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Purpose: In this study, we seek to investigate dynamic changes of brain activity in non- 
neuropsychiatric systemic lupus erythematosus (non-NPSLE) patients with inactive disease.
Patients and Methods: Thirty-one non-NPSLE patients with inactive disease and 20 
matched healthy controls underwent the blood oxygenation level-dependent fMRI examina-
tion. Dynamic regional homogeneity (ReHo) and fractional amplitude of low-frequency 
fluctuations (fALFF) were used to analyze the brain activity in typical band (0.01–0.08 
Hz), slow-4 (0.027–0.073 Hz) and slow-5 (0.01–0.027 Hz). Pearson’s correlation analysis 
was performed to correlate dynamic regional homogeneity (dReHo) and dynamic fractional 
amplitude of low-frequency fluctuations (dfALFF) values for clusters of voxels where 
significant group differences were found with clinical variables in non-NPSLE patients 
with inactive disease.
Results: In typical band, non-NPSLE patients showed increased dReHo in left middle 
occipital gyrus (MOG) compared to healthy controls. Meanwhile, patients showed decreased 
dfALFF in right superior frontal gyrus (SFG) and bilateral middle frontal gyrus (MFG) in 
typical band. In slow-4, increased dReHo in left MOG was found in non-NPSLE patients. In 
slow-5, non-NPSLE patients showed increased dReHo in left MOG, left calcarine fissure and 
surrounding cortex, right precentral gyrus (PreCG) and left postcentral gyrus (PoCG). 
Meanwhile, non-NPSLE patients showed decreased dfALFF in left SFG, right MFG, and 
right PreCG in slow-5. Moreover, the glucocorticoid dose showed significantly negative 
correlations with dReHo values in right PreCG in slow-5, left PoCG in slow-5, and left MOG 
in typical band.
Conclusion: dReHo and dfALFF abnormalities in different frequency bands may be the key 
characteristics in the pathogenesis mechanism of non-NPSLE.
Keywords: systemic lupus erythematosus, non-neuropsychiatric systemic lupus 
erythematosus, dynamic fractional amplitude of low-frequency fluctuations, dynamic 
regional homogeneity, frequency bands, resting-state functional magnetic resonance imaging

Introduction
Systemic lupus erythematosus (SLE) is a chronic autoimmune disease that affects 
multiple organ systems, such as the nervous system.1 Neuropsychiatric SLE 
(NPSLE) is a common and dangerous complication of SLE. NP syndromes are 
estimated to exist in more than half of SLE patients and range from mild mood 
disorders to severe manifestations.2 Although the prognosis of SLE patients has 
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greatly improved in recent years, NPSLE still remains 
a major cause of morbidity and mortality.3

Magnetic resonance imaging is an important imaging 
technique to reflect the diversity of underlying mechan-
isms in NPSLE and demonstrate diffuse periventricular 
white matter hyperintensity (WMHI), decreased white 
matter integrity and cortical atrophy in patients with 
NPSLE and even in SLE patients without overt NP 
manifestations.4–8 However, these assessments fail to 
explain the mechanisms in non-NPSLE patients.

