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Background: Systemic lupus erythematosus (SLE) is associated with cognitive deficit but the exact neural mechanisms
remain unclear.
Purpose: To explore sequential brain activities using functional magnetic resonance imaging (fMRI) during the perfor-
mance of a decision-making task, and to determine whether serum or clinical markers can reflect the involvement of the
brain in SLE.
Subjects: Sixteen female SLE patients without overt clinical neuropsychiatric symptoms and 16 healthy controls were
included.
Field Strength/Sequence: 1.5T, T1-weighted anatomic images, gradient-echo echo-planar imaging sequence, and 3D
images.
Assessment: The computer-based Iowa Gambling Task (IGT) for assessing decision-making was performed by SLE
patients and 16 matched controls; brain activity was recorded via blood oxygen level-dependent (BOLD) fMRI. The
amplitudes of the average BOLD responses were calculated for each individual subject, and activation data from fMRI
experiments were compared between the two groups.
Statistical Tests: Two-sample t-test; repeated-measures analysis of variance (ANOVA); linear regression analyses.
Results: Imaging revealed activity in a distributed network of brain regions in both groups, including the ventromedial
prefrontal cortex (vmPFC), the orbitofrontal cortex (OFC), the dorsolateral prefrontal cortex (dlPFC), the anterior cingu-
late cortex (ACC), the posterior cingulate cortex (PCC), and the striatum, as well as the insular, parietal, and occipital
cortices. Compared to controls, SLE patients showed lower activation in a convergence zone and the limbic system,
namely, the OFC, vmPFC, ACC, and PCC, but greater activation in memory, emotion, and behavior systems involving
the dlPFC, the insular cortex and the striatum. Furthermore, brain activation in the vmPFC was positively correlated
with IGT scores (r 5 0.63, P<0.001), but inversely related to disease activity (r 5 20.57, P< 0.01).
Data Conclusion: The dynamics among the aforementioned neural systems (some hyperfunctioning, others hypofunctioning)
may shed some light on the pathologic mechanisms underlying SLE without overt clinical neuropsychiatric symptoms. In
addition, disease activity may potentially be used as an effective biomarker reflecting cerebral involvement in SLE.
Level of Evidence: 1
Technical Efficacy: Stage 3
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Systemic lupus erythematosus (SLE) is a female-dominant

autoimmune-mediated collagen disorder characterized

by multisystem involvement.1 Neuropsychiatric involvement

is, arguably, the least understood aspect of SLE and is asso-

ciated with a more complex clinical presentation.1 Neuro-

psychiatric manifestations in patients with SLE (NPSLE)
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include overt disorders like stroke and seizures, and milder

manifestations such as cognitive dysfunction.2 The diagnosis

of NPSLE is generally based on the American College of

Rheumatology (ACR) criteria,2 but the reported prevalence

of cognitive impairment in SLE varies widely, ranging from

14–75%, largely depending on the methodology used for

diagnosis.3,4 Recently, it has been shown that cognitive dys-

function can also be identified in SLE patients without clin-

ically overt neuropsychiatric symptoms, but the pathogenesis

of this impairment is yet to be elucidated.3,5

Cognitive dysfunction in SLE can affect any or all of

the following functions: working memory, attention, reason-

ing, executive function, visual–spatial processing, and lan-

guage.2 Currently, multiple neurocognitive testing is

considered the standard for diagnosing cognitive dysfunction

in SLE.6 Accumulating behavioral studies have identified

numerous differences between SLE and matched controls; in

particular, disturbances in executive and attention functions

and impairment of the general capacity to appreciate other’s

mental states. Nonetheless, the etiology and complications

of cognitive dysfunction remain elusive and continue to be

a hot research question.

Numerous studies have revealed structural white and

gray matter abnormalities in SLE patients using structural

imaging and spectrometry,7,8 but they have failed to eluci-

date the pathophysiology underlying cognitive dysfunction

in SLE. Blood oxygen level-dependent functional magnetic

resonance imaging (BOLD-fMRI) is a promising, noninva-

sive method for exploring human cognitive function, which

can map brain activation patterns related to specific cogni-

tive tasks. BOLD-fMRI has already been applied in SLE

patients, using a variety of populations, tasks, and methods

of analysis, to identify activation patterns related to cogni-

tive dysfunction.

