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Introduction

Systemic lupus erythematosus (SLE) is a systemic autoim-
mune disorder which is characterised by hyperactive B and 
T cells, production of high level of autoantibodies (Abs), 
deposition of immune complexes and damages in multiple 
organ systems.1,2 Neuropsychiatric SLE (NPSLE) is caused 
by a combination of pathological processes including Abs, 
inflammatory markers and microvasculopathy.3 Genetic 
polymorphisms in the pathways of immune complex clear-
ance, such as the IgG Fc (Fcγ) receptor IIIa, Fcγ RIIIb and 
integrin alpha M (ITGAM) genotypes, are susceptibility 
genes for NPSLE.4 NPSLE patients are more likely to have 
elevated serum levels of anti-cardiolipin (AcL), lupus anti-
coagulants (LA), antiphospholipid (APL), anti-ribosomal-P 
Abs and anti-neuronal Abs compared with SLE patients 
without neuropsychiatric (NP) manifestations.4 Efthimiou 

and Blanco5 highlighted the major challenge in diagnosing 
NPSLE is the lack of established biomarkers and diverse 
clinical features, a challenge shared by most psychiatric 
disorders. In a meta-analytical study, Mak et  al.6 high-
lighted the damages associated with NPSLE had led to a 
negative impact on the survival of SLE patients between 
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1950s and 2000s. As a result, early detection and manage-
ment of NP symptoms may improve survival of SLE 
patients.

The diffuse central nervous system (CNS) disorders 
accepted by the American College of Rheumatologists 
(ACR) neuropsychiatric lupus nomenclature committee 
include acute confusional state, anxiety disorder, cognitive 
dysfunction, mood disorder and psychosis.7 ‘Lupus brain 
fog’ is a common patient complaint which refers to forget-
fulness and confusion associated with cognitive dysfunc-
tion.8 Cognitive dysfunction is a common phenomenon in 
SLE patients without CNS involvement and leads to nega-
tive impacts on social functioning.9 Cognitive dysfunction 
occurs in 20%–80% of patients with SLE.10 The prevalence 
of cognitive dysfunction among patients with SLE is twice 
of the general population.11 Impairment in executive func-
tion is the hallmark of cognitive dysfunction of SLE. It is 
important to note that SLE patients with and without CNS 
involvement display cognitive dysfunction,12 but patients 
with NPSLE display more severe cognitive dysfunction 
compared to patients without overt CNS involvement. 
Psychomotor speed is the best factor to differentiate patients 
with SLE from healthy controls. Specific cognitive symp-
tom such as inattention is associated with unemployment in 
patients with SLE.13 Both cognitive dysfunction and 
depressive symptoms are common in SLE which incur high 
direct and indirect medical costs.14 As a result, early recog-
nition and adequate treatment of cognitive dysfunction 
remain one of the unmet medical needs in SLE.15

Types of cognitive dysfunction 
associated with SLE

Attention

Attention is an intensive process in which information 
selection takes place.16 SLE patients were found to have 
more clinically significant impairment in attention as com-
pared to healthy controls.13 SLE patients with CNS involve-
ment performed significantly worse than those without 
CNS involvement and healthy controls in complex atten-
tion tasks which involve sustained, divided and selective 
attention to handle multiple stimuli.17 The prevalence of 
inattention and slow processing speed in patients with SLE 
is around 20%.12 Risk factors for inattention include cere-
bral involvement and high level of anxiety. The inattention 
is specifically associated with decreased prefrontal white 
matter integrity.18 In a functional brain imaging study, 
patients with childhood-onset SLE and cognitive dysfunc-
tion demonstrated more brain activation during attention 
task as compared to their counterparts without cognitive 
dysfunction.19 The activation is a compensatory mecha-
nism which allows maintenance of attentional performance. 
The compensatory mechanism allowed childhood-onset 
SLE patients with cognitive dysfunction to perform equally 

well in the attention task compared with SLE patients with-
out cognitive dysfunction.19

Executive functioning

Executive function involves cognitive flexibility, deci-
sion making, abstract thinking, judgement and sequenc-
ing. Executive function (frontal lobe) tests include Stroop 
Colour-Word Test and Trail Making Test.16 In an Asian 
study, Ho4 reported that there were no significant differ-
ences between SLE patients without CNS involvement 
and healthy controls in the scores of Stroop Colour-Word 
Test and Trail Making Test. A recent meta-analysis found 
that deficits in the domains of cognitive fluency and vis-
ual reasoning were not significantly differentiated by the 
presence or absence of overt CNS involvement.20 This 
finding supports the notion of compromise in executive 
function in SLE with or without overt NP symptoms.

Memory

Memory comprises encoding, registration, storage and 
retrieval of information.16 Memory deficits in patients 
with SLE include impairments in immediate and delayed 
recall of verbal and non-verbal information.17,21 Working 
memory is short-term memory that temporarily holds 
information for processing.16 SLE patients without CNS 
involvement trended towards greater impairment on 
working memory than healthy controls.22 The n-back task 
is a continuous performance task that is used to assess 
working memory. The task consists of indicating when the 
current stimulus matches the stimulus from n steps earlier 
in the sequence. As the value of n increases, the working 
memory load gets higher. Under high working memory 
load conditions (such as 2-back), patients with SLE had 
lower accuracy scores and slower reaction time.23 During 
working memory tasks, patients with childhood-onset 
SLE and cognitive dysfunction exhibited less brain acti-
vation than their counterparts without cognitive dysfunc-
tion in functional brain imaging.19

Visuospatial processing

The Rey–Osterrieth Complex Figure Test (RCFT) assesses 
five domains of neuropsychological functioning: visuospa-
tial recall memory, visuospatial recognition memory, 
response bias, processing speed and visuospatial construc-
tional ability. Glanz et al.24 reported that SLE patients with 
low disease activity were impaired in immediate visual spa-
tial memory compared to healthy controls. Monastero 
et al.21 found that patients with SLE showed more visuo-
constructional skill impairment than healthy controls. 
Furthermore, NPSLE patients demonstrated poorer short-
term visuospatial memory performance than SLE patients 
without CNS involvement. The significant impairment in 
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visuo-constructional abilities is related to comorbid depres-
sion. In an Asian study, Ho4 reported that SLE patients with 
high levels of anxiety and depression demonstrated signifi-
cantly lower total copy scores of RCFT than SLE patients 
with low levels of anxiety and depression. This finding 
indicates low processing speed and visuospatial construc-
tional ability are associated with high levels of anxiety and 
depression in patients with SLE. Poor performance in the 
RCFT indicates lesions in the parieto-occipital and frontal 
lobes in patients with SLE.25 During visuospatial memory 
tasks, patients with childhood-onset SLE and cognitive 
dysfunction demonstrated less brain activation than their 
counterparts without cognitive dysfunction in functional 
brain imaging.19