With the development of blood oxygenation level- 
dependent functional magnetic resonance imaging, resting- 
state fMRI (RS-fMRI) has been used to explore the brain 
activity in several kinds of diseases since the first study 
reported that functionally related brain regions showed 
a correlation of low-frequency (typically 0.01–0.1 Hz) 
oscillations (LFO) in the resting-state with echo-planar 
MRI.9 To quantify local brain activity of human brain, 
several measurements were commonly applied in RS- 
fMRI studies in nervous system diseases, including regio-
nal homogeneity (ReHo), amplitude of low-frequency 
fluctuations (ALFF), and fractional amplitude of low- 
frequency fluctuations (fALFF).10−12 Currently, increasing 
evidence from fMRI studies shows that brain activity in 
non-NPSLE patients is aberrant. For example, researchers 
found increased standardized ALFF in the left inferior 
temporal gyrus and left putamen in patients with non- 
NPSLE and the significantly negative correlation between 
C3 and ALFF values in the left putamen was found in 
patients.13 Liu et al14 found abnormal ReHo in the para-
hippocampal gyrus, fusiform gyrus, and thalamus in non- 
NPSLE patients and ReHo values in the left postcentral 
gyrus were negatively correlated with anxiety depression 
symptoms. Yu et al15 found decreased ALFF in the pre-
cuneus and increased ALFF in the right cuneus and right 
calcarine fissure surrounding cortex in non-NPSLE 
patients. Zhang et al16 found alteration of ALFF and 
functional connectivity density coupling strengths in the 
left superior parietal gyrus and bilateral precuneus in non- 
NPSLE patients. Most RS-fMRI studies of ReHo focused 
on typical band (0.01–0.08 Hz) because this band was 
considered to reflect spontaneous neuronal activity of the 
brain.17,18 However, amounts of evidence showed that the 
pattern of intrinsic brain activity had differential spatial 
distribution of the LFO amplitudes.19 Researchers found 
that LFO amplitudes in slow-4 (0.027–0.073 Hz) were 
most robust in the basal ganglia and slow-5 (0.01–0.027 
Hz) was more dominant within ventromedial prefrontal 

cortices than slow-4.19 Previous RS-fMRI studies in non- 
NPSLE patients focused on typical band (0.01–0.08 Hz), 
but few studies utilized the other oscillatory bands includ-
ing slow-4 and slow-5 to analysis brain activity in non- 
NPSLE patients.

Most RS-fMRI studies suggested that functional brain 
activity is stationary through the entire resting scan, but 
ignored that the characteristics of spontaneous neuronal 
activity of the brain were not static but dynamic over 
time.20–22 Assessment of brain dynamic approaches from 
RS-fMRI studies improves our understanding of the brain. 
Besides, several studies stated that the functional activity 
over multiple time scales seems to be a reliable feature and 
this intrinsic feature could provide a novel method to 
investigate abnormal brain activity related with neuropsy-
chiatric disorders.23,24 Moreover, recent studies demon-
strated that the characteristic of dynamic functional 
connectivity significantly can provide macroscopic neural 
activity patterns which was better than the static descrip-
tions of functional connectivity.23,25,26 Meanwhile, it is not 
enough to focus on dynamic functional connectivity, so 
regional approaches like dynamic ReHo have been used in 
several diseases to explore the dynamic variability of the 
local spontaneous neuronal brain activity.27–30 The 
increased or decreased dynamic local temporal variabil-
ities might provide some new evidence to support altera-
tions of dynamic neural activity in SLE patients. In recent 
years, researchers have focused on local temporal varia-
bility of functional activity in SLE patients, but there is 
still a lack of information regarding the dynamic local 
brain activity in SLE patients. Thus, we sought to deter-
mine whether altered dynamic ReHo (dReHo) and 
dynamic fALFF (dfALFF) were associated with non- 
NPSLE patients in this study.

Neuropsychiatric complications generally occur in the 
active disease phase of SLE patients.31,32 Researchers 
observed the abnormal brain activity in SLE patients was 
associated with the disease activity.14,33–35 Previous RS- 
fMRI studies mainly focused on non-NPSLE patients with 
active disease but a lack of studies in non-NPSLE patients 
with inactive disease. To address these issues, we sought 
to investigate the temporal variability of brain activity in 
non-NPSLE patients with inactive disease using dReHo 
and dfALFF in typical band (0.01–0.08 Hz), slow-4 (0.-
027–0.073 Hz), and slow-5 (0.01–0.027 Hz). Furthermore, 
the correlations between dReHo and dfALFF values for 
clusters of voxels where significant group differences were 
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found and the clinical variables and neuropsychological 
factors of non-NPSLE patients were performed.