In past neuroimaging studies, altered brain function in

NPSLE patients, including decreased or increased brain

activity during resting conditions or during the performance

of cognitive tasks, has been widely reported.9,10 Dysfunction

of certain brain regions may impair cognitive function (ie,

attention, executive function, spatial working memory,

motor function, and learning).11–13 Behaviorally, a recent

study demonstrated that SLE patients display poorer deci-

sion-making,14 but the brain alterations responsible for this

outcome, visualized using fMRI, have not been reported.

The most frequently used paradigm to assess decision-

making abilities, by simulating a real-life situation, is the

Iowa Gambling Task (IGT),15 which was originally devel-

oped for use in patients with focal brain lesions. Multiple

studies have demonstrated that people with a variety of neu-

ropsychiatric impairments (eg, substance dependence, Par-

kinson’s disease, and pathological gamblers) show poor

decision-making compared to controls, as measured by the

IGT.16–18 Investigating the brain regions involved in

performing the IGT task is of great importance for gaining

insight into the neural mechanisms underlying the decision-

making deficit observed in a wide range of clinical and neu-

rological conditions.17,18 To date, fMRI studies with the

IGT have been theoretically guided by the neural network

of the Somatic Marker Hypothesis (SMH),19 and it has

been shown that several neural structures are key parts of

the neural circuitry underlying SMH.20

Therefore, in this pilot study the temporal profile of

neural activity during implicit decision-making was investi-

gated via fMRI, in patients with SLE without clinical neuro-

psychiatric symptoms. In addition, the relationship between

brain activity and cognitive testing, and serum or clinical

markers, was explored. Specifically, we tested the hypothesis

that SLE patients display poorer decision-making during

IGT compared to controls, due to altered brain activity in

important parts of the somatic marker neural circuitry.

Materials and Methods

Participants
Sixteen SLE patients were included in this study. The patients who

satisfied the American College of Rheumatology classification crite-

ria for the disease21 were recruited from the Department of Rheu-

matology, the First Affiliated Hospital of Shantou University

Medical College and Shantou Chaonan Minsheng Hospital. The

study was restricted to females to ensure a homogenous popula-

tion. Inclusion criteria included SLE patients without overt clinical

neuropsychiatric symptoms, normal vision, or good corrected visual

acuity. Controls included 16 healthy female subjects recruited from

the community to be similar in age, handedness, education, and

duration of education. All subjects had a prescreening visit, and

the exclusion criteria were psychiatric problems or any history of

pathology that might have affected their cognitive functions, neu-

ropsychiatric diseases, or taking psychotropic medication, or MRI

scan contraindications. All subjects completed behavior tests before

fMRI scanning. The MRI appointment was completed within 1

week of the behavior testings.

All subjects provided written informed consent that was

approved by the Medical Ethics Committee of Shantou University

Medical College before any testing or neuropsychological evaluation.

Demographic, Clinical, and Neuropsychological
Data
All subjects had clinical and standard assessments including disease

activity (Systemic Lupus Erythematosus Disease Activity Index

[SLEDAI]) 22 and the Systemic Lupus International Collaborating

Clinics/ACR Damage Index (SLICC/DI) 23 on the day of the

MRI scan. Serum assay indices (C3 and C4) and anti-dsDNA anti-

bodies were measured at the clinical laboratory in the hospital.