Clinical assessment for cognitive 
dysfunction in patients with SLE

Traditional neuropsychological assessments

The ACR recommends assessing cognitive function in SLE 
patients by sophisticated neuropsychological battery 
administered by a trained psychologist. Simple bedside 
cognitive screening test such as the Mini-Mental State 
Examination (MMSE) and Montreal Cognitive Assessment 
(MOCA) were shown to be unhelpful in assessing NP man-
ifestations in patients with SLE.10 A recent study found that 
48% of SLE patients suffered from cognitive impairment 
based on the MOCA.26 Poole et al.27 found that cognitive 
deficits were better assessed by performance-based tests of 
disability rather than a self-report assessment. Breitbach 
et al.28 recommended the measurement of cognitive func-
tion in early stage of SLE is important to provide a baseline 
reference for disease monitoring.

The ACR-SLE neuropsychological battery is com-
posed of the Wechsler Abbreviated Scale of Intelligence 
(WASI), Stroop Colour-Word Interference Test, Trail 
Making Test, California Verbal Learning Test (CVLT) 
and RCFT. Kozora et al.29 established the reliability and 
validity of the ACR-SLE neuropsychological battery and 
found that 7 of 12 measures from the ACR-SLE neu-
ropsychological battery were lower in patients with SLE 
compared to controls. In a sample of Caucasian patients 
with SLE and healthy women, Peretti et al.30 found that 
patients with SLE had significantly greater cognitive 
impairment on the WASI (Visual Back-span and Digit 
Symbol Substitution), Trail Making Test A and B, and 
Stroop Colour-Word Interference Test compared to con-
trols. In this study, elevated antinuclear antibody (ANA) 
significantly correlated with impairment in the WASI 
visual span, WASI visual back-span and cancellation 
task, whereas elevated anti-double-stranded DNA anti-
body correlated with impairment in the Trail Making Test 
A and WASI auditive back-span. In a sample of Portuguese 
patients, patients with NPSLE were significantly impaired 

in the Auditory Verbal Learning Test and Trail Making 
Test – Part A compared to SLE patients without overt 
CNS involvement and healthy controls.31 Table 1 sum-
marises the neuropsychological battery used to assess 
SLE patients in studies before and after the development 
of ACR-SLE neuropsychological battery.4,9,17,21,22,29–44

The European League Against Rheumatism (EULAR) 
task force published a set of evidence-based recommenda-
tions, addressing diagnostic and therapeutic requirements 
for NPSLE.45 The EULAR recommended that SLE patients 
with severe cognitive impairment should undergo neu-
ropsychological tests administered by neuropsychologists. 
Pamfil et  al.46 performed a chart-based review in two 
European centres and found that only 27.8% of SLE 
patients with severe cognitive impairment underwent for-
mal neuropsychological assessment. Small number of SLE 
patients could receive neuropsychological assessment 
because such assessment is very time-consuming which 
often results in long waiting time. Neuropsychological 
assessment has other limitations including standardisation 
for English-speaking patients only, inability to detect reac-
tion time and large practice effects on repeated testings.47 It 
poses a challenge to administer traditional neuropsycho-
logical assessment to non-English-speaking patients with 
SLE.

Computerised neuropsychological 
assessment

To overcome the language barrier and practice effect, the 
Automated Neuropsychological Assessment Metrics 
(ANAM) was validated to assess cognitive function of 
patients with SLE.47 The ANAM is a computerised pro-
gramme which assesses simple reaction time, continuous 
performance (vigilance/sustained attention), code substitu-
tion (visual scanning and learning) with immediate and 
delayed memory (non-verbal memory), simultaneous spa-
tial processing (visual perception and mental rotation), 
Sternberg test (sustained attention/working memory), digit 
span (working memory/span of attention) and matching to 
sample test (visuospatial perception and working mem-
ory).47 The paediatric version of ANAM was validated in 
children suffering from childhood-onset SLE.48 The ANAM 
is a time- and cost-efficient tool for screening and monitor-
ing cognitive functioning in patients with SLE.49 Efforts 
must be made on validating new assessment tools since the 
ACR battery is time-consuming.

Neuroimaging

Magnetic resonance imaging (MRI) is a non-invasive 
investigation to assess patients with SLE. Besides struc-
tural MRI, other MRI techniques including the fluid-atten-
uated inversion recovery (FLAIR) scan can detect lesions 
with hyperintensities.50 The diffusion-weighted imaging 
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(DWI) is able to detect white matter lesions.50 Functional 
MRI (fMRI) scan specifically records blood-oxygen-level-
dependent (BOLD) signal which is a measure of neuronal 
metabolism and proxy measure of neuronal activity.51

During the working memory task, NPSLE patients 
showed greater frontoparietal activation than healthy con-
trols.52 During the executive function task, an increase in 
the contralateral cerebellar-frontal activity was found to 
compensate for the compromised cortico-basal ganglia-
thalamic-cortical circuit in SLE patients in order to main-
tain their cognitive test performance as comparable with 
healthy controls.53 During the sustained and divided atten-
tion task, patients with SLE presented with significantly 
expanded areas of activation in the frontal-parietal lobes, 
and these activated areas exhibited significantly higher 
functional connectivity strength in SLE patients during the 
resting state.54 The above functional imaging studies 
showed that SLE patients without overt CNS involvement 
recruited additional pathways to execute goal-directed 
tasks to compensate for their reduced strategic planning 
skill despite clinically sufficient control in SLE disease 
activity.55

Underlying pathology and 
other factors causing cognitive 
dysfunction in patients with SLE

