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Abstract

Cognitive dysfunction is one of the five psychiatric syndromes recognised by the American College of Rheumatologists
neuropsychiatric lupus nomenclature committee. Cognitive dysfunction affects 20%—-80% of systemic lupus erythematosus
patients with and without overt central nervous system involvement. Specific cognitive dysfunction associated with
systemic lupus erythematosus includes impairment in attention, memory and visuospatial process. Besides disease activity
and vascular risk factors, the neuropathology behind cognitive dysfunction in systemic lupus erythematosus is a result of
dysfunction involving the immune cells, cytokines, chemokines and autoantibodies (Abs), as well as volume reduction in
the white matter and grey matter. In this review, we will discuss the challenges of using traditional neuropsychological
assessment to assess cognitive function in clinical practice, the limitations of conventional neuroimaging methods, the
controversies of using corticosteroids, other pharmacological treatments and non-pharmacological interventions to
treat cognitive dysfunction associated with systemic lupus erythematosus.
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Introduction and Blanco’ highlighted the major challenge in diagnosing

) ) . . NPSLE is the lack of established biomarkers and diverse
Systemic lupus erythematosus (SLE) is a systemic autoim-  (jinica| features, a challenge shared by most psychiatric

mune disorder which is characterised by hyperactive Band  yic0qers. In a meta-analytical study, Mak et al.6 high-
T cells, production of high level of autoantibodies (Abs), lighted the damages associated with NPSLE had led to a

deposition of immune complexes and damages in multiple 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.” ‘Lupus brain
fog’ is a common patient complaint which refers to forget-
fulness and confusion associated with cognitive dysfunc-
tion.® Cognitive dysfunction is a common phenomenon in
SLE patients without CNS involvement and leads to nega-
tive impacts on social functioning.® Cognitive dysfunction
occurs in 20%—80% of patients with SLE.!? The prevalence
of cognitive dysfunction among patients with SLE is twice
of the general population.!'! 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,!> 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.!*> Both cognitive dysfunction and
depressive symptoms are common in SLE which incur high
direct and indirect medical costs.!* As a result, early recog-
nition and adequate treatment of cognitive dysfunction
remain one of the unmet medical needs in SLE.!

Types of cognitive dysfunction
associated with SLE

Attention

Attention is an intensive process in which information
selection takes place.!¢ SLE patients were found to have
more clinically significant impairment in attention as com-
pared to healthy controls.!? 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.!” The prevalence of
inattention and slow processing speed in patients with SLE
is around 20%.!? Risk factors for inattention include cere-
bral involvement and high level of anxiety. The inattention
is specifically associated with decreased prefrontal white
matter integrity.!® 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.!® 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.!?

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.!® In an Asian
study, Ho* 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.?® 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.!® Memory deficits in patients
with SLE include impairments in immediate and delayed
recall of verbal and non-verbal information.!”-?! Working
memory is short-term memory that temporarily holds
information for processing.'® SLE patients without CNS
involvement trended towards greater impairment on
working memory than healthy controls.?> 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 » steps earlier
in the sequence. As the value of » 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.?* 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.!®

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.?* reported that SLE patients with
low disease activity were impaired in immediate visual spa-
tial memory compared to healthy controls. Monastero
et al.?! 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, Ho* 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.?S 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.'?

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.!? A recent study found that
48% of SLE patients suffered from cognitive impairment
based on the MOCA.?¢ Poole et al.?’ found that cognitive
deficits were better assessed by performance-based tests of
disability rather than a self-report assessment. Breitbach
et al.?8 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.? 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.3? 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.?! Table 1 sum-
marises the neuropsychological battery used to assess
SLE patients in studies before and after the development
of ACR-SLE neuropsychological battery.4917.21,22,29-44

The European League Against Rheumatism (EULAR)
task force published a set of evidence-based recommenda-
tions, addressing diagnostic and therapeutic requirements
for NPSLE.# The EULAR recommended that SLE patients
with severe cognitive impairment should undergo neu-
ropsychological tests administered by neuropsychologists.
Pamfil et al.*¢ 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.*” 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.#” 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).*” The paediatric version of ANAM was validated in
children suffering from childhood-onset SLE.*8 The ANAM
is a time- and cost-efficient tool for screening and monitor-
ing cognitive functioning in patients with SLE.*® 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.’® The diffusion-weighted imaging



Rheumatology Practice and Research

(panunuo>)