The Montreal Cognitive Assessment (MOCA) 24 is a 30-

item assessment tool commonly used to detect mild cognitive

impairment in a clinical setting; this 10-minute researcher-adminis-

tered test assesses several cognitive domains including visuospatial/

executive, naming, memory, attention, language, abstraction,

delayed recall, and orientation function. The total possible score is

30; persons scoring 26 points or greater are considered normal
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cognitive function, below 26 points are considered mild cognitive

impairment, and <19 points are considered dementia.25 This test

was conducted by two qualified and certified psychologists from

the Shantou University Medical College.

fMRI Tasks: Iowa Gambling Task(IGT) Modified for
fMRI
All subjects performed a computerized version of the IGT26 that

was modified for BOLD-fMRI. The IGT15 task simulates real-life

decision-making by testing the ability of participants to sacrifice

immediate rewards in spite of long-term gain. During the IGT

task (Fig. 1), participants were instructed to select a card from any

of the four decks of cards (A, B, C, D). Participants were also told

that when they picked a card they would win some money but

occasionally they would lose some money. They can select any

deck and the ultimate goal is to win as much as possible. Decks A

and B provided large gains and large losses, whereas the other

decks provided small gains and small losses. Decks A and B are

disadvantageous since they lead to a net loss with time, whereas

decks C and D lead to a net gain and are advantageous. Perfor-

mance on the decision-making task was measured by a net score,

and the IGT net score was calculated by the total number of cards

selected from the advantage decks (C 1 D) minus the total number

of cards selected from the disadvantage decks (A 1 B).

The control task (Fig. 1) was designed to be identical to the

IGT regarding visual and motor demands. There were no gains

and losses between decks compare to the active task. Subjects were

instructed to select a card sequentially in the fixed order of A–B–

C–D–A–B–C–D, etc. Card selection, consequently, did not require

complex decision-making.

DESIGN. The task employed a blocked periodic design incorpo-

rating alternating five blocks of the IGT task as well as five blocks

of the control task. The IGT block consisted of 20 card selection

trials and the control block consisted of 10 trials. Participants were

given 3 seconds to make a choice, followed immediately by feed-

back of 3 seconds duration (Fig. 1). The task was programmed

and presented using E-Prime Software.

Image Acquisition and Analysis
Imaging was performed with a 1.5T General Electric (Milwaukee,

WI) MRI scanner. T1-weighted anatomic images were acquired

using conventional SE sequences as follows: pixel matrix

256 3 256, field of view (FOV) 230 3 230 mm, 6 mm section

thickness, and 1 mm gap. A gradient-echo echo-planar imaging

FIGURE 1: An illustration of the experimental tasks. Each run contained five blocks of the IGT (blue) and five blocks of the control
task (gray). Each trial lasted 6 seconds. In the IGT task, an ongoing monetary score showed on the upper right-hand side of the
screen across all the trials.
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sequence was applied for functional imaging with the following

parameters: repetition time (TR) 3000 msec, flip angle 908, FOV

230 3 230 mm, 6 mm section thickness, and pixel matrix 64 3 64.

3D images were collected with a fast low-angle radiofrequency

pulse sequence, using the following parameters: TR 5 30 msec,

echo time (TE) 5 3.0 msec, flip angle 308, FOV 5 230 3 230 mm,

matrix 5 256 3 256, 1.3 mm thickness, 1.3 mm section thickness,

no gap, and 120 slices.

Image analysis was conducted using Analysis of Functional

NeuroImages (http://afni.nimh.nih.gov/afni/doc/manual/Alpha-

Sim), including data preprocessing, statistical analysis, and result

display. In data preprocessing, all functional datasets were processed

to remove any linear drift, correct motion, be normalized to the

stereotaxic coordinates of Talairach and Tournoux, and be spatially

smoothed with a Gaussian filter (full-width half-maxi-

mum 5 6 mm). Any scan in which the head motion was larger

than 2 mm or rotation larger than 28 was excluded from further

analysis.

Data analysis included group and individual analysis. At the

group level, correlational analysis based on the direct contrast

between the IGT task versus control task was carried out to gener-

ate the activation map for each group (cluster size >20 voxels).

These activation maps were used to locate the regions of interest

(ROIs). For each subject, correlation analysis was performed on the

functional data to generate two activation maps and a combined

activation map by the logical "OR" of these maps (cluster size

>20 voxels). The amplitudes of the average BOLD responses were

calculated for each subject (IGT task vs. control task). All the

thresholds of statistical analysis were set at P< 0.05 (false discovery

rate correction).

