
Introduction

Systemic lupus erythematosus (SLE) is a chronic
multisystemic autoimmune disease of unknown etiol-
ogy, mainly affecting women (9:1) especially of non-
white descent (1, 2). A complex interaction among ge-
netic, hormonal, immunologic and environmental fac-
tors is likely involved in its pathogenesis. Undoubted-

ly, immune dysregulation is a key event, and SLE is
considered a paradigm for systemic autoimmunity (1).

The disease may affect any organ and system, in-
cluding central, peripheral and autonomic nervous
system (1-3). The reported prevalence of central ner-
vous system (CNS) involvement in SLE varies from
19% to 91% in adult patients of different ethnicity
(3-13), and from 17% to 95% in pediatric patients
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(14-22), being the wide variability in frequencies like-
ly related to different methods of patients’ selection or
assessment, and to different professional orientation
of clinicians.

The SLE-related CNS disorders are clinically
heterogeneous, focal or diffuse, transient or chronic;
they may range from mild to severe, may often co-oc-
cur and potentially decrease patient span and quality
of life, even representing the most devastating feature
of the disease (3, 23-25). These manifestations are
considered as primary when causally and directly at-
tributable to the SLE physiopathology, which entails
vasculitis, non-inflammatory vasculopathic changes,
coagulopathy, pro-inflammatory cytokine effects, and
autoantibody-mediated damage (interference with
neurotransmission, loss of plasticity, and/or neuronal
cell death) (24, 26-29). Immune-mediated injuries
may depend on both autoantibody intrathecal produc-
tion and their passage from the circulation across a
permeabilized blood-brain-barrier (BBB) (28, 29).

Whereas focal organic SLE-related brain disor-
ders (such as stroke and seizures) are primarily related
to thrombotic or vasculitic events, the pathogenesis of
diffuse brain syndromes is likely multifactorial (26,
27). Anti-phospholipid (aPL) and anti-ganglioside
antibodies, as well as antibodies against ribosomal P
proteins, N-methyl-D-aspartate receptor (NMDAR),
glial fibrillary acidic protein (GFAP), microtubule-as-
sociated protein 2, neurofilaments, neuronal and en-
dothelial cells, have been reported to play a relevant
role (4, 10, 11, 27-31). Recently, the antibodies anti-
triosephosphate isomerase, having as target a glycolyt-
ic enzyme strongly expressed in brain tissue and cru-
cial in microtubule stabilization, have been proposed
as marker of neuropsychiatric SLE (NPSLE) (32).

However, the CNS involvement in patients with
SLE can also be indirectly related to the disease, and be
secondary to infections, sepsis, hypertension, metabol-
ic abnormalities, or iatrogenic factors (23, 24, 33, 34).

Moreover, the psychological impact of the disease
and psychosocial stressors may condition the develop-
ment of reactive psychopathology in SLE patients,
which have to adjust to a chronic illness with a pattern
of remissions and flares, generally occurring early in
life and involving complex problems of self/body im-
age, familial relationships, social functioning, working

ability and, in women, of childbearing; coping chal-
lenges are particularly relevant in adolescence, when
personality definition is ongoing and the role of body
image and the fear of peer rejection are absolutely cru-
cial (33, 35).

Regardless of etiology and attribution, the clini-
cal significance of CNS disorders in SLE patients is
strongly reflected by the adverse impact on patients’
life and clinical outcome (8, 25).

According to the American College of Rheuma-
tology (ACR) nomenclature, the term “NPSLE” iden-
tifies neurological and psychiatric syndromes that can
either precede the disease onset or occur at any time
during its course, and not attributable to other causes
(36).

Following the ACR definition (36), NPSLE refers
to three main clinical categories (Table 1): 1) neurolog-
ical syndromes of the CNS, including cerebrovascular dis-
ease, demyelinating syndrome, headache, aseptic
meningitis, chorea, seizures, myelopathy; 2) neurological
syndromes of the peripheral nervous system, including
acute inflammatory demyelinating polyradiculoneu-
ropathy, mononeuropathy, autonomic disorder, plex-
opathy, polyneuropathy; 3) diffuse psychiatric/neuro-
psychological syndromes, including cognitive disorder,
acute confusional state (delirium), anxiety disorder,
mood disorder, and psychosis, classified according to
the Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition (DSM-IV) terminology (37).

In the concerning literature, neurological and
psychiatric manifestations of the disease are usually
reported together, and specific data on SLE psy-
chopathology are limited, notwithstanding the pecu-
liar clinical presentation and physiopathology deserve
separate assessment.

Thus, we aimed to electively focus on diffuse psy-
chiatric/neuropsychological SLE syndromes (36), in
both adult and pediatric patients, reviewing and dis-
cussing their prevalence, pathogenesis, diagnostic as-
pects, and current therapeutic options.

Methods

A detailed search was performed in the PubMed
(U.S. National Library of Medicine) database, using
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the following key words: neuropsychiatric systemic lu-
pus erythematosus, central nervous system, psychiatric
syndromes, neuropsychological syndromes, psycho-
pathology, cognitive disorder, acute confusional state,
delirium, anxiety disorder, mood disorder, depression,
psychosis.

Original publications and reviews were consid-
ered eligible when they dealt with distinct psy-
chopathologies classified according to the ACR
nomenclature system for NPSLE (36), defined fol-
lowing the DSM-IV terminology (37), and resulting
from well-defined SLE cases (38, 39).

Results

Cognitive disorder

Cognition entails the intellectual functions that
result in thought. Cognitive processes may be catego-
rized in different domains (such as attention, memo-
ry, language, visual-spatial learning, psychomotor
speed, executive function, and logic reasoning/
problem solving), whose neurobiological substrates are
provided by multiple integrated networks from corti-

cal gray matter, subcortical gray matter, cerebral hemi-
spheric white matter, and commissural tracts (40).

Cognitive disorder is one of the most frequent and
studied SLE-related psychopathologic manifestations,
reported with estimates ranging from 2.7% to 59.6% in
adult patients (3, 5, 9, 10, 25, 30, 41-46) (Table 2), and
from 4.7% to 59% in pediatric patients (14, 17, 18, 21,
22, 47). This wide range in frequency reflects method-
ological variability in subject selection, sample size, de-
finition of cognitive impairment, formal testing meth-
ods, and variation in thresholds for positive tests
(48,49). With this regard, reliable and valid instru-
ments in order to measure cognitive deficit in SLE pa-
tients have been proposed, as well as criteria to define
minimally important change for clinical trials (50, 51).

However, the real prevalence of cognitive disor-
der in SLE may be underestimated, owing to the neu-
ropsychological assessment of patients is not routinely
performed, requiring time and wholehearted co-oper-
ation, and being particularly challenging in pediatric
patients. Computer-administered performance testing
appears to be a promising screening method in both
childhood and adulthood patients (47, 52).

Cognitive dysfunction may be present at any time
during the SLE course, and in the apparent absence of

Table 1.The SLE neuropsychiatric clinical categories and corresponding disorders, according to the American College of Rheuma-
tology nomenclature (36).

Clinical category Corresponding disorders

Neurologic syndromes of central nervous system Cerebrovascular disease
Demyelinating syndrome
Headache
Aseptic meningitis
Chorea
Seizures
Myelopathy

Neurologic syndromes of the peripheral nervous system Inflammatory demyelinating polyradiculoneuropathy
Mononeuropathy
Autonomic disorder
Plexopathy
Polyneuropathy

Diffuse psychiatric/neuropsycological syndromes Cognitive disorder
Acute confusional state (delirium)
Anxiety disorder
Mood disorder
Psychosis
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disease activity or other NP manifestations (25, 49,
53-55). Patients with current or previous episodes of
NPSLE appear to be at higher risk (33, 54). The clin-
ical signs may be subtle and transitory, and most of pa-
tients display fluctuating and not cumulative patterns
of deficit, while only a minority undergoes a severe
and persistent cognitive decline (42, 46, 53), consis-
tent with prevalently reversible underlying damage
(26).

SLE cognitive impairment may involve all cogni-
tive domains in varying degrees (25, 44), however, at-
tention, verbal and working memory, logical reasoning
and processing speed are the most frequently altered
functions in adults (46, 49, 54-58), suggesting the
main involvement of frontal and parietal areas (55); in
childhood patients, complex problem solving, atten-
tion, visuomotor integration, verbal and working
memory are prevalently affected (59).

The presence of chronic damage, measured by
the Systemic Lupus International Collaborating Clin-
ics/ACR Damage Index, arose as the main disease-re-
lated factor affecting the severity of cognitive disorder
(46), which, however, was not always associated with
excess morbidity (25, 42).

Hypertension appeared to be the most important
generic cardiovascular risk factor influencing both the
presence and severity of cognitive deficit in SLE pa-
tients (46, 60), and an independent effect of age was
also observed (9, 46, 60), whereas high educational

levels were found to display a protective effect, likely
due to a greater functional brain reserve (46, 60).

The pathogenesis of SLE-related cognitive disor-
der remains not precisely elucidated, however, the role
of ischemia (related to vasospasm, disease-associated
accelerated atherosclerosis, small-vessel vasculopathy,
or vasculitis) is generally accepted as prominent, with
the possible contribution of coagulopathy and im-
mune-mediated processes (26).

Notably, the Raynaud’s phenomenon was found
to positively correlate with the severity and the num-
ber of the impaired functions, underlining the relevant
role of vessel spasm (46). The cerebral small-vessel
vasculopathy (consisting of perivascular cuffing and
remodelling of microvasculature, and attributed to the
deposition of immune complexes in the vessel wall
with participation of activated complement) can con-
tribute (26, 46, 61). In SLE patients with cognitive
impairment, small-vessel cerebral vasculopathy was
found to be associated with significantly higher circu-
lating concentrations of matrix metalloproteinase-9
(MMP-9), a zinc-containing endoproteinase able to
degrade a variety of extracellular matrix components
and implicated in various disease-related processes,
including atherogenesis and BBB disruption. MMP-
9 serum levels were found to positively correlate with
the volumes of T1-weighted and T2-weighted lesions
in the brain magnetic resonance imaging (MRI) (43).
Moreover, in patients with SLE, associations between

Table 2. The reported frequency of SLE-related cognitive disorder in adult patients

Authors (Reference) Patients’ number Ethnicity Cognitive disorder (%)

Hanly et al. (3) 111 Caucasian, Asian, African, Native American 2.7

Hanly et al. (25) 572 Caucasian, African-American, Asian 5.4

Hawro et al. (41) 52 Polish 9.6

Sanna et al. (10) 323 Caucasian 10.8

Mok et al. (5) 282 Chinese 12

Hanly et al. (42) 70 Canadian 30

Ainiala et al. (43) 46 Finnish 24

Mikdashi et al. (9) 130 African-American, Caucasian 27.3

Olazarán et al. (44) 31 Hispanic 32.3

Abdel-Nasser et al. (45) 32 Egyptian 37.5

Lapteva et al. (30) 60 Caucasian, African-American, Asian 46.6

Tomietto et al. (46) 54 Italian 59.6
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cognitive dysfunction and microembolic signals have
been also reported (62).