359 Adusn|4 [eqUSA dhUBWSS 0=s|o.auo)

uogejuad 9] ueds 281g /91=71S
uawuredwi aAniudod aAey syuaned 315 JO %pT 3|qnop e Suimeiq Aduan|4 [eqJoA DlWBUOY4 1S3 uonmnsgng joquiks uSig Aiowsw [e21807  paulwexa 10N lizeag  |,’[e 39 J9|PzUaddy

's]0.3u0d 03 paJedwod AlowsW [eqJaA pue Aouan|4 Auoere) JoquiAs u31g 67 =5/03u0D

Sujuoseau [edi30] uo Juswuiedwl jo sared Jaydy 159 uSisea@ dPolg Aduani4 Je119 1S9 9dUIIRLIAIU| 1404 /9=71S
pamoys awo.puAs dN noyim syuaied 37 14D% g 34ed 359 ] Supje|y |red ] PJOAA-InojoD) doouig 17AD ISVAA  SeIE3S palun 18 39 BIOZOY|

1404

asuainidwor 0=s|o.3uo)
‘sauaned 3§ ul uopuane pue Aduanj ‘Alowaw -DUDGSF [DGIIA 12=718 PLEE
[ensiA ul syuswaredw 01 pajeja. sem ssa.Ig 14D0% 159 Aouani4 yny 359 UORUANY BARIBIRS Ny albzipuaidy ap 13]  paulwexa 10N uredg X3.llWey-efeayd

159 8UnJOS pJBD) UISUOISIAA /| =sjoauo)

‘paads JdojowoydAsd pue Aiowsw g ed pECYRERITENETRERT]] 1409 12=31S
|equaA ul padredwi auow a4am siuaned 319 1404 pue \y 4ed 359 3upfel |lRd] PJ4OAA-Inoj0D) doong 9[edg AIOWS| J3|SYIIAA ISVAA uede( &2 |B 39 BIOZOY)|
's|0.3u0d 359 UOREIOSSY G7=S5[013u0D wAIe3eq
03 paJedwod sjusned J7S Ul JoMO| S4oMm PJOAA P3||03U0D) 1S9 9dUDIRLIIU| 1404 €5=31S  [e213ojoydAsdoinau
A12338q 375-YDV B3 JO SIINSEW T| 3Y3 JO / 1404 353 BuiweN [ewiuy PJOAA-INOj0) doo.ng 1IAD ISVAA  s93.3g paalun 154DV
Aiampq poiSojoydAsdoinau 375-yoy Jo wawdojesp aya 4ayp paysiqnd saipms

'S|0.3UOD PUB JUSWISA|OAUI 9]

SND 3noyaim sausned 35 03 patedwod Sumeaq Aousn|4 Auod=1e) pue Jene ueds 2181q 9% =$|0.3U0D

JuswLiredwi 9ARIUSOD SJ0W d3BJISUOWDP [euoIsUBWI-934Y] 359 SulIOG pJeD) UISUOISIAA 159 9dUBIBLIRIU| 9% =711S
JUBWRAJOAUL SND Yaim saudned IS ugisaQ 1olg — ISVAA V 1ed — 359 Supfely |red) P40AA-Inoj0D doo.ag 1IAD ISVM pugjulg €18 39 BloXp|noT

1404

‘AjeAnsadsau ‘swoidwAs 4N Aduan)y dlwsuoyy ||e29y /T =5|03u0D)

YaIM pue ¢N| 3noyaim sausned IS Jo %Z7°7S pue g pue pue a1eIpaww| Sujuies S/=71S
%6°97 Ul paynuap! sem uswiredwi saAnudo) 140Y W 3ed — 159 3upjely led ] ueds 281 1817 PJOAA S.A9Y ISVAA Ajea) 1'|E 39 0J2ISBUO||

159 Suipeay 0=s|o.auo)

usw.iiedwi 9ARIUS0D SjB.ISUOWDP PJOAA PopRID 12=71S
30U pIp sjuaned 37S 3usdsainb Ajjeatul D paulwexa 10N paulwexs 10N paulwexa 10N paulwexs 30N |]3uoyds pueja.| g[8 39 uLIBY|N}

(v 2Jed) 359 0=Ss|0.3u0D)

UONUIIBY [ENSIA UOIUDg €/=71S

JUBWIBA|OAUL N YaIMm 3sou A|jeidadsa (V 2eg) 359 1YVN wop3ury|
uaw.redw ARIUZ0D prY IS JO %9T uoIUAIRY [BNSIA UOIUDG 159 Aduany4 [equaA paulwexa 30N 9[edS AIOWS| J9|SYIIAA ISVAA panun 71839 AeH