Data Analysis
Clinical and neuropsychological data were compared between

groups using the independent two-sample t-test. The IGT scores

were calculated per block. Repeated-measures analysis of variance

(ANOVA) was used on the IGT net score to assess the learning

effect, with the block as the within-subject factor, and the group

(patients vs. controls) as the between-subject factor. The associa-

tions between the activation intensity of individual patients and

their respective IGT score, MOCA-CA score, C3, C4, anti-

dsDNA, SLEDAI, SLICC/DI, disease duration, age, and daily

prednisone dose were evaluated using linear regression analyses. All

statistical analyses were performed using SPSS 19.0 (Chicago, IL).

Descriptive participant characteristics and performance of IGT are

reported as means 6 standard deviation (SD). P< 0.05 was consid-

ered statistically significant.

Results

Clinical, Demographic, and Neuropsychological
Data
There were no significant differences between groups in

terms of age (P 5 0.36), education background (P 5 0.38),

and sex. Upon recruitment, the majority of the SLE patients

had low serum levels of C3 and C4, and a high serum level

of anti-dsDNA. Overall, 8 out of 16 patients had active

SLE (SLEDAI >4). With regard to performance on the

MOCA, SLE patients had significantly lower scores in con-

trast to controls (P< 0.05). In the SLE group, five patients

scored <26 (two 22, two 23, one 24), whereas all control

subjects scored >26. In addition, there were significant dif-

ferences between the two groups for the memory subtests

(P< 0.05), as well as for visuospatial/executive and total

scores (P< 0.01). The demographic, clinical data, and

MOCA performance data of the study participants are sum-

marized in Table 1.

IGT Performance of SLE Patients and Controls
For the IGT, a 2 3 5 repeated-measures ANOVA yielded a

significant effect of group (F 5 217.75, P< 0.001), a signifi-

cant effect of IGT block (F 5 166.13, P< 0.001), and a sig-

nificant group*IGT block interaction (F 5 63.52,

P< 0.001). Although SLE patients and controls had a simi-

lar performance in the first and second blocks (first 40

cards), there was a marked preference in later blocks

(Fig. 2).

Brain Activation in the Control and SLE Patients
During Performance of the IGT
Brain activities during the active versus control conditions

from both SLE patients and controls are shown in Fig.

3A,B. During the IGT task-related fMRI paradigm, both

SLE patients and controls exhibited similar task-related acti-

vation in the ventromedial prefrontal cortex (vmPFC), orbi-

tofrontal cortex (OFC), dorsolateral prefrontal cortex

(dlPFC), anterior cingulate cortex (ACC), posterior cingu-

late cortex (PCC), and striatum, as well as in the insular,

parietal and occipital cortices.

Differences in Brain Activity Between the Two
Groups During Performance of the IGT
Statistical comparison of activation maps for SLE patients

and controls demonstrated lower activation in the OFC,

vmPFC, cingulate, and occipital cortex in SLE patients rela-

tive to controls. There were several regions showing

increased activation in SLE patients compared to controls,

namely, dlPFC, insular cortex, ventral striatum, and parietal

cortex (Table 2).

Correlational Analysis
Significant positive correlations were found between the

IGT score and activation only in vmPFC (r 5 0.63,

P< 0.001) (Fig. 4), and no relationship was found between

activation intensity and MOCA-CA score.

We found a correlation between SLEDAI score and

BOLD response of active block related to the control block.

The results, shown in Fig. 4, revealed that the higher SLE-

DAI score correlated negatively with activity in the vmPFC

(r 5 –0.57, P< 0.01). However, no correlation was noted

between the activation intensity and other serum biomarkers

or clinical indices (all P > 0.05).
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Discussion

Consistent with our hypotheses, even in the absence of overt

clinical neurological or psychiatric symptoms, SLE patients

showed neurocognitive and functional brain abnormalities.