Immunological factors

The neuropathology behind cognitive dysfunction in SLE 
is a result of dysfunction involving immune cells, cytokines, 
chemokines and Abs in important neuroanatomical struc-
tures.8 In lupus-prone MRL-lpr mice, leukocyte infiltration, 
intrathecal autoantibody and pro-inflammatory cytokine 
synthesis lead to progressive neurodegeneration.56,57 
Peripheral interleukin (IL)-6 level has an inverse correla-
tion with memory performance in patients with SLE.58 SLE 
is a disease which predominantly affects women and oes-
trogen may play in role in its pathogenesis. Cunningham 
et al. reported that oestrogen receptor alpha deficiency pro-
vided significant protection against cognitive dysfunction 
in mice. The oestrogen receptor alpha deficiency suppresses 
pro-inflammatory actions of microglia in autoimmune 
disease.59

Among all Abs, anti-N-methyl-D-aspartate receptor 
(NMDAR) and anti-ribosomal-P Abs contribute to cogni-
tive dysfunction in patients suffering from SLE.60 Anti-
NMDAR and anti-ribosomal-P Abs recognise neuronal 
surface antigens60 that are distributed in neuroanatomical 
areas involved in memory, cognition and emotion.61,62 APL 
Abs play a pathogenic role in cognitive dysfunction by 
causing microvascular thrombosis.63

Matrix metalloproteinases (MMPs) are a family of zinc- 
and calcium-dependent endoproteinases that mediate deg-
radation and remodelling of the extracellular matrix 

proteins.64 In the immune system, MMP-9 is secreted by 
neutrophils.65 MMP-9 can degrade components of basal 
lamina66 and disrupt blood–brain barrier.64 Such disruption 
allows anti-NMDAR Abs to cross the blood–brain barrier 
and influence cognitive function.66 NPSLE patients with 
cognitive dysfunction have significantly higher concentra-
tions of serum MMP-9 than SLE patients with normal cog-
nitive function.67

Damages in neuroanatomical structures

The presence of cerebral atrophy increases the risk of cog-
nitive dysfunction in patients with SLE.68 Patients with 
SLE have more microstructural white matter damage than 
general population.69 Cognitive dysfunction in patients 
with SLE is associated with damages to white matter tracts 
including corpus callosum12 and grey matter.70 The associa-
tion between cognitive dysfunction and white matter and 
grey volume loss was found in patients with childhood-
onset SLE.71

White matter is subcortical and white matter tract con-
tains nerve fibres. Patients with SLE demonstrated lower 
white matter volume (WMV) than healthy controls in the 
superior longitudinal fasciculus, cingulum cingulate gyrus 
and inferior fronto-occipital fasciculus.72 In diffusion ten-
sor images (DTI), decreased fractional anisotropy in the 
superior white matter pathways were significantly associ-
ated impairment in executive function in patients with 
NPSLE.73 Cognitive dysfunction and mood disorder in 
SLE were associated with lower white matter magnetiza-
tion transfer ratio histogram peak heights in magnetiza-
tion transfer imaging (MTI).74 Poor working memory 
performance was correlated with higher left frontal white 
matter choline-to-creatinine (Ch/Cr) ratio in magnetic 
resonance spectroscopy (MRS), signifying damage in the 
left frontal microstructural white matter.75 The change in 
WMV was associated with SLE disease duration.71 
Treatment with immunosuppressant, especially pulse cor-
ticosteroids, could reduce the loss of WMV in adult 
patients with SLE.71,76

Grey matter is found on the cortical surface of the brain 
(cortical) and contains the cell bodies of neurons. Patients 
with SLE were found to have lower grey matter volume 
(GMV) than healthy controls in the middle cingulate cor-
tex, middle frontal gyrus and right supplementary motor 
area.72 Patients with SLE were found to be impaired in the 
immediate visual spatial memory compared to healthy con-
trols.24 Impairment of visuo-constructional performance 
was associated with GMV loss in the orbitofrontal, dorso-
lateral and prefrontal cortex, as well as anterior cingulate 
cortex.71 In a longitudinal study, reduction in SLE disease 
activity was accompanied by region-specific GMV 
improvement in the prefrontal regions.72

Damages in specific neuroanatomical structures are 
responsible for cognitive dysfunction in SLE. The cornu 
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ammonis 1 (CA1) is a key area within the hippocampus 
responsible for learning and novelty detection by compar-
ing stored information from the dentate gyrus and new 
information from the entorhinal cortex.16,77 Patients with 
SLE showed reduced volume of CA1 compared to healthy 
controls and small CA1 volume was associated with cogni-
tive dysfunction.78 Amygdala is continuous with the tail of 
caudate nucleus and produces fear response and emotion.16 
Watson et  al.12 highlighted the relationship between anti-
NMDAR Abs and amygdala dysfunction in animal model 
of lupus. The negative impact on attention and memory is 
related to negative emotion experienced by patients with 
SLE.

Clinical factors

Clinical factors play a key role in the aetiology of cognitive 
dysfunction in SLE. Hay et al.34 studied 73 patients with 
SLE and reported that cognitive dysfunction was found in 
26% of SLE patients and was associated with clinical evi-
dence of CNS involvement. Besides CNS involvement, 
researchers also found other clinical factors associated with 
cognitive dysfunction in SLE patients, including hyperten-
sion and stroke.42 In SLE patients without overt CNS 
impairment, the severity of cognitive dysfunction was asso-
ciated with high disease activity of SLE79 and low exercise 
capacity.80 Long duration of SLE, previous history of major 
cerebral involvement and presence of multiple medical 
complications contribute to higher rate of mild cognitive 
dysfunction in patients with SLE.43,81

