3: yes 0 — —

*No data were available for this estimation.
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