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ABSTRACT

This study used a voxel-wise degree centrality (DC)

method to evaluate differences in brain activity

between patients with non-neuropsychiatric systemic

lupus erythematosus (non-NP-SLE) and healthy

controls (HCs) and to assess the relationship of DC
values with clinical and neuropsychological data.
Thirty-two female patients with non-NP-SLE and 28
well-matched HCs were recruited and underwent

resting-state functional MRI. Differences in

spontaneous brain activity between the two groups
were evaluated using a DC method. Correlations

between the altered DC values of specific brain

regions and clinical and neuropsychological data
were explored using Spearman correlation analysis.
Receiver operating characteristics curve analysis was
applied to differences in DC values in specific brain
regions to determine their value in distinguishing
patients with non-NP-SLE from HCs. Compared with
HCs, DC values in patients with non-NP-SLE were
significantly lower in the bilateral postcentral gyrus
and the orbital part of the left superior frontal gyrus
(LFMO). DC values in some specific brain regions
such as the bilateral postcentral gyrus and the LFMO

correlated with Mini-Mental State Examination

scores in both subject groups. In patients with non-
NP-SLE, DC values of the right postcentral gyrus
were positively correlated with IgA levels, and DC
values of the LFMO were positively correlated with
Systemic Lupus Erythematosus Disease Activity Index
2000 scores, as well as IgA levels. Receiver operating

characteristics curve analysis revealed that the

DC values of specific brain regions can be used to
differentiate patients with non-NP-SLE from HCs.

INTRODUCTION
Systemic lupus erythematosus (SLE)

chronic autoimmune connective tissue disease
affect
both the central and the peripheral nervous
systems, leading to neuropsychiatric SLE (NP-
SLE).! NP-SLE is diagnosed according to the
American College of Rheumatology (ACR)
guidelines, which involve 19 typical neuro-
psychiatric symptoms.> Among patients with
SLE, the incidence rate of NP-SLE is as high as
75%, and it is an important cause of morbidity
and mortality.’ Recently, many studies have

involving multiple organs; it can

Significance of this study

What is already known about this subject?

» Patients with non-neuropsychiatric systemic
lupus erythematosus (non-NP-SLE) may
have mild cognitive dysfunction; however,
the diagnosis of cognitive dysfunction is
challenging and there are no validated non-
invasive biomarkers to assess the cognitive
status of patients with non-NP-SLE.

» In recent years, with the development of
resting-state functional MR, the degree
centrality method has been widely used
to evaluate alterations in brain activity
and explore possible neuropathological
mechanisms in many diseases.

» Few studies have applied the degree
centrality method to patients with
non-NP-SLE.

What are the new findings?

» Compared with healthy controls, the degree
centrality values of the bilateral postcentral
gyrus were higher in patients with non-
NP-SLE, while values in the orbital part of
the left superior frontal gyrus (LFMO) were
lower.

» Correlation analysis revealed correlations
between altered degree centrality values
of specific brain regions and Mini-Mental
State Examination scores in the two subject
groups.

» In patients with non-NP-SLE, degree
centrality values of the LFMO positively
correlated with Systemic Lupus
Erythematosus Disease Activity Index 2000
scores and IgA levels, and degree centrality
values of the right postcentral gyrus were
positively correlated with IgA levels.

» Degree centrality values of specific brain
regions could be useful in distinguishing
patients with non-NP-SLE from healthy
controls.

shown that even patients without neuropsy-
chiatric symptoms (defined as non-NP-SLE)
may have mild cognitive dysfunction,” mainly
presenting as impairments to attention, speed
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Significance of this study

How might these results change the focus of research

or clinical practice?

» In this study, we investigated brain activity changes
in patients with non-NP-SLE via a voxel-wise degree
centrality method.

» Our findings shed light on the neural and
pathophysiological mechanisms in non-NP-SLE and
suggest potential imaging features for identifying
non-NP-SLE.

of information processing, visuospatial ability, and working
memory.’ Furthermore, such impairments may be precur-
sors to more severe cognitive dysfunction.® Studies have
found that appropriate disease management can control or
even reverse cognitive dysfunction in SLE,*” and that early
detection and intervention are key to improving patients’
prognoses. However, the diagnosis of cognitive dysfunc-
tion is still challenging, and the underlying mechanisms by
which SLE causes abnormal symptoms have not been fully
elucidated.