Depression as a confounder 
between SLE and cognitive 
dysfunction

Depression is a confounder that influences both SLE and 
cognitive dysfunction. Depression is a syndrome compris-
ing other symptoms including insomnia, early morning 
awakening and anhedonia. Sleep disturbance may also be a 
confounder to cognitive dysfunction. When comparing the 
cognitive function in SLE patients and healthy controls, 
SLE patients with high levels of anxiety/depression demon-
strated significantly lower processing speeds and visuospa-
tial constructional abilities compared to SLE patients with 
low levels of anxiety/depression and healthy controls.82 
Vogel et  al.39 reported that depression demonstrated a 
stronger association with subjective experiences of cogni-
tive dysfunction compared to the actual cognitive function-
ing of SLE outpatients with low levels of disease activity. 
Monastero et al.21 found that severity of depression was the 
only clinical factor that significantly predicted cognitive 
dysfunction in SLE patients with and without CNS involve-
ment. Peralta-Ramirez et al.37 found that daily stress was 
related to impairments in visual memory, fluency and 

attention in patients with SLE. Petri et al.83 proposed that 
treatment of depression in SLE patients with moderate to 
severe depression may improve their cognitive functioning. 
For patients with SLE, depression and cognitive impair-
ment may share the same underlying pathophysiological 
mechanisms because a common genetic vulnerability 
related to serotonin and inflammation between depression, 
cognitive impairment and vascular diseases were found.84,85 
Furthermore, high circulating levels of pro-inflammatory 
cytokines such as IL-6 were associated with memory 
impairment in patients with SLE58 and depression.86 
Nevertheless, the ANAM has the ability to predict neu-
ropsychological functioning after controlling for severity 
of depressive symptoms.49

Challenges in diagnosis and 
management

Challenges in neuroimaging and 
opportunities

The common MRI techniques including FLAIR, DWI and 
fMRI are mostly restricted to the research settings rather 
than clinical applications. In addition, MRI scan has several 
barriers. First, these techniques require the participants to 
be in a supine position with their head restrained and with-
out any movement of the body.87 Second, the scanning pro-
cedures are typically conducted by radiographers, with 
high costs incurred by each measurement.88 In Asia, clini-
cians have used functional near infrared spectroscopy 
(fNIRS) which measures BOLD signals in assisting diag-
nosis, predicting clinical outcomes and treatment outcomes 
in NP illnesses.82,89 fNIRS may have potentials to assess 
functional changes in patients with SLE and further research 
is required.

Challenges in pharmacological treatment 
and opportunities

The EULAR recommended that the management of cogni-
tive dysfunction should include managing the SLE and 
non-SLE associated factors, as well as psycho-educational 
support. In terms of psychopharmacology, corticosteroids 
remain the mainstay of evidence-based treatment for SLE 
but it is associated with organ damages, cataracts and osteo-
porotic fractures.15 The relationship between corticosteroid 
and cognitive dysfunction remains a controversial topic. 
SLE patients without past NP history and exposure to corti-
costeroids showed significant impairments compared to 
healthy controls on executive function, complex attention, 
immediate recall and psychomotor speed.79 There are coun-
ter-evidences which demonstrated that cognitive dysfunc-
tion was not caused by corticosteroid. Previous study 
showed that SLE patients without corticosteroid use and 
overt CNS involvement had significantly higher prevalence 
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of cognitive dysfunction than healthy controls.79 SLE 
patients with and without corticosteroid use were found to 
have poorer decision-making capacity than healthy con-
trols.90 Similarly, cognitive outcomes in children with lupus 
nephritis were found to be better than children suffering 
from other glomerular chronic kidney diseases due to 
greater uses of corticosteroids and chemotherapeutic 
agents. The use of prednisolone was found to be indepen-
dently associated with better executive function, leading to 
better health-related quality of life in children with lupus 
nephritis.91

As depression is an important confounder contributing 
to cognitive dysfunction,83 antidepressant treatment may 
improve cognitive function in patients with SLE. 
Furthermore, antidepressants reduce pro-inflammatory 
cytokines including IL-6.92 Other novel treatments have 
been proposed to treat cognitive dysfunction associated 
with SLE. As pro-inflammatory cytokines are involved in 
cognitive dysfunction, anti-cytokine therapies may provide 
benefits through centrally medicated process.8 Deposition 
of 16/16 Id antibodies were found in the brains of patients 
suffering from NPSLE which caused impairment in visual 
and spatial memory.93 Anti-16/6 Id antibody was found to 
increase astrocyte number in the hippocampus of mice94 
and offers the potential as novel treatment for cognitive 
dysfunction associated with SLE.

Petri et al.95 conducted a randomised, double-blind, pla-
cebo-controlled single centre 12-week trial in patients with 
SLE and reported that patients treated with, an NMDAR 
antagonist, memantine did not exhibit significant improve-
ment in cognitive function compared with the placebo 
group. This finding should be interpreted with caution 
because one quarter of participants did not show objective 
evidence of cognitive impairment at baseline. Furthermore, 
the most commonly used cognitive enhancer, acetylcho-
linesterase inhibitors have not been assessed in any ran-
domised controlled trial involving SLE patients with 
cognitive dysfunction. Further research is required to eval-
uate other cognitive enhancers.

Non-pharmacological treatment

Not all therapies on cognitive dysfunction need to be immu-
nosuppressive. Since cognitive dysfunction in SLE patients 
is correlated with 6-minute walk test and lung function test, 
Kozora et  al.80 proposed that supervised training pro-
gramme with regular and strenuous exercise may be a cost-
effective approach to improve cognitive function of SLE 
patients. Other non-pharmacological interventions include 
cognitive behaviour therapy and cognitive rehabilitation.

Cognitive behaviour therapy

Patients with SLE often encounter difficulty coming to 
terms with illness perception and functional losses. They 

often develop negative ruminations which interfere with 
cognitive function.4 Psychotherapy can help patients with 
SLE to cope with their negative emotions which indirectly 
improve their cognitive functioning. Patients with SLE 
should go through a series of behaviour therapy including 
stress management and relaxation exercises. Cognitive 
therapy can address cognitive errors and ruminations lead-
ing to negative perceptions of self and adjust their premor-
bid expectations. Behaviour therapy can help patients to 
develop a structured routine and regain control in the 
chronic course of SLE.