Materials and Methods
Participants
Thirty-one non-NPSLE patients with inactive disease 
were recruited at the Department of Rheumatology of 
the Second Affiliated Hospital, Zhejiang University, 
College of Medicine. All the patients fulfilled the 
American College of Rheumatology (ACR) diagnostic 
criteria of SLE and had no history of neuropsychiatric 
manifestations which were classified according to the 
ACR criteria.36,37 Disease activity was assessed by an 
independent physician using the SLE Disease Activity 
Index (SLEDAI).38 Inactive SLE was defined by 
SLEDAI <5 without organ damage within at least 6 
months. The inclusion criteria for all the patients were 
as follows: 1) female gender, right-handedness, and age 
ranging from 15–45 years, 2) inactive SLE in a stable 
condition for at least 24 weeks, and 3) no organ 
damage. We recruited 20 sex-, age-, and education- 
matched healthy controls. The study protocol was 
approved by the Ethics Review Committee of the 
Hospital and was conducted in accordance with the 
Declaration of Helsinki. All subjects gave written 
informed consent before being included in the study.

The exclusion criteria for all subjects were as fol-
lows: 1) left-handed; 2) brain impairment, such as head 
trauma, tumor, cerebral infarction, and cerebral hemor-
rhage; 3) a history of drug abuse and alcohol abuse; 4) 
pregnancy; 5) major depression (defined as Beck 
Depression Inventory (BDI-II) -score >13);39,40 6) any 
physical condition, such as heart diseases, kidney dis-
eases, hypertension, hepatitis, and diabetes; 7) positive 
antiphospholipid antibody (aPL) or a history of antipho-
spholipid syndrome; and 8) head movement larger than 
3.0 mm of translation or 3.0° of rotation during func-
tional MRI data acquisition. As a consequence, three 
patients were excluded for the severe head motion. 
The remaining 28 patients and 20 healthy controls 
were enrolled in this study.

Clinical Laboratory Data and 
Psychometric Tests
The medical history and blood samples of the patients 
were collected on the same day while the scans were 
performed. Serologic data including C3, C4, anti-dsDNA 

antibody, antinuclear antibody, and antiphospholipid anti-
body were collected. Self-assessment scale for each sub-
ject including Fatigue Severity Scale (FSS), Beck 
Depression Inventory-II (BDI-II) and Mini-mental state 
examination (MMSE) were obtained within half an hour 
after a scan examination.41,42

Data Acquisition
All image scans were performed on a 3.0 T MRI scanner 
(SIEMENS MAGNETOM Prisma) at the 3T MRI center, 
Zhejiang University, with a 64-channel phased array head 
coil to restrict the head and an earplug to reduce the effect of 
noise. The resting-state functional images were collected by 
an echo-planar imaging (EPI) sequence using the following 
parameters: TR=2,000 ms; TE=30 ms; field-of-view (FOV) 
=220×220 mm; flip angle=78°; slice thickness=3.4 mm; 
voxel size: 3.4×3.4×3.4 mm3; 32 axial slices covering the 
whole brain and 240 volumes obtained in 8 minutes. In 
addition, the T1 images were acquired to exclude obvious 
clinically silent lesions like tumor, atrophy, and cerebral 
infarction using a magnetization prepared rapid gradient 
echo (MP-RAGE) sequence (TR=2,300 ms; TE=2.26 ms; 
flip angle=8°; slice thickness=1 mm; field of view (FOV) 
=256×256 mm; voxel size=1×1×1 mm3). We did not scan 
the whole cerebellum of all the participants, so the cerebel-
lum was not displayed in the results.

Data Preprocessing
Functional images were preprocessed using RESTplus 
V1.2443 (www.restfmri.net) and SPM12 (https://www.fil. 
ion.ucl.ac.uk/spm/).44 For each subject, the data prepro-
cessing consisted of the following steps: 1) discarding 
the first 10 time points for steady-state magnetization 
and participant adaptation; 2) slice timing correction; 3) 
realign (head motion correction); 4) spatial normaliza-
tion to the Montreal Neurological Institute (MNI) space 
via the deformation fields derived from tissue segmenta-
tion of structural images (resampling voxel size=3×3-
×3 mm); 5) linear detrending; and 6) nuisance covariates 
regression (Friston-24 head motion parameters, white 
matter signal and CSF signal).45 The mean value of 
the time series of each voxel was added back in this 
step. 7) Temporal filtering was conducted only for the 
computation of ReHo and dReHo in typical band (0.-
01–0.08 Hz), slow-4 (0.027–0.73 Hz), and slow-5 (0.-
01–0.027 Hz).

