
Chapter 21

Neurocognitive Function in Systemic Autoimmune
and Rheumatic Diseases
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Introduction

An autoimmune disease is a disorder in which the
body’s immune system attacks itself. The dys-
regulation of the immune system associated with
systemic autoimmune diseases can affect various
organs systems, including the brain. This chapter
will review the neuropsychological involvement
and the resulting cognitive changes associated
with three systemic autoimmune or rheumatic
diseases: systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), and primary Sjögren’s
syndrome (SS). Diagnosis, neuropsychological
assessment, and treatment planning are chal-
lenging since most of the disease manifestations
are nonspecific. Due to the abundant literature on
cognitive dysfunction in SLE as compared to the
other two diseases, the discussion of cognition is
focused mainly in SLE.

Systemic Lupus Erythematosus

Definitions and Epidemiology

SLE is an autoimmune disease with predomi-
nance among women of child-bearing age. In the
United States, SLE is more prevalent among
African-Americans, Hispanics, and Asians com-
pared to non-Hispanic Caucasians [1]. This
autoimmune disease is characterized by chronic
tissue/organ inflammation mediated through
autoantibodies, immune complexes, and com-
plement activation that results in multiorgan
involvement. Chronic vascular inflammation is a
hallmark of SLE. Although the molecular and
cellular mechanisms responsible for this condi-
tion are largely unknown, the complement sys-
tem participates in virtually all inflammatory and
immune-mediated processes and may also con-
tribute to vascular pathology in SLE.

Neuropsychiatric SLE (NPSLE) is arguably
the least understood yet perhaps the most preva-
lent manifestation of lupus. It occurs in 14 to over
80% of patients with SLE and is associated with
increased morbidity and mortality [2–6]. The
clinical spectrum of NPSLE is broad and includes
severe and acute symptoms such as psychosis,
cerebrovascular accident, and myelopathy, in
addition to more chronic symptoms such as
headache and cognitive dysfunction.
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Classification
of Neuropsychiatric SLE

The manifestations of NPSLE can be diverse and
can occur in the absence of SLE activity or sero-
logic markers. The American College of
Rheumatology (ACR) research committee estab-
lished case definitions for 19 neuropsychiatric
syndromes involving the central and peripheral
nervous systems as shown in Table 21.1 [7].
Seizure and psychosis, however, are the only two
NPSLE manifestations that comprise the neuro-
logic component of the ACR classification criteria
for SLE [8, 9]. Cognitive dysfunction is one of the
case definitions for NPSLE. Some studies may
include subjects with NPSLE based on the ACR
case definitions, whereas other studies may have
subjects with SLE who do not have overt symp-
toms of NPSLE or are termed as “non-NPSLE”
but may actually have underlying cognitive dys-
function upon neuropsychological testing during
the study. Currently, there is no case definition for
neuropsychiatric syndromes in other autoimmune
diseases such as RA and SS.

Pathophysiology of Cognitive
Dysfunction Is Elusive

Among the protean manifestations of NPSLE,
cognitive dysfunction may be the most difficult to
comprehend due to the varying definitions and
complexity of its pathophysiology. The preva-
lence of cognitive dysfunction ranges from 21 to
over 80% of patients with SLE, depending on how
the condition is defined [2–5]. Indeed, cognitive
impairment can occur without signs of overt
structural brain abnormalities. However, in order
to treat the varied presentations of NPSLE, one
needs to understand the mechanisms of cognitive
dysfunction in hopes of identifying therapeutic
targets. Using murine models, Diamond and col-
leagues have demonstrated that both a leaky
blood–brain barrier and the presence of DNA
antibodies that cross-react with NR2 subunits of
the N-methyl-D-aspartate (NMDA) receptors are
required to cause neuronal death in the hip-
pocampus with resulting cognitive impairment
[10]. The neuronal death was non-inflammatory
by histopathologic examination and could be

Table 21.1 Neuropsychiatric syndromes of systemic lupuserythematosus [7]

Central nervous system

Aseptic meningitis
Cerebrovascular disease
Cognitive dysfunction
Headache
Movement disorder (chorea)
Seizures
Acute confusional state
Anxiety disorder
Mood disorder
Psychosis
Demyelinating syndrome
Myelopathy (transverse myelitis)
Peripheral nervous system
Autonomic disorder
Mononeuropathy
Cranial neuropathy
Plexopathy
Polyneuropathy
Acute inflammatory demyelinating polyradiculoneuropathy (Guillain–Barré syndrome)
Myasthenia gravis
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prevented by the administration of memantine, an
NMDA receptor antagonist. Similarly, epinephr-
ine, a catecholamine, also breached the blood–
brain barrier and caused selective neuronal loss in
the lateral amygdala, leading to emotional disor-
der in the murine model [11]. This study implies
that agents such as epinephrine can determine the
region of brain that is made vulnerable to neuro-
toxic autoantibodies. However, clinical findings
have been less consistent than this animal model.
A recent cross-sectional study of 60 SLE patients
demonstrated the association of serum anti-NR2
antibodies with depressive mood but not with
cognitive dysfunction [12]. In another study of 93
SLE patients, no association was found between
serum anti-NR2 antibodies and cognitive dys-
function, depressive symptoms, or anxiety [13].
Similarly, in a study of 65 SLE female patients by
Hanly and colleagues it was found that the
prevalence of anti-NR2 antibodies was 35% and
the presence of this antibody was not associated
with cognitive dysfunction or change in cognitive
function over time [14]. The negative findings in
these clinical studies, all of which included
well-recognized neuropsychological assessments,
may be due to the small sample size and the lack
of assessment of the breach in blood–brain barrier
in these patients.