0T=vd

0C=31S

1591 doo.aag aya ul ISVAA 943 wo.y g pue 159 9dUBIBLIBIU| dses SpuelIaYISN
S9)[eISIW DJ0W pajesisuowsp sausned 154N 159 24n3i4 xa|dwo V 3ded — 159 3upjely led ] pJOAA-dnoj0D) doouag Kiowa| A1oapny [BnsIA ISVAA |yl 97’8 39 SUDPIPAA

“uswaredwi aAnuSod

9)B.ISUOWISP J0U PIP JUSWSA|OAUI SND INOYIM 1404 G€ =5[0.3u0D

susned 3§ "s|0.3u0d 03 paJsedwod Juswredwi g pue FECYRCRIENCIRET] IAVY 98=71S
aAnuSod pajensuowsp swusned JISdN AlUQO 1404 V 3ed —1s9] Supjey e | PJOAA-INOj0D) dooaag  9[edS AIoWs |y I3ISYIDAA ISVAA epeue) <72 3@ 8unquaQq
AKianpq jpoiSojoydAsdoinau 375-yoV Jo wwawdojpsp aya a10jaq paysiqgnd saipms

5]0.3U0d

/s3usned 3§

Jo Jaquinu

Bujuonouny Aouanyy [eqaA AKiowsw QouadiPaul / Apnas jo
s3uipuly A jo Arewwing 9AI32NIISUOI-OISIA pue 3uiuonouny aARNdSX3 3upjJom pue uonusny AJowsw pue 3ujuaes |eJauan) Anunod Jedf pue sioyany

"A1aneq [ed13ojoydAsdouanau JS-YDV JO 3uswdojaAasp a3 493y pue a4ojaq salpnis ul syuaned JS ssasse 01 pasn A4a1eq [ediSojoydAsdoanau jo Arewwns *| a|qep



Ho et al.

"92U981|[93U] JO 9[BdS PIBIASIGQY JI|SYISAA ISYAA 2531 24nSi4 xa|dwo) YasuIsQO—-4sy
114Dy 259 BuiuaesT [equa A1oupny Aoy ] TAVY S3uaned splIylly plolewnayy vy BuiuiesT [equaA Aloupny Aoy AVY laeiydAsdoanap dN s3] Buipesy 3npy [euoneN i YVN 359 BuiuiesT 1si Suoy BuoH | TTHH ausw
-aiedwi 9ARIUS0D pjiW (DN 59 UORDUN 9ARNAX] ue|dey—si[oq :S4TH- 359 Suluies [BqUSA BIUIOHRD ] TAD 3591 Supfely |ld] SAIsusys.dwo) ] 41D Apoqnue Jes|pnuiue iyyNY ‘ASojo1ewnayy jo 989]|0D) uedlBWY YDV

's|o.3uod Ayajesy pue uoissadop

JKIDIXUE JO S[9AS| MO| DABY OYM siuaned

37 03 paJedwod sanI|Iqe [BUONIN.ISUOD
[enedsonsiA pue spaads Buissadoud Jamo|
Apuedyiudis pajesasuowsp uoissaadop
JK1v1xue Jo sjaAs)| ySiy aAey oym siuaned 375

"JSAUS(] 03 pa.edwiod oA MIN Wo.y
pa3inJda. susned 37§ Ul UOWIWOD B.10W SI DA
2uswredwi sARIUSOD YaIm

Pa3e|2.1102 \YNSP-13UE PUB YNy Pa3eAd|]
2usw.redwi 9ARIUZ0D [BqO|3 pey Jop.Josip

SNID E INOYIIM USWOM FS UBISEINED) JO %|9
'soLIRW AduUsNjy [BqUSA pue

Asowaw [equaA Aq paJnseaw se juswiiedw
9ARIUS0d Wouy patsyns syuaied 35 Jo %S|

'syusned 3§ aya Ul %/

sem juawiedw [edidojoydAsdoanau jo ey
‘sjuapyed

37S U1 3uswiredwi 9ARIUSOD YIM PaIBIDOSSE
SJe 958 PIdUBAPE pUE UONEINPS MO

S|OJIUOD puE JUSWSA|OAU!