Neuropsychiatric Disease and Treatment 2021:17                                                                              https://doi.org/10.2147/NDT.S292302                                                                                                                                                                                                                       

DovePress                                                                                                                       
1387

Dovepress                                                                                                                                                            Chen et al

http://www.restfmri.net
https://www.%FB01l.ion.ucl.ac.uk/spm/
https://www.%FB01l.ion.ucl.ac.uk/spm/
https://www.dovepress.com
https://www.dovepress.com


Computation of ReHo, fALFF, dReHo, 
and dfALFF
ReHo and fALFF analyses were performed using the 
RESTplus V1.24. RESTplus V1.24 was based on SPM12 
and REST V1.8.43 In ReHo analysis, we calculated the 
Kendall’s coeffcient of concordance of the time course of 
every 27 nearest neighboring voxels.46 In fALFF analysis, 
the time series was converted to the frequency domain by 
a fast Fourier transform, and the power spectrum was esti-
mated. The square root of power spectrum was computed at 
each frequency. The averaged square root value across the 
predefined frequency was taken as ALFF of each voxel. 
Then we calculated fALFF, the ratio of the ALFF of 
a given low frequency band to the sum of amplitudes across 
the entire frequency range detectable in a given signal. The 
ReHo and fALFF maps were smoothed with a Gaussian 
kernel of 6 mm full width at half-maximum (FWHM). The 
dynamic ReHo (dReHo) and dynamic fALFF (dfALFF) 
were computed using sliding-window analysis by the 
Temporal Dynamic Analysis (TDA) module of RESTplus 
V1.24.43 Firstly, the moderate-length sliding window size 
was selected as 32 TR for capturing brain dynamics and the 
step size of the window slid along time was set at 2TR 
(length of 75 TR window size and 20 TR step of window 
size were also applied to check the stability of the results). 
Secondly, the fALFF map and ReHo map for each sliding 
window were calculated to estimate dfALFF and dReHo for 
all windows. Thirdly, to investigate temporal variability of 
brain activity, we computed the coefficient of variation (CV) 
of dReHo and dfALFF maps across windows. At last, all the 
CV maps were smoothed with a Gaussian kernel of 6 mm 
full width at half-maximum (FWHM).

Statistical Processes
Two-sample t-tests were performed to evaluate the differ-
ences in age, duration of education, MMSE, FSS, and BDI– 
II between patients with non-NPSLE and healthy controls 
using SPSS (version 24.0, Armonk NY) with a threshold of 
p<0.05. The ReHo, fALFF, dReHo, and dfALFF in the two 
groups were compared using RESTplus V1.24 and we think 
the p-value of years of education between two groups is not 
big enough (p=0.215), so the years of education was 
regressed in the two-sample t-test to avoid the influence. 
The resultant T-maps were corrected for multiple compar-
isons using the Gaussian random field (GRF) theory (voxel 
p<0.005, cluster p<0.05, two tailed).

Results
Demographic Data and Clinical 
Characteristics
A total of 28 patients with non-NPSLE and 20 healthy 
controls were enrolled in this study. Demographic data 
and clinical characteristics of all the subjects are dis-
played in Table 1. No significant difference in age and 
duration of education was found between non-NPSLE 
patients with inactive disease and healthy controls. The 
disease duration of patients was 7.71±5.58 years and 
all the patients have been in a stable condition for at 
least 6 months, which was defined by SLEDAI<5 with-
out organ damage. There was a significant difference in 
FSS between non-NPSLE patients with inactive disease 

Table 1 Demographic and Clinical Information in Patients and 
Healthy Controls

Demographics Non- 
NPSLE 
(n=28)