There have been several other notable studies
to support a potential mechanism for central
nervous system (CNS) changes associated with
NPSLE that involve antiphospholipid (aPL) anti-
bodies, platelets, complement activation, and
thrombosis. First, a longitudinal study that fol-
lowed 123 SLE patients for at least 3 years
identified the presence of aPL antibodies as a
predictor of cognitive dysfunction [15]. Further-
more, in this study, aspirin, an anti-platelet agent,
appeared to be protective in the older age group
of 42–69 years. A cross-sectional study showed
that the presence of aPL antibodies along with
hypertension, cumulative organ damage due to
SLE, and brain lesions identified by magnetic
resonance imaging (MRI) was independently
associated with severity of cognitive impairment
in SLE [16]. Second, cognitive dysfunction was
frequently found in patients with aPL syndrome,
independent of history of CNS involvement [17].

Third, studies have demonstrated aPL-mediated
direct neuronal injury in the absence of ischemia
[18–21]. Fourth, the presence of aPL antibodies
have been associated with vascular occlusive
events, particularly stroke in non-lupus patients
[22, 23]. Finally, the capacity of aPL to bind to
platelets provides further evidence that aPL,
platelets, and complement activation may par-
ticipate in a pathogenic thrombotic and/or vas-
culopathic mechanism in SLE.

Risk Factors for Cognitive
Dysfunction

The risk factors for patients having CNS
involvement are poorly defined. Various risk
factors have been proposed but are difficult to
delineate. For instance, while there does seem to
be a role for aPL antibodies in cognitive dys-
function, most studies have failed to show an
association between neuroradiologic findings and
cognitive deficits or a clear correlation between
aPL positivity and specific neuroradiologic
lesions [16]. It is also unclear whether cardio-
vascular risk factors or Raynaud’s phenomenon
via cerebral vasospasm contribute to the risk of
CNS disease. Tomietto and colleagues studied 52
consecutive SLE patients to determine the pres-
ence and severity of cognitive impairment, in
addition to the assessment of risk factors associ-
ated with neuropsychological deficits and car-
diovascular disease [16]. They also studied
patients with RA as controls since they were likely
to have a similar background of prolonged disease
and chronic corticosteroid use. Study subjects had
a variety of testing including neuropsychological
assessment, psychiatric evaluation, serologic tests
including aPL antibodies, neuroradiographic
testing, as well as historical evidence regarding
presence of Raynaud’s phenomenon and cardio-
vascular risk factors. Several risk factors includ-
ing hypertension, obesity, and age all played a
substantial role in patients with SLE as compared
to patients with RA. In addition to these risk
factors, both Raynaud’s phenomenon and aPL
antibodies are also independent risk factors for
cognitive dysfunction. Raynaud’s phenomenon is
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vasospasm of small vessels causing tricolor
changes in the hands and feet that is frequently
seen in SLE and sometimes RA. Antiphospho-
lipid antibodies, also seen frequently in SLE, are
often associated with a predisposition for hyper-
coagulability and patients may manifest with
venous and/or arterial thrombosis. The associa-
tion of Raynaud’s phenomenon may be related to
cerebral vasospasm. Ferraccioli and colleagues
note that cerebral vasospasm is more frequent in
individuals with both SLE and peripheral Ray-
naud’s compared to those without SLE [24]. In
addition, cerebral vasospasm is related to more
frequent headaches.

Due to the multiple confounding factors
including disease state and morbidity associated
with therapeutic medications used to treat these
conditions including prednisone (i.e., glucocorti-
coid) – often at high doses, it is difficult to clearly
define the risk factors that contribute to cognitive
dysfunction seen in autoimmune disease. SLE
disease activity has not been associated with cog-
nitive dysfunction in cross-sectional and longitu-
dinal studies [25, 26]. Furthermore, cognitive
impairment appears to be a stable symptom of
NPSLE. Carlomagno and colleagues conducted
a longitudinal study of SLE patients (10 with
NPSLE and 5 non-NPSLE) with cognitive
impairment based on the Mental Deterioration
Battery and the Mini-Mental State Examination,
cognitive deficits persisted in all patients except for
one non-NPSLE patient at mean follow-up of 21.5
months [27]. The Mental Deterioration Battery
[28] evaluates for verbal abilities (Verbal Fluency
and Phrase Construction tests), short- and
long-term verbal memory (Rey Auditory Verbal
LearningTest), immediate visual–spatialmemory,
visual–spatial reasoning (Raven Colored Pro-
gressive Matrices), and visuoconstructive abilities
(Simple Copy and Copy with Landmarks tests).

Glucocorticoids are commonly used to treat
SLE, RA, and SS. These patients, especially SLE
patients, may be exposed to acute or short-term
high dosages of glucocorticoids and then long-
term lower maintenance dosages. Long-term glu-
cocorticoid exposure may cause cognitive
impairment from cumulative and long-lasting

influences on hippocampal function and volume
[29–31]. Acute effects of glucocorticoids can also
impair memory retrieval [31, 32]. However, most
studies did not find a relationship between gluco-
corticoid use and cognitive impairment [33–37].

Patients with cognitive impairment may also
have co-existing mood disorder (i.e., depression)
and fatigue that can further exacerbate the
impairment [38–40]. In fact, depression has been
reported to be present frequently in SLE patients
with and without overt neuropsychiatric mani-
festations. In a study of 52 SLE patients without
neuropsychiatric manifestations (non-NPSLE),
23 NPSLE patients and 27 healthy controls,
Monastero and colleagues showed that depression
levels significantly and independently predicted
cognitive performance in SLE patients [41].
Both SLE groups demonstrated significant
impairment compared with controls on tasks that
assess verbal and non-verbal long-term memory
and visuoconstructional abilities. Interestingly,
NPSLE patients were more likely to be anxious
and depressed compared to the other two groups.
In a recent study of 67 non-NPSLE patients and 29
healthy controls by Kozora and colleagues,
patients without overt NPSLE or neurologic dys-
function defined by standardized neurologic
examination (the Scripps Neurologic Rating
Scale) showed greater depressive symptoms on
the Beck Depression Inventory-II and perceived
cognitive difficulties compared with controls [42].
Furthermore, another study by Kozora and col-
leagues on 13 depressed SLE patients, 10
depressed control subjects, and 25 healthy con-
trols showed a moderate agreement (86.4%)
between the comprehensive neuropsychological
battery and the American College of Rheumatol-
ogy (ACR)-SLE battery of cognitive impairment
in the depressed SLE patients [43]. In addition,
depressed SLE patients performed worse than the
depressed controls and healthy controls on the
cognitive impairment index, a global score of
cognitive functioning generated from the
ACR-SLE battery. However, cognitive impair-
ment in depressed SLE patients was not explained
by depression alone. Other investigators have
found that daily stress, but not depression or
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anxiety, was associated with impairments in
visual memory, fluency, and attention in patients
with SLE [44].