In recent years, researchers have used brain imaging
techniques to attempt to find new biomarkers for the
diagnosis of SLE. Mackay et al® found that decreased frac-
tional anisotropy in the parahippocampus correlated with
increased neurotoxic autoantibody levels and reflected the
spatial memory of patients with non-NP-SLE. They pointed
out that differences in fractional anisotropy values may be
a potential imaging biomarker for autoantibody-induced
cognitive damage. Cao et al’ found that functional connec-
tivity values between the right putamen and lobule VI of the
vermis were abnormal, and that altered functional connec-
tivity values between the two regions may be used as a
neuroimaging marker to detect cognitive decline in patients
with SLE. Zhang et al'® found that analysis with functional
connectivity density and amplitude of low-frequency fluc-
tuation revealed abnormal activity of the hippocampus
and parahippocampus in patients with non-NP-SLE. They
suggested that abnormal activity in these areas might be used
to detect brain dysfunction in patients with non-NP-SLE. '

As a non-invasive method, resting-state functional MRI
(fMRI) reflects spontaneous neural activity by measuring
fluctuations in blood oxygen level-dependent signal while
the subject is at rest, and is the preferred imaging modality
for assessment of central nervous system involvement in
disease.!” Degree centrality (DC), which can quantify the
importance of each node in a brain network at the voxel
level by calculating the number of direct connections of a
given node, is an important method for evaluating changes
in brain network activity.'"> ** Voxel-wise DC methods
have been used to explore the neuropathological mecha-
nisms of many diseases, including Parkinson’s disease'*
and type 2 diabetes"’; however, few studies have applied
the DC method to patients with non-NP-SLE. Therefore,
in this study, we used the DC method to investigate differ-
ences in brain activity between patients with non-NP-SLE
and normal controls, then correlated these differences with
clinical and neuropsychological data.

MATERIALS AND METHODS

Subjects

Female patients diagnosed with SLE according to the ACR
criteria atthe Department of Rheumatology from October
2019 to December 2020 were recruited. The inclusion
criteria were as follows: (1) 18—60years of age; (2) right-
handed; (3) SLE without neuropsychiatric symptoms as
defined by the 1999 revised ACR criteria; and (4) ability to
cooperate with MRI and neuropsychological examinations.
The exclusion criteria were as follows: (1) obvious neuro-
psychiatric symptoms, epilepsy, or persistent headache; (2)
history of psychiatric/neurological disorders, brain surgery,
or substance or alcohol abuse; (3) intracranial lesions such
as cerebrovascular disease, brain trauma, and obvious brain
atrophy; (4) other autoimmune diseases, arterial hyperten-
sion, diabetes, and malignant tumors; and (5) any contrain-
dication to MRI.

Well-matched healthy volunteers from the community
near the hospital were recruited and served as healthy
controls (HCs). The inclusion criteria for the HCs were
as follows: (1) 18-60years of age; (2) right-handed; and
(3) ability to cooperate with MRI and neuropsychological
examinations. The exclusion criteria were the same as those
for the patients. According to the above-mentioned inclu-
sion and exclusion criteria, 32 female patients with non-
NP-SLE and 28 HCs were included in this study.

Demographics of the patients and HCs, such as name, age,
and years of education, were collected by two trained psychi-
atric graduate students. Patients’ laboratory test results (levels
of immunological parameters, complement protein 3 (C3),
C4, IgA, and IgM) within 5days before and after the MRI
scan were obtained from the hospital information system.
Disease activity was measured according to the Systemic Lupus
Erythematosus Disease Activity Index 2000 (SLEDAI-2K).
Before the MRI scan, all subjects underwent a series of neuro-
psychological tests: the Fatigue Scale for Motor and Cognitive
Functions (FSMC), including FSMC-M and FSMC-C, which
can detect motor and cognitive fatigue, respectively; the
Hospital Anxiety and Depression Scale (HADS), consisting
of an anxiety subscale (HADS-A) and a depression subscale
(HADS-D), which can assess the anxiety and depression status
of subjects, respectively; and the Mini-Mental State Examina-
tion (MMSE), which assesses cognitive abilities.