HCs 
(n=20)

p-value

Age (years) 35.54±7.38 34.60±8.25 0.682

Education (years) 12.21±3.61 13.60±3.97 0.215

Disease duration (years) 7.71±5.58 N/A N/A

SLEDAI 1.25±1.17 N/A N/A

Antiphospholipid 
antibodies

0 N/A N/A

Treatments — —

Glucocorticoid (mg) 7.48±4.88 N/A N/A

Hydroxychloroquine 20 (71.4%) N/A N/A

Mycophenolate mofetil 2 (0.07%) N/A N/A

Cyclophosphamide 2 (0.07%) N/A N/A

C3 (g/L) 0.70±0.20 N/A N/A

C4 (mg/L) 119.68±65.23 N/A N/A

MMSE 28.86±1.35 29.20±0.70 0.258

FSS 39.57±9.74 26.30±10.96 <0.001

BDI-II 7.11±4.17 5.85±4.00 0.300

Notes: Thirty-one non-NPSLE patients and 20 healthy controls were enrolled in 
this study, three patients were excluded for further study for head motion over 
3.0 mm of translation or 3.0° of rotation; p-value was obtained by the two-sample 
t-test, values are mean SD. 
Abbreviations: Non-NPSLE, non-neuropsychiatric systemic lupus erythematosus; 
HCs healthy controls; SLEDAI, systemic lupus erythematosus disease activity index; 
MMSE, the Mini-mental state examination; FSS, fatigue severity scale; BDI-II, Beck 
Depression Inventory II scale.
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and healthy controls (p<0.001). However, no signifi-
cant difference in BDI-II scale and MMSE was found 
between non-NPSLE patients and healthy controls 
(both p>0.05).

Group Differences in ReHo, fALFF in 
Different Frequency Bands
Compared with healthy controls, non-NPSLE patients dis-
played decreased ReHo in bilateral calcarine fissure and the 
surrounding cortex (CAL) and increased ReHo in right mid-
dle frontal gyrus (MFG) in both typical band and slow-4. 
Meanwhile, increased ReHo in left MFG was found in the 
typical band in non-NPSLE patients. Compared with healthy 
controls, increased fALFF in right MFG in three frequency 
bands was found in non-NPSLE patients. Non-NPSLE 
patients showed increased fALFF in the right caudate 
nucleus in the typical band, decreased fALFF in the right 
CAL in slow-4 and increased fALFF in the right inferior 
frontal gyrus, orbital part in slow-5 (Supplementary materials 
Tables 1 and 2, Supplementary materials Figures 1 and 2).

Group Differences in dReHo in Different 
Frequency Bands
Compared with healthy controls, non-NPSLE patients 
showed increased dReHo in the left middle occipital 
gyrus in three frequency bands and increased dReHo in 
the left CAL, right precentral gyrus (PreCG), and left 
postcentral gyrus (PoCG) in slow-5 (Table 2, Figure 1). 
The results of the group differences in dReHo in length of 
75 TR window size and 20 TR step of window size are 
shown in Supplementary materials Table 3 and 
Supplementary materials Figure 4.

Between-Group Differences in dfALFF in 
Different Frequency Bands
Compared with healthy controls, non-NPSLE patients 
showed decreased dfALFF in bilateral MFG and right super-
ior frontal gyrus (SFG) in typical band and decreased dfALFF 
in left SFG, right MFG and right PreCG were found in slow-5 
(Table 3, Figure 2). The results of the group differences in 
dfALFF in length of 75 TR window size and 20 TR step of 
window size are shown in Supplementary materials Table 4 
and Supplementary materials Figure 5.

Relationship Between ReHo, fALFF, 
dReHo, dfALFF, and Clinical Variables
The correlations between the ReHo values for clusters of 
voxels where significant group differences were found and 
clinical variables (C3, C4, SLEDAI, disease duration, glu-
cocorticoid dose, psychometric scale FSS and BDI-II) in 
non-NPSLE patients with inactive disease were per-
formed. Similar to ReHo, fALFF, dReHo, and dfALFF 
values for clusters of voxels where significant group dif-
ferences were found were also correlated to the clinical 
variables using Pearson’s correlation analysis.