The potential role of aPL antibodies (especially if
persistently present and at elevated titers) in the SLE
cognitive disturbance development has been widely
suggested (42, 46, 55, 60, 63).The prevalence of mod-
erate/severe cognitive deficit was found to be signifi-
cantly higher in aPL-positive patients with concomi-
tant Raynaud’s phenomenon, suggesting additive ef-
fects (46). Circulating antibodies against NMDAR
have been demonstrated in SLE patients’ brain, corre-
lating with both neuronal damage and cognitive dis-
order (64).

Recently, the cerebrospinal fluid (CSF) levels of
antibodies against the intermediate neurofilament al-
pha-internexin (INA), a protein expressed in differen-
tiated neurons and involved in the cytoskeletal in-
tegrity maintenance, were found to be inversely relat-
ed with the SLE patients’ cognitive status; moreover,
in a murine model obtained by INA immunization,
pronounced cognitive impairment/memory loss and
histopathologic evidence of profound cortical and
hyppocampal neuron apoptosis were observed (65).

Cytokines and chemokines may play a contribut-
ing role in the SLE-related cognitive disorder occur-
rence (49), and a positive association between serum
levels of interleukin-6 (IL-6) and both learning and
attention deficit has been demonstrated (66).

Increased serum concentrations of vasopressin
and calcitonin gene-related peptide, both involved in
the control of human behavior and cognition, have
been found in SLE patients with cognitive impair-
ment (67).

Genetic polymorphisms have been suggested to
influence the onset or progression of SLE cognitive
deficit. Patients carrying the Met66 allele of brain-de-
rived neurotrophic factor (BDNF) gene performed
significantly better in attention and executive, psy-
chomotor and motor domains, consistently with a ge-
netic protective effect (68).

MRI has been proposed as the gold standard for
the morphologic evaluation of NPSLE, including
cognitive disorder, in both adult and pediatric patients
(69, 70). White matter T2-weighted lesions, consist-
ing of micro-ischemic insults, cerebral atrophy, and re-
duction in cerebral and corpus callosum volumes (46,

71-73), were found to be associated with cognitive
disturbance in adult SLE patients; in pediatric pa-
tients, cerebral and cerebellar volume loss was ob-
served in the majority of blinded prospective cohort
MRI researches, while white matter hyperintensities
were less frequently found (74).

However, MRI sensitivity and specificity in iden-
tifying abnormality patterns of SLE-related cognitive
disorder is controversial (75-77), and the real correla-
tions between the cerebral MRI findings and the
severity of clinical manifestations are often inconsis-
tent (46).

Single photon emission computed tomography
(SPECT), a useful tool to evaluate brain perfusion,
represents a highly sensitive method for NPSLE eval-
uation in both adulthood and childhood, but with a
controversial specificity (78-80). In pediatric patients
with no history of overt NPSLE, the presence of ab-
normal SPECT results suggested that, in children,
subclinical CNS disease may be more common than
expected (80). Recently, focal or diffuse reduction of γ-
aminobutyric acid-A (GABA-A) receptor density
measured by (123)I-labelled Iomazenil binding has
been demonstrated on brain SPECT of SLE patients
with cognitive defects. Such a GABA-A receptor
density decrease might be related to the SLE cerebral
vasculopathy, or to neuronal-reacting autoantibodies,
or even to iatrogenic interferences with GABA-A re-
ceptor expression/binding (81).

Positron emission tomography (PET) with
[18F]2-fluoro-2-deoxy-D-glucose (evidencing impair-
ment in brain glucose utilization) represents a sensi-
tive method to detect manifest or subclinical CNS in-
volvement in NPSLE patients without morphological
changes, and PET findings have been demonstrated
to well correlate with the disease clinical course (82,
83). SLE cognitive disorder was found to be associat-
ed with regional brain glucose hypometabolism, and
fluctuations of the patients’ cognitive profile corre-
sponded to parallel changes on PET (84).

Evolving technologies, such as magnetization
transfer imaging (MTI) and magnetization transfer
ratio (MTR) (85-87), MR spectroscopy (MRS)/
proton MRS (1H-MRS) (30), as well as diffusion-
weighted imaging (DWI), T2 relaxometry, and func-
tional MRI (FMRI) (61, 69, 88), may contribute in
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improving the identification of subtle cerebral changes
in NPSLE patients, including those with cognitive
deficit.

Decreased peak height of MTR histogram of the
whole brain was evidenced in NPSLE patients com-
pared with controls, reflecting neuronal dysfunction
(85-87), and lower MTR peak height was electively
associated with cognitive impairment (87).

MRS imaging evidenced a correlation between
cognitive disturbance and frontal white matter meta-
bolic changes, in the absence of evident axonal dam-
age or cerebral atrophy, supporting the role of mi-
crostructural white matter alterations (89).

1H-MRS is considered a promising, noninvasive
imaging modality for the cognitive function assess-
ment, providing the measure of biochemical metabo-
lites, such as N-acetylaspartate (NAA), choline and
creatine. The NAA concentration is recognized as in-
dex of neuronal density and integrity; change in
choline levels is associated with membrane breakdown
(possibly related to inflammation, demyelination or is-
chemia), and creatine value is thought to reflect intra-
cellular energy stores (30). In SLE patients with cog-
nitive disorder, several 1H-MRS studies showed re-
duction in the NAA:creatine or NAA:choline ratio
and increase in the choline:creatine ratio (90-93); pa-
tients with moderate or severe deficit presented signif-
icantly higher choline:creatine ratio in the dorsolater-
al prefrontal cortex and white matter, compared with
patients with mild or absent impairment (30).

In childhood patients, FMRI studies suggested
that pediatric SLE may be associated with white mat-
ter connectivity dysfunctions, rather than injury of
specific gray matter areas (88).

Undoubtedly, the neuroimaging patients’ evalua-
tion with conventional or evolving technologies may
represent a useful corollary for the diagnosis of SLE-
cognitive disorder, which, however, is essentially clin-
ical and primarily requires a careful neuropsychologi-
cal assessment.

The primary or secondary origin of cognitive
deficit in SLE patients has to be identified, particular-
ly with respect to the possible iatrogenic origin. In
fact, cognitive impairment may represent a dose- and
time-dependent adverse effect of synthetic glucocorti-
coids (SGCs), quite infrequent at prednisone-equiva-

lent dose <20 mg/day (34). Whereas SGC low doses
generally do not affect cognitive function in both
short and long-term courses, high dosages may impair
both hippocampus-mediated declarative memory and
frontal lobe-mediated working memory in adult pa-
tients and may induce in pediatric patients severe dis-
turbances in attention, concentration, memory reten-
tion, mental speed and efficiency. The SGC cognitive
adverse effects are usually reversible in adult patients
after SGC discontinuation, while children appear to
be particularly susceptible (34). In differentiating the
steroid-dependent cognitive dysfunction from the
SLE primary disorder, the SGC dosage, the time in-
terval, and the duration of mental changes may be
helpful.

A universally accepted definition of the optimal
treatment for SLE cognitive deficit is presently lack-
ing. When the impairment is associated with signs of
disease activity, the combination of addressed im-
munosuppressive treatment (to obtain the adequate
SLE control) with cognitive rehabilitation (based on
intensive retraining of cognitive skills) represents an
efficacious approach in both pediatric (59) and adult
SLE patients (94).

When coexistent with persistent aPL positivity,
cognitive disorder may benefit from anticoagulation in
selected patients; regular aspirin use was reported to
be associated with improved cognitive function in old-
er patients (60), while the role of antiaggregant thera-
py in childhood has to be defined. The use of va-
sodilators has to be taken into account in patients with
Raynaud’s phenomenon, and the effective control of
arterial pressure in patients with hypertension is need-
ful (46).

Acute confusional state

Acute confusional state (also categorized as delir-
ium in the DSM-IV, and in the past termed “organic
brain syndrome”) is defined as disturbance of con-
sciousness with reduced ability to focus, maintain, or
shift attention, which can be associated with cognitive
deficit and/or changes in mood, behavior, or affect
(37).

Delirium poses serious threats, being the expres-
sion of severe, direct or indirect brain injuries, and de-
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serves careful evaluation and aggressive treatment. It
usually develops over a short time and tends to fluctu-
ate, ranging from consciousness disturbances to coma,
and entailing hyperaroused (extreme agitation, deliri-
um tremens), hypoaroused (somnolence, stupor), and
mixed states (37). Acute confusional state seems to
depend on a dopaminergic/cholinergic imbalance: hy-
peractive delirium seems to originate with a high
dopaminergic levels, leading to agitation and aggres-
siveness, whereas low or normal dopamine values pre-
dominate in hypoactive and mixed states, in both
adult and pediatric patients (95).

In SLE patients, delirium has been reported with
a frequency ranging from 1.7% to 19.6% in adults (3-
5, 10, 25, 43, 96, 97), and from 0.9 to 35% in children
(17, 22, 70).

The pathogenic mechanisms of such a severe
SLE manifestation have to be clearly defined, howev-
er, vasculitis, hypoxemia, leukoencephalopathy due to
small vessel vasculopathy, perivenous spongiform en-
cephalopathy, brain edema, and immune-mediated
neuronal dysfunction are thought to be involved (23,
26).

The diagnosis is electively clinical. In a prospec-
tive study evaluating the diagnostic reliability of CSF
tests for acute confusional state [such as IL-6, IL-8,
interferon (IFN)-α, and immunoglobulin (Ig)G in-
dex], the CSF levels of IL-6 and the IgG index
showed significant associations with delirium in pa-
tients with SLE (98).