Written informed consent was obtained from all subjects
enrolled in this study.

MRI acquisition

MRI scanning procedures were performed by the same
radiologist. All imaging data were acquired ona 3 T Siemens
Skyra scanner with a four-channel head coil. All subjects
were instructed to close their eyes, stay awake, and keep
their heads stable. First, conventional T1-weighted images
and T2-weighted fluid-attenuation inversion recovery
images were acquired and assessed by two experienced
radiologists to exclude organic lesions in the brain. Then,
fMRI data were obtained using an echo planar imaging
(EPI) sequence with the following parameters: repetition
time (TR)=2160 ms, echo time (TE)=30.0 ms, flip angle
(FA)=90°, thickness=3mm, field of view (FOV)=256
mm X 256mm, time point=240, slices=40, total scan
time=526s, and voxel size 4 X4 X3 mm.
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Image preprocessing and analysis

Image preprocessing was performed using Matlab software
(V.R2013b). The procedures included (1) format conversion;
(2) discarding of the first five volumes to remove signal equili-
bration effects and allow the subjects to adapt to the scanning
environment; (3) slice timing correction; (4) head motion
correction (four patients and one HC who demonstrated
excessive head motion, ie, translation >2 mm or rotation in any
direction >2°, were excluded); (5) spatial normalization to the
standard Montreal Neurological Institute EPI template (resam-
pling voxel size=3 X3 X3 mm)j; (6) linear detrending; (7) band-
pass time-series filtering (0.01-0.08 Hz); and (8) regressing out
of nuisance covariates (ie, the six motion correction parame-
ters, and white matter and cerebrospinal fluid signals).

DC value calculation

DC values were calculated using the Restplus V.1.2 package.
Pearson’s correlation coefficients (r) were calculated for every
possible pairing of voxels within a default whole-brain mask,
and a threshold of r>0.25 was taken to indicate significant
functional connectivity. The weighted DC of a node was calcu-
lated as the sum of weights of significant connections between
a given node and all other nodes. The DC values of each node
were then converted to z scores (an entire brain map of z values
was created using Fisher’s z transformation)'* and used for
subsequent statistical analysis.

Statistical analysis
The demographic data of patients with non-NP-SLE and HCs
were analyzed using SPSS V.25.0 software. Two-sample t-tests
were performed if the demographic data conformed to a
normal distribution; otherwise Mann-Whitney U test was used.
Imaging data were analyzed using SPM V.12, with two-
sample t-tests being used to analyze between-group differences
in DC values, with educational level used as a covariate. The
analysis was restricted to voxels within an explicit mask (eg,
AAL binary_msk_nocerebellum). The AlphaSim correction
was performed for multiple comparisons (voxel p<0.01and
cluster p<0.05). The DC values in regions showing significant
group differences were extracted using Restplus V.1.2 software.

Spearman correlation analysis was used to explore correlations
between spontaneous brain activity and clinical and neuropsy-
chological data. P<0.05 was considered statistically significant.

To assess whether the DC values could be useful in discrim-
inating patients from HCs, receiver operating characteristics
(ROC) analysis was performed, with the extracted zDC values
of brain regions showing between-group differences being used
as the test variable, and having or not having the disease being
considered as the state variable. The areas under the curve
(AUCs) were then calculated from the ROC curves.

RESULTS

Demographic characteristics

Mann-Whitney U test was used to analyze the differences in
demographic data between the subject groups because the data
did not conform to a normal distribution. No significant differ-
ence was found in age, but educational level, MMSE scores,
and HADS-A and HADS-D scores were significantly different
between the two groups (p<0.05; table 1).

Differences in DC values between the two groups
Compared with HCs, DC values in the left and right post-
central gyrus of patients with non-NP-SLE were higher,
while values in the orbital part of the left superior frontal
gyrus (LFMO) were lower (figure 1 and table 2).

Correlations between DC values and clinical and
neuropsychological data

In both subject groups, the DC values of the left and right
postcentral gyrus were negatively correlated with MMSE
scores (r=—0.386, p=0.004, figure 2A; r=-0.391,
p=0.003, figure 2B, respectively), whereas the DC values
of the LFMO were positively correlated with MMSE scores
(r=0.471, p<0.001; figure 2C). In patients with non-
NP-SLE, the DC values of the right postcentral gyrus were
positively correlated with IgA levels (r=0.482, p=0.009;
figure 2D) and the DC values of the LFMO were positively
correlated with IgA levels (r=0.483, p=0.009; figure 2E)
and SLEDAI scores (r=0.531, p=0.04; figure 2F).