We found that the MOCA-CA executive, working memory,

and total scores of the SLE patients were lower than those

of the control subjects, confirming that the cognitive abili-

ties of SLE patients were mildly impaired, which is consis-

tent with prior studies.3,4,27

As expected, our results confirmed that SLE is associ-

ated with compromised decision-making abilities. SLE

patients showed a less learning effect than the controls,

which indicates that the SLE patients may be hypersensitive

to immediate rewards, less sensitive to losses, and slow to

learn from previous mistakes. Consequently, we can infer

that SLE patients without clinical neuropsychiatric manifes-

tations have dysfunctional decision-making, which is in

agreement with a previous study using a similar task.14

When measuring the BOLD signal, both groups showed

common, largely overlapping patterns of task-induced BOLD

activations. Although both groups activated a relatively similar

set of regions, SLE patients showed decreased activation in the

OFC, vmPFC, cingulate, and occipital cortex, as well as

greater activation in dlPFC, insular cortex, ventral striatum,

and parietal cortex. Moreover, brain activation in the vmPFC

was positively correlated with IGT scores, but inversely related

with disease activity.

The pattern of brain activity during the IGT task gen-

erally matches the theoretical neural framework of affective

decision-making. Decision-making is a complex process that

relies on an extensive brain network, including systems for

memory, emotion/affect, and feeling. To elaborate, the IGT

requires the interaction of several systems: a memory system

(dlPFC), emotional system (insula), limbic system (ACC

and PCC), a convergence zone for the aforementioned sys-

tems (vmPFC and OFC), and a motor/behavioral system

(striatum).20 In the present study, sensory and visual systems

(parietal and occipital lobes) were also involved. Of note,

no significant activity was detected in the amygdala. A pos-

sible explanation is that the amygdala ceases to be actively

TABLE 1. Means (SDs) and P-values for Demographic, Clinical, and Neuropsychological Data

SLE patients N 5 16 Controls N 5 16 P-value

Demographic and clinical characteristics

Age (yrs) 26.88 (3.69) 25.88 (2.19) 0.36

Education (yrs) 13.20 (1.22) 12.81 (1.80) 0.38

Sex 16 female 16 female

Disease duration (month) 31.56 (13.72)

SLEDAI 5.19 (2.64)

SLICC/DI 0.43 (0.63)

C3 (mg/dL, normal range 79-152) 97.50 (37.81)

C4 (mg/dL, normal range 16-38) 14.50 (8.44)

Anti-dsDNA antibody titer 8.49 (16.13)

Prednisolone (mg/d) 9.84 (5.88)

MOCA performance

Visuospatial/executive 3.06 (0.10) 5.00 (0.00) <0.001a

Naming 3.00 (0.00) 3.00 (0.00)

Memory 3.06 (1.10) 4.19 (0.75) 0.001a

Attention 4.64 (1.09) 5.25 (0.77) 0.07

Language 2.19 (0.40) 2.12 (0.34) 0.64

Abstraction 1.63 (0.50) 1.88 (0.09) 0.11

Orientation 5.62 (0.50) 5.81 (0.40) 0.25

Total score 23.19 (1.80) 27.25 (1.13) <0.001a

SLE: systemic lupus erythematosus; MOCA: Montreal Cognitive Assessment; SLEDAI: SLE Disease Activity Index; SLICC/DI: Sys-
temic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index.
aSignificant P-value.
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engaged once a strategy is implemented.28 Indeed, the