In adult SLE patient with acute confusional state,
lower cortical thickness and subcortical gray matter
reduction were observed on MRI in several regions of
the brain (72). SPECT evidenced hypoperfusion in
both frontal lobes, underlining the etiopathogenic role
of ischemia; notably, after improvement of psychiatric
symptoms, cerebral blood flow was found to parallel
ameliorate (99).

At present, universally defined treatment strate-
gies for the management of SLE-related delirium are
lacking, and the available literature is mostly based on
anedoctical reports (100, 101). In the first instance,
the treatment generally requires intravenous (i.v.)
pulses of SGCs in association with targeted psychi-
atric therapy, primarily based on first generation an-
tipsychotics/neuroleptics (such as haloperidol and

chlorpromazine), or second generation/atypical an-
tipsychotics (such as risperidone, olanzapine and que-
tiapine) in both adult and pediatric patients (102,
103). In comparison with classical neuroleptics, atypi-
cal antipsychotic has a different receptor binding pro-
file (lower binding to dopamine receptors, high affin-
ity to serotonin receptors and β1 adrenoreceptors), low
incidence of side effects (namely hyperprolactinemia
and extrapyramidal symptoms, such as akatisia, dys-
tonic reactions or dyskinesias), and appear to be safer
than their precursor clozapine with regard to neu-
tropenia or agranulocytosis (102).

Atypical antipsychotics vary in pharmacokinetic
and in risk of specific adverse effects, but they have
generally replaced older butyrophenone and phenoti-
azine neuroleptics. However, some peculiarity of the
antipsychotic activity have to be considered: in pa-
tients with hyperactive delirium, risperidone (known
to selectively increase dopamine levels in some path-
ways) may exacerbate certain elements of the hyper-
aroused state, particularly agitation, and is mainly ad-
dressed to treat patients with hypoactive/mixed delir-
ium, while haloperidol is indicated for the treatment
of extreme agitation states, in both pediatric and adult
patients (95, 104).

Acute confusional states refractory to the SGC
and antipsychotic combination may be controlled by
the further administration of pulse i.v. cyclophos-
phamide therapy (105, 106).

Anxiety disorder

Anxiety is defined as unwarranted, inappropriate,
and intense experience of fear and worry, whose neu-
rochemistry is related in multiple brain regions to sev-
eral neurotransmitters, such as glutamate, gamma
amino butyric acid, and monoaminergic mediators
(107).

The category “anxiety disorder” entails panic dis-
order and agoraphobia, specific (simple) phobia, social
phobia, obsessive-compulsive disorder, posttraumatic
stress disorder, generalized anxiety disorder, and
mixed anxiety-depression (37).

Few studies have hitherto focused on such a psy-
chiatric SLE (PSLE) manifestation. In adult patients,
it has been reported with a prevalence ranging from
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0.9 to 31.4% (3, 4, 10, 12, 25, 41, 108, 109), and from
0.9% to 21% in pediatric patients (17, 22). In Brazil-
ian female patients with SLE, the anxiety disorder
lifetime prevalence was estimated as 52.1% (110).

The pathogenic mechanisms leading to the de-
velopment of such a SLE manifestation are presently
undefined: a role for genetic predisposition, coping
difficulties, or presently unknown factors of biological
origin has been suggested (26).

The diagnosis is electively clinical and, presently,
no specific neuroimaging features have been reported
in SLE patients with anxiety disorder.

Selective serotonin-reuptake inhibitors (SSRIs),
such as fluoxetine, fluvoxamine, paroxetine, sertraline,
citalopram and escitalopram, serotonin-noradrenalin
reuptake inhibitors (SNRIs), including duloxetine,
venlafaxine, or buspirone, are well-established treat-
ments for anxiety disorder in adult patients (111), and
SSRIs have been found to provide positive effects also
in pediatric patients (112). Although there are no de-
fined SSRI dosing guidelines for children and adoles-
cents, dose studies suggest starting low, monitoring
closely for side effects, titrating to a minimally effec-
tive dose, and, eventually, increasing after 4-6 weeks if
significant improvement is not achieved. SSRIs
should be maintained at the minimal effective dose for
at least 6-12 months, and, then, slowly tapered until
stop (112).

The patients receiving SSRIs should be carefully
monitored for irritability, sleep problems, increased
motor activity, and akathisia, as well as for suicidal
thoughts and behavior (108).

In acute phase, when a rapid reduction in severe
anxiety symptoms is required, benzodiazepines may
provide useful and effective anxiolytic activity, repre-
senting a short-term adjunctive treatment with SSRIs.
In fact, when prescribed for >4 weeks, benzodi-
azepines may cause withdrawal symptoms and re-
bound anxiety (111).

Evidence supports the complementary efficacy of
cognitive-behavioral therapy in both adult and pedi-
atric patients (111, 112); in childhood anxiety, the
combination of SSRI treatment and cognitive-behav-
ioral therapy has been found to provide superior re-
sponse rate (113).

Mood disorder

Mood disorder identifies an overarching catego-
ry, often synonymously defined as “affective disorder”.
Actually, the former term refers to the underlying or
longitudinal emotional state, while the latter refers to
the external expression observed by others.

Mood disorder includes cyclothymic disorder,
schizoaffective disorder, minor and major depression,
recurrent brief depression, bipolar disorder type I (BP-
I) and II (BP-II) or cyclothymia, catatonia and melan-
cholia (37). However, two main groups are broadly
recognized, such as depressive disorders, whose proto-
type is major depressive disorder (MDD) (commonly
called major depression or clinical depression), and
bipolar disorders, entailing BP-I and BP-II.

MDD disorder is a clinical syndrome lasting at
least 2 weeks, during which the patient experiences ei-
ther depressed mood or anhedonia, plus at least 5 of
the following symptoms: depressed mood most of the
day, nearly every day; markedly diminished interest or
pleasure in most activities most of the day; significant
weight loss or gain or appetite disturbance; insomnia
or hypersomnia; psychomotor agitation or retardation;
inappropriate guilt; diminished ability to think or con-
centrate or indecisiveness; or recurring thoughts of
death, including suicidal ideation (37).

BP-I is characterized by episodes of mania which
corresponds to elevated (euphoric) and/or irritable
mood, plus at least three of the following symptoms
(four, if mood is only irritable): grandiosity, decreased
need for sleep, increased talking, racing thoughts, dis-
tractibility, overactivity (an increase in goal-directed
activity), psychomotor agitation and excessive involve-
ment in risky activities. BP-I completely impairs the
interaction with the external world, until disconnec-
tion from reality, while BP-II is described by episodes
of hypomania (namely, lowered states of mania), not
severe enough to cause marked impairment of social
or occupational functioning (37). Therefore, the
symptoms of mania (defining BP-I) and hypomania
(defining BP-II) are the same, but mania is more se-
vere and may require hospitalization.

In adult SLE patients, the mood disorder fre-
quency has been reported with estimates ranging from
2.7% to 59.4% (3, 4, 10, 12, 25, 41, 45, 108, 109), and
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from 3% to 57% in pediatric patients (14, 17, 22, 70).
The lifetime prevalence of mood disorder was esti-
mated as 69%, in Brazilian female SLE patients (110),
and as 47%, in a large cohort of Caucasian female pa-
tients, resulting two times more common than in gen-
eral population (114).

Clinicians should be aware that SLE patients
with mood disorder deserve careful attention for sui-
cidal behavior risk (108, 115). In a study analyzing the
records of 300 SLE patients over 20 years follow up,
2% of subjects made suicide attempts, fatal in one
case. The median age of attempting patients was 41
years and median disease duration was 2.5 years. The
median time from the onset of SLE-related psy-
chopathology to the suicidal attempts was 12.5
months (115).

The pathogenetic mechanisms of SLE-related
mood disorder are not clearly identified, however, im-
munologically-mediated neuronal dysfunction (due to
diffusely distributed antibody- or immune complex-
dependent brain injury, or focally distributed, with
cortical micro-infarct or thromboembolism) may be
involved, with the possible contribution of hereditary
vulnerability and coping difficulty (26).

Anti-ribosomal P antibodies have been suggested
to be the PSLE specific markers, and particularly of
depression and psychosis (25, 29, 116, 117). These an-
tibodies cross react with a protein of high molecular
mass exposing P epitope (p331) on neuronal surface of
specific brain areas, such as amygdala (involved in
arousal and emotional responses), ventral tegmental
area (involved in reward processing and drug addic-
tion) and cortex and hippocampus (involved in mem-
ory and higher brain functions), mediating calcium in-
flux and neuronal cell apoptosis (29). Notably, in a
murine model obtained by intracerebroventricular in-
jection of affinity-purified human anti-ribosomal P
antibodies or IgG as control, the administration of
human anti-ribosomal P antibodies was found to in-
duce depression-like behavior (118).

However, the “psychopatogenic” potential of an-
ti-ribosomal P antibodies is not widely accepted, be-
ing the prevalence of these autoantibodies highly vari-
able in patients, time fluctuating, and depending on
different ethnic backgrounds, sensitivity and specifici-
ty of the assays employed for the detection (119).Fur-

thermore, an international meta-analysis affirmed that
the value of anti-ribosomal P antibody testing for the
diagnosis of NPSLE overall or for particular pheno-
types should be considered as negligible (7).

In SLE patients with depressive symptoms, high-
er serum values of antibodies against NMDAR sub-
unit NR2 have been found (30); moreover, a relation-
ship between antibodies against endothelial cells (AE-
CA) and mood disorder has been suggested (109).

At present, no specific MRI features or peculiar
alterations in neurometabolite concentrations on
MRS have been demonstrated (30). Ischemic white-
matter hyperintensities were found with similar fre-
quency in depressed and nondepressed patients with
SLE (120). SLE patients with mood disorder and
without MRI lesions showed abnormal CBF on
99mTc-ethylcysteinate dimer (99mTcEDC) SPECT
assessment, with flow reduction in the cingulated
gyrus and thalamus (121). A significant CBF decrease
was observed in bilateral frontal and temporal cortex
of female SLE patients with depression, being the
greater reduction in the more superior part of the
frontal lobe extending to premotor and motor areas.
This pattern is not typical of MDD, in which the pre-
frontal cortex is predominantly affected, and, there-
fore, the topography of CBF defects in SLE-related
depression and MDD does not overlap (120).