Table 1 Demographic and clinical characteristics of patients with non-NP-SLE and HC

Items Non-NP-SLE (n=28) HC (n=27) 2/X? value P value
Age (years) 46.2+10.0 45.1+4.7 —-1.467 0.142*
Disease duration (years) 8.1+6.1 - -
Education (years) 9.7+3.4 12.3+3.8 —2.445 0.014*
MMSE 26.89+2.77 29.59+0.57 —4.942 <0.001*
HADS-A 7.39+5.01 1.74:1.77 —4.753 <0.001*
HADS-D 5.75+4.33 1.07+1.07 —-4.890 <0.001*
FSMC-C 29.71+9.03 -

FSMC-M 30.71+9.51 -

Q3 (g/L) 0.89+0.23

C4 (g/L) 0.16+0.71

IgA 2.24+1.62

IgM 0.88+0.33

SLEDAI 3.61+£3.21

P<0.05 was considered to indicate significant difference.
*Significant difference between groups.

FSMC-C, Fatigue Scale for Motor and Cognitive Functions-subscale for cognitive fatigue; FSMC-M, Fatigue Scale for Motor and Cognitive Functions-subscale for motor fatigue;
HADS-A, Hospital Anxiety and Depression Scale-anxiety subscale; HADS-D, Hospital Anxiety and Depression Scale-depression subscale; HC, healthy control; MMSE, Mini-Mental State
Examination; non-NP-SLE, non-neuropsychiatric systemic lupus erythematosus ; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index.
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Differences in zDC values between the two subject groups. Red and blue colors indicate higher and lower zDC values,

respectively, in patients with non-NP-SLE than in healthy controls. Results are displayed at p<0.05 corrected by AlphaSim (voxel-level
p<0.01, cluster-level p<0.05, cluster size >27 voxels). DC, degree centrality; L, left; non-NP-SLE, non-neuropsychiatric systemic lupus

erythematosus; R, right.

However, no correlation was found between DC values
and the course of disease or HADS scores (all p>0.05).

ROC analysis

For the differentiation of patients with non-NP-SLE from
HCs, ROC analysis of regional DC values showed AUCs
of 0.865 for the right postcentral gyrus, 0.812 for the left

Table 2  Brain regions with different zDC values between two
groups

MNI coordinates (mm)

Cluster size
Region (voxels) X y z t value
Non-NP-SLE > HC
RPG 32 33 —48 69 434
LPG 29 =24 =30 75 3.96
Non-NP-SLE < HC
LFMO 28 -6 51 -6 -4.17

Results are displayed at p<0.05 corrected by AlphaSim (voxel-level p<0.01, cluster-
level p<0.05, cluster size >27 voxels).

DC, degree centrality; HC, healthy control; LFMO, orbital part of the left superior
frontal gyrus; LPG, left postcentral gyrus; MNI, Montreal Neurological Institute; non-
NP-SLE, non-neuropsychiatric systemic lupus erythematosus; RPG, right postcentral
gyrus.

postcentral gyrus, and 0.139 for the LFMO (figure 3 and
table 3).

DISCUSSION

In the present study, we used a voxel-wise DC method
to investigate differences in spontaneous brain activity
between patients with non-NP-SLE and HCs, and explored
the correlation between differences in DC values and clin-
ical and neuropsychological data. In comparison with HCs,
we observed higher DC values in the bilateral postcentral
gyrus of patients with non-NP-SLE, but lower values in the
LFMO. Correlation analysis indicated that in both subject
groups the DC values of the bilateral postcentral gyrus were
negatively correlated with MMSE scores, whereas the DC
values in the LFMO were positively correlated with MMSE
scores. In patients with non-NP-SLE, the DC values of the
right postcentral gyrus were positively correlated with IgA
levels and the DC values of the LFMO were positively
correlated with SLEDAI score and IgA levels. Through ROC
analysis, we found that differences in DC values in specific
encephalic regions are useful in differentiating patients with
non-NP-SLE from HCs.
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Figure 2 Correlations between zDC values and clinical and neuropsychological data. DC, degree centrality; MMSE, Mini-Mental State
Examination; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index.