Risk factors for development of cognitive
dysfunction are numerous, which can be related
to the autoimmune disease, its treatment, and the
associated comorbidities including cardiovascu-
lar disease, depression, and daily stress. However,
SLE disease activity has not been associated with
cognitive dysfunction. Furthermore, cognitive
dysfunction persists and appears to be stable in a
small longitudinal study of SLE patients.

The Role of Neuropsychological
Testing in the Diagnosis
of Cognitive Dysfunction in SLE

There is no single laboratory test that can confirm
either the diagnosis of NPSLE or the associated
cognitive impairment. Autoantibodies to riboso-
mal P protein are highly specific for SLE in serum
and cerebral spinal fluid and have been found to be
associated with psychosis and/or depression in
some studies [45, 46]. In a larger series of 149 SLE
patients using the ACR nomenclature for NPSLE,
there was no association between anti-ribosomal P
antibodies and cognitive dysfunction [47].
Table 21.2 provides descriptions and neuropsy-
chological domains assessed for SLE studies that
wewere able to identify from the current literature.
In general, most studies found neuropsychological
impairments to be more prevalent in the SLE
group than in healthy controls. Some, but not all,
investigations report higher prevalence or severity
of impairment in SLE compared to RA. Several
studies discussed below have linked neuropsy-
chological results to neuroimaging findings and/or
hormonal and autoantibody status. In SLE,
domains of impairment varied across studies, with
deficits found in verbalfluency, visuospatial skills,
memory, attention, and executive function. The
myriad of cognitive changes associated with
NPSLE have led to attempts to develop relatively
brief neuropsychological test batteries that would
be sensitive to the types of cognitive deficits
associated with SLE.

ACR Neuropsychological Test Battery.
TheACRAdHocCommittee onNeuropsychiatric
Lupus Nomenclature defined cognitive dysfunc-
tion as documented impairment in any or all of the
following cognitive domains: simple or complex
attention, reasoning or problem solving, executive
skills (e.g., planning, organizing, and sequencing),
memory (e.g., learning and recall), visual–spatial
processing, language (e.g., verbal fluency), and
psychomotor speed. This research committee also
proposed a standard 1-h battery of neuropsycho-
logical tests for use in patients with SLE as out-
lined in Table 21.3. Kozora and colleagues found
that the validity and reliability of this ACR battery
to be acceptable in a study of 31 patients with
history ofNPSLE, 22 non-NPSLEpatients, and 25
healthy controls [48]. Findings for this study also
indicate that the 1-h ACR battery for SLE patients
has good sensitivity and specificity as compared to
a 4-h comprehensive battery in patients without
NPSLE as compared to controls. However, a
problemwith the brief battery becomes apparent in
patients with NPSLE. Due to the wide variety of
presentations seen in these patients, overall
agreement between the 1- and 4-h battery decrea-
ses. The 1-h battery may be adequate to detect
global impairment; however, a comprehensive
traditional neuropsychological evaluation is rec-
ommended to identify specific deficits in NPSLE.

Automated Neuropsychological Assessment
Metrics (ANAM) Testing. ANAM is a repeatable
computerized cognitive battery that was initially
developed by the United States military to monitor
performance changes in healthy individuals
undergoing environmental challenges [49, 50]. It is
used to assess the effects of chemical agents,
extreme environments, and fatigue on cognitive
function and includes complex attention, cognitive
processing speed, and cognitive efficiency. Since
its development, this test has been used for mea-
surement in various disease states including mul-
tiple sclerosis andSLE.ANAMtests typically used
in SLE studies include Simple Reaction Time,
Continuous Performance, Code Substitution,
Immediate and Delayed Memory, Simultaneous
Spatial Processing, Sternberg Task (i.e., sustained
attention/working memory), Digit Span, and
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Matching to Sample and Mathematical Processing
[51]. Various studies have attempted to evaluate
the validity of ANAM testing in SLE [52, 53].
A 5-year longitudinal study of neuropsychiatric
disease in SLE conducted by Holliday and col-
leagues in the San Antonio Study of Lupus Neu-
ropsychiatric Disease (SALUD) compared both
the traditional neuropsychological battery and the
ANAM [52]. Sixty-seven patients with SLE and
predominantly Hispanic/Latino (54%) completed
the ANAM and the battery of traditional neu-
ropsychological tests. ANAM testing was able to
replicate the high prevalence (80%) of cognitive
deficits in SLE andmay be useful for assessment of
cognitive impairment in the mixed-ethnic popula-
tion with Hispanic patients. ANAM testing was
also found to moderately correlate with the tradi-
tional neuropsychological test battery. The His-
panic SLE patients were younger, had less
education, and had more current SLE disease
activity. Hispanic and younger patients were found
to be more impaired on the traditional tests,
whereas ANAM test was not affected by Hispanic
ethnicity or education. It appears that ANAM
testing may less likely be influenced by con-
founding factors including effects of education,
English language proficiency, and ethnic differ-
ences as compared to a traditional neuropsycho-
logical battery. Furthermore, Roebuck-Spencer
and colleagues showed that ANAM is an efficient
tool for screening and monitoring of cognitive
functioning and emotional distress in SLE [53].
Sixty patients with SLE and without NPSLE were
administered a 2-h battery of traditional neu-
ropsychological tests and the Beck Depression

Inventory-II. ANAM cognitive subtests were sig-
nificantly correlated with many traditional neu-
ropsychological tests (i.e., psychomotor
processing speed and executive functioning using
WAIS-III Digit Symbol and Part B of the Trail
Making Test). After controlling for premorbid
levels of cognitive ability, ANAM cognitive sub-
tests also predicted SLE patients who had probable
cognitive impairment versus no impairment with
sensitivity of 76.2% and specificity of 82.8%.