The main differential diagnostic problems usual-
ly concern whether mood disorder is “due to a gener-
al medical condition” or “comorbid” (37), or whether it
might represent a SGC-related adverse effect (which
is generally associated with long-term treatments, is
usually reversible with treatment discontinuation or
reduction, and often restarts on dose increase/re-ad-
ministration) (34). A careful clinical history and tem-
poral relationship evaluation, an accurate mental sta-
tus and psychological profile examination may be the
orienting tools.

SLE-related mood disorder requires immuno-
suppressive therapy to achieve the adequate disease
activity control, in association with antidepressant
treatment and psychotherapy. Second-generation an-
tidepressants, such as SSRIs and SNRIs, have similar
efficacy to and lower toxicity than first-generation an-
tidepressants (tricyclics and monoamine oxidase in-
hibitors). The choice of a specific drug depends on
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both the clinical picture and the potential side effects.
For example, tricyclics may be useful in patients suf-
fering from chronic pain, but their anticholinergic side
effects may be unacceptable.

Patient status, therapeutic response, and adverse
effects of antidepressant therapy have to be carefully
assessed on a regular basis, beginning within 1 to 2
weeks of initiation, and, if the patient fails to present
benefits within 6 to 8 weeks, the treatment has to be
modified. In severe cases, the combination of an anti-
depressant with an antipsychotic of second generation
is requested, in association with high-dose SGC ther-
apy. In refractory patients, pulse i.v. cyclophosphamide
regimen can be proposed (106). Electroconvulsive
treatment may be required in selected cases (122).

Lithium therapy is effective in the treatment of
bipolar disorders; in patients with intolerance or con-
traindications for lithium therapy, valproate and car-
bamazepine can obtain positive results. Other anti-
convulsants (lamotrigine, gabapentin and topiramate)
are currently being tested. Atypical antipsychotics ap-
pear to be of interest in the BP-I treatment, both as
monotherapy and as add-on maintenance therapy
with lithium or valproate (123).

Benzodiazepines play a very limited role in the
treatment of depression: they are recommended for
short-term treatment, if the patient presents depres-
sion with symptoms of anxiety, agitation, or insomnia,
or acutely suicidal depression (124). Moreover, benzo-

diazepines may be efficacious for catatonia, a rare as-
pect of SLE mood disorder, defined by catalepsy, stu-
por, negativism, mutism, posturing, stereotypies, man-
nerism, grimacing, echolalia and echopraxia, and like-
ly related to neurobiological GABA- and NMDA-
mediated mechanisms (122). Not all cases of catatonia
respond to benzodiazepines, requiring high-dose
SGCs and/or cyclophosphamide or plasmapheresis, in
association with second generation antipsychotics,
and, in unresponsive cases, with electroconvulsive
therapy (122).

Psychosis

Psychosis is defined as a severe alteration in the
perception of reality, characterized by thought distur-
bance, hallucinations, illusion and/or delusion, caus-
ing clinical distress or impairment in social, occupa-
tional, or other relevant areas of functioning. With-
drawn, aggression, suicidality or homicidal tendencies
may characterize it.

Few studies have specifically focus on such a
SLE-related psychiatric syndrome. Psychosis has been
described in 1.9 to 30.3% of adult SLE patients (Table
3) (3-5, 9, 10, 12, 25, 41, 96, 109, 125-127), and in 2.8
to 36% of pediatric patients (14, 17-19, 22, 70).

Psychosis has been mainly reported as a SLE ini-
tial presentation or as early finding (96, 125, 126). It
usually occurs in the context of florid clini-

Table 3. The reported frequency of SLE psychosis in adult patients

Authors (Reference) Patients’ number Ethnicity Psychosis (%)

Hawro et al. (41) 52 Polish 1.9

Pego-Reigosa et al. (125) 485 Caucasian, Afro-Caribbean, Asian 2.3

Hanly et al. (3) 111 Caucasian, Asian, African, Native American 2.7

Hanly et al. (25) 572 Caucasian, Asian, African-American 2.9

Conti et al. (109) 51 Italian 3.9

Brey et al. (12) 128 Caucasian, African American 6.5

Sanna et al. (10) 323 Caucasian 7.7

Mok et al. (4) 518 Chinese 11

Appenzeller et al. (126) 520 Brazilian 11.3

Mok et al. (5) 282 Chinese 12

Kasitanon et al. (96) 91 Thai 13.3

Mikdashi et al. (9) 130 African-American, Caucasian 15.1

Adelowo et al. (127) 64 African 30.3
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cal/serological activity of the disease (125, 126), and
often patients show additional psychiatric/neuropsy-
chological syndromes, such as depression, anxiety, or
cognitive disorder (125).

SLE patients with psychosis must be considered
at greater risk for suicidal attempts. Despite the rele-
vance of this phenomenon, the concerning literature is
presently scarce. In a study on clinical records of sui-
cidal SLE patients, the majority of attempting sub-
jects were psychotic (128). All the patients attempted
suicide shortly after admission (mean time 20 days).
The subsequent courses of the survivors who received
more aggressive medication were favourable (128).

The pathogenesis of this diffuse PSLE syndrome
is likely multifactorial. Clinical-serologic associations
have been reported between SLE psychosis and anti-
ribosomal P antibodies (117), AECA (109), aPL pos-
itivity (126), and anti-deoxyribonucleic acid (DNA)
autoantibodies (9), but these findings require further
confirmations.

Enhanced values of IFN-α were demonstrated in
the CSF of patients with SLE psychosis, but not of
patients with seizures, and IFN-α levels were found to
decrease when psychotic manifestations subsided
(129).

Iconographically, SLE psychosis has not been as-
sociated with specific morphologic changes, and brain
MRI analyses can evidence either normal findings, or
mild cortical atrophy and increased intensity signals in
frontal white matter (125).

In differential diagnosis, the main problem usual-
ly consists in discriminating the primary from the sec-
ondary origin of psychotic episodes (e.g., due to sep-
sis, dysionia in advanced lupus nephropathy or to
SGC treatment). Clinical picture, temporal relation-
ships, SGC dose in use, and laboratory investigations
may be helpful. In this regard, SGC-induced psy-
chosis usually affects patients treated with more than
40 mg/day of prednisone or equivalent, mostly mani-
fests within the first weeks (sometimes within few
days) of the administration, and generally displays
rapid resolution after SGC reduction or discontinua-
tion. BBB damage and hypoalbuminemia have been
proposed as related risk factors (34).

Standardized treatment strategies for SLE psy-
chosis are not presently defined. The combination of

SGC high-doses with classical or atypical antipsy-
chotics usually obtains positive effects. In refractory
cases, antidepressants, anxiolytics, pulse i.v. cyclophos-
phamide therapy, and plasmapheresis may be required
(125, 130). Favourable results have been reported with
oral cyclophosphamide followed by azathioprine
maintenance (131). In children, treatment consisting
of atypical antipsychotics, SGC high doses, and a sec-
ond line agent (such as cyclophosphamide or azathio-
prine) is commonly proposed (18, 132, 133).

Intravenous immunoglobulins, mycophenolate
mofetil, rituximab, intratecal methotrexate and dex-
ametasone deserve further studies to confirm their
usefulness in treating SLE psychosis (106, 134).

If early recognized and promptly treated, SLE-
related psychosis has a usually complete recovery, and
long-term outcome appears to be favourable in both
adults (125) and children (15,18,133). However, re-
lapses are not uncommon, consistently with autoanti-
body- and/or cytokine-induced reversible neuronal
dysfunctions (23).

Discussion

Diffuse psychopathological syndromes are fre-
quent and relevant manifestations of SLE, whose
prevalence might be even underestimated, since for-
mal neuropsychological/psychiatric evaluation is not
routinely performed in all patients. In this regard, a
systematic neuropsychiatric assessment to provide
prompt diagnosis should be critical part of the SLE
patients’ clinical protocol, and universally accepted
and validated evaluating tools should be performed
and introduced in the clinical practice.

Moreover, due to the high suicidality risk report-
ed in PSLE patients, recently estimated as 9.6% (108),
careful assessment and greater clinician awareness may
help to reduce the incidence of this potentially fatal
event.

The PSLE pathogenesis is likely multifactorial:
ischemia (due to disease-related vascular injury or
cerebral vasospasm) and inflammatory/immuno-
pathologic mechanisms appear to be the main factors
affecting the development and severity in patients.
Brain-specific and systemic autoantibodies have been
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causally related to diffuse PSLE syndromes: aPL (es-
pecially if persistently present and a high titres) and
anti-NMDAR antibodies have been reported to be
involved in cognitive disorder development, while an-
ti-ribosomal P antibodies have been suggested to play
a role in the psychosis and mood disorder occurrence
in adult SLE patients, but these associations require
confirmation.

In childhood patients, no clear correlations be-
tween PSLE and autoandibodies have been presently
reported, however, a predictive role of serum anti-gan-
glioside M1 antibodies has been recently suggested as
reliable parameter for early diagnosis and manage-
ment of NPSLE, before clinical manifestations, and a
significantly positive association between anti-gan-
glioside seropositivity and cognitive disorder has been
reported (135).

Associations between psychosis and enhanced
CSF levels of IFN-α have been observed, as well as
between serum levels of IL-6 and cognitive deficit. C-
C chemokine ligand 5/RANTES, C-X-C chemokine
ligand 9/MIG, IL-8, and IL-6 have been found to be
significantly increased in CSF of patients with acute
confusional state and psychosis, potentially mediating
events that promote neuronal damage or dysfunction
(136).

Significantly high CSF levels of neuronal and as-
troglial cell degradation products, such as the light
subunity the neurofilament triplet protein (NFL) and
GFAP, have been found in SLE patients with psychi-
atric/neuropsychological syndromes, suggesting neu-
ronal destruction and astrogliosis. Of note, intrathecal
levels of both NFL and GFAP showed a significant
correlation with MRI abnormalities, and the success-
ful cyclophosphamide treatment resulted in signifi-
cantly decreased CSF levels of these proteins (137).