The postcentral gyrus, also called the primary somatosen-
sory cortex (S1), is one of the brain areas important in the
sensorimotor network (SMN) and plays an important role
in the sense of touch and pain.'® SMN was the first resting-
state brain network to be found by Biswal et al.'” Nystedt et
al'® pointed out that, compared with HCs, patients with SLE
showed increased functional connectivity within the SMN
and between the SMN and other networks. Zhang et al'®
found that brain activity in the bilateral postcentral gyrus
was unusually high in patients with non-NP-SLE. Yu ez a/"’
found that the per cent amplitude of fluctuation values of
the postcentral gyrus were significantly correlated with C3
(an immune system protein) in patients with non-NP-SLE.

ROC curve

AUC

—2zDC of RPG

——zDC of LPG

~—zDC of LFMO
Guides

sensitivity

00 02 04 06 08 10

1 - specificity

Figure 3 ROC curve analysis of the zDC values of altered brain
regions. AUC, area under the curve; DC, degree centrality; LFMO,
orbital part of the left superior frontal gyrus; LPG, left postcentral
gyrus; ROC, receiver operating characteristics; RPG, right
postcentral gyrus.

In this study, the DC values of the bilateral postcentral gyrus
were higher in patients with non-NP-SLE than in HCs. We
speculate that non-NP-SLE may be associated with func-
tional reorganization of the bilateral postcentral gyrus.

Our findings showed low DC values in the LFMO in
patients with non-NP-SLE, suggesting dysfunction of this
region. The LFMO is located in the medial orbitofrontal
cortex** and belongs to the limbic system, which is mainly
involved in cognitive and executive functions of the brain;
it is also the main brain region responsible for cognitive
impulse control.?’™* A previous study found that applica-
tion of transcranial direct current stimulation over the orbi-
tofrontal cortex could improve subjects’ ability to suppress
inappropriate responses.”* Mackay et al® demonstrated
that patients with SLE exhibited increased resting metab-
olism in the orbitofrontal cortex, which was correlated
with impaired performance on a working memory test. We
speculate that the inhibition of this brain region may be
associated with cognitive impairment and requires further
investigation.

Cognitive dysfunction is frequently reported in SLE,
predominantly effects on memory, attention, and verbal
fluency. The MMSE is the most commonly used tool to
assess cognitive functions, including spatial and temporal
orientation, immediate memory, attention, calculation,
verbal fluency, and visual construction.” An MMSE score
below 24 indicates cognitive dysfunction. However, the
scores of the MMSE are somewhat subjective and can easily
be affected by factors such as the person asking the questions
and the educational level of the patients. In this study, we
found that high DC values in the bilateral postcentral gyrus
and low DC values in the LFMO were associated with low
MMSE scores. We speculate that activation of the bilateral
postcentral gyrus may be related to cognitive impairment.
The LFMO may be the specific brain region involved in

Li X, et al. J Investig Med 2022;0:1-7. doi:10.1136/jim-2021-001941
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Table 3 ROC analysis of the zDC values of altered brain regions

Brain regions AUC P value 95%Cl Sensitivity Specificity Cut-off
RPG 0.865 0.000 0.772 to 0.958 0.815 0.786 0.472
LPG 0.812 0.000 0.692 t0 0.932 0.926 0.714 0.631
LFMO 0.139 0.000 0.036 to 0.242 0.964 0.037 -0.597

AUC, area under the curve; DC, degree centrality; LFMO, the orbital part of the left superior frontal gyrus; LPG, left postcentral gyrus; ROC, receiver operating

characteristics; RPG, right postcentral gyrus.

the inhibition of cognitive deficits, a result consistent with
the findings of Mackay et al.® Cognitive dysfunction can be
identified by early observation of abnormal DC values in the
postcentral gyrus and the LFMO, signs that are more objec-
tive than MMSE scores and that are not easily influenced
by the subject’s educational level. We speculate that alter-
ations in DC values in these regions can be used as imaging
markers for the early detection of cognitive dysfunction.