A multicenter study by Petri and colleagues
assessed 111 patients with recently diagnosed
SLE (within 9 months of enrollment) and 79
healthy controls [51]. The SLE patients were more
likely to be female, African-American, and Asian-
American compared to the control group. After
adjusting for age, sex, ethnicity, and education,
the SLE patients performed significantly worse
than normal controls on four of the nine ANAM
cognitive subtests that require sustained attention/
vigilance (continuous performance subtest) and
sustained attention/working memory (Stern-
berg subtest), visual–spatial perception/working
memory (matching to sample subtest), and
non-verbal memory (code substitution immediate
recall subtest). In the SLE patients, those with
greater cumulative organ damage related to SLE
or its treatment had worse performance on the
spatial recognition test and the continuous per-
formance test. The SLE patients with higher
Calgary depression scale scores also had worse
performance in the spatial recognition test. SLE
medications and laboratory measures that include
autoantibodies were not significantly associated
with cognitive dysfunction.

Table 21.3 Proposed 1-h neuropsychological battery for SLE recommended by the ACR ad hoc committee

North American Adult Reading Test (to estimate IQ)

Digit Symbol Substitution Test
Trail Making Test (Parts A and B)
Stroop Color–Word Test [94]
California Verbal Learning Test [95]
Rey–Osterrieth Complex Figure Test (with delayed recall) [96]
WAIS-III Letter–Number Sequencing [97]
Controlled Oral Word Association Test
Animal Naming
Finger-Tapping Test
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Neuroimaging Modalities
in Studies of Cognitive
Dysfunction

Neuroimaging provides noninvasive assessment
of brain pathology in NPSLE. Magnetic reso-
nance imaging (MRI) is commonly used to
review anatomical lesions in the brain tissue of
patients with NPSLE; however, these lesions can
be nonspecific and not reflective of the activity of
NPSLE. Other neuroimaging modalities that
have been used to study NPSLE include proton
magnetic resonance spectroscopy (1HMRS),
functional MRI (fMRI), single photon emission
computed tomography (SPECT), and positron
emission tomography (PET). The majority of
these studies are pilot investigations using small
sample sizes.

MRI. Conventional MRI of the brain evaluates
volume and findings varying from ischemic
lesions to nonspecific small hyperintense deep
white matter lesions. Lesions detected by MRI
have been shown to correlate with cognitive
impairment measured by neuropsychological
testing in 72% of SLE patients (Kappa statistics
for agreement = 0.42, p = 0.005) [16]. MRI
abnormalities, such as T1- and T2-weighted
lesions and cerebral atrophy, are more com-
monly detected in patients with SLE related to
NPSLE compared to sex- and age-matched con-
trols from the general population [54]. In SLE
patients, cerebral atrophy was associated with
cognitive dysfunction, seizures, and cerebrovas-
cular disease, whereas T1- and T2-weighted
lesions were more specifically associated with
seizures and cognitive dysfunction, respectively.

1H-MRS. 1H-MRS has identified abnormal
levels of neurometabolites as markers of neu-
ronal function in areas that appear normal on
anatomical MRI in SLE patients with cognitive
dysfunction or active disease [12, 55, 56]. N-
Acetylaspartate (NAA), choline (Cho), and cre-
atine (Cr) are the neurometabolites most fre-
quently measured in patients with SLE. NAA is a
marker of neuronal and axonal integrity, and Cho
appears to reflect cell membrane metabolism.
A decrease in NAA peak in MR spectrum may

represent neuronal or axonal dysfunction or loss
and an increased in Cho peak may represent a
heightened state of cell membrane turnover seen
in demyelination, remyelination, or inflammation
[57]. In SLE patients, progressive increase in
Cho/Cr has been associated with an increased
number of T2-weighted white matter hyperin-
tense lesions in the 1H-MRS region of interest
during follow-up [58]. SLE patients with mod-
erate or severe cognitive dysfunction also had
significantly higher Cho/Cr than those with mild
or no cognitive dysfunction [12]. SLE patients
with active disease, independent of CNS mani-
festations, had decreased NAA/Cr that returned
to normal range after disease remission [56].
Conversely, patients who had active SLE during
follow-up developed significant reduction in
NAA/Cr. These findings suggest evidence of
reversible neuronal dysfunction during periods of
inactive SLE.

SPECTandPET.SPECTwith technetium-99m
hexamethylpropylene amine oxime has been used
to assess regional cerebral blood flow. PET scan
using glucose metabolism with fluorine-18
2-fluoro-2-deoxy-D-glucose (FDG-PET) can
identify changes in regional cerebral metabolism
in patients with NPSLE even without obvious
structural lesions on conventional MRI. However,
due to its expense and availability, PET is not
suitable for routine clinical use. Abnormal
FDG-PET can be found in SLE patients without
obvious NPSLE or with normal MRI findings [59,
60]. Several studies have showed reduced cerebral
blood flow in SPECT but intact glucose metabo-
lism in PET in patients with NPSLE, suggesting a
cerebrovascular disorder rather than a neuronal
tissue disorder [59, 61]. Furthermore, in SLE
patients with normal conventional MRI, glucose
hypometabolism by PET along with decrease in
cerebral blood flow by SPECT is associated with
major NPSLE presentation such as confusion, and
psychosis, whereas normal PET with decreases in
cerebral blood flow by SPECT may be found in
patients with or without NPSLE [60].