Animal models provided interesting pathophysi-
ologic suggestions for human PSLE. In MRL/lpr lu-
pus-prone mice, marked emotional reactivity and be-
havior changes, as well as deficits in spatial learn-
ing/memory tasks, appear as early as 7 weeks of age,
and coincide with the emergence of humoral autoim-
munity, antedating other autoimmune disease mani-
festations. In mouse brain, gliosis and neuronal loss
are evident in the gray matter, the dendritic complex-
ity of pyramidal neurons is strikingly reduced, and the

hippocampus displays reduced neuronal density (138).
The depression-like behavior of MRL/lpr mice was
found to be significantly related with gender, and with
titres of autoantibodies against nuclear antigens, anti-
NMDAR, and anti-ribosomal P protein: young
MRL/lpr females exhibited significant depressive be-
havior as early as 5 weeks, at which time elevated lev-
els of autoantibodies were already present, as com-
pared to MRL/lpr males, suggesting the primary role
of autoantibodies in the pathogenesis of early neu-
ropsychiatric deficits in this lupus model, which trans-
late into gender-based differences in clinical pheno-
type (139). Notably, in lupus-prone mice, the early
immunosuppressive treatment with cyclophos-
phamide attenuates aberrant behavior and memory
deficits, and prevents neuronal atrophy of dendritic
spines (140).

Ultimately, systemic/local immune/inflammatory
networks, microvasculopathy, endothelial injury, and
BBB breakdown (with the consequent brain access of
lymphocytes, serum molecules, autoantibodies, leuko-
cyte and platelet thrombi) may overall induce di-
rect/indirect harmful neuronal cytopathic effects and
hypoperfusion, leading to cell inactivation and damage
in patients. The persistence of these processes may re-
sult in axonal/neuronal loss and atrophy, possibly asso-
ciated to demyelination and gliosis. SLE neuropsy-
chological/psychiatric syndromes may result from
these insults, being the clinical picture determined by
the nature of the injury and the prevalent neural net-
works implicated.

SLE psychopathologies must be promptly and
correctly identified: when they are the presenting fea-
ture of the disease, the patient’s global assessment
(clinical and psychiatric/neuropsychological examina-
tion, serological and CSF investigations, conventional
and advanced neuroimaging analyses) may support
the diagnosis. In a patient with established SLE, the
appearance of psychiatric/neuropsychological symp-
toms requires a careful consideration of all possible
etiologies, evaluating if they are directly disease-relat-
ed or not, and eventually identifying their secondary
origin. In this respect, historical chronology, detailed
global clinical, neuropsychic, and serological patients’
assessment, as well as the disease activity determina-
tion, are needed.
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The diagnostic complexity of the heterogeneous
PSLE syndromes has spurred the search for diagnos-
tically specific laboratory or imaging features that,
however, have not been definitely identified.

In studying PSLE patients, MRI has been con-
sidered one of the most available and accessible imag-
ing modality for the non-invasive evaluation, peculiar-
ly useful in detecting and anatomically locating brain
lesions, but its sensitivity and specificity appear to be
limited. In fact, not all patients with obvious psychi-
atric/neuropsychological syndromes display verifiable
MRI lesion, while patients without symptoms may
present MRI abnormalities. Moreover, the MRI scan-
ning does not allow to distinguish between acute and
chronic brain injury (141).

Other brain imaging technologies, such as
SPECT and PET, appear to be sensitive modalities,
but have poor specificity for differentiating reversible
versus irreversible injuries, old versus new alterations,
and SLE-related from unrelated abnormalities.

Since neurometabolic impairment, neurochem-
istry or perfusion abnormalities may precede anatom-
ic lesion, new functional techniques, such as MRS,
DWI, and MTI, may allow to detect subtle patholog-
ic brain changes not revealed by conventional instru-
ments.

An integrated diagnostic approach coupling clin-
ical evaluation with morphological and functional
imaging modality may provide the best results.

No prospective randomized studies on PSLE
treatment are presently available. Pharmacologic (im-
munosuppressive and psychiatric) therapy is basically
targeted to suppress the disease-related mechanisms
of tissue injury, to alleviate psychopathologic symp-
toms, and to prevent future pathology.

Recently, using an evidence-based approach fol-
lowed by expert consensus, recommendations for the
management of SLE with NP manifestations have
been proposed (142). Treatment is primarily dictated
by the severity of symptoms: for mild PSLE manifes-
tations appearing without evidence of systemic disease
activation, basic immunosuppressive therapy associat-
ed with symptomatic psychiatric treatment and cogni-
tive-behavioural support may obtain positive effects;
moderate/severe PSLE syndromes generally require
high doses of SGCs, alone or in combination with

azatioprine or cyclophosphamide (142), as well as tar-
geted psychiatric therapy, psychosocial support, and
family counseling. In severe manifestations refractory
to standard immunosuppressive therapy, plasma ex-
change, intravenous immunoglobulins, and rituximab
(anti-CD20 monoclonal antibody) may provide bene-
ficial results, as well as intratecal methotrexate and
dexametasone (142).

With respect to the targeted psychologi-
cal/psychiatric approach, patients with mild anxiety
symptoms and limited functional impairment may
improve with cognitive-behavioral therapy, whereas
patients with moderate/severe anxiety disorder require
the combination of psychotherapy and SSRIs. Second
generation antidepressant SSRIs and SNRIs are effi-
cacious to treat major depression, while lithium ther-
apy, valproate or carbamazepine are electively indicat-
ed for the treatment of bipolar disorders.

Old and newer antipsychotics are needed to treat
SLE-related psychosis and delirium, as well as severe
mood disorder, in selected cases and in association
with SSRIs/SNRIs. Of note, while the underlying
mechanisms remain to be completely elucidated, the
evidence for a neuroprotective effect of atypical an-
tipsychotics has been reported, since they may coun-
teract some progressive deteriorative events by en-
hancing synaptic plasticity and cellular resilience. In
different animal models of neurotoxicity, atypical an-
tipsychotics were found to attenuate both cognitive
and non-cognitive behavioral impairments, increase
neurogenesis, upregulating the levels of BDNF, and
reduce neuronal apoptosis, increasing the expression
of Bcl-2 and modulating the Bcl-XL/Bax ratio (143).

Recently, tolerogenic peptide, a synthesized pep-
tide based on the sequence of the complementarity-
determining region 1 (hCDR1) of a human mono-
clonal anti-DNA antibody (Edratide), was found to
ameliorate the clinical manifestations in murine lupus
models, via down-regulation of pro-inflammatory cy-
tokines and apoptosis, up-regulation of the immuno-
suppressive cytokine transforming growth factor-β,
and induction of regulatory T-cells (144). Notably, in
a study evaluating the SLE-related CNS pathology in
lupus-prone (NZBxNZW)F1 (NZB/NZW) mice
and the effects of hCDR1 treatment, diseased animals
with increased anxiety-like behavior and memory
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deficit showed significant improvements, suggesting
that hCDR1 might be a novel candidate for the spe-
cific treatment of PSLE (145). Further studies are
needed to evaluate the role of this possible therapeutic
option.

In studying the protean group of SLE-related
psychopathologies, evidence emerges that the excep-
tional complexity of the nervous system dictates the
need of multidisciplinary researches, bringing togeth-
er the disciplines of rheumatology, immunology, radi-
ology, neurology, and psychiatry. A multidisciplinary
approach not only will contribute to elucidate the
pathophysiological substrate, but may also offer the
greatest hope for developing targeted therapies.

References

1. D’Cruz DP, Khamashta MA, Hughes GR. Systemic lupus
erythematosus. Lancet 2007; 369: 587-96.

2. Pons-Estel GJ, Alarcón GS, Scofield L, Reinlib L, Cooper
GS.Understanding the epidemiology and progression of sys-
temic lupus erythematosus. Semin Arthritis Rheum 2010; 39:
257-68.

3. Hanly JG, McCurdy G, Fougere L, Douglas JA, Thompson
K. Neuropsychiatric events in systemic lupus erythematosus:
attribution and clinical significance. J Rheumatol 2004; 31:
2156-62.

4. Mok CC, Lau CS,Wong RW. Neuropsychiatric manifesta-
tions and their clinical associations in southern Chinese pa-
tients with systemic lupus erythematosus. J Rheumatol 2001;
28: 766-71.

5. Mok CC, To CH, Mak A. Neuropsychiatric damage in
Southern Chinese patients with systemic lupus erythemato-
sus.Medicine (Baltimore) 2006; 85: 221-8.

6. Al Arfaj AS, Khalil N. Clinical and immunological manifes-
tations in 624 SLE patients in Saudi Arabia.Lupus 2009; 18:
465-73.

7. Karassa FB, Afeltra A, Ambrozic A et al. Accuracy of anti-
ribosomal P protein antibody testing for the diagnosis of
neuropsychiatric systemic lupus erythematosus: an interna-
tional meta-analysis. Arthritis Rheum 2006; 54: 312-24.

8. Hanly JG, Urowitz MB, Su L et al. Short-term outcome of
neuropsychiatric events in systemic lupus erythematosus up-
on enrollment into an international inception cohort study.
Arthritis Rheum 2008; 59: 721-9.

9. Mikdashi J, Handwerger B. Predictors of neuropsychiatric
damage in systemic lupus erythematosus: data from the
Maryland lupus cohort. Rheumatology (Oxford) 2004; 43:
1555-60.

10. Sanna G, Bertolaccini ML, Cuadrado MJ et al. Neuropsy-
chiatric manifestations in systemic lupus erythematosus:
prevalence and association with antiphospholipid antibodies.
J Rheumatol 2003; 30: 985-92.

11. Afeltra A, Garzia P, Mitterhofer AP et al. Neuropsychiatric
lupus syndromes: relationship with antiphospholipid anti-
bodies. Neurology 2003; 61: 108-10.

12. Brey RL, Holliday SL, Saklad AR et al. Neuropsychiatric
syndromes in lupus: prevalence using standardized defini-
tions. Neurology 2002; 58: 1214-20.

13. Ainiala H, Loukkola J, Peltola J, Korpela M, Hietaharju A.
The prevalence of neuropsychiatric syndromes in systemic
lupus erythematosus.Neurology 2001; 57: 496-500.

14. Avcin T, Benseler SM,Tyrrell PN, Cucnik S, Silverman ED.
A followup study of antiphospholipid antibodies and associ-
ated neuropsychiatric manifestations in 137 children with
systemic lupus erythematosus. Arthritis Rheum 2008; 59:
206-13.

15. Olfat MO, Al-Mayouf SM, Muzaffer MA. Pattern of neu-
ropsychiatric manifestations and outcome in juvenile sys-
temic lupus erythematosus. Clin Rheumatol 2004; 23: 395-9.