The assessment of disease activity in patients with SLE
plays an important role in guiding their treatment and
prognosis. However, assessment of the SLEDAI is very
complex, including several clinical and laboratory vari-
ables. In this study, we used SLEDAI-2K to assess disease
activity in patients with non-NP-SLE. Our correlation anal-
ysis suggests that disease activity increases with activation
of the LFMO, a finding consistent with our speculation and
further suggesting that the LFMO may be a specific brain
region involved in the pathogenesis of non-NP-SLE. The
DC values of this brain region might be used as an imaging
marker for evaluating disease activity in patients with non-
NP-SLE. In future clinical practice, physicians may be able
to evaluate changes in treatment efficacy and clinical mani-
festations by monitoring alterations in DC values in the
LFMO.

SLE is characterized by abnormal activation of immune
cells and release of cytokines, leading to multiple organ
damage.”® SLE involves the formation and deposition
of autoantibodies and immune complexes. Circulating
immune complexes can induce type I interferon responses
and promote B cell activation and humoral autoimmunity.?’”
We found that IgA levels were elevated in some patients
with non-NP-SLE. The DC values of the right postcentral
gyrus and the LFMO were positively correlated with IgA
levels in patients with non-NP-SLE, indicating that as the
DC values of these two brain regions increase, the IgA levels
increase. We speculate that the right postcentral gyrus and
the LFMO may be specific targets of immune response in
patients with non-NP-SLE, and that IgA levels might be used
as a potential biomarker to monitor the functional activity
of these brain regions.

To assess the performance of DC values in differentiating
patients with non-NP-SLE from HCs, we performed ROC
curve analysis on the DC values of specific regions, showing
differences between the two subject groups. The AUC of the
ROC curve represents the diagnostic performance, with an
AUC of 0.5-0.7 indicating low accuracy, 0.7-0.9 indicating
moderate accuracy, and values >0.9 indicating high accu-
racy.”® ROC analysis showed AUCs of 0.865 for DC values
of the right postcentral gyrus, 0.812 for the left postcentral
gyrus, and 0.139 for the LEMO. These results suggest that
DC values of the bilateral postcentral gyrus could be used as
an imaging marker for non-NP-SLE.

The present study has some limitations. First, the sample
size was small and future study with a larger sample size
is needed to verify the current findings. Second, there are
currently no clear criteria for the diagnosis of cognitive
dysfunction in patients with non-NP-SLE, and the lack of
objective and specific neurocognitive assessments limits
our interpretation of the results; therefore, prospective
longitudinal assessment may be needed in further studies.
Third, many studies have shown that the immunosuppres-
sive agents used to treat SLE may inhibit the production
of immunoglobulins, which may have influenced our find-
ings. Therefore, the relationships between immunoglobulin
levels and brain functional activities need to be further
investigated.

Our findings demonstrate that the DC values of many
brain regions differed between patients with non-NP-SLE
and HCs and that differences in specific brain regions were
correlated with neuropsychiatric test scores, disease activity,
and IgA levels, suggesting that altered DC values in specific
brain areas could possibly be used as imaging markers for
non-NP-SLE.

Acknowledgements We thank Karl Embleton, PhD, from Liwen Bianji
(Edanz) (www.liwenbianji.cn), for editing the English text of a draft of this
manuscript.

Contributors JX acts as guarantor. JX, JC, and HZ designed the study and
revised the manuscript. XL, PZ, WZ, YL, ZS, and JC performed the experiments
and collected the data. PZ, WZ, YL, and ZS analyzed the data. XL drafted the
manuscript. All authors reviewed and edited the manuscript and approved the
final version.

Funding The authors have not declared a specific grant for this research from
any funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Consent obtained directly from patient(s).

Ethics approval This study involves human participants and was approved
by the Institutional Review Board (IRB) of Taizhou People’s Hospital (no. KY20-
011-01). Participants gave informed consent to participate in the study before
taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

ORCID iD
Jianguo Xia http://orcid.org/0000-0001-6178-4185

REFERENCES

1 The American College of rheumatology Nomenclature and case definitions for
neuropsychiatric lupus syndromes. Arthritis Rheum 1999;42:599-608.