Cognitive rehabilitation

Cognitive rehabilitation consists of psychoeducation, use 
of memory aids, prioritisation, time optimisation and cog-
nitive training exercises. Psychoeducation provides infor-
mation to patients with SLE on the basic mechanisms of 
cognitive function and how SLE causes cognitive dysfunc-
tion in lay language. For memory aids, SLE patients with 
cognitive dysfunction are encouraged to use written 
reminders or smartphones to prompt them. Memory aids 
help patients to stay focused and maintain their activities of 
daily living. Visual cues can help patients to retrieve infor-
mation from their memory. Due to cognitive dysfunction, 
patients with SLE need to prioritise their tasks of the day 
and focus on one task before moving on to the next. Time 
optimisation involves engaging cognitively challenging 
tasks in the early part of the day and more relaxed task 
towards the end of the day. Engagement in cognitive train-
ing exercises including Sudoku, chess, Risk and Mahjong 
(for Asian patients) will enhance their executive function 
and problem-solving skills.

Conclusion

Cognitive dysfunction is a common phenomenon in SLE 
patients with and without overt CNS involvement, leading 
to negative impacts on social functioning and quality of 
life. SLE patients with overt CNS involvement, the pres-
ence of depression, vascular risk factors and higher disease 
activity are at greater risk to develop cognitive dysfunction. 
Specific cognitive dysfunctions associated with SLE 
include impairment in attention, memory and visuospatial 
process. SLE patients may achieve similar cognitive test 
performance compared with healthy controls. Functional 
imaging studies found that patients with SLE, especially 
those without overt CNS involvement had compensatory 
mechanism including greater frontoparietal activation to 
maintain their cognitive test performance. Pro-inflammatory 
cytokines such as IL-6, Abs including anti-NMDAR, anti-
ribosomal-P and APL Abs, and MMP-9 play a key role in 
the pathology behind cognitive dysfunction by damaging 
important neuroanatomical structures such as the hip-
pocampus and amygdala. Imaging studies demonstrated 
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that patients with SLE had volume loss in white matter and 
grey matter. Corticosteroid treatment may reverse volume 
loss in the white matter. The diagnosis of cognitive dys-
function of SLE faces several challenges. The traditional 
neuropsychological assessment recommended by ACR and 
EULAR is time-consuming and validated for English-
speaking patients. Computerised neuropsychological 
assessment offers a cost-effective alternative. The conven-
tional neuroimaging method using MRI is expensive and 
most of the recent discoveries in functional neuroimaging 
are limited to research settings. For pharmacological treat-
ment, corticosteroids and antidepressant may improve cog-
nitive dysfunction. Novel treatment including anti-cytokine 
therapies and cognitive enhancers require further study. 
Non-pharmacological interventions including cognitive 
behaviour therapy and cognitive rehabilitation are helpful 
to improve cognitive function in patients with SLE.

Declaration of conflicting interests	

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, 
authorship and/or publication of this article.

References

	 1.	 Li LH, Pan HF, Li WX, et al. Study on clinical features and 
complications with systemic lupus erythematosus (SLE) 
activity in Chinese Han population. Clin Rheumatol 2009; 
28: 1301–1307.

	 2.	 Perl A. Pathogenic mechanisms in systemic lupus erythema-
tosus. Autoimmunity 2010; 43: 1–6.

	 3.	 Tsuchiya H, Haga S, Takahashi Y, et  al. Identification of 
novel Abs to GABA(B) receptors in patients with neuropsy-
chiatric systemic lupus erythematosus. Rheumatology 2014; 
53: 1219–1228.

	 4.	 Ho CR. The relationship between systemic lupus erythemato-
sus and psychiatric morbidity. Pok Fu Lam, Hong Kong: The 
University of Hong Kong, 2015.

	 5.	 Efthimiou P and Blanco M. Pathogenesis of neuropsychiatric 
systemic lupus erythematosus and potential biomarkers. Mod 
Rheumatol 2009; 19: 457–468.

	 6.	 Mak A, Cheung MW, Chiew HJ, et al. Global trend of sur-
vival and damage of systemic lupus erythematosus: meta-
analysis and meta-regression of observational studies from 
the 1950s to 2000s. Semin Arthritis Rheum 2012; 41: 830–
839.

	 7.	 Stojanovich L, Zandman-Goddard G, Pavlovich S, et  al. 
Psychiatric manifestations in systemic lupus erythematosus. 
Autoimmun Rev 2007; 6: 421–426.

	 8.	 Mackay M. Lupus brain fog: a biologic perspective on cog-
nitive impairment, depression, and fatigue in systemic lupus 
erythematosus. Immunol Res 2015; 63: 26–37.

	 9.	 Olazaran J, Lopez-Longo J, Cruz I, et al. Cognitive dysfunc-
tion in systemic lupus erythematosus: prevalence and cor-
relates. Eur Neurol 2009; 62: 49–55.

	10.	 Hanly JG and Harrison MJ. Management of neuropsychiatric 
lupus. Best Pract Res Cl Rh 2005; 19: 799–821.

	11.	 Ainiala H, Loukkola J, Peltola J, et  al. The prevalence of 
neuropsychiatric syndromes in systemic lupus erythemato-
sus. Neurology 2001; 57: 496–500.

	12.	 Watson P, Storbeck J, Mattis P, et  al. Cognitive and emo-
tional abnormalities in systemic lupus erythematosus: evi-
dence for amygdala dysfunction. Neuropsychol Rev 2012; 
22: 252–270.

	13.	 Gao Y, Lo Y and Mok MY. Symptoms of attention deficit 
hyperactivity disorder in patients with systemic lupus erythe-
matosus. Lupus 2015; 24: 1498–1504.

	14.	 Ho RC, Mak KK, Chua AN, et al. The effect of severity of 
depressive disorder on economic burden in a university hos-
pital in Singapore. Expert Rev Pharmacoecon Outcomes Res 
2013; 13: 549–559.

	15.	 Lateef A and Petri M. Unmet medical needs in systemic 
lupus erythematosus. Arthritis Res Ther 2012; 14(Suppl 4): 
S4.

	16.	 Puri B, Hall A and Ho R. Revision notes in psychiatry. 3rd 
ed. Boca Raton, FL: CRC Press, 2014.

	17.	 Loukkola J, Laine M, Ainiala H, et al. Cognitive impairment 
in systemic lupus erythematosus and neuropsychiatric sys-
temic lupus erythematosus: a population-based neuropsycho-
logical study. J Clin Exp Neuropsychol 2003; 25: 145–151.