16. Hiraki LT, Benseler SM, Tyrrell PN, Hebert D, Harvey E,
Silverman ED. Clinical and laboratory characteristics and
long-term outcome of pediatric systemic lupus erythemato-
sus: a longitudinal study. J Pediatr 2008; 152: 550-6.

17. Harel L, Sandborg C, Lee T, von Scheven E. Neuropsychi-
atric manifestations in pediatric systemic lupus erythemato-
sus and association with antiphospholipid antibodies. J
Rheumatol 2006; 33: 1873-7.

18. Benseler SM, Silverman ED. Neuropsychiatric involvement
in pediatric systemic lupus erythematosus. Lupus 2007; 16:
564-71.

19. Yu HH, Lee JH, Wang LC, Yang YH, Chiang BL. Neu-
ropsychiatric manifestations in pediatric systemic lupus ery-
thematosus: a 20-year study. Lupus 2006; 15: 651-7.

20. Tucker LB, Uribe AG, Fernández M et al. Adolescent onset
of lupus results in more aggressive disease and worse out-
comes: results of a nested matched case-control study within
LUMINA, a multiethnic US cohort (LUMINA LVII). Lu-
pus 2008; 17: 314-22.

21. Singh S, Gupta MK, Ahluwalia J, Singh P, Malhi P. Neu-
ropsychiatric manifestations and antiphospholipid antibodies
in pediatric onset lupus: 14 years of experience from a tertiary
center of North India. Rheumatol Int 2009; 29: 1455-61.

22. Sibbitt WL Jr, Brandt JR, Johnson CR et al. The incidence
and prevalence of neuropsychiatric syndromes in pediatric
onset systemic lupus erythematosus. J Rheumatol 2002; 29:
1536-42.

23. Jennekens FG, Kater L. The central nervous system in sys-
temic lupus erythematosus. Part 1. Clinical syndromes: a lit-
erature investigation. Rheumatology (Oxford) 2002; 41: 605-
18.

24. Hanly JG.Neuropsychiatric lupus.Rheum Dis Clin North Am
2005; 31: 273-98.

25. Hanly JG, Urowitz MB, Sanchez-Guerrero J et al. Neu-
ropsychiatric events at the time of diagnosis of systemic lupus
erythematosus: an international inception cohort study.
Arthritis Rheum 2007; 56: 265-73.

26. Jennekens FG, Kater L. The central nervous system in sys-
temic lupus erythematosus. Part 2. Pathogenic mechanisms
of clinical syndromes: a literature investigation.Rheumatology
(Oxford) 2002; 41: 619-30.

04-fietta:fietta 30-11-2011  10:14  Pagina 110



111SLE psychopathologic manifestations

27. Senécal JL, Raymond Y. The pathogenesis of neuropsychi-
atric manifestations in systemic lupus erythematosus: a dis-
ease in search of autoantibodies, or autoantibodies in search
of a disease? J Rheumatol 2004; 31: 2093-8.

28. Diamond B, Huerta PT, Mina-Osorio P, Kowal C, Volpe
BT. Losing your nerves? Maybe it’s the antibodies. Nat Rev
Immunol 2009; 9: 449-56.

29. Matus S, Burgos PV, Bravo-Zehnder M et al. Antiriboso-
mal-P autoantibodies from psychiatric lupus target a novel
neuronal surface protein causing calcium influx and apopto-
sis. J Exp Med 2007; 204: 3221-34.

30. Lapteva L,NowakM,Yarboro CH et al. Anti-N-methyl-D-
aspartate receptor antibodies, cognitive dysfunction, and de-
pression in systemic lupus erythematosus. Arthritis Rheum
2006; 54: 2505-14.

31.Williams RC Jr, Sugiura K, Tan EM. Antibodies to micro-
tubule-associated protein 2 in patients with neuropsychiatric
systemic lupus erythematosus. Arthritis Rheum 2004; 50:
1239-47.

32. Sasajima T, Watanabe H, Sato S, Sato Y, Ohira H. Anti-
triosephosphate isomerase antibodies in cerebrospinal fluid
are associated with neuropsychiatric lupus. J Neuroimmunol
2006; 181: 150-6.

33.West SG. Lupus and the central nervous system. Curr Opin
Rheumatol 1996; 8: 408-14.

34. Fietta P, Fietta P, Delsante G. Central nervous system effects
of natural and synthetic glucocorticoids. Psychiatry Clin Neu-
rosci 2009; 63: 613-22.

35. Seguí J, Ramos-Casals M, García-Carrasco M et al. Psychi-
atric and psychosocial disorders in patients with systemic lu-
pus erythematosus: a longitudinal study of active and inactive
stages of the disease. Lupus 2000; 9: 584-8.

36. ACR ad hoc Committee on Neuropsychiatry Lupus
Nomenclature. The American College of Rheumatology
nomenclature and case definitions for neuropsychiatric lupus
syndromes. Arthritis Rheum 1999; 42: 599-608.

37. Frances A, Pincus HA, First MB et al. Diagnostic and sta-
tistical manual of mental disorders, 4th ed.Washington DC:
American Psychiatric Association; 1994.

38. Tan EM, Cohen AS, Fries JF et al. The 1982 revised criteria
for the classification of systemic lupus erythematosus.Arthri-
tis Rheum 1982; 25: 1271-7.

39. Hochberg MC. Updating the American College of
Rheumatology for the classification of systemic lupus erythe-
matosus. Arthritis Rheum 1997; 40: 1725.

40. Mesulam MM. Large-scale neurocognitive networks and
distributed processing for attention, language, and memory.
Ann Neurol 1990; 28: 597-613.

41. Hawro T,Maria Krupińska-Kun, Jolanta Rabe-Jabłońska et
al. Psychiatric disorders in patients with systemic lupus ery-
thematosus: association of anxiety disorder with short dis-
ease duration. Rheumatol Int 2010 Dec 7. [Epub ahead of
print]

42. Hanly JG,Cassell K, Fisk JD.Cognitive function in systemic
lupus erythematosus: results of a 5-year prospective study.
Arthritis Rheum 1997; 40: 1542-3.

43. Ainiala H, Hietaharju A, Dastidar P et al. Increased serum
matrix metalloproteinase 9 levels in systemic lupus erythe-

matosus patients with neuropsychiatric manifestations and
brain magnetic resonance imaging abnormalities. Arthritis
Rheum 2004; 50: 858-65.

44. Olazarán J, López-Longo J, Cruz I, Bittini A, Carreño L.
Cognitive dysfunction in systemic lupus erythematosus:
prevalence and correlates. Eur Neurol 2009; 62: 49-55

45. Abdel-Nasser AM, Ghaleb RM, Mahmoud JA, Khairy W,
Mahmoud RM. Association of anti-ribosomal P protein an-
tibodies with neuropsychiatric and other manifestations of
systemic lupus erythematosus. Clin Rheumatol 2008; 27:
1377-85.

46. Tomietto P, Annese V, D’Agostini S et al. General and spe-
cific factors associated with severity of cognitive impairment
in systemic lupus erythematosus. Arthritis Rheum 2007; 57:
1461-72.

47. Brunner HI, Ruth NM,German A et al. Initial validation of
pediatric automated neuropsychological assessment metrics
for childhood-onset systemic lupus erythematosus. Arthritis
Rheum 2007; 57: 1174-82.

48. Ainiala H,Hietaharju A,Loukkola J et al.Validity of the new
American College of Rheumatology criteria for neuropsychi-
atric lupus syndrome: a population-based evaluation. Arthri-
tis Rheum 2001; 45: 419-23.

49. Kozora E, Hanly JG, Lapteva L, Filley CM. Cognitive dys-
function in systemic lupus erythematosus. Arthritis Rheum
2008; 58: 3286-98.

50. Kozora E, EllisonMC,West S. Reliability and validity of the
proposed American College of Rheumatology neuropsycho-
logical battery for systemic lupus erythematosus. Arthritis
Rheum 2004; 51: 810-8.

51. Ad hoc Committee on Lupus Response Criteria: Cognition
Sub-committee,Mikdashi JA, Esdaile JM, Alarcón GS et al.
Proposed response criteria for neurocognitive impairment in
systemic lupus erythematosus clinical trials. Lupus 2007; 16:
418-25.

52. Hanly JG, Omisade A, Su L, Farewell V, Fisk JD. Assess-
ment of cognitive function in systemic lupus erythematosus,
rheumatoid arthritis, and multiple sclerosis by computerized
neuropsychological tests. Arthritis Rheum 2010 May; 62:
1478-86.

53. Carlomagno S, Migliaresi S, Ambrosone L, Sannino M,
Sanges G, Di Iorio G. Cognitive impairment in systemic lu-
pus erythematosus: a follow-up study. J Neurol 2000; 247:
273-9.

54. Monastero R, Bettini P, Del Zotto E et al. Prevalence and
pattern of cognitive impairment in systemic lupus erythe-
matosus patients with and without overt neuropsychiatric
manifestations. J Neurol Sci 2001; 184: 33-9.

55. Leritz E, Brandt J, Minor M, Reis-Jensen F, Petri M. Neu-
ropsychological functioning and its relationship to antiphos-
pholipid antibodies in patients with systemic lupus erythe-
matosus. J Clin Exp Neuropsychol 2002; 24: 527-33.

56. Shucard JL, Parrish J, Shucard DW,McCabe DC, Benedict
RH, Ambrus J Jr. Working memory and processing speed
deficits in systemic lupus erythematosus as measured by the
paced auditory serial addition test. J Int Neuropsychol Soc
2004; 10: 35-45.

57. Emori A,Matsushima E, Aihara O et al. Cognitive dysfunc-

04-fietta:fietta 30-11-2011  10:14  Pagina 111



112 P. Fietta, P. Fietta, G. Delsante

tion in systemic lupus erythematosus.Psychiatry Clin Neurosci
2005; 59: 584-9.

58. Benedict RH, Shucard JL, Zivadinov R, Shucard DW.Neu-
ropsychological impairment in systemic lupus erythemato-
sus: a comparison with multiple sclerosis. Neuropsychol Rev
2008; 18: 149-66.

59. Levy DM, Ardoin SP, Schanberg LE. Neurocognitive im-
pairment in children and adolescents with systemic lupus
erythematosus.Nat Clin Pract Rheumatol 2009; 5: 106-14.