fMRI. fMRI is a promising functional neu-
roimaging technique, currently used in research
applications, that evaluates brain activation pat-
terns associated with specific cognitive tasks and
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may elucidate mechanisms involved in the devel-
opment of cognitive dysfunction in SLE. Deoxy-
hemoglobin acts as an endogenous contrast agent
to identify areas of increased perfusion in blood
oxygen level-dependent fMRI or BOLD-fMRI.
Contrast between images obtained during active
and control task periods of paradigms reflects
changes in regional brain activity. One fMRI study
of 14 right-handed NPSLE patients and 14 sex-
and age-matched right-handed healthy controls
has shown an altered brain pattern of cortical
activation in NPSLE patients when compared to
healthy controls during simple motor task perfor-
mance using the maximum finger-tapping fre-
quency rate and the nine-hole peg test [62]. There
were no neuropsychological testings performed in
this study. Strong correlationswere found between
activation of sensorimotor areas and the extent and
severity of brain lesions detected by conventional
MRI. The findings suggest that cortical reorgani-
zation may contribute to the maintenance of nor-
mal function capacities in patients with NPSLE.
Similarly, another fMRI study of nine NPSLE
patients, nine RA patients, and nine healthy con-
trols showed a greater frontoparietal activation
during a working memory task (i.e., N-Back task)
in NPSLE patients compared to RA patients and
controls [63] but no between-group differences on
the activation task. According to the SLE Disease
Activity Index (SLEDAI) [64], none of the
patients had neuropsychiatric symptoms at the
time of fMRI scan. The CNSmanifestations of the
NPSLE patients varied and included cognitive
deficits, seizure, brain stem lesions, mood disor-
der, psychosis, and stroke. This study suggests a
need to recruit extra-cortical pathways as a com-
pensatory mechanism in patients with NPSLE to
achieve the same level of function as controls. In a
small study of 10 female patients with
childhood-onset SLE (i.e., age of onset <16 years)
and 10 healthy controls, fMRI findings reveal
widespread differences and imbalances of brain
activation in the SLE patients compared with
healthy controls [65]. They underwent formal
neuropsychological testing and fMRI using three
paradigms: a continuous performance task to
evaluate attention, an N-Back task to assess
working memory, and verbal generation to

evaluate language processing. Composite Z maps
were generated to summarize the brain activation
patterns for each fMRI paradigm in the SLE
patients and compared the patterns in the healthy
controls. Cognitive dysfunction was found in 6 of
the 10 SLE patients using the formal neuropsy-
chological testing. None of these SLE patients had
any active CNS manifestations as defined by the
SLEDAI [64] or damage in the neuropsychologi-
cal category of the Systemic Lupus International
Collaborating Clinics Damage Index [66]. In the
absence of an active stimulus, the SLE patients
showed more baseline activity in the cingulate
gyrus, an inhibitory brain region, during times of
paradigm control tasks. These findings implied
damage or malfunction of the underlying neural
network connectivity in these SLE patients. In
other words, more effort is needed to perform a
task in SLE patients, whereas less effort is applied
to inhibit task action during control periods.

These studies illustrate the importance of not
only using a well-defined sample in studies of
SLE patients but also the need to carefully con-
sider the activation task used during fMRI pro-
cedures. For example, some tests may not be
sensitive enough to activate brain regions of
interest and others may lack validity with respect
to the construct in question. Recent advances in
computerized testing using paradigms, such as N-
Back test as described above and the touch
screen Cambridge Neuropsychological Test
Automated Battery (CANTAB) [67–69] which
has been used along with fMRI in non-SLE
studies, developed by cognitive neuroscientists
hold promise for use during imaging procedures.

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is an autoimmune
disease that manifests primarily as symmetric
inflammation of multiple joints with the devel-
opment of joint deformities from joint erosion and
destruction over the course of many years. Pre-
senting symptoms usually include morning stiff-
ness as well as joint pain and swelling. However,
RA can involve extra-articular organs and can be

474 A. H. Kao et al.



the underlying cause of interstitial lung disease,
pericarditis, and premature atherosclerotic car-
diovascular disease. Although not as well defined
as in SLE, neuropsychiatric manifestations have
been described in RA, including difficulties in
memory, attention, and executive function [4].

Bartolini and colleagues investigated the
hypothesis that CNS alterations in RA could
directly affect behavior in 30 inpatients (27
females) with RA in Italy [70]. The mean age of
the patients was 55.6 years with average disease
duration of 11.8 years. Importantly, RA patients
with motor impairment due to joint deformities
were excluded from the sample, as were patients
with current depression and previous psychiatric
or neurological history. The patients received
cerebral MRI scans, SPECT, and a 2-h neu-
ropsychological battery that included attention,
memory, visual–spatial, and executive function
tests. Only two patients performed in the normal
range on all tasks. Visuospatial planning ability
(Block Design) was impaired in 71% of patients,
and visual memory (Rey Complex Figure) was
impaired in 50%. Forty-seven percent were
impaired on the Wisconsin Card Sort Test, a
measure of novel problem solving and higher
order reasoning abilities. Phonemic verbal fluency
was impaired in 44% but semantic verbal fluency
(e.g., animal naming) was impaired in only 6%,
suggesting more prominent left frontal involve-
ment. Verbal memory (Rey Auditory Verbal
Learning Test) was impaired in 35%. The authors
correlated the NP results with the results of clini-
cal evaluations, including swollen joint count,
Ritchie articular index, morning stiffness in min-
utes, erythrocyte sedimentation rate, C-reactive
protein, and overall disease severity using the Lee
functional index. For the most part, impairment on
specific tests was not correlated with the clinical
parameters. However, impairment on Block
Design was associated with swollen joint count,
the articular index, and Lee functional impair-
ment. This finding is not unexpected because this
test requires the manual manipulation of blocks
under strict time constraints. Mental flexibility on
Trails B and WCST was also associated with the
Lee scale. In multivariable regression analysis
using cognitive scores as dependent variables and

age, education, disease duration, and the disease
severity indices as independent variables, there
was an effect of age on WCST, and an effect of
Ritchie and Lee severity indices on executive
function overall (Block Design, Phonemic Verbal
Fluency, and WCST). On MRI, 35% of patients
(11 of 30) showed white matter hyperintensities,
and each of these patients had low scores on
attentional, executive function, and visuospatial
tests. On SPECT, hypoperfusion was evident in
the frontal lobes in 85% of patients, and in the
parietal lobes in 40% of patients. The authors
postulated that motor impairment could be, in
part, due to microangiopathy in subcortical and
parietal–frontal areas and that joint pain and
stiffness could lead to sensory changes that affect
motor planning processes. Although the study is
notable for its attention to parameters such as
depression and hand deformities that might con-
found NP testing in RA, there were several
methodological limitations. These included sub-
jective interpretation of MRI and SPECT images,
lack of control group, and unavailability of Italian
norms for some neuropsychological tests.