SND noyum sauaned 315 ueys Juswredw
9ARIUSOD YIM pasedosse Apusnba.y suow

pue passaudap aJow aiam siuaned JISdN

-pauredwi AjpAniudod se
payisse|d aJom sauanedino J7S p|iW Jo %G°8€

’$]0.3U0D Ul %0 03 paJedwod Juswiredw)
aAniudod parensuowsp siuaned J7S Jo %0€

'$]0.3U0D JO %G°9 01 patedwiod

1404

ugise >polg — ISVAA
14Dy

paulwexa 10N

paulwexa 10N

1404

159 Sumelq oD

1404

1404

paulwexa 10N

1WLD

g 24ed 359 Supjely |red]

359 | 3UnJOS PJBD) UISUOISIAA
d pue
v 1ed 159 Supjey (e ]

pasiaey — 359
3ujuaea |equap supjdoH
159 Aduani{ [equaA dnuUBWSS
9]

Aduan|4 [equap dlwauoyd
359 Bupfely |red] S43X-a
159 Aduan|4 [eqUaA dnUBWRS
159

Aduan|4 [equap dlwauoyd
Aduan|4 pJOAA-491197]
Aousn|4 onuewag

d pue

V 34ed 359 ] Supje|y |red]
1SOM

Aouanyy [ed13ojouoyy

d pue

V 34ed 359 ] Supje|y |red ]

paulwexs 10N

359 SulWeN [eqJSA [BNSIA

FECYRCRIENCIRE T
pJoAA-Inoj0D) doouaag

159 9dUD.ISLISIU|

pJ4oAA-Inojo) doouig

59| 9dUBJLIRIU|
pJopA-InojoD) dooaig

paulwexa 10N

1s9 uonIqIyu| PJOAA-INO|0D
S43-a

a|qeoijdde 10N

paulwexa 10N

uedg 2181
159 sonijepoly 18I |oquiAs

paulwexa 10N
ueds 281
359] uonmnsqng [oquis 33iIq

LTDIH
140d
1IAD

yasng pue
1390.0) JO [[e29Y [BQUIA
pasiAay — 359

3ujuaea |equap supjdoH

1404
1IAD

9|edg AJOWd|] JB|SYIIAA

159 3uluJes
[eqIa A AJoaipny

1404
159 Suipuiway 2AN23|S

uopeujwexy
91B1G [BIUB| Ul

ISVAA

ISVAA

ISVAA

paulwexa 10N

paulwexa 10N

ISVM

paulwexs 10N

ISV

paulwexs 10N

97 =slo.nuo0>
9¢=31S
asodeduig +OH
G7=S5l013u0D
1€=31S
sa3eI§ paUN ¢’ 39 BIOZOY|
€7 =5l013u0D
1€=31S
epeueD)
0=s|o.3uo)
¥69=31S
s31835 palun

I8 39 38434

'8 39 Aedunpy

8=y
6€1=31S
$9383S PalUN
0=S5[03u0D
11=31S
Iizeig

ve'[e 39 uelnf

¢ 232 0P 2

§g8=5[0.3u0D
§8=31S
[e8muog

0=s|o.3u0)
LS=TTS
Suewusq
0=s|o.auo)
9=31S
puejrey]

47 |B 39 0dBARD)

2’18 39 [980A

1£'[e 39 uoleaueyy

| € =s|oauo)

JuswLiiedw! 9ARIUSOD 9ARY JUSWSAJOAUI 359 udiseq >poig 159 Bulwep [ewiuy 359 9dUB.I9IAIY| 14D0Y |le3sp ul 1£=31S
SNID 3noyaim sauaned s jo sausned %e'ze 1404 g 34ed 359 Supje|y |red] PJ4OAA-Inoj0D) doong 11AVY  paulwexs 10N ureds g€ 39 ueaeze|O
s|0.3u0d
/s3uaned 3§
Jo Jaquinu
Suiuonouny Aouanyy [equaA Alowsw 9ouadiPaul / Apmas jo
s3uipuy 4] jo Arewwing 9AI32NIISUOI-OISIA pue 3uiuonouny aAlRNdSX3 Supjiom pue uonusny AJowsw pue 3ujuies [IAENELS) Anuno) Jedf pue sioyiny

(penunuo)) | alqeL



Rheumatology Practice and Research

(DWI) is able to detect white matter lesions.>® Functional
MRI (fMR]) scan specifically records blood-oxygen-level-
dependent (BOLD) signal which is a measure of neuronal
metabolism and proxy measure of neuronal activity.>!