The correlation analysis revealed significantly negative 
correlations between the fatigue severity scale and ReHo 
values in bilateral MFG in typical band. The Beck 
Depression Inventory II showed significantly positive cor-
relations with fALFF values in right CAL in slow-4 and 
right ORBinf in slow-5. A significantly negative correla-
tion was found between SLEDAI score and fALFF values 
in right MFG in slow-5. Moreover, the glucocorticoid dose 
was negatively correlated with fALFF values in right MFG 
in slow-5 (Supplementary materials Figure 3).

Table 2 The Difference in dReHo Value in Brain Regions between SLE and HCs

Brain Regions Cluster Size (Number of Voxels) Peak MNI Coordinates Peak Intensity

X Y Z

Typical band (0.01–0.08 Hz)
Left MOG 212 −33 −72 12 4.51

Slow-4 (0.027–0.073 Hz)

Left MOG 102 −33 −72 0 4.05
Slow-5 (0.01–0.027 Hz)

Left CAL 220 −15 −60 3 4.33

Left MOG 109 −30 −81 15 4.52
Right PreCG 152 45 −18 48 4.99

Left PoCG 241 −48 −18 51 4.45

Abbreviations: MNI, Montreal Neurological Institute; MOG, middle occipital gyrus; CAL, calcarine fissure and surrounding cortex; PreCG, precentral gyrus; PoCG, 
postcentral gyrus.
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The correlation analysis revealed significantly negative 
correlations were found between the glucocorticoid dose 
and dReHo values in right PreCG in slow-5 (p=0.001, r= 
−0.613), dReHo values in left PoCG in slow-5 (p=0.022, 
r=−0.432), and dReHo values in left MOG in typical band 
(p<0.001, r=−0.659). No significant correlation was found 
between dReHo, dfALFF values, and C3, C4, SLEDAI, 
disease duration, psychometric scale FSS, and BDI-II in 
the three different bands (Figure 3).

Discussion
In the current study, we assessed the dynamic character-
istics of the human whole-brain activity in non-NPSLE 
patients with inactive disease and healthy controls in three 

different frequency bands (typical band=0.01–0.08 Hz; 
slow-4=0.027–0.073 Hz; slow-5=0.01–0.027 Hz) based 
on two approaches, dReHo and dfALFF. Our study 
demonstrated that non-NPSLE patients showed increased 
dReHo in the left middle occipital gyrus in three frequency 
bands and increased dReHo in the left CAL, right precen-
tral gyrus (PreCG) and left postcentral gyrus (PoCG) in 
slow-5. Meanwhile, compared with healthy controls, 
decreased dfALFF in bilateral MFG and right superior 
frontal gyrus (SFG) in the typical band and decreased 
dfALFF in the left SFG, right MFG, and right PreCG 
was found in slow-5 in non-NPSLE patients. Negative 
correlations between dReHo in several brain regions and 
glucocorticoid dose were found. Our results suggested the 

Figure 1 dReHo map of non-NPSLE patients versus healthy controls in different frequency bands. T-statistic dReHo maps of non-NPSLE patients versus healthy controls 
(HCs) (voxel p<0.005, cluster p<0.05, GRF corrected). (A) dReHo map of non-NPSLE patients versus healthy controls in typical band; (B) dReHo map of non-NPSLE 
patients versus healthy controls in slow-4; (C) dReHo map of non-NPSLE patients versus healthy controls in slow-5. Hot colors indicate increased dReHo in patients 
compared with HCs; cold colors indicate decreased dReHo in patients compared with HCs. 
Abbreviations: R, right hemisphere; L, left hemisphere; MOG, middle occipital gyrus; CAL, calcarine fissure and surrounding cortex; PreCG, precentral gyrus; PoCG, 
postcentral gyrus.
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alterations of dReHo and dfALFF in non-NPSLE patients 
with inactive disease were frequency-dependent and might 
be correlated to the brain dysfunction.