An investigation of cognitive function in
systemic-onset juvenile idiopathic arthritis
(SJIA) [71] contrasts with the Bartolini study.
The 31 children and adolescents with SJIA and a
healthy age-matched control group all scored
within normal limits on Verbal, Performance,
and Full-Scale IQ scores on the WISCR and
WAIS-R. No memory deficits were seen on the
Auditory Verbal Learning Test in either group,
and no deficits were seen on a computerized fine
motor performance task. The children and ado-
lescents, who had average disease duration of 6
years and 2 months, also showed no difficulties
in social and emotional adjustment on Achen-
bach’s child behavior checklist.

Dick and colleagues compared attentional
abilities in adults with and without chronic pain:
20 RA patients, 20 fibromyalgia syndrome
patients, 20 musculoskeletal pain patients, and 20
pain-free community controls age-matched to the
RA patients [72]. Those with a history of neu-
rologic disorder or psychiatric illness were
excluded. The participants completed the Test of
Everyday Attention (TEA), a standardized
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neuropsychological battery with ecological
validity. The TEA provides a composite score as
well as age-referenced domains scores for
selective attention, sustained attention, attention
switching, and auditory–verbal working mem-
ory. RA patients had lower scores compared to
the pain-free controls on TEA composite as well
as on three of the four test domains: selective
attention, sustained attention, and working
memory. The between-group differences using
analysis of variance remained significant after
controlling for age, depressive symptoms, anxi-
ety, and pain catastrophizing. Scores on attention
switching did not differ among the four groups,
and there were no significant differences between
the three different pain groups on the attention
tasks. This study may not have included a large
enough sample size to detect differences among
the pain groups. The authors did not report the
numbers of patients in each diagnostic group
who scored in the clinically impaired range.
However, they did report that 60% of patients
scored in the clinically impaired range on at least
one TEA subtest, compared to 20% of healthy
controls. Moreover, 38% of patients and 5% of
healthy controls had more than one subtest in the
clinically impaired range. The study suggests that
having a history of chronic pain, whether due to
RA, fibromyalgia, or other musculoskeletal ori-
gin, is associated with greater attentional diffi-
culties on everyday tasks relative to pain-free
controls.

In a controlled study by DeLuca and col-
leagues [73] designed to investigate working
memory and speed of information processing in
chronic fatigue syndrome (CFS) patients, 18 RA
patients were included as a medically ill control
group. The RA patients were without history of
psychiatric or neurologic disorder. A series of
computerized tasks adapted from the Paced
Auditory Serial Addition Test (PASAT) were
administered to assess speed of information pro-
cessing and working memory. A set of simple
auditory and visual reaction time tasks and choice
auditory and visual reaction time tasks were also
administered. CFS participants who were without
comorbid psychiatric disorder (CFS-no-psych)

had slower choice auditory reaction time and
simple visual reaction time than RA patients. The
RA patients did not differ significantly from a
healthy control group of 29 individuals on any of
the tasks of information processing speed or
memory. This finding contrasts with the study by
Dick and colleagues [72], in which RA performed
more poorly compared to the pain-free controls in
the areas of working memory and attention. The
inconsistency in results could be attributed to
differences in task, sample selection, and demo-
graphics. For example, in the study by Dick and
colleagues, 75% of RA patients in the pain group
were hospitalized and predominantly female,
whereas the majority of pain-free controls were
male. In the DeLuca study, the RA patients were
recruited from rheumatology outpatient offices.

Brown and colleagues [74] highlight the
importance of pain and depression as possible
contributors to cognitive problems in autoimmune
disease. These authors used structural equation
modeling to determine whether depression medi-
ates the association between pain and cognitive
function. The participants consisted of 100women
and 21 men with RA from a larger medication
adherence study. The average RA disease duration
was 3.8 years (range 34–84 years). Themajority of
the patients (80%) rated their RA disease as
moderate or severe. In a single study visit, par-
ticipant completed the Arthritis Impact Measure-
ment Scales-2 Pain scale and another pain scale
devised for the adherence study, the Depressive
Affect subscale of the Center for Epidemiologic
Studies Depression Scale, and the Depression
subscale of the Multiple Affect Adjective Check-
list –Revised. Participants completed assessments
of processing speed, inductive reasoning, working
memory, and long-term episodic memory. How-
ever, the specific tests were not those typically
used by clinical neuropsychologists, limiting a
comparison of results with those of other studies.
Pain and depression were associated with worse
performance on the set of cognitive measures.
Depression was a mediator of the pain–cognitive
function relationship, in that the effect of pain on
cognition was no longer significant after control-
ling for depression. These authors also found that
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older age had a negative effect on cognitive
functioning that was largely independent of pain
and depression, not a surprising finding consid-
ering recent work regarding mild cognitive
impairment [75]. The cross-sectional design is a
limitation of the study, as are the lack of control
group and use of relatively infrequently used
cognitive tasks. No conclusions can be drawn
regarding the prevalence and severity of cognitive
dysfunction in RA based on this study. However,
it suggests that treatment addressing pain and
depression may have positive effects on cognitive
performance in RA.

Overall, there are few studies of cognitive
function in RA, and fewer still that include
healthy comparison groups or imaging studies.
Although the different methodologies and tests
used in the RA investigations make cross-study
comparisons problematic, several studies found
greater cognitive impairment in RA than healthy
controls [37, 72] and less cognitive impairment
in RA than SLE [16, 17, 76]. This latter finding
suggests that disease mechanisms specific to SLE
may contribute to the more prevalent cognitive
dysfunction in that disorder as compared to RA,
another autoimmune disease with involvement of
inflammation and pain. Joint pain, joint stiffness,
and RA-related factors may impact cognition
function in RA.