	18.	 Schmidt-Wilcke T, Cagnoli P, Wang P, et  al. Diminished 
white matter integrity in patients with systemic lupus erythe-
matosus. Neuroimage Clin 2014; 5: 291–297.

	19.	 DiFrancesco MW, Gitelman DR, Klein-Gitelman MS, et al. 
Functional neuronal network activity differs with cognitive 
dysfunction in childhood-onset systemic lupus erythemato-
sus. Arthritis Res Ther 2013; 15: R40.

	20.	 Leslie B and Crowe S. Cognitive functioning in systemic 
lupus erythematosus: a meta-analysis. Lupus. Epub ahead of 
print 1 January 2018. DOI: 10.1177/0961203317751859.

	21.	 Monastero R, Bettini P, Del Zotto E, et  al. Prevalence and 
pattern of cognitive impairment in systemic lupus erythema-
tosus patients with and without overt neuropsychiatric mani-
festations. J Neurol Sci 2001; 184: 33–39.

	22.	 Kozora E, Arciniegas DB, Filley CM, et al. Cognitive and 
neurologic status in patients with systemic lupus erythema-
tosus without major neuropsychiatric syndromes. Arthritis 
Rheum 2008; 59: 1639–1646.

	23.	 Shucard JL, Lee WH, Safford AS, et  al. The relationship 
between processing speed and working memory demand in 
systemic lupus erythematosus: evidence from a visual n-back 
task. Neuropsychology 2011; 25: 45–52.

	24.	 Glanz BI, Slonim D, Urowitz MB, et al. Pattern of neuropsy-
chologic dysfunction in inactive systemic lupus erythemato-
sus. Neuropsychiatry Neuropsychol Behav Neurol 1997; 10: 
232–238.

	25.	 Pillon B. Troubles visuo-constructifs et methodes de com-
pensation: resultats de 85 patients atteints de lesions cere-
brales. Neuropsychologia 1981; 19: 375–383.

	26.	 Nantes SG, Su J, Dhaliwal A, et al. Performance of screening 
tests for cognitive impairment in systemic lupus erythemato-
sus. J Rheumatol 2017; 44: 1583–1589.

	27.	 Poole JL, Atanasoff G, Pelsor JC, et  al. Comparison of a 
self-report and performance-based test of disability in people 
with systemic lupus erythematosus. Disabil Rehabil 2006; 
28: 653–658.



10	 Rheumatology Practice and Research ﻿

	28.	 Breitbach SA, Alexander RW, Daltroy LH, et al. Determinants 
of cognitive performance in systemic lupus erythematosus. J 
Clin Exp Neuropsychol 1998; 20: 157–166.

	29.	 Kozora E, Ellison MC and West S. Reliability and validity 
of the proposed American College of rheumatology neu-
ropsychological battery for systemic lupus erythematosus. 
Arthritis Rheum 2004; 51: 810–818.

	30.	 Peretti CS, Peretti CR, Kozora E, et al. Cognitive impairment 
in systemic lupus erythematosus women with elevated Abs 
and normal single photon emission computerized tomogra-
phy. Psychother Psychosom 2012; 81: 276–285.

	31.	 Cavaco S, da Silva AM, Santos E, et al. Are cognitive and 
olfactory dysfunctions in neuropsychiatric lupus erythemato-
sus dependent on anxiety or depression? J Rheumatol 2012; 
39: 770–776.

	32.	 Denburg SD, Carbotte RM and Denburg JA. Cognitive 
impairment in systemic lupus erythematosus: a neuropsy-
chological study of individual and group deficits. J Clin Exp 
Neuropsychol 1987; 9: 323–339.

	33.	 Wekking EM, Nossent JC, van Dam AP, et al. Cognitive and 
emotional disturbances in systemic lupus erythematosus. 
Psychother Psychosom 1991; 55: 126–131.

	34.	 Hay EM, Black D, Huddy A, et al. Psychiatric disorder and 
cognitive impairment in systemic lupus erythematosus. 
Arthritis Rheum 1992; 35: 411–416.

	35.	 Mulherin D, Doherty E, O’Connell A, et al. Assessment of 
cognitive function in patients with systemic lupus erythema-
tosus. Ir J Med Sci 1993; 162: 9–12.

	36.	 Emori A, Matsushima E, Aihara O, et  al. Cognitive dys-
function in systemic lupus erythematosus. Psychiatry Clin 
Neurosci 2005; 59: 584–589.

	37.	 Peralta-Ramirez MI, Coin-Mejias MA, Jimenez-Alonso J, 
et al. Stress as a predictor of cognitive functioning in lupus. 
Lupus 2006; 15: 858–864.

	38.	 Maneeton B, Maneeton N and Louthrenoo W. Cognitive def-
icit in patients with systemic lupus erythematosus. Asian Pac 
J Allergy Immunol 2010; 28: 77–83.

	39.	 Vogel A, Bhattacharya S, Larsen JL, et  al. Do subjective 
cognitive complaints correlate with cognitive impairment in 
systemic lupus erythematosus? A Danish outpatient study. 
Lupus 2011; 20: 35–43.

	40.	 De Melo LF and Da-Silva SL. Neuropsychological assess-
ment of cognitive disorders in patients with fibromyalgia, 
rheumatoid arthritis, and systemic lupus erythematosus. Rev 
Bras Reumatol 2012; 52: 181–188.

	41.	 Julian LJ, Yazdany J, Trupin L, et al. Validity of brief screen-
ing tools for cognitive impairment in rheumatoid arthritis 
and systemic lupus erythematosus. Arthritis Care Res 2012; 
64: 448–454.

	42.	 Murray SG, Yazdany J, Kaiser R, et al. Cardiovascular dis-
ease and cognitive dysfunction in systemic lupus erythema-
tosus. Arthritis Care Res 2012; 64: 1328–1333.

	43.	 Kozora E, Arciniegas DB, Duggan E, et al. White matter 
abnormalities and working memory impairment in sys-
temic lupus erythematosus. Cogn Behav Neurol 2013; 26: 
63–72.

	44.	 Appenzeller S, Cendes F and Costallat LT. Cognitive impair-
ment and employment status in systemic lupus erythemato-
sus: a prospective longitudinal study. Arthritis Rheum 2009; 
61: 680–687.