amygdala plays a critical role in processing the affective sig-

nificance of a stimulus that is considered in formulating a

strategic approach.29 Once the strategic approach is devised,

the amygdala may become less involved. Another explana-

tion may be the experimental paradigm designed in fMRI.20

SLE patients showed lower activation mainly in two

prefrontal regions, including the vmPFC and OFC. This

compromised activity may predict that SLE patients have

functional abnormalities in prefrontal neural networks

involved in decision-making. It has been repeatedly indi-

cated that patients with OFC or vmPFC lesions cannot per-

form the IGT successfully.15,29 A study has shown that

activation in the vmPFC and OFC in healthy individuals is

associated with the development of "somatic markers" of

autonomic arousal, which are believed to aid in the evalua-

tion of emotional material during decision-making.15 This

is supported by the relationship between dynamic activity in

these regions and successful performance of the IGT.30,31

This link between vmPFC activation and task performance

was shown in our SLE patients, which implies that the func-

tional role of the vmPFC in reward processing was pre-

served. In addition, decreased activation of the cingulate

cortex during decision-making could reflect a deficit limbic

system. A previous study has shown the importance of the

limbic pathway in the development of depression in SLE

patients.32 This suggests that the dysfunction of the limbic

system can potentially lead to depression. Nevertheless, the

FIGURE 2: Performance on the IGT between groups. (a) Performance differences between SLE and controls on the IGT, based on
the mean performance scores (net score 5 number of cards from the advantage decks minus number of cards from the disadvan-
tage decks). (b) IGT performance over time in SLE and controls across five blocks expressed as mean (SE) (*P < 0.01; **P < 0.001).

FIGURE 3: Whole-brain analysis of task-related brain activity during decision-making (IGT-control task). T-statistic maps of healthy
control subjects (a) and SLE patients (b). Red/yellow areas indicate activation; green/blue areas indicate deactivation. R: right
hemisphere; L: left hemisphere; F1: ventromedial prefrontal cortex; F2: orbitofrontal cortex; F3: dorsolateral prefrontal cortex;
AC: anterior cingulate; PC: posterior cingulate; S: striatum; I: insular; PL: parietal lobe; OL: occipital lobe.
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relationship between limbic system dysfunction and depres-

sion in patients with SLE should be investigated further.

Under the present conditions, increased activity in the

dlPFC in SLE patients replicates many previous findings in

the dlPFC during the performance of the n-back task.33,34

The dlPFC is critical for planning and working memory, both

of which are required to perform the IGT. Based on the pre-

sent and previous findings, the dlPFC appears to be an impor-

tant component of the prefrontal neural network that is

significantly affected in SLE patients. The dlPFC is recruited

during the continuous updating of working memory, and has

been identified as part of the neuronal circuitry underlying

decision-making in fMRI studies on healthy individuals.20,35

We can deduce that the dlPFC is involved in working mem-

ory, which is needed to perform the IGT adequately.

The IGT paradigm also produced stronger activation

in the SLE patients, with significant clusters in striatum and

insular regions. de Jong et al found that an increased metab-

olism in the striatum in SLE, which supports the presence

of a direct immune response against neuronal tissue in SLE,

is similar to the crossreaction against inhibitory components

in striatal tissue provoked by streptococcal antigens.36 In

particular, the nucleus accumbens within the ventral stria-

tum has a significant role in reward anticipation. A study

on mice has shown that the progression of SLE impaired

motivated behavior by producing a lesion in the dopaminer-

gic reward system.37 The increased activation in insula

appears to be of great importance for integrating cognitive

and affective information, which agrees with a study in SLE

patients.12 Mak et al12 detected increased activation in the

insula of SLE patients during the Wisconsin Card Sorting

Test (WCST), in contrast to healthy controls. The increased

activation was seen in patients without overt clinical neuro-

psychiatric symptoms, which suggests that this impairment

may be an early and common compensatory phenomenon

and may serve as a mechanism to overcome subtle neuronal

damage.33,34

Many studies have shown an increased brain activity

dynamic in SLE patients, suggesting a compensatory mecha-

nism to overcome cognitive deficit; however, a clinical cog-

nitive deficit and decreased activation may occur when the

compensatory pattern becomes impaired.11,33,34 The dynam-

ics among multiple neural systems (hyperactivity in memory,

emotional and motor systems, but hypoactivity in the con-

vergence zone and the limbic systems) may shed new light

on the pathologic mechanism underlying SLE without clini-

cal neuropsychiatric symptoms. Under the complex IGT

task, which engages several systems, diminished activation in

some main brain areas will happen if the compensatory pat-

tern is impaired.