2 Kaul A, Gordon C, Crow MK, et al. Systemic lupus erythematosus. Nat Rev Dis
Primers 2016;2:16039.

3 Leslie B, Crowe SF. Cognitive functioning in systemic lupus erythematosus: a
meta-analysis. Lupus 2018;27:920-9.

4 Barraclough M, Elliott R, McKie S, et al. Cognitive dysfunction and functional
magnetic resonance imaging in systemic lupus erythematosus. Lupus
2015;24:1239-47.

6

Li X, et al. J Investig Med 2022;0:1-7. doi:10.1136/jim-2021-001941

WbuAdos Aqg paoaloid 1sanb Ag 120z ‘g ludy uo /:3]1 Wwoly papeojumod "zz0z Arenuer 6T U0 TH6T00-TZ0Z-WI9ETT 0T Se paysiand isiiy (pajy Busaaul


http://orcid.org/0000-0001-6178-4185
http://dx.doi.org/10.1002/1529-0131(199904)42:4<599::AID-ANR2>3.0.CO;2-F
http://dx.doi.org/10.1038/nrdp.2016.39
http://dx.doi.org/10.1038/nrdp.2016.39
http://dx.doi.org/10.1177/0961203317751859
http://dx.doi.org/10.1177/0961203315593819

Original research

5

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

Kozora E, Filley CM. Cognitive dysfunction and white matter abnormalities in
systemic lupus erythematosus. J Int Neuropsychol Soc 2011;17:385-92.
Fujita Y, Fukui S, Ishida M, et al. Reversible cognitive dysfunction in Elderly-
onset systemic lupus erythematosus, successfully treated with aggressive
immunosuppressive therapy. Intern Med 2018;57:3025-8.

Mackay M, Vo A, Tang CC, et al. Metabolic and microstructural alterations in
the SLE brain correlate with cognitive impairment. JC/ Insight 2019;4:e124002.
Cao Z-Y,Wang N, Jia J-T, et al. Abnormal topological organization in systemic
lupus erythematosus: a resting-state functional magnetic resonance imaging
analysis. Brain Imaging Behav 2021;15:14-24.

Zhang XD, Jiang XL, Cheng Z, et al. Decreased coupling between functional
connectivity density and amplitude of low frequency fluctuation in Non-
Neuropsychiatric systemic lupus erythematosus: a Resting-Stage functional MRI
study. Mol Neurobiol 2017;54:5225-35.

Sarbu N, Alobeidi F, Toledano P, et a/. Brain abnormalities in newly diagnosed
neuropsychiatric lupus: systematic MRI approach and correlation with

clinical and laboratory data in a large multicenter cohort. Autoimmun Rev
2015;14:153-9.

Chen H-J, liang L-F, Sun T, et al. Resting-State functional connectivity
abnormalities correlate with psychometric hepatic encephalopathy score in
cirrhosis. Eur J Radiol 2015;84:2287-95.

Wu G-R, Stramaglia S, Chen H, et al. Mapping the voxel-wise effective
connectome in resting state fMRI. PLoS One 2013;8:¢73670.

Guo M, Ren Y, Yu H, et al. Alterations in degree centrality and functional
connectivity in Parkinson'’s disease patients with freezing of gait: a
resting-state functional magnetic resonance imaging study. Front Neurosci
2020;14:582079.

LiY, Liang Y, Tan X, et al. Altered functional hubs and connectivity in type

2 diabetes mellitus without mild cognitive impairment. Front Neurol
2020;11:1016.

Liu S, Cheng Y, Xie Z, et al. A conscious resting state fMRI study in SLE patients
without major neuropsychiatric manifestations. front Psychiatry 2018;9:677.

17

20

21

22

23

24

25

26

27

28

Biswal B, Yetkin FZ, Haughton VM, et a/. Functional connectivity in the motor
cortex of resting human brain using echo-planar MRI. Magn Reson Med
1995;34:537-41.

Nystedt J, Mannfolk P, Jénsen A, et al. Functional connectivity changes in core
resting state networks are associated with cognitive performance in systemic
lupus erythematosus. / Comp Neurol 2019;527:1837-56.

Yu'Y, Chen L, Wang Q, et a/. Altered amplitude of low-frequency fluctuations
in inactive patients with Nonneuropsychiatric systemic lupus erythematosus.
Neural Plast 2019;2019:1-10.