	45.	 Bertsias G, Ioannidis J, Aringer M, et al. EULAR recommen-
dations for the management of systemic lupus erythematosus 
with neuropsychiatric manifestations: report of a task force 
of the EULAR standing committee for clinical affairs. Ann 
Rheum Dis 2010; 69: 2074–2082.

	46.	 Pamfil C, Fanouriakis A, Damian L, et al. EULAR recom-
mendations for neuropsychiatric systemic lupus erythe-
matosus vs usual care: results from two European centres. 
Rheumatology 2015; 54: 1270–1278.

	47.	 Holliday SL, Navarrete MG, Hermosillo-Romo D, et  al. 
Validating a computerized neuropsychological test battery 
for mixed ethnic lupus patients. Lupus 2003; 12: 697–703.

	48.	 Brunner HI, Klein-Gitelman MS, Zelko F, et al. Validation 
of the pediatric automated neuropsychological assessment 
metrics in childhood-onset systemic lupus erythematosus. 
Arthritis Care Res 2013; 65: 372–381.

	49.	 Roebuck-Spencer TM, Yarboro C, Nowak M, et al. Use of 
computerized assessment to predict neuropsychological 
functioning and emotional distress in patients with systemic 
lupus erythematosus. Arthritis Rheum 2006; 55: 434–441.

	50.	 Zardi EM, Taccone A, Marigliano B, et al. Neuropsychiatric 
systemic lupus erythematosus: tools for the diagnosis. 
Autoimmun Rev 2014; 13: 831–839.

	51.	 Barraclough M, Elliott R, McKie S, et al. Cognitive dysfunc-
tion and functional magnetic resonance imaging in systemic 
lupus erythematosus. Lupus 2015; 24: 1239–1247.

	52.	 Fitzgibbon BM, Fairhall SL, Kirk IJ, et al. Functional MRI in 
NPSLE patients reveals increased parietal and frontal brain 
activation during a working memory task compared with 
controls. Rheumatology 2008; 47: 50–53.

	53.	 Ren T, Ho RC and Mak A. Dysfunctional cortico-basal gan-
glia-thalamic circuit and altered hippocampal-amygdala activ-
ity on cognitive set-shifting in non-neuropsychiatric systemic 
lupus erythematosus. Arthritis Rheum 2012; 64: 4048–4059.

	54.	 Hou J, Lin Y, Zhang W, et al. Abnormalities of frontal-pari-
etal resting-state functional connectivity are related to dis-
ease activity in patients with systemic lupus erythematosus. 
PLoS ONE 2013; 8: e74530.

	55.	 Mak A, Ren T, Fu EH, et al. A prospective functional MRI 
study for executive function in patients with systemic lupus 
erythematosus without neuropsychiatric symptoms. Semin 
Arthritis Rheum 2012; 41: 849–858.

	56.	 Ma X, Foster J and Sakic B. Distribution and prevalence 
of leukocyte phenotypes in brains of lupus-prone mice. J 
Neuroimmunol 2006; 179: 26–36.

	57.	 Tomita M, Holman BJ and Santoro TJ. Aberrant cytokine 
gene expression in the hippocampus in murine systemic 
lupus erythematosus. Neurosci Lett 2001; 302: 129–132.

	58.	 Kozora E, Laudenslager M, Lemieux A, et al. Inflammatory 
and hormonal measures predict neuropsychological func-
tioning in systemic lupus erythematosus and rheumatoid 
arthritis patients. J Int Neuropsychol Soc 2001; 7: 745–754.

	59.	 Cunningham MA, Wirth JR, Freeman LR, et  al. Estrogen 
receptor alpha deficiency protects against development of 
cognitive impairment in murine lupus. J Neuroinflammation 
2014; 11: 171.

	60.	 Massardo L, Bravo-Zehnder M, Calderon J, et  al. Anti-
N-methyl-D-aspartate receptor and anti-ribosomal-P Abs 
contribute to cognitive dysfunction in systemic lupus erythe-
matosus. Lupus 2015; 24: 558–568.



Ho et al.	 11

	61.	 Lauvsnes MB and Omdal R. Systemic lupus erythematosus, 
the brain, and anti-NR2 antibodies. J Neurol 2012; 259: 622–
629.

	62.	 Matus S, Burgos PV, Bravo-Zehnder M, et al. Antiribosomal-P 
Abs from psychiatric lupus target a novel neuronal surface 
protein causing calcium influx and apoptosis. J Exp Med 
2007; 204: 3221–3234.

	63.	 Coin MA, Vilar-Lopez R, Peralta-Ramirez I, et al. The role 
of antiphospholipid Abs in the cognitive deficits of patients 
with systemic lupus erythematosus. Lupus 2015; 24: 875–
879.

	64.	 Hosokawa T, Nakajima H, Doi Y, et  al. Increased serum 
matrix metalloproteinase-9 in neuromyelitis optica: impli-
cation of disruption of blood-brain barrier. J Neuroimmunol 
2011; 236: 81–86.

	65.	 Moxon-Emre I and Schlichter LC. Neutrophil depletion 
reduces blood-brain barrier breakdown, axon injury, and 
inflammation after intracerebral hemorrhage. J Neuropathol 
Exp Neurol 2011; 70: 218–235.

	66.	 Tay SH and Mak A. Anti-NR2A/B antibodies and other 
major molecular mechanisms in the pathogenesis of cogni-
tive dysfunction in systemic Lupus erythematosus. Int J Mol 
Sci 2015; 16: 10281–10300.

	67.	 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: 858–865.

	68.	 Petri M, Naqibuddin M, Carson KA, et al. Brain magnetic 
resonance imaging in newly diagnosed systemic lupus ery-
thematosus. J Rheumatol 2008; 35: 2348–2354.

	69.	 Wiseman SJ, Bastin ME, Hamilton IF, et al. Fatigue and cog-
nitive function in systemic lupus erythematosus: associations 
with white matter microstructural damage. A diffusion tensor 
MRI study and meta-analysis. Lupus 2017; 26: 588–597.

	70.	 Steens SC, Admiraal-Behloul F, Bosma GP, et al. Selective 
gray matter damage in neuropsychiatric lupus. Arthritis 
Rheum 2004; 50: 2877–2881.