During the working memory task, NPSLE patients
showed greater frontoparietal activation than healthy con-
trols.>? 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.>® 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.>* 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.>

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

Immunological factors

The neuropathology behind cognitive dysfunction in SLE
is aresult of dysfunction involving immune cells, cytokines,
chemokines and Abs in important neuroanatomical struc-
tures.® In lupus-prone MRL-Ipr mice, leukocyte infiltration,
intrathecal autoantibody and pro-inflammatory cytokine
synthesis lead to progressive neurodegeneration.’6-7
Peripheral interleukin (IL)-6 level has an inverse correla-
tion with memory performance in patients with SLE.> 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.>

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.®0 Anti-
NMDAR and anti-ribosomal-P Abs recognise neuronal
surface antigens® that are distributed in neuroanatomical
areas involved in memory, cognition and emotion.®'-> APL
Abs play a pathogenic role in cognitive dysfunction by
causing microvascular thrombosis.®

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

proteins.®* In the immune system, MMP-9 is secreted by
neutrophils.®> MMP-9 can degrade components of basal
lamina%® and disrupt blood—brain barrier.* Such disruption
allows anti-NMDAR Abs to cross the blood—brain barrier
and influence cognitive function.®® NPSLE patients with
cognitive dysfunction have significantly higher concentra-
tions of serum MMP-9 than SLE patients with normal cog-
nitive function.®’

Damages in neuroanatomical structures

The presence of cerebral atrophy increases the risk of cog-
nitive dysfunction in patients with SLE.®® Patients with
SLE have more microstructural white matter damage than
general population.® Cognitive dysfunction in patients
with SLE is associated with damages to white matter tracts
including corpus callosum'2 and grey matter.”® The associa-
tion between cognitive dysfunction and white matter and
grey volume loss was found in patients with childhood-
onset SLE.”!

White matter is subcortical and white matter tract con-
tains nerve fibres. Patients with SLE demonstrated lower
white matter volume (WMYV) than healthy controls in the
superior longitudinal fasciculus, cingulum cingulate gyrus
and inferior fronto-occipital fasciculus.” 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.” 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).”* 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.” The change in
WMV was associated with SLE disease duration.”!
Treatment with immunosuppressant, especially pulse cor-
ticosteroids, could reduce the loss of WMV in adult
patients with SLE.7!.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.’”? Patients with SLE were found to be impaired in the
immediate visual spatial memory compared to healthy con-
trols.?* Impairment of visuo-constructional performance
was associated with GMV loss in the orbitofrontal, dorso-
lateral and prefrontal cortex, as well as anterior cingulate
cortex.”! In a longitudinal study, reduction in SLE disease
activity was accompanied by region-specific GMV
improvement in the prefrontal regions.”

Damages in specific neuroanatomical structures are
responsible for cognitive dysfunction in SLE. The cornu
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ammonis 1 (CAl) 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.!677 Patients with
SLE showed reduced volume of CA1 compared to healthy
controls and small CA1 volume was associated with cogni-
tive dysfunction.”® Amygdala is continuous with the tail of
caudate nucleus and produces fear response and emotion. !¢
Watson et al.!? 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.3* 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.*? In SLE patients without overt CNS
impairment, the severity of cognitive dysfunction was asso-
ciated with high disease activity of SLE” and low exercise
capacity.® 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 438!

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.®?
Vogel et al.® 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.?! 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.3” found that daily stress was
related to impairments in visual memory, fluency and

attention in patients with SLE. Petri et al.®3 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. 3483
Furthermore, high circulating levels of pro-inflammatory
cytokines such as IL-6 were associated with memory
impairment in patients with SLE’® and depression.’¢
Nevertheless, the ANAM has the ability to predict neu-
ropsychological functioning after controlling for severity
of depressive symptoms.*

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.3” Second, the scanning pro-
cedures are typically conducted by radiographers, with
high costs incurred by each measurement.®® 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.$>% 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.!> 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.” 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.”” SLE
patients with and without corticosteroid use were found to
have poorer decision-making capacity than healthy con-
trols.”® 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.’!

As depression is an important confounder contributing
to cognitive dysfunction,®? antidepressant treatment may
improve cognitive function in patients with SLE.
Furthermore, antidepressants reduce pro-inflammatory
cytokines including IL-6.2 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.® Deposition
of 16/16 1d antibodies were found in the brains of patients
suffering from NPSLE which caused impairment in visual
and spatial memory.”® Anti-16/6 1d antibody was found to
increase astrocyte number in the hippocampus of mice®*
and offers the potential as novel treatment for cognitive
dysfunction associated with SLE.

Petri et al.?> 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.3 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.* 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.
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