Sjögren′s Syndrome

Another rheumatic disease that can manifest as
neurologic dysfunction is Sjögren’s syndrome
(SS). Primary SS is a chronic autoimmune disor-
der that targets exocrine glands resulting in dry
eyes and dry mouth as the main symptoms.
However, there may also be extra-glandular
manifestations, including CNS symptoms, and
patients with SS may have memory disorders and
impaired intellectual performance. Other neuro-
logic manifestations have been reported in
patients with SS, including central nervous system
(e.g., transverse myelitis), cranial neuropathies
(e.g., optic neuritis), myopathy, and peripheral
neuropathies. Secondary SS can be commonly

associated with the presence of other systemic
autoimmune diseases, such as SLE, RA, and
systemic sclerosis. This overlap makes it difficult
to attribute CNS manifestations to SS alone.

In primary SS, there is evidence that cerebral
anti-muscarinic acetylcholine receptor (mAChR)
autoantibodies may have a pathogenic role in
immune-mediated neuroinflammation and on
cognitive dysfunction. In a study of 15 women
with primary SS who had frontal lobe syndrome-
related disorder (defined as slowness, shifting
capacity disorder, incapacity to resist cognitive
conflict, programming capacity disorder, and
decrease verbal fluency) and 15 age-matched
controls, the circulating antibodies from the pri-
mary SS patients interacted with rat cerebral
frontal cortex by activating the mAChR [77, 78].
These antibodies also have agonistic activity that
promotes proinflammatory/cytotoxic pros-
taglandin E2 production and nitric oxide synthase
(NOS) activity. The proposed downstream effect
is the progressive loss of cerebral muscarinic
receptor expression and activity, leading to cog-
nitive dysfunction that involves synaptic plasticity
and memory.

Few studies have systematically evaluated
cognitive function using neuropsychological
testing in SS patients; and none included large
sample sizes. An investigation by Belin and col-
leagues [79] provides support for prevalent CNS
involvement in SS. This study included 14 women
with SSwhowere under 60 years old and not being
treated with pain or antidepressant medications.
They completed neurological examination, brain
MRI, brain HMPAO-SPECT, and a battery of
neuropsychological tests. Half of the patients had
primary SS, and the other half had SS secondary to
diseases that are not known to involve thrombosis
or brain vasculitis (RA, progressive systemic
scleroderma, and chronic hepatitis). Specific neu-
ropsychological tests included are as follows: Rey
Complex Figure Test with 5 min delay, semantic
and phonemic verbal fluency, object and face
recognition tasks, Trail Making Test, Stroop
Color–Word Test, Wisconsin Card Sorting Test,
digit span forward and backward, a block tapping
task to assess immediate recall, and Wechsler
Memory Scale. Only one patient had signs of CNS
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involvement on neurological exam. MRI revealed
multiple areas of hyperintensity in half of the
patients, six of whom were without any neuro-
logical history. All patients had abnormality on
SPECT, with mild or moderate hypoperfusion in
the periventricular white matter and/or subcortical
rim. Likewise, abnormalities on neuropsycholog-
ical testing were seen in all patients. Executive
function was mildly or moderately impaired in all
patients, compared to age and gender norms.
Memory was impaired in 10/14 patients, primarily
on the delayed memory task from the Rey Com-
plex Figure. The authors concluded that cognitive
evaluation using neuropsychological tests is the
most sensitive method to diagnose CNS involve-
ment in SS.

In a German descriptive study [78], 16/20
patients with primary SS were administered a
vocabulary test to estimate Full-Scale IQ, the
Benton Visual Memory Test, and the Zahlen-
Verbindungs-Test, a test of perceptual speed
similar to Trails A. Only 1 patient had an estimated
IQ that was below average, but 4 patients (25%)
showed below average visual memory; and 11
(70%) had deficits in perceptual speed. In contrast
to the high rate of cognitive impairment on neu-
ropsychological testing, only 4 of 20 patients
showed cortical atrophy on head CT.

In a sample of 40 patients with SS, Malinow
and colleagues [80] administered the Wechsler
Memory Scale and an abbreviatedWechsler Adult
Intelligence Scale – Revised to 16 patients with
suspected cognitive impairments. The authors
found 7/16 (46.6%) had mild to moderate memory
and concentration difficulties. Unfortunately,
comprehensive neuropsychological testing and
neurologic evaluations were not performed in all
patients, so the study is not informative regarding
overall prevalence of cognitive dysfunction in SS.
Other investigations report up to 25% prevalence
of clinical manifestations of CNS involvement in
SS, but without systematic neuropsychological
evaluation [81]. A recent population study of 68
SLE patients and 72 primary SS patients by
Harboe and colleagues showed common and
comparable frequency of cognitive dysfunction,
headache, and mood disorders in these diseases
[82]. However, cerebrovascular disease was more

prevalent in SLE, whereas peripheral neuropathies
were more common in SS. The few SS studies that
included neuropsychological testing indicate that
cognitive dysfunction is prevalent in SS, particu-
larly in areas of memory and executive function,
even in the absence of neurological signs or MRI
abnormalities.