Consistent with previous investigations, we found 
altered brain activity in non-NPSLE patients in the typical 
band. At present, there is still a lack of consensus on the 
physiological significance of low-frequency bold oscilla-
tion signals in different frequency bands. Some scholars 
showed that different oscillation bands have different 
mechanisms and corresponding physiological functions.19 

In other related studies, slow-4 and slow-5 have different 
sensitivity to spontaneous activity in different brain 
regions.17,47 In our study, we assumed that typical band, 

slow-4 and slow-5 can reflect the different spontaneous 
brain activity of non-NPSLE patients in order to observe 
the abnormal brain function of non-NPSLE patients from 
different perspectives. Conventional ReHo and fALFF can 
be regarded as a proxy for static brain activity. Several 
previous studies reported that static ReHo was altered in 
non-NPSLE patients.14,33 Specifically, active patients with 
SLE showed decreased ReHo in the right fusiform gyrus 
and increased ReHo in the left parahippocampal and right 
uncus.14,33 However, static ReHo can only reflect static 
local brain activity.46 With ReHo as a representative indi-
cator of static brain activity, we often assumed that the 
neural activity in the brain is temporarily stable. However, 

Table 3 The Difference in dfALFF Value in Brain Regions between SLE and HCs

Brain Regions Cluster Size (Number of Voxels) Peak MNI Coordinates Peak Intensity

X Y Z

Typical band (0.01–0.08 Hz)

Right MFG 129 51 36 27 −4.26
Left MFG 213 −24 18 60 −4.62

Right SFG 113 27 −6 72 −3.80

Slow-4 (0.027–0.073 Hz)
No significant brain regions

Slow-5 (0.01–0.027 Hz)

Left SFG 155 −24 15 66 −4.51
Right MFG 82 39 27 48 −4.65

Right PreCG 136 27 −9 72 −4.94

Abbreviations: MNI, Montreal Neurological Institute; MFG, middle frontal gyrus; SFG, superior frontal gyrus; PreCG, precentral gyrus.

Figure 2 dfALFF map of non-NPSLE patients versus healthy controls in different frequency bands T-statistic dfALFF maps of non-NPSLE patients versus healthy controls 
(HCs) (voxel p<0.005, cluster p<0.05, GRF corrected). (A) dfALFF map of non-NPSLE patients versus healthy controls in typical band; (B) dfALFF map of non-NPSLE 
patients versus healthy controls in slow-5. Hot colors indicate increased dfALFF in patients compared with HCs; cold colors indicate decreased dfALFF in patients compared 
with HCs. 
Abbreviations: R, right hemisphere; L, left hemisphere; MFG, middle frontal gyrus; SFG, superior frontal gyrus; PreCG, precentral gyrus.
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many previous studies suggest that these studies have 
certain limitations, because a large number of studies 
showed that the intrinsic brain activity is dynamic over 
time.20,21 Sliding window analysis can be utilized to cap-
ture the time-varying information of the connectivity and 
describes the temporal energy consumption, which may be 
the result of higher demand.21,22 This novel temporal 
variability may be used as a feature for clinical 
characterization.

We demonstrated that the altered dfALFF in the middle 
frontal gyrus (MFG) in typical band and slow-5 in non- 
NPSLE patients with inactive disease. Our previous stu-
dies use the fALFF approach with different multiple cor-
rection and head motion correction but failed to find 
significant brain regions.48 The middle frontal gyrus 
(MFG) was considered to be a site of convergence of the 
dorsal and ventral attention networks.49 Previous studies 
found abnormalities in the middle frontal gyrus in SLE 
patients which were consistent with our findings. Yu et al15 

found increased functional connectivity between the right 
MFG and left precuneus in non-NPSLE patients. Bonacchi 
et al50 used an independent component analysis approach, 

and found decreased functional connectivity in the right 
middle frontal gyrus in NPSLE and non-NPSLE patients. 
These findings suggest that abnormal brain activity of the 
middle frontal gyrus may occur in NPSLE patients, non- 
NPSLE patients with active disease, and non-NPSLE 
patients with inactive disease.

Based on the results, we demonstrated that the altered 
dReHo in MOG in three different frequency bands in 
inactive patients with non-NPSLE. Consistent with our 
findings, previous studies found abnormal brain activity 
in MOG in non-NPSLE patients. Yu et al15 found 
increased functional connectivity between left MOG and 
the left precuneus in non-NPSLE patients. Nystedt et al35 

found decreased connectivity between MOG