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Abstract
Objective—To determine the frequency, clinical and autoantibody associations and outcome of
mood disorders in a multi-ethnic/racial, prospective, inception cohort of SLE patients.

Author Manuscript

Methods—Patients were assessed annually for mood disorders (4 types as per DSM-IV) and 18
other neuropsychiatric (NP) events. Global disease activity (SLEDAI-2K), SLICC/ACR damage
index (SDI) and SF-36 subscale, mental (MCS) and physical (PCS) component summary scores
were collected. Time to event, linear and ordinal regressions and multi-state models were used as
appropriate.

Author Manuscript

Results—Of 1,827 SLE patients, 88.9% were female, 48.9% Caucasian, mean ± SD age
35.1±13.3 years, disease duration 5.6±4.8 months and follow-up 4.73±3.45 years. Over the study
863 (47.2%) patients had 1,627 NP events. Mood disorders occurred in 232/1827 (12.7%) patients
and 98/256 (38.3%) events were attributed to SLE. The estimated cumulative incidence of any
mood disorder after 10 years was 17.7% (95%CI=[15.1%,20.2%]). There was a greater risk of
mood disorder in patients with concurrent NP events (p ≤ 0.01) and lower risk with Asian race/
ethnicity (p=0.01) and immunosuppressive drugs (p=0.003). Mood disorders were associated with
lower mental health subscale and MCS scores but not with SLEDAI-2K, SDI scores or lupus
autoantibodies. Antidepressants were used in 168/232 (72.4%) patients with depression. 126/256
(49.2%) mood disorders resolved in 117/232 (50.4%) patients.
Conclusion—Mood disorders, the second most frequent NP event in SLE patients, have a
negative impact on HRQoL and improve over time. The lack of association with global SLE
disease activity, cumulative organ damage and lupus autoantibodies emphasize their multifactorial
etiology and a role for non-lupus specific therapies.
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Neurological and psychiatric events, collectively referred to as neuropsychiatric (NP)
disease, are a frequent occurrence in patients with systemic lupus erythematosus (SLE) (1–
5). Approximately one-third of all NP events are directly attributed to SLE, although the
attribution rate varies between individual manifestations (6). Regardless of attribution, the
occurrence of NP events has been associated with a negative impact on health related quality
of life (HRQoL) in both cross-sectional (6) and longitudinal (7) studies. Thus, awareness,
identification and treatment of NP events in SLE patients are an important component of
overall care and improving clinical outcomes. Large observational cohort studies with
careful documentation of NP events and their attribution, treatment and outcomes over time
can provide insight into this complex aspect of SLE.
Mood disorders are one of the most frequent NP events reported in SLE cohorts, usually in
the top three of all NP events (2, 6). As is the case for many of the NP events in SLE there
are no unique characteristics of mood disorders in SLE patients to help determine attribution
to SLE or non-SLE causes. In addition there is very limited data on potential lupus
biomarkers to implicate an autoimmune pathogenesis. In individual patients mood disorders
may mask or complicate other NP presentations, in particular cognitive impairment,
adversely impact adherence to recommended therapies and restrict overall mental and
physical function.

Author Manuscript

In the present study we determined the frequency, characteristics, clinical and autoantibody
associations and outcome of mood disorders in a large, multi-ethnic/racial, prospective,
inception cohort of SLE patients.

Patients and Methods
Research study network
The study was conducted by the Systemic Lupus International Collaborating Clinics
(SLICC) (8), a network of 37 investigators in 32 academic medical centers in 11 countries.
Data were collected per protocol at enrollment and annually, submitted to the coordinating
centre in Halifax, Nova Scotia, Canada and entered into a centralized Access database.
Appropriate procedures ensured data quality, management and security. Capital Health
Research Ethics Board, Halifax, and each of the participating centers’ institutional research
ethics review boards approved the study.