Family and Social Issues

Neurocognitive changes increase the psychosocial
burden of SLE, RA, and SS for both the patients
and their families. SLE is typically characterized
by flare-ups or fluctuations in tissue and organ
inflammation that may last for weeks or months
and are often associated with cognitive changes.
The unpredictable flares so often associated with
SLE disrupt family caregiving roles, and the dis-
ease is associated with work disability in 15–48%
of patients [83–86]. When the flare involves the
CNS, the associated acute cognitive disturbance
may further compromise social, work, and family
roles. In a survey of 829 SLE patients, reports of
CNS involvement, cognitive difficulties, greater
fatigue, and higher rating of SLE activity were
associatedwith disability in valued life activities in
a multivariable model [85]. Over 91% of patients
reported disability in at least one valued life
activity. Problems with family care were reported
by over 50% of patients, and social activities were
affected in 39–48% of patients. A study of work
disability in 143 SLE patients revealed that 42.7%
reported formal work disability due to their SLE.
Cumulative damage due to SLE, severity of fati-
gue, African-American race, and global pain score
was associated with formal work disability in a
multivariable logistic regression model [87]. The
same research team also reported on presence of
neuropsychiatric dysfunction by neuropsycho-
logical testing in 50 work-disabled and
non-disabled SLE patients [87]. Visual memory
(Rey Complex Figure Test), processing speed and
attention (Trail Making Test, Stroop Color–Word
Test, and Symbol Digit Modalities Test) differed
significantly between the 16 patients reporting
formal work disability and 26 non-disabled
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patients. Verbal memory, verbal fluency, and
motor speed did not differ between these groups. In
a multivariable logistic regression model exam-
ining the effects of demographic and clinical
variables on disability status, only cognitive
impairment and cumulative organ damage due to
SLE remained independently predictive of work
disability. A recent survey study of 741 SLE
patients found that severe memory impairment on
the Hopkins Verbal Learning Test – Revised was
associated with self-reported work disability in
SLE [88]. Although these studies found somewhat
different cognitive domains to be associated with
work dysfunction in SLE, the role of cognitive
impairment as an independent predictor of work
role changes is noteworthy. In addition to flares,
the majority of SLE patients experienced fluctua-
tions in pain and fatigue. These symptoms, and
associated depressive symptoms, can have a pro-
found impact on the patient’s ability to plan and
carry out activities and can also contribute to
poorer cognitive performance in domains such as
attention and memory [15, 89].

Fluctuations in pain and fatigue level are also
a hallmark of RA and other rheumatic diseases.
These symptoms can have similar effects on
family roles and social and work functioning. In
a cohort of 210 employed patients with recently
diagnosed RA and other inflammatory condi-
tions, 75% of sick leave periods were due to their
joint conditions [90]. In multivariable analyses,
high levels of pain, poorer physical function, and
passive behavioral coping with pain were inde-
pendently associated with increased sick leave.
A telephone survey study of subclinical disability
in 508 RA patients’ valued life activities revealed
that over 75% reported disability in at least one
valued life activity [91]. Difficulty with and need
for accommodations in child care was reported
by 39.5% of respondents, whereas difficulty with
preparation of meals was experienced in 44.7%.
Leisure activities, such as socializing, were
problematic in approximately a third of patients.
Patients who reported disabilities at baseline
were more likely to report greater functional
limitations at follow-up 2 years later (OR 1.14,
95% CI 10.6–1.23). No studies have directly
evaluated the effects of cognitive difficulties on

social functioning and family roles in patients
with RA or SS. Nonetheless, the musculoskeletal
pain, general fatigue, psychological distress, and
cognitive difficulties are likely contributors of
psychosocial burden in these autoimmune
diseases.

Treatment

The recognition and treatment of cognitive dys-
function in patients with SLE, RA, or primary SS
continue to be a major diagnostic and therapeutic
challenge. Treating the underlying rheumatic
disease may not be effective in the management
of cognitive deficits since several studies,
specifically in SLE, have not demonstrated the
relationship between disease activity and cogni-
tive dysfunction [27, 92]. However, the regular
use of aspirin in older SLE patients with diabetes
especially is associated with improved cognitive
function in the SALUD study [15]. On the other
hand, consistent glucocorticoid use, which may
be a surrogate of more active or severe disease, is
associated with decline in cognitive function.

Cognitive rehabilitation programs may teach
patients the ways to adapt to their cognitive
impairment and improve the ability to perform
daily activities. A pilot study of 8-week psychoe-
ducational group intervention for 17 female SLE
patients with reported cognitive dysfunction
showed improvement of metamemory and mem-
ory self-efficacy after participation [93]. The
heterogeneity of the neuropsychological manifes-
tations and the affected cognitive domains has led
to a paucity of controlled clinical trials for cogni-
tive rehabilitation of SLE patients. Thus, the cur-
rent therapeutic approach is empirical and based
on clinical experience and small clinical studies.

Summary and Conclusions

Cognitive dysfunction can occur in SLE patients
with or without overt neuropsychological mani-
festations with varying prevalence depending on
the definitions. In SLE, cognitive impairment
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commonly appears in attention and information
processing, learning, memory, and executive/
reasoning skills. However, there is no specific
pattern of cognitive deficits. Although not as
extensively studied as in SLE, patients with other
autoimmune diseases such as RA and SS can also
exhibit cognitive changes, particularly in the areas
of attention, memory, and executive function.
Since the batteries of NP tests and definition of
cognitive dysfunction have varied in different
studies, some recent studies began to use the brief
ACR Neuropsychological Test Battery with
established validity and reliability. While studies
have attempted to identify the potential risk fac-
tors andmechanisms of cognitive dysfunction that
would shed light on this challenging area, neu-
roimaging modalities, particularly fMRI, coupled
with highly specialized, computer-administered
tests based on experimental paradigms adopted
from cognitive neuroscience hold the most pro-
mise to improve our understanding of the bio-
logical involvement in the brain of patients with
autoimmune diseases. Thus, a multidisciplinary
approach is needed to improve our understanding
of the mechanisms of CNS involvement in
autoimmune disease and to identify and treat these
patients with cognitive deficits.

The widespread scientific interest in applying
neuropsychological assessment and neuroimag-
ing to evaluate neuropsychiatric involvement in
systemic autoimmune and rheumatic diseases is a
relatively recent phenomenon. Understandably,
the field has been subject to certain growing
pains. For example, small cross-sectional studies
using diverse test batteries and case definition
have been conducted in the past, leading to
conflicting or inconclusive results. In order to
have a better understanding of cognitive dys-
function, including possible mechanisms and risk
factors, it is crucial to conduct multicenter lon-
gitudinal studies with a large sample size using
the same definition of cognitive dysfunction and
methodology in neuropsychological assessment
and other data collection. The growing accep-
tance of the 1-h ACR Neuropsychological Test
Battery and ANAM computerized testing battery
along with ever improving neuroimaging

methods should lead to advances in detection and
classification of cognitive dysfunction in SLE.
As the field advances, treatment to reduce the
suffering of patients with neurocognitive dys-
function can also be addressed systematically.
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