	71.	 Gitelman DR, Klein-Gitelman MS, Ying J, et al. Brain mor-
phometric changes associated with childhood-onset systemic 
lupus erythematosus and neurocognitive deficit. Arthritis 
Rheum 2013; 65: 2190–2200.

	72.	 Mak A, Ho RC, Tng HY, et al. Early cerebral volume reduc-
tions and their associations with reduced lupus disease 
activity in patients with newly-diagnosed systemic lupus 
erythematosus. Sci Rep 2016; 6: 22231.

	73.	 Cesar B, Dwyer MG, Shucard JL, et al. Cognitive and white 
matter tract differences in MS and diffuse neuropsychiat-
ric systemic lupus erythematosus. AJNR Am J Neuroradiol 
2015; 36: 1874–1883.

	74.	 Magro-Checa C, Ercan E, Wolterbeek R, et al. Changes in 
white matter microstructure suggest an inflammatory origin 
of neuropsychiatric systemic lupus erythematosus. Arthritis 
Rheum 2016; 68: 1945–1954.

	75.	 Kozora E, Erkan D, West SG, et al. Site differences in mild 
cognitive dysfunction (MCD) among patients with systemic 
lupus erythematosus (SLE). Lupus 2013; 22: 73–80.

	76.	 Xu J, Cheng Y, Chai P, et  al. White-matter volume reduc-
tion and the protective effect of immunosuppressive ther-
apy in systemic lupus erythematosus patients with normal 

appearance by conventional magnetic resonance imaging. J 
Rheumatol 2010; 37: 974–986.

	77.	 Lisman JE and Otmakhova NA. Storage, recall, and novelty 
detection of sequences by the hippocampus: elaborating on 
the SOCRATIC model to account for normal and aberrant 
effects of dopamine. Hippocampus 2001; 11: 551–568.

	78.	 Bodi N, Polgar A, Kiss E, et al. Reduced volumes of the CA1 
and CA4-dentate gyrus hippocampal subfields in systemic 
lupus erythematosus. Lupus 2017; 26: 1378–1382.

	79.	 Nishimura K, Omori M, Katsumata Y, et al. Neurocognitive 
impairment in corticosteroid-naive patients with active sys-
temic lupus erythematosus: a prospective study. J Rheumatol 
2015; 42: 441–448.

	80.	 Kozora E, Zell J, Swigris J, et  al. Cardiopulmonary corre-
lates of cognition in systemic lupus erythematosus. Lupus 
2015; 24: 164–173.

	81.	 Gao Y, Lau E, Wan J, et al. Systemic lupus erythematosus 
patients with past neuropsychiatric involvement are associ-
ated with worse cognitive impairment: a longitudinal study. 
Lupus 2016; 25: 637–644.

	82.	 Ho CS, Zhang MW and Ho RC. Optical topography in psy-
chiatry: a chip off the old block or a new look beyond the 
mind–brain frontiers? Front Psychiatry 2016; 7: 74.

	83.	 Petri M, Naqibuddin M, Carson KA, et al. Depression and 
cognitive impairment in newly diagnosed systemic lupus 
erythematosus. J Rheumatol 2010; 37: 2032–2038.

	84.	 McCaffery JM, Frasure-Smith N, Dube MP, et al. Common 
genetic vulnerability to depressive symptoms and coronary 
artery disease: a review and development of candidate genes 
related to inflammation and serotonin. Psychosom Med 
2006; 68: 187–200.

	85.	 Mak KK, Kong WY, Mak A, et  al. Polymorphisms of the 
serotonin transporter gene and post-stroke depression: a 
meta-analysis. J Neurol Neurosurg Psychiatry 2013; 84: 
322–328.

	86.	 Liu Y, Ho RC and Mak A. Interleukin (IL)-6, tumour necro-
sis factor alpha (TNF-α) and soluble interleukin-2 receptors 
(sIL-2R) are elevated in patients with major depressive dis-
order: a meta-analysis and meta-regression. J Affect Disord 
2012; 139: 230–239.

	87.	 Martinelli C and Shergill SS. Everything you wanted to 
know about neuroimaging and psychiatry, but were afraid to 
ask. BJPsych Adv 2015; 21: 251–260.

	88.	 Lai CY, Ho CS, Lim CR, et al. Functional near-infrared spec-
troscopy in psychiatry. BJPsych Adv 2017; 23: 324–330.

	89.	 Fukuda M and Mikuni M. [Clinical application of near-infra-
red spectroscopy (NIRS) in psychiatry: the advanced medi-
cal technology for differential diagnosis of depressive state]. 
Seishin Shinkeigaku Zasshi 2012; 114: 801–806.

	90.	 Montero-Lopez E, Santos-Ruiz A, Navarrete-Navarrete N, 
et  al. The effects of corticosteroids on cognitive flexibility 
and decision-making in women with lupus. Lupus 2016; 25: 
1470–1478.

	91.	 Knight A, Kogon AJ, Matheson MB, et al. Cognitive func-
tion in children with lupus nephritis: a cross-sectional com-
parison with children with other glomerular chronic kidney 
diseases. J Pediatr 2017; 189: 181–188.e181.

	92.	 Lu Y, Ho CS, Liu X, et al. Chronic administration of fluox-
etine and pro-inflammatory cytokine change in a rat model of 
depression. PLoS ONE 2017; 12: e0186700.



12	 Rheumatology Practice and Research ﻿

	93.	 Gono T, Kawaguchi Y and Yamanaka H. Discoveries in 
the pathophysiology of neuropsychiatric lupus erythe-
matosus: consequences for therapy. BMC Med 2013;  
11: 91.

	94.	 Kivity S, Katzav A, Arango MT, et al. 16/6-idiotype express-
ing antibodies induce brain inflammation and cognitive 

impairment in mice: the mosaic of central nervous system 
involvement in lupus. BMC Med 2013; 11: 90.

	95.	 Petri M, Naqibuddin M, Sampedro M, et al. Memantine in 
systemic lupus erythematosus: a randomized, double-blind 
placebo-controlled trial. Semin Arthritis Rheum 2011; 41: 
194–202.