60. McLaurin EY,Holliday SL,Williams P, Brey RL. Predictors
of cognitive dysfunction in patients with systemic lupus ery-
thematosus. Neurology 2005; 64: 297-303.

61. Bosma GP, Steens SC, Petropoulos H et al. Multisequence
magnetic resonance imaging study of neuropsychiatric sys-
temic lupus erythematosus. Arthritis Rheum 2004; 50: 3195-
202.

62. Cantú-Brito C, Baizabal-Carvallo JF, Alonso-Juárez M,
García-Ramos G. The clinical significance of microembolic
signals in patients with systemic lupus erythematosus.Neurol
Res 2010; 32: 134-8.

63. Denburg SD, Denburg JA. Cognitive dysfunction and an-
tiphospholipid antibodies in systemic lupus erythematosus.
Lupus 2003; 12: 883-90.

64. Kowal C, DeGiorgio LA, Lee JY et al. Human lupus au-
toantibodies against NMDA receptors mediate cognitive im-
pairment. Proc Natl Acad Sci U S A 2006; 103: 19854-9.

65. Lu XY, Chen XX, Huang LD, Zhu CQ, Gu YY, Ye S. An-
ti-alpha-internexin autoantibody from neuropsychiatric lu-
pus induce cognitive damage via inhibiting axonal elonga-
tion and promote neuron apoptosis. PLoS One 2010; 5:
e11124.

66. Kozora E, Laudenslager M, Lemieux A, West SG. Inflam-
matory and hormonal measures predict neuropsychological
functioning in systemic lupus erythematosus and rheumatoid
arthritis patients. J Int Neuropsychol Soc 2001; 7: 745-54.

67. Lapteva L,Yarboro CH,Roebuck-SpencerT et al. Cognitive
dysfunction and serum neuropeptides in systemic lupus ery-
thematosus. Arthritis Rheum 2006; 54 (Suppl. 9): S293.

68. Oroszi G, Lapteva L, Davis E et al. The Met66 allele of the
functional Val66Met polymorphism in the brain-derived
neurotrophic factor gene confers protection against neu-
rocognitive dysfunction in systemic lupus erythematosus.
Ann Rheum Dis 2006; 65: 1330-5.

69. Peterson PL, Axford JS, Isenberg D. Imaging in CNS lupus.
Best Pract Res Clin Rheumatol 2005; 19: 727-39.

70. Spinosa MJ, Bandeira M, Liberalesso PB et al. Clinical, lab-
oratory and neuroimage findings in juvenile systemic lupus
erythematosus presenting involvement of the nervous sys-
tem. Arq Neuropsiquiatr 2007; 65: 433-9.

71. Ainiala H, Dastidar P, Loukkola J et al. MRI abnormalities
and their association with neuropsychiatric manifestations in
SLE: a population-based study. Scand J Rheumatol 2005; 34:
376-82.

72. Jung RE, Segall JM,Grazioplene RG,Qualls C, SibbittWL,
Roldan CA. Cortical thickness and subcortical gray matter
reductions in neuropsychiatric systemic lupus erythematosus.
PLoS One 2010; 5: e9302.

73. Appenzeller S, Rondina JM, Li LM,Costallat LT, Cendes F.

Cerebral and corpus callosum atrophy in systemic lupus ery-
thematosus. Arthritis Rheum 2005; 52: 2783-9.

74. Muscal E, Bloom DR,Hunter JV,Myones BL.Neurocogni-
tive impairments and neuroimaging abnormalities are preva-
lent in children with lupus: clinical and research experiences
at a US pediatric institution. Lupus 2010; 19: 268-79.

75. Kozora E,West SG, Kotzin BL, Julian L, Porter S, Bigler E.
Magnetic resonance imaging abnormalities and cognitive
deficits in systemic lupus erythematosus patients without
overt central nervous system disease. Arthritis Rheum 1998;
41: 41-7.

76. Sabbadini MG,Manfredi AA, Bozzolo E et al. Central ner-
vous system involvement in systemic lupus erythematosus
patients without overt neuropsychiatric manifestations. Lu-
pus 1999; 8: 11-9.

77. Sibbitt WL Jr, Sibbitt RR, Brooks WM. Neuroimaging in
neuropsychiatric systemic lupus erythematosus. Arthritis
Rheum 1999; 42: 2026-38.

78. Kovacs JA, Urowitz MB, Gladman DD, Zeman R. The use
of single photon emission computerized tomography in neu-
ropsychiatric SLE: a pilot study. J Rheumatol 1995; 22: 1247-
53.

79. Falcini F, De Cristofaro MT, Ermini M et al. Regional cere-
bral blood flow in juvenile systemic lupus erythematosus: a
prospective SPECT study. Single photon emission comput-
ed tomography. J Rheumatol 1998; 25: 583-8.

80. Russo R,Gilday D, Laxer RM,Eddy A, Silverman ED. Sin-
gle photon emission computed tomography scanning in
childhood systemic lupus erythematosus. J Rheumatol 1998;
25: 576-82.

81. Mathieu A, Vacca A, Serra A et al. Defective cerebral gam-
ma-aminobutyric acid-A receptor density in patients with
systemic lupus erythematosus and central nervous system in-
volvement. An observational study. Lupus 2010; 9: 918-26.

82. Kao CH,Ho YJ, Lan JL,Changlai SP, Liao KK,Chieng PU.
Discrepancy between regional cerebral blood flow and glu-
cose metabolism of the brain in systemic lupus erythemato-
sus patients with normal brain magnetic resonance imaging
findings. Arthritis Rheum 1999; 42: 61-8.

83.Weiner SM, Otte A, Schumacher M, Klein R et al. Diagno-
sis and monitoring of central nervous system involvement in
systemic lupus erythematosus: value of F-18 fluorodeoxyglu-
cose PET. Ann Rheum Dis 2000; 59: 377-85.

84. Carbotte RM, Denburg SD, Denburg JA, Nahmias C, Gar-
nett ES. Fluctuating cognitive abnormalities and cerebral
glucose metabolism in neuropsychiatric systemic lupus ery-
thematosus. J Neurol Neurosurg Psychiatry 1992; 55: 1054-9.

85. Bosma GP, Rood MJ, Zwinderman AH, Huizinga TW, van
BuchemMA. Evidence of central nervous system damage in
patients with neuropsychiatric systemic lupus erythematosus,
demonstrated by magnetization transfer imaging. Arthritis
Rheum 2000; 43: 48-54.

86. Emmer BJ, Steens SC, Steup-Beekman GM et al. Detection
of change in CNS involvement in neuropsychiatric SLE: a
magnetization transfer study. J Magn Reson Imaging 2006;
24: 812-6.

87. Emmer BJ, Steup-Beekman GM, Steens SC,HuizingaTW,
van Buchem MA, van der Grond J. Correlation of magneti-

04-fietta:fietta 30-11-2011  10:14  Pagina 112



113SLE psychopathologic manifestations

zation transfer ratio histogram parameters with neuropsy-
chiatric systemic lupus erythematosus criteria and proton
magnetic resonance spectroscopy: association of magnetiza-
tion transfer ratio peak height with neuronal and cognitive
dysfunction. Arthritis Rheum 2008; 58: 1451-7.

88. DiFrancesco MW, Holland SK, Ris MD et al. Functional
magnetic resonance imaging assessment of cognitive func-
tion in childhood-onset systemic lupus erythematosus: a pi-
lot study. Arthritis Rheum 2007; 56: 4151-63.

89. Filley CM, Kozora E, Brown MS et al. White matter mi-
crostructure and cognition in non-neuropsychiatric sys-
temic lupus erythematosus. Cogn Behav Neurol 2009; 22:
38-44.

90. Lim MK, Suh CH, Kim HJ, Systemic lupus erythemato-
sus: brain MR imaging and single-voxel hydrogen 1 MR
spectroscopy. Radiology 2000; 217: 43-9.

91. Brooks WM, Jung RE, Ford CC, Greinel EJ, Sibbitt WL
Jr. Relationship between neurometabolite derangement and
neurocognitive dysfunction in systemic lupus erythemato-
sus. J Rheumatol 1999; 26: 81-5.

92. Friedman SD, Stidley CA, Brooks WM, Hart BL, Sibbitt
WL Jr. Brain injury and neurometabolic abnormalities in
systemic lupus erythematosus. Radiology 1998; 209: 79-84.

93. Sibbitt WL Jr, Haseler LJ, Griffey RR, Friedman SD,
Brooks WM. Neurometabolism of active neuropsychiatric
lupus determined with proton MR spectroscopy. AJNR Am
J Neuroradiol 1997; 18: 1271-7.

94. Harrison MJ, Morris KA, Horton R et al. Results of inter-
vention for lupus patients with self-perceived cognitive dif-
ficulties. Neurology 2005; 65: 1325-7.

95. Karnik NS, Joshi SV, Paterno C, Shaw R. Subtypes of pe-
diatric delirium: a treatment algorithm.Psychosomatics 2007;
48: 253-7.

96. Kasitanon N, Louthrenoo W, Piyasirisilp S, Sukitawu W,
Wichainun R. Neuropsychiatric manifestations in Thai pa-
tients with systemic lupus erythematosus. Asian Pac J Aller-
gy Immunol 2002; 20: 179-85.

97. Haghighi AB, Haza SG. Neuropsychiatric manifestations
of systemic lupus erythematosus: Iranian experience. Ann
Indian Acad Neurol 2010; 13: 108-11.

98. Katsumata Y,Harigai M,Kawaguchi Y et al. Diagnostic re-
liability of cerebral spinal fluid tests for acute confusional
state (delirium) in patients with systemic lupus erythemato-
sus: interleukin 6 (IL-6), IL-8, interferon-alpha, IgG index,
and Q-albumin. J Rheumatol 2007; 34: 2010-7.

99. Kodama K, Okada S, Hino T et al. Single photon emission
computed tomography in systemic lupus erythematosus
with psychiatric symptoms. J Neurol Neurosurg Psychiatry
1995; 58: 307-11.

100. Nishimura K, Omori M,Horikawa N,Tanaka E, Furuya T,
Harigai M. Risperidone in the treatment of acute confu-
sional state (delirium) due to neuropsychiatric lupus erythe-
matosus: case report. Int J Psychiatry Med 2003; 33: 299-
303.

101. Su JA,Wu CH,Tsang HY. Olanzapine-induced agranulo-
cytosis in systemic lupus erythematosus: a case report. Gen
Hosp Psychiatry 2007; 29: 75-7.