Zhang F, Hua B, Wang M, et al. Regional homogeneity abnormalities of resting
state brain activities in children with growth hormone deficiency. Sci Rep
2021;11:334.

Kringelbach ML. The human orbitofrontal cortex: linking reward to hedonic
experience. Nat Rev Neurosci 2005;6:691-702.

Shackman AJ, Salomons TV, Slagter HA, et al. The integration of negative
affect, pain and cognitive control in the cingulate cortex. Nat Rev Neurosci
2011;12:154-67.

Wang Y, Yan K-J, Fan C-X, et al. Altered functional connectivity of the nucleus
accumbens subdivisions in amphetamine-type stimulant abusers: a resting-
state fMRI study. BMC Neurosci 2019;20:66.

Ouellet J, McGirr A, Van den Eynde F, et al. Enhancing decision-making and
cognitive impulse control with transcranial direct current stimulation (tDCS)
applied over the orbitofrontal cortex (OFC): a randomized and sham-controlled
exploratory study. J Psychiatr Res 2015;69:27-34.

Rayes HA, Tani C, Kwan A, et al. What is the prevalence of cognitive impairment
in lupus and which instruments are used to measure it? A systematic review
and meta-analysis. Semin Arthritis Rheum 2018;48:240-55.

Collison J. Systemic lupus erythematosus: new pathway blocks disease in
lupus-prone mice. Nat Rev Rheumatol 2017;13:131.

Huang X, Dorta-Estremera S, Yao Y, et al. Predominant role of plasmacytoid
dendritic cells in stimulating systemic autoimmunity. front Immunol
2015;6:526.

Wu K-R, Yu Y-J, Tang L-Y, et al. Altered brain network centrality in patients
with adult strabismus with amblyopia: a resting-state functional magnetic
resonance imaging (fMRI) study. Med Sci Monit 2020;26:925856.

Li X, et al. J Investig Med 2022;0:1-7. doi:10.1136/jim-2021-001941

yBuAdoo Aq paloalold 1senb Ag 20z ‘8 udy uo /i3]l Woly papeojumod ‘220z Arenuer 6T UO T6T00-T2Z0Z-WI9ETT 0T se paysiand isiy :palN Bisaaul ¢


http://dx.doi.org/10.1016/S0022-510X(00)00492-5
http://dx.doi.org/10.1017/S1355617711000191
http://dx.doi.org/10.2169/internalmedicine.0934-18
http://dx.doi.org/10.1172/jci.insight.124002
http://dx.doi.org/10.1007/s11682-019-00228-y
http://dx.doi.org/10.1007/s12035-016-0050-9
http://dx.doi.org/10.1016/j.autrev.2014.11.001
http://dx.doi.org/10.1016/j.ejrad.2015.08.005
http://dx.doi.org/10.1371/journal.pone.0073670
http://dx.doi.org/10.3389/fnins.2020.582079
http://dx.doi.org/10.3389/fneur.2020.01016
http://dx.doi.org/10.3389/fpsyt.2018.00677
http://dx.doi.org/10.1002/mrm.1910340409
http://dx.doi.org/10.1002/cne.24656
http://dx.doi.org/10.1155/2019/9408612
http://dx.doi.org/10.1038/s41598-020-79475-9
http://dx.doi.org/10.1038/nrn1747
http://dx.doi.org/10.1038/nrn2994
http://dx.doi.org/10.1186/s12868-019-0548-y
http://dx.doi.org/10.1016/j.jpsychires.2015.07.018
http://dx.doi.org/10.1016/j.semarthrit.2018.02.007
http://dx.doi.org/10.1038/nrrheum.2017.2
http://dx.doi.org/10.3389/fimmu.2015.00526
http://dx.doi.org/10.12659/MSM.925856

	Altered degree centrality in patients with non-­neuropsychiatric systemic lupus erythematosus: a resting-­state fMRI study
	Abstract
	Introduction﻿﻿﻿﻿
	﻿Materials and methods﻿
	Subjects
	MRI acquisition
	Image preprocessing and analysis
	DC value calculation
	Statistical analysis

	Results
	Demographic characteristics
	Differences in DC values between the two groups
	Correlations between DC values and clinical and neuropsychological data
	ROC analysis

	Discussion
	References