Author Manuscript

Patients
Patients fulfilled the ACR SLE classification criteria for SLE (9), which was used as the
date of diagnosis, and provided written informed consent. Enrollment was permitted up to
15 months following the diagnosis. Demographic variables such as age, gender, race/
ethnicity, education and medication history were collected. Lupus-related variables included
the SLE Disease Activity Index 2000 (SLEDAI-2K) (10) and SLICC/ACR damage index
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(SDI) (11). Laboratory testing included hematological, biochemical and immunological
variables required to determine SLEDAI-2K and SDI scores.
Neuropsychiatric (NP) events
An enrollment window extended from 6 months prior to the diagnosis of SLE up to the
actual enrollment date. NP events were characterized within this window using the ACR
case definitions for 19 NP syndromes (12). These were diagnosed by clinical evaluation
supported by investigations, if clinically warranted, as per the guidelines. Patients were
reviewed annually with a 6-month window around the anticipated assessment date. New NP
events and the status of previous NP events since the last study visit were determined at each
assessment.

Author Manuscript

In the ACR case definitions (12) mood disorders are determined by clinical judgment based
on the Diagnostic and Statistical Manual-IV (DSM-IV) criteria and consist of: (i) major
depressive-like episode, (ii) mood disorder with depressive features, (iii) mood disorder with
manic features and (iv) mood disorder with mixed features. Recurring mood disorders and
other NP events of the same type within the enrollment window or within a follow-up
assessment period were recorded once. The date of the first episode was taken as the onset
of the event. In addition to but separate from the clinical diagnosis of mood disorder the
ability of the mental health (MH) subscale of the SF-36 to screen for depression on the basis
of patient self-report was also examined.
Attribution of NP events

Author Manuscript
Author Manuscript

In keeping with other publications on NP events within the SLICC NPSLE inception cohort,
the same decision rules were used to determine the attribution of all NP events (6, 13). To
optimize consistency this was performed at the central coordinating centre in Halifax using
data provided in the case record form by individual SLICC sites. Factors considered in the
decision rules included: (i) temporal onset of NP event(s) in relation to the diagnosis of SLE;
(ii) concurrent non-SLE factor(s), identified from the ACR glossary which accompanied the
case definitions of NP events (12), as potential causes (“exclusions”) or contributing factors
(“associations”) for each NP syndrome; and (iii) “common” NP events which are frequent in
normal population controls as described by Ainiala et al (14). These include all headaches,
anxiety, mild depression (mood disorders failing to meet criteria for “major depressive-like
episodes”), mild cognitive impairment (deficits in less than 3 of the 8 specified cognitive
domains) and polyneuropathy without electrophysiological confirmation. Two attribution
decision rules of different stringency (models A and B) were developed as described in
detail elsewhere (6, 13). NP events that fulfilled criteria for model A (most stringent) or for
model B (least stringent) were attributed to SLE. By definition, all NP events attributed to
SLE using model A were included in the group of NP events using model B. Those events
which did not fulfill these criteria were attributed to non-SLE causes.
Outcome of mood disorders
A physician generated 7-point Likert scale compared the change in mood disorder between
onset and follow-up study assessment (1=patient demise, 2=much worse, 3=worse, 4=no
change, 5=improved, 6=much improved, 7=resolved) (15). A patient generated SF-36
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questionnaire provided subscale, mental (MCS) and physical (PCS) component summary
scores (15, 16), the results of which were not available to the physicians at the time of their
assessments.
Autoantibodies
Lupus anticoagulant, IgG anticardiolipin, anti-β2 glycoprotein-I, anti-ribosomal P (anti-P)
and anti-NR2 glutamate receptor antibodies were measured at the enrollment visit at the
Oklahoma Medical Research Foundation, USA using previously described methodology
(17–20).
Statistical analysis

Author Manuscript

Descriptive statistics were used to summarize enrolment data. Kaplan-Meier estimates of the
survivor function for the time until first mood disorder were calculated. Cox regression
methods were used to analyze the time to first (SLE) mood disorder data and the time to
resolution data for mood disorders. Ordinal regression based on generalized estimating
equation (GEE) methods was used to analyze the Likert scale outcome scores for mood
disorders that were unresolved. Covariates examined in regression analyses included gender,
age at SLE diagnosis, race/ethnicity, SLICC sites, education, ACR criteria at enrolment,
SLEDAI (without NP), SLICC damage index (without NP), baseline antibodies, medications
and other ongoing NP events. Hypothesis tests for the significance of regression parameters
were performed using Wald tests (Cox regression) and score tests (GEE analyses) and 95%
confidence intervals (CIs) were calculated. A simple multi-state model was fit with states
defined by the Likert scale scores in order to estimate the time spent in these states after the
occurrence of a mood disorder. The model assumed that all transitions must be to adjacent
states (changes in the Likert scale of 1 or −1) and was fit in continuous time which allows
moves of more than one state between assessments. Resolution is a final or absorbing state
and the rate of transition is assumed piecewise constant with the rates in the first two years
after onset of a mood disorder allowed to differ from those subsequently. The rates for
improving transitions were assumed to be the same and similarly for worsening transitions.
For analyses of the HRQoL longitudinal outcomes, linear regression models with GEE were
used to take into account the correlation between multiple observations within patients.