102. Lonergan E, Britton AM, Luxenberg J,Wyller T. Antipsy-

chotic for delirium. Cochrane Database Syst Rev 2007 Apr
18; (2): CD005594.

103. Findling RL, Steiner H, Weller EB. Use of antipsychotics
in children and adolescents. J Clin Psychiatry 2005; 66 (Sup-
pl. 7): 29-40.

104. Liu CY, Juang YY, Liang HY, Lin NC, Yeh EK. Efficacy
of risperidone in treating the hyperactive symptoms of
delirium. Int Clin Psychopharmacol 2004; 19: 165-8.

105. Trevisani VF, Castro AA, Neves Neto JF, Atallah AN. Cy-
clophosphamide versus methylprednisolone for the treat-
ment of neuropsychiatric involvement in systemic lupus
erythematosus. Cochrane Database Syst Rev 2006 Apr 19;
(2): CD002265.

106. Sanna G, Bertolaccini ML, Khamashta MA. Neuropsychi-
atric involvement in systemic lupus erythematosus: current
therapeutic approach. Curr Pharm Des 2008; 14: 1261-9.

107. Ninan PT. The functional anatomy, neurochemistry, and
pharmacology of anxiety. J Clin Psychiatry 1999; 60 (Suppl.
22): 12-7.

108. Jarpa E, Babul M, Calderon J et al. Common mental disor-
ders and psychological distress in systemic lupus erythe-
matosus are not associated with disease activity. Lupus 2010
Nov 15. [Epub ahead of print]

109. Conti F,Alessandri C,Bompane D et al. Autoantibody pro-
file in systemic lupus erythematosus with psychiatric mani-
festations: a role for anti-endothelial-cell antibodies.Arthri-
tis Res Ther 2004; 6: R366-72.

110. Nery FG, Borba EF, Viana VS et al. Prevalence of depres-
sive and anxiety disorders in systemic lupus erythematosus
and their association with anti-ribosomal P antibodies.
Prog Neuropsychopharmacol Biol Psychiatry 2008; 32: 695-
700.

111. Rynn MA, Brawman-Mintzer O. Generalized anxiety dis-
order: acute and chronic treatment. CNS Spectr 2004; 9:
716-23.

112. Sakolsky D, Birmaher B. Pediatric anxiety disorders: man-
agement in primary care.Curr Opin Pediatr 2008; 20: 538-
43.

113.Walkup JT, Albano AM, Piacentini J et al. Cognitive be-
havioral therapy, sertraline, or a combination in childhood
anxiety.N Engl J Med 2008; 359: 2753-66.

114. Bachen EA, Chesney MA, Criswell LA. Prevalence of
mood and anxiety disorders in women with systemic lupus
erythematosus. Arthritis Rheum 2009; 61: 822-9.

115. Karassa FB,MaglianoM, Isenberg DA. Suicide attempts in
patients with systemic lupus erythematosus.Ann Rheum Dis
2003; 62: 58-60.

116. Schneebaum AB, Singleton JD,West SG et al. Association
of psychiatric manifestations with antibodies to ribosomal P
proteins in systemic lupus erythematosus. Am J Med 1991;
90: 54-62.

117. Hanly JG,UrowitzMB, Siannis F et al; Systemic Lupus In-
ternational Collaborating Clinics. Autoantibodies and neu-
ropsychiatric events at the time of systemic lupus erythe-
matosus diagnosis: results from an international inception
cohort study. Arthritis Rheum 2008; 58: 843-53.

118. Katzav A, Solodeev I, Brodsky O et al. Induction of au-
toimmune depression in mice by anti-ribosomal P antibod-

04-fietta:fietta 30-11-2011  10:14  Pagina 113



114 P. Fietta, P. Fietta, G. Delsante

ies via the limbic system. Arthritis Rheum 2007; 56: 938-48.
119. Ebert T, Chapman J, Shoenfeld Y. Anti-ribosomal P-pro-

tein and its role in psychiatric manifestations of systemic lu-
pus erythematosus: myth or reality? Lupus 2005; 14: 571-5.

120. Giovacchini G, Mosca M, Manca G et al. Cerebral blood
flow in depressed patients with systemic lupus erythemato-
sus. J Rheumatol 2010; 37: 1844-51.

121. Oda K, Matsushima E, Okubo Y et al. Abnormal regional
cerebral blood flow in systemic lupus erythematosus pa-
tients with psychiatric symptoms. J Clin Psychiatry 2005; 66:
907-13.

122. Brelinski L, Cottencin O, Guardia D et al. Catatonia and
systemic lupus erythematosus: a clinical study of three cas-
es. Gen Hosp Psychiatry 2009; 31: 90-2.

123. Vacheron-TrystramMN, Braitman A, Cheref S, Auffray L.
Antipsychotics in bipolar disorders. Encephale 2004; 30:
417-24. [French]

124. Nutt DJ, Davidson JR, Gelenberg AJ et al. International
consensus statement on major depressive disorder. J Clin
Psychiatry 2010; 71 Suppl E1: e08.

125. Pego-Reigosa JM, Isenberg DA. Psychosis due to systemic
lupus erythematosus: characteristics and long-term out-
come of this rare manifestation of the disease.Rheumatology
(Oxford) 2008; 47: 1498-502.

126. Appenzeller S, Cendes F, Costallat LT. Acute psychosis in
systemic lupus erythematosus.Rheumatol Int 2008; 28: 237-
43.

127. Adelowo OO, Oguntona AS, Ojo O. Neuropsychiatric sys-
temic lupus erythematosus amongNigerians.Afr J Med Med
Sci 2009; 38: 33-8.

128. Matsukawa Y, Sawada S,HayamaT, Usui H,Horie T. Sui-
cide in patients with systemic lupus erythematosus: a clini-
cal analysis of seven suicidal patients. Lupus 1994; 3: 31-5.

129. Shiozawa S, Kuroki Y, KimM,Hirohata S, Ogino T. Inter-
feron-alpha in lupus psychosis. Arthritis Rheum 1992; 35:
417-22.

130. Ramos PC, Mendez MJ, Ames PR, Khamashta MA,
Hughes GR. Pulse cyclophosphamide in the treatment of
neuropsychiatric systemic lupus erythematosus. Clin Exp
Rheumatol 1996; 14: 295-9.

131. Mok CC, Lau CS, Wong RW. Treatment of lupus psy-
chosis with oral cyclophosphamide followed by azathio-
prine maintenance: an open-label study. Am J Med 2003;
115: 59-62.

132. Baca V, Lavalle C, García R et al. Favorable response to in-
travenous methylprednisolone and cyclophosphamide in
children with severe neuropsychiatric lupus. J Rheumatol
1999; 26: 432-9.

133. Muscal E,NadeemT, Li X,Mian A,Harris TB. Evaluation
and treatment of acute psychosis in children with systemic
lupus erythematosus: consultation-liaison service experi-
ences at a tertiary-care pediatric institutions. Psychosomatics
2010; 51: 508-14.

134. Tokunaga M, Saito K, Kawabata D et al. Efficacy of ritux-
imab (anti-CD20) for refractory systemic lupus erythe-
matosus involving the central nervous system. Ann Rheum
Dis 2007; 66: 470-5.

135. Mostafa GA, Ibrahim DH, Shehab AA, Mohammed AK.
The role of measurement of serum autoantibodies in pre-
diction of pediatric neuropsychiatric systemic lupus erythe-
matosus. J Neuroimmunol 2010; 227: 195-201.

136. Fragoso-Loyo H, Richaud-Patin Y, Orozco-Narváez A et
al. Interleukin-6 and chemokines in the neuropsychiatric
manifestations of systemic lupus erythematosus. Arthritis
Rheum 2007; 56: 1242-50.

137. Trysberg E, Nylen K, Rosengren LE, Tarkowski A. Neu-
ronal and astrocytic damage in systemic lupus erythemato-
sus patients with central nervous system involvement.
Arthritis Rheum 2003; 48: 2881-7.

138. Ballok DA,Woulfe J, Sur M, Cyr M, Sakic B. Hippocam-
pal damage in mouse and human forms of systemic au-
toimmune disease.Hippocampus 2004; 14: 649-61.

139. Gao HX, Sanders E, Tieng AT, Putterman C. Sex and au-
toantibody titers determine the development of neuropsy-
chiatric manifestations in lupus-prone mice. J Neuroim-
munol 2010; 229: 112-22.

140. Sakic B, Kolb B, Whishaw IQ, Gorny G, Szechtman H,
Denburg JA. Immunosuppression prevents neuronal atro-
phy in lupus-prone mice: evidence for brain damage in-
duced by autoimmune disease? J Neuroimmunol 2000; 111:
93-101.

141. Nomura K, Yamano S, Ikeda Y et al. Asymptomatic cere-
brovascular lesions detected by magnetic resonance imaging
in patients with systemic lupus erythematosus lacking a his-
tory of neuropsychiatric events. Intern Med 1999; 38: 785-
95.

142. Bertsias GK, Ioannidis JPA, Aringer M et al. EULAR rec-
ommendations for the management of systemic lupus ery-
thematosus with neuropsychiatric manifestations: report of
a task force of the EULAR standing committee for clinical
affairs. Ann Rheum Dis 2010; 69: 2074-82.

143. He J, Kong J, Tan QR, Li XM. Neuroprotective effect of
atypical antipsychotics in cognitive and non-cognitive be-
havioral impairment in animal models.Cell Adh Migr 2009;
3: 129-37.

144. Sthoeger ZM, Sharabi A, Molad Y et al. Treatment of lu-
pus patients with a tolerogenic peptide, hCDR1 (Edratide):
immunomodulation of gene expression. J Autoimmun 2009;
33: 77-82.

145. Lapter S, Marom A, Meshorer A et al. Amelioration of
brain pathology and behavioral dysfunction in mice with lu-
pus following treatment with a tolerogenic peptide. Arthri-
tis Rheum 2009; 60: 3744-54.

Accepted: June 27th 2011
Correspondence: Delsante Giovanni
Dipartimento Polispecialistico
Medicina Interna e Reumatologia
Azienda Ospedaliero-Universitaria di Parma
Via Gramsci, 14
43126 Parma (Italy)
E-mail: gdelsante@ao.pr.it

04-fietta:fietta 30-11-2011  10:14  Pagina 114