TABLE 2. Regional Differences in Brain Activation During Decision-Making (IGT-Control Task) in SLE Patients
Versus Controls

Regional activations Side
Talairach

BA Voxel T t-value

X Y Z

SLE<controls

Orbitofrontal cortex L 28 45 23 10 30 22.83

Ventromedial prefrontal cortex R 56 20 17 45 68 24.57

Anterior cingulate cortex R 26 219 38 32 38 23.01

Posterior cingulate cortex L/R 222 257 20 30 21 22.54

Occipital cortex L 20 38 23 17 21 22.54

R 17 258 44 17 24 23.67

SLE>controls

Dorsolateral prefrontal cortex L 52 10 222 46 47 6.93

R 31 64 2 46 24 3.52

Insula L 29 210 210 2 40 3.40

R 32 224 12 2 24 2.67

Striatum L 11 21 21 2 23 2.58

Parietal cortex L 53 228 38 7 33 3.31

R 52 234 223 7 21 2.54

SLE, systemic lupus erythematosus; BA, Brodmann area.
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Remarkably, correlation analysis between regional

activity and clinical data revealed that activity in the vmPFC

correlated negatively with disease activity, whereas no area

correlated with C3, C4, disease duration, and daily predni-

sone dose dosages. The finding could suggest that the

vmPFC, as part of an executive control network, could be

involved in the pathogenesis of SLE. The increase of SLE-

DAI is associated with decreased regional 18FDG uptakes

in the gray matter volume, which may have a significant

impact of lowering SLE disease activity early on, due to the

enhancement of executive functioning.38 Hou et al found

that disease activity positively correlated with functional

connectivity strength in the frontal-parietal cortex in SLE

patients compared with healthy controls. They have also

shown that the relatively decreased activity in SLE patients

might be transient, and it is probably dependent on disease

activity, as the activity will increase after treatment and

changes in patients progressing from active to inactive dis-

ease.39 The underlying mechanism of transient alteration in

our lupus patients deserve further discussion. The role of

disease activity in cerebral metabolic activity is also sup-

ported by previous studies that have demonstrated changes

in cerebral vascularity in SLE patients with active disease,

with elevated cerebral blood flow and volume compared to

healthy controls.40 The results indicate that greater attention

must be paid to the involvement of the central nervous sys-

tem in SLE, even in patients without clinically overt neuro-

psychiatric symptoms. However, it is worth noting that

none of the serum or clinical biomarkers were related to

brain activity. Further investigation examining fMRI and

other biomarkers for cognitive dysfunction in SLE is

warranted.

This study is not without its limitations. The sample

size was relatively small. However, sample size of this scale

has systematically demonstrated sensitivity of BOLD signals

in achieving statistical significance in the literature despite a

relatively small sample size.10,11,13 In addition, the possible

effects of corticosteroids treatment on BOLD signals may

confound the interpretation of our results in SLE patients.

Since the majority of patients who underwent fMRI scan-

ning were newly diagnosed, the effect of treatment on

BOLD signals should be very low.

In conclusion, our results demonstrated that even

without clinically neuropsychiatric symptoms, SLE patients

had subclinical cognitive dysfunction and decision-making

deficit. By combining decision-making tasks, we could

extend our understanding of this illness in three important

ways. First, there is a mild cognitive and decision-making

deficit in SLE patients; consequently, physicians may need

to be aware of patients’ adherence to treatment plans, as

FIGURE 4: Functional correlation. Regions in the vmPFC were positively correlated with IGT scores but inversely related to disease
activity (a). Scatterplots of correlations between IGT scores and percentage BOLD signal change in the vmPFC (b). Scatterplots of
correlations between disease activity and percentage BOLD signal change in the vmPFC (c) (*P < 0.01; **P < 0.001).
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well as difficulties in making the necessary changes and in

adapting to new information, for the optimization of disease

control. Second, under the complex IGT task, that compen-

satory pattern becomes impaired, resulting in different acti-

vation dynamics in multiple neural systems; thus, fMRI

may be useful for elucidating the neuropathology of cogni-

tive deficit in SLE patients. Last, the negative correlation

between disease activity and brain activity supports the pro-

posal that the general disease state has an impact on the

cerebral function of SLE patients, which may potentially be

used as an indicator of cerebral involvement in SLE.
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