Author Manuscript
Results
Patients
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1,827 patients were recruited between October 1999 and February 2013, from SLICC
centers in the United States (n=541 (29.6%)), Europe (n=477 (26.1%)) Canada (n=417
(22.8%)), Mexico (n=223 (12.1%)), and Asia (n=169 (9.3%)). The median (range) number
of patients enrolled in each of the SLICC centers was 35 (3 – 223). Patients were most
frequently women 1,625/1,827 (88.9%), with a mean (±SD) age of 35.1±13.3 years and a
varied racial/ethnic distribution although predominantly Caucasian (Table 1).
At enrollment the mean disease duration was 5.6±4.8 months and the frequency of
individual ACR classification criteria indicated no selection bias in patient recruitment. The
mean SLEDAI-2K and SDI scores reflected moderate global disease activity and minimal
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cumulative organ damage respectively. Patients were receiving a range of lupus
medications. The number of annual assessments per patient varied from 1 to 14 with a mean
follow-up of 4.7±3.5 years.
Neuropsychiatric (NP) manifestations
NP events (≥1) occurred in 863/1827 (47.2%) patients and 404/1827 (22.1%) had ≥ 2 events
over the study period. There were 1627 unique NP events, encompassing all 19 NP
syndromes (12). The proportion of NP events attributed to SLE varied from 17.8%
(attribution model A) to 30.9% (attribution model B) and occurred in 11.7% (model A) to
18.8% (model B) of patients. Of the 1627 unique NP events, which were reported at 1246
patient visits, 1490 (91.6%) involved the central nervous system and 137 (8.4%) the
peripheral nervous system (12). The classification of events into diffuse and focal was 1274
(78.3%) and 353 (21.7%) respectively (13).

Author Manuscript

Mood disorder frequency and characteristics
Mood disorders were the second most frequent NP event: 232/1827 (12.7%) patients
experienced 256 mood disorders. Of these, 46/256 (18%) and 98/256 (38.3%) were
attributed to SLE in 45/232 (19.4%) and in 95/232 (40.9%) patients using model A and
model B attribution rules respectively. The predominant mood disorders were major
depressive-like episodes [134/256 (52.3%)], followed by mood disorder with depressive
features [114/256 (44.5%)] and the remaining two mood disorders accounted for only 8/256
(0.03%) events. The estimated cumulative incidence of any mood disorder and any SLEattributed mood disorder after 10 years was 17.7% (95%CI=[15.1%, 20.2%]) and 7.9%
(95%CI=[6.0%, 9.9%]), respectively (Figure 1, upper panel). Mood disorders with major
depressive-like features were the predominant type (Figure 1, lower panel).

Author Manuscript

Using physician identified cases of any mood disorders as the “gold standard” at all
assessments over the study period, an SF-36 MH subscale score of 60 maximized the sum of
sensitivity and specificity. The area under the ROC curve was 0.74 (95%CI=[0.72, 0.77])
with a sensitivity of 63% and specificity of 74%. The results were similar when the same
analysis was confined to physician diagnosed major depressive-like episodes. The area
under the ROC curve was 0.77 (95%CI=[0.75, 0.80]) with a sensitivity of 69% and
specificity of 74%.
Clinical and laboratory associations with mood disorders

Author Manuscript

Univariate analysis revealed a positive association [HR (95%CI)] between mood disorders
and use of anticoagulants 1.5 (1.1, 2.3) or antidepressants (excluding amytriptyline ≤ 100
mg/day) 2.1 (1.3, 3.6). There was a negative association with Asian race/ethnicity [HR
(95%CI)] 0.3 (0.2, 0.5), Seoul, Korean SLICC site 0.3 (0.2, 0.7), immunosuppressants 0.6
(0.4, 0.9), and anti- P antibodies 0.4 (0.2, 0.9).
There were also associations [HR (95%CI)] with both SLE attributed [12.3 (8.9, 16.9)] and
non-SLE attributed [7.6 (5.8, 10.2) NP events. The SLE attributed (model B) NP events
were cerebrovascular disease, mononeuropathy, myasthenia gravis, myelopathy, cranial
neuropathy, seizure disorder, acute confusion, cognitive dysfunction and psychosis; the non-
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SLE attributed NP events were headache, movement disorder, cranial neuropathy,
polyneuropathy, seizure disorder, acute confusion, anxiety and cognitive dysfunction. Very
similar results were obtained with univariate analysis examining the associations with only
mood disorders that were attributed to SLE (model B)

Author Manuscript

The results of multivariate regressions examining the associations with all mood disorders
and with those attributed to SLE are summarized in Table 2. Included in the presented
models are variables significant in the univariate analyses and having at least a moderate
significance level (p<0.1) in the multivariate models for all mood disorders. There was a
greater risk of mood disorder in patients with other concurrent NP events (p ≤ 0.01) and a
lower risk with Asian race/ethnicity (p=0.01) and immunosuppressive drugs taken in the
absence of antidepressants (p=0.003). To confirm that the lower risk with Asian race/
ethnicity was not due to differential physician diagnosis for different races/ethnicities, the
relationship between physician diagnoses and the SF-36 MH subscale score of <60 was
examined. In patients of Asian race/ethnicity without a physician diagnosed mood disorder
the percentage of SF-36 MH subscale scores <60 was 278/1297 (21.4%) compared to that in
other races 1617/6124 (26.4%). Of note, no association was found between mood disorders
and SLEDAI-2K, SDI scores, lupus autoantibodies or prednisone (any dose and >20 mg/
day), regardless of whether or not the analysis was confined to mood disorders attributed to
SLE.
Mood disorders and Health Related Quality of Life (HRQoL)

Author Manuscript

The association between mood disorders and HRQoL is illustrated in Figure 2. The
estimated means of MCS, PCS and MH subscale scores of the SF-36 at each visit (up to the
10th followup visit) are shown in four groups: (i) patients with SLE attributed mood
disorder; (ii) patients with non-SLE attributed mood disorder; (iii) patients without mood
disorder, but with other types of NP events; (iv) patients without mood disorder or other NP
events. Estimates in the left panels are from univariate analyses. Estimates in the right
panels are from a multivariate regression model adjusting for gender, age at SLE diagnosis,
race/ethnicity, location, post-secondary education, SLEDAI without NP variables, SLICC
damage index without NP variables, use of corticosteroids, anti-malarials and
immunosuppressive drugs. As shown in Figure 2, MCS and MH scores were lower in the
groups with mood disorder (group i and ii) compared to the group without mood disorder
(group iii), and especially compared to the group without any NP events (group iv). The
group differences in PCS scores were considerably less marked.
Use of antidepressants

Author Manuscript

In patients with a clinical diagnosis of depression, 168/232 (72.4%) took antidepressants at
more than one visit. Overall, antidepressants were taken at 169/272 (62.1%) assessments
with SLE attributed and in 296/423 (70.0%) assessments with non-SLE attributed mood
disorders. Antidepressant use was also recorded at 733/8673 (8.5%) assessments without a
mood disorder. This was due in part to the continued use of antidepressants following
resolution of the mood disorder and possibly due to the use of antidepressants for other
indications.
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The physician assessment of change in mood disorder was examined separately using Likert
scores of 1 to 6 and Likert score 7 (resolution) (Figure 3a and 3b; Table 3). Times to
resolution were recorded as days since onset. A Likert score of 1 indicates patient demise
which was not necessarily linked to mood disorder, but as there was only one death in the
group of patients with mood disorder this patient was included in all but the multi-state
model analysis. Figure 3b displays the distribution of maximum and minimum Likert scores
observed during followup. Note that 27 of the 126 mood disorders that resolved did so by
the first assessment after onset. Adjusting for the time since mood disorder onset and given
that these mood disorders had not resolved, univariate analyses indicated that location (i.e.
non-US sites), anti-depressant use, immunosuppressive use, and absence of other ongoing
non-SLE NP events were associated with higher probabilities of having better mood
disorder outcome. By including all significant predictors in univariate analyses and further
clustering of other ongoing NP events using central/peripheral classification, the findings
were similar in multivariate analysis (Table 3).

Author Manuscript

One hundred and twenty-six of 256 (49.2%) mood disorders resolved in 117 of 232 (50.4%)
patients over the period of study. An estimated time to resolution curve is illustrated in
Figure 3(a). Univariate analyses revealed a number of positive associations with shorter time
to resolution of mood disorder of any type: Canadian and Asian sites, younger age at SLE
diagnosis, absence of baseline anti-P antibody, and absence of other ongoing non-SLE NP
events. In the multivariate analysis, the positive associations that were retained were
Canadian and Asian sites and absence of other ongoing non-SLE NP events with a
suggestive effect for younger age at SLE diagnosis. Including baseline anti-P antibody in the
multivariate analysis reduced the number of resolved mood disorders available for analysis
from 126 to 90. This reduction in sample size leads to a lack of significance for other
variables, including baseline anti-p antibody, and therefore results excluding baseline anti-P
antibody are presented in Table 3.
Omitting the one patient who died, the estimated percentages of patients having Likert scale
values of 2 to 7, two years after the onset of a mood disorder, were 2%, 5%, 26%, 15%, 11%
and 42% respectively. The estimated percentages after five years were 1%, 3%, 20%, 12%,
7% and 57%.

Discussion

Author Manuscript

Mood disorders are a frequent occurrence in SLE patients and have been attributed to both
lupus and non-lupus causes (2, 6). The characteristics of mood disorders in SLE are similar
to those in the general population and have the same heterogeneity in clinical presentation.
They may occur in isolation or in association with other neuropsychiatric (NP) events. There
is a paucity of clinical studies describing the outcome of mood disorders in SLE and little
information to guide optimal management with either neuropharmacological or
immunomodulating therapies. In order to address these deficits the current study describes
the frequency, characteristics, predictors and outcomes of mood disorders in a large,
international, prospective, inception cohort of SLE patients.
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Mood disorders are prominent in the general population and in patients with chronic disease.
For example, depressive disorders were detected in 8.6% (95% CI 7.05–10.37) of 8,764
randomly selected individuals in the general populations of five European countries (21, 22).
The prevalence was 10.1% (95% CI 7.8–12.9) for women and 6.6% (95% CI 4.9–8.8) for
men. The frequency of major depressive episodes in the United States over one year was
10% (22). Of interest and relevance to the current study the frequency of depression in East
Asian countries is considerably lower than in Western countries (23); more specifically the
frequency of lifetime depression in Korea has been reported to be 2.9% (23). Whether this
lower frequency can be attributed to cultural or biological factors is unknown. A systematic
review of 13,189 patients with rheumatoid arthritis (RA) found depression in 34.2% to
38.8% using 2 self-report questionnaires and a frequency of major depressive disorder in
16.8% of patients (24). In a systematic review and meta-analysis of 55,982 adults with
chronic kidney disease (CKD) the prevalence of depression in CKD stage 5D was 22.8%
(95% CI 18.6–27.6) and increased to 25.7% (95% CI12.8–44.9) in kidney transplant
recipients (25). In the current study, the observed frequency of mood disorders was 12.7% of
patients, the 10 year estimate of mood disorders was 17.7% and major depression was the
predominant type. These findings are in keeping with the prevalence of mood disorders in
the general population and in other chronic diseases.
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The etiology of mood disorders in SLE and specifically the attribution of this common NP
event to SLE or non-SLE causes may be challenging in individual patients. In the current
study the majority of mood disorders were attributed to non-SLE causes, using two
attribution rules of different stringency (6, 13). The lower risk of mood disorders in patients
receiving immunosuppressive drugs could suggest a beneficial treatment effect of an
autoimmune mediated condition but the lack of association with global SLE disease activity,
cumulative organ damage and a panel of lupus autoantibodies traditionally associated with
NPSLE imply that the majority of mood disorders are not primary manifestations of the
disease. In addition, although dysregulated type-1 interferon (IFN-1) production is a
frequent occurrence in SLE and has been associated with several NP events including mood
disorders, at least one study (26) did not find an association between elevated production of
IFN-1 and depression in SLE patients. In contrast to a recent study (27) we did not find an
association between the concurrent use of high dose prednisone and depression.
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There are several consequences for individuals with mood disorders. In the current study,
detection of a mood disorder through a clinical encounter was associated with patient selfreport lower HRQoL. The magnitude of the difference in both the MH subscale and in the
MCS scores of patients with and without mood disorders, even when adjusted for multiple
potential confounders, is clinically significant (28, 29). The co-occurrence of mood
disorders with other NP events, which was frequent in our study, may complicate the
assessment of other NP disease. For example, cognitive complaints but not necessarily
impaired cognitive function are more frequent in both SLE (30, 31) and non-SLE (32)
patients with depression, which should be treated prior to the formal assessment of cognitive
function. Furthermore, although not addressed in the current study, the occurrence of mood
disorders is associated with a higher frequency of non-adherence (33) to recommended
therapies, scheduled clinic appointments and recommended lifestyle modifications, all of
which are critical to the optimal management of SLE.
Arthritis Rheumatol. Author manuscript; available in PMC 2016 July 01.
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The outcome of mood disorders in the cohort was generally favourable over the duration of
followup. Approximately 50% of patients had resolution, and of the events that did not
resolve the trend was clearly in favour of improvement when both the best and worst
outcome scores over time were tabulated. The predictors of a favourable outcome consisted
of both lupus specific and non-specific factors in univariate analysis, some of which were
still significant on multivariate analysis. These included antidepressants whose use was
appropriately high (62.1–70.0%) in our patients in contrast to other studies of SLE where it
has been as low as 7% (34). The association of a favourable outcome with the absence of
other NP events, attributed to lupus and non-lupus causes, and immunosuppressive drugs
may be due to a lupus-specific effect or the benefits of a reduction in global disease burden.
The explanation for better outcome in non-US SLICC sites is unclear. When considering
treatment options, the results of our study support both the use of symptomatic therapies
(e.g. antidepressants) and lupus directed therapies (e.g. immunosuppressive) when indicated
for globally active SLE.
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There are a number of limitations to the current study. First, the absence of a control
population precludes more definitive interpretation of the frequency of mood disorders in
our SLE patients. However desirable, this was not feasible and is compensated in large part
by the size of the inception cohort, the prospective study design and standardized data
collection. Second, we did not include depression symptom questionnaires to screen for
mood disorders. However this approach has not been recommended by the Canadian Task
Force on Preventive Health Care for the detection of mood disorders (35) in place of face-toface clinical screening which was the approach utilized in the current study. Third,
specialized investigations such as neuroimaging and examination of cerebrospinal fluid were
not routinely performed on all patients with mood disorders but rather left to the discretion
of individual investigators at each site. Likely, the universal application of such
investigations would have detected additional abnormalities but our protocol more
accurately reflects what is done in clinical practice, an important overall objective of our
inception cohort study. Fourth, although no association was found between mood disorders
and a panel of selected auto-antibodies, these were measured only at the enrollment visit.
Our findings do not preclude an association with persistent or increasing levels of autoantibodies over time. Further work will be required to address this. Finally, there are a
number of non-SLE specific variables such as hormonal status, dietary and lifestyle issues
that may be associated with headache but were not addressed.
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Despite these limitations, the results of our study underline the high frequency of mood
disorders in SLE patients and the negative impact on HRQoL. It is likely that in the majority
of SLE patients, depression is not an autoimmune mediated event. Nevertheless the
favourable outcome over time emphasizes the importance of remaining vigilant for its
occurrence and utilizing appropriate treatment strategies to achieve a speedy resolution.
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Kaplan-Meier estimates of the survivor function for time until first mood disorder of any
type (with 95% CI) and by attribution (left panel) and by mood disorder type (right panel).
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Figure 2.

The estimated means of MCS, PCS and mental health subscale scores of the SF-36 at each
visit (up to the 10th followup visit) are illustrated for the following four groups: (i) patients
with SLE attributed mood disorder (black lines); (ii) patients with non-SLE attributed mood
disorder (red lines) (iii) patients without mood disorder, but with other types of NP events
(green lines), (iv) patients without mood disorder and other NP events (blue lines).
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Kaplan-Meier estimate of time (with 95% CI) to resolution of all mood disorders (left
panel); Distributions of maximum and minimum Likert scale scores observed over followup
for 256 mood disorders (right panel).
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Demographic and clinical manifestations of SLE patients at enrolment
Number of Patients

1827

Gender (%)
Female

1625 (88.9)

Male

202 (11.1)

Age (years) (mean ± SD)

35.1 ± 13.3

Race/Ethnicity (%)
Caucasian

893 (48.9)

African ancestry

305 (16.7)

Asian

274 (15.0)

Hispanic

282(15.4)

Other

73 (4.0)

Author Manuscript

Single/Married/Other (%)

818 (45.0)/765/(42.0)/237(13.0)

Post secondary education (%)

1063 (62.0)

Disease duration (months) (mean ± SD)

5.6 ± 4.8

Number of ACR criteria (mean ± SD)

4.9 ± 1.0

ACR manifestations (%)
Malar rash

661 (36.2)

Discoid rash

227 (12.4)

Photosensitivity

652 (35.7)

Oral/nasal ulcers

678 (37.1)

Serositis

502 (27.5)

Arthritis

1367(74.8)

Renal disorder

500 (27.4)

Author Manuscript

Neurological disorder

88 (4.8)

Hematologic disorder

1129(61.8)

Immunologic disorder

1390 (76.1)

Antinuclear antibody

1730 (94.7)

SLEDAI-2K score (mean ± SD)
* SLICC/ACR damage index score (mean ± SD)

5.3 ± 5.4
0.31 ± 0.74

Medications (%)
Corticosteroids

1278 (70.0)

Antimalarials

1231 (67.4)

Immunosuppressants

729 (39.9)

ASA

257 (14.1)

Antidepressants

185 (10.1)

Author Manuscript

Warfarin

97 (5.3)

Anticonvulsants

80 (4.4)

Antipsychotics

13 (0.7)

Autoantibodies (%)
Lupus anticoagulant

239/1170 (20.4)
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Anticardiolipin

137/1136 (12.1)

Anti-β2 glycoprotein-I

162/1136 (14.3)

Anti-ribosomal P

111/1130 (9.8)

Anti-NR2

130/1058 (12.3)

*

SLICC/ACR damage index not available in 1029 patients at enrollment visit when disease duration < 6 months
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Other ongoing NP events (YES)

Predictor

Current medication use

Ethnicity /location

Other ongoing NP events (YES)
3.95
3.50
7.20
3.15

SLE seizure
Non-SLE anxiety disorder
SLE cognitive dysfunction
Non-SLE cognitive dysfunction

1.11
1.14
1.01
0.42
0.95

Hispanic-other
African ancestry-USA
African ancestry-other
Asian
Other

Analysis I

1.96

0.74

1.70

1.81

2.43

2.17

2.01

7.74

12.39

5.85

7.37

4.09

p

2.24
10.63
4.19
3.94
3.25

Non-SLE headache
Non-SLE movement disorder
SLE myelopathy
SLE seizure
Non-SLE anxiety disorder

1.48

1.45

0.97

0.89

1.40

7.16

10.69

18.07

127.65

3.60

0.003

0.007

0.055

0.062

0.0008

1.18

1.65

2.76

1.39

HR

1.99

Both

95% CI

0.52

1.14

0.56

1.62

1.57

0.43

1.88

1.64

3.96

8.80

1.23

3.56

1.50

HR

0.97

0.010

0.012

<.0001

<.0001

<.0001

<.0001

p

Immunosuppressant only

Analysis III

0.46

0.24

0.60

0.72

0.51

0.94

0.96

1.28

4.19

2.09

2.11

2.26

95% CI

Antidepressants only

HR

1.42

Hispanic-Mexico

Neither

1.39

Caucasian-USA

Caucasian-Europe/Canada

3.04

Non-SLE headache

HR

4.15

0.80

2.17

3.22

1.16

3.11

3.01

3.16

3.38

2.84

12.68

18.49

3.54

9.83

2.38

0.28

0.23

0.35

5.07

12.16

21.51

2.68

95% CI

Analysis IV

0.72

0.96

0.34

0.44

0.41

0.27

0.84

0.82

0.06

1.05

0.95

1.24

4.19

0.43

1.29

0.94

95% CI

Analysis II

p

0.822

0.621

0.333

0.333

0.065

0.003

0.947

0.034

0.021

<.0001

0.703

0.014

0.088

p

Multivariate regression analysis of predictors to time of first occurrence of any mood disorder regardless of attribution (upper panel: analysis I and II) and
to time of first occurrence of mood disorder attributed to SLE (model B) (lower panel: analysis III and IV).
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3.24
7.94

Non-SLE cognitive dysfunction
SLE psychosis
2.83

5.99

1.03

1.04

0.98

2.57

7.73

60.92

10.76

13.96

0.043

0.046

0.055

<.0001

p

1.46

2.16

3.57

8.38

HR

0.70

0.67

0.83

3.20

3.05

6.95

15.36

21.91

95% CI

Analysis IV

0.309

0.199

0.087

<.0001

p

B: Analysis III (N=95 mood disorders): Multivariate Cox regression analysis for time to first SLE mood disorder (model B) without medication information; Analysis IV (N=53 mood disorders):
Multivariate Cox regression analysis for time to first SLE mood disorder (model B) with medication information

Analysis I (N=232 mood disorders): Multivariate Cox regression analysis for time to first mood disorder (regardless of attribution) without medication information; Analysis II (N=117 mood disorders):
Multivariate Cox regression analysis for time to first mood disorder (regardless of attribution) with medication data.

Current antidepressant use

Gender (female)

Author Manuscript
SLE cognitive dysfunction

95% CI

Analysis III
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HR
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Predictor

Hanly et al.
Page 20

Arthritis Rheumatol. Author manuscript; available in PMC 2016 July 01.

Author Manuscript

Author Manuscript

Author Manuscript

Arthritis Rheumatol. Author manuscript; available in PMC 2016 July 01.
0.33

Canada

Time since mood disorder onset

Any ongoing NP events in central/peripheral clusters by
attribution*

0.10
0

2–3 years
<=1 year

0.05

4–5 years

No NP: patients without any ongoing NP events at current visit

Peripheral, non-SLE attributed: Patients with ongoing peripheral non-SLE attributed events only

Peripheral, SLE attributed: Patients with ongoing peripheral events only, of which one or more were SLE-attributed

0.04

0.91

0.90

1.62

2.01

1.85

0.85

0.66

0

0.45

0.50

0.14

−0.01

1.46

−0.12

Central, non-SLE attributed: patients with one or more ongoing central non-SLE attributed events, but no ongoing central SLE-attributed events

0

−0.26

−0.40

−0.74

−0.30

5+ years

−2.02
0

−1.01

−0.94

−0.93

−0.83

No NP events

Peripheral, non-SLE attributed

0.26

−0.52

Central, non-SLE attributed
Peripheral, SLE attributed

−0.39

0.20

0.55

Immunosuppressive
Central, SLE attributed

0.12

0

−0.95

−0.55

−0.82

−1.64

−0.26

95% CI

0.51

Central, SLE attributed: patients with one or more ongoing central SLE attributed events at current visit

*

0.73

Europe

Asia

0.52

−0.39

0.20

Mexico

US

Female

Est.

0.3168

0.0294

0.0031

0.0096

0.0003

0.3985

P

A: Analysis of Likert scale outcome (excluding resolution)

Anti-depressant

Location

Age at SLE diagnosis

Gender

Predictors

0.728

0.394

0.424

1

0.438

0.203

0.288

0.211

0.637

1

3.258

0.898

1.133

3.078

1.496

2.187

1.518

1.019

95% CI

Not estimable

1.540

0.595

0.693

1.160

0.551

0.793

0.565

0.805

HR

0.0183

0.0125

0.0711

P

B: Analysis of time to resolution

Multivariate regression analysis of predictors of outcome on Likert scale (excluding resolution) (column A) and resolution (column B) of any mood
disorder regardless of attribution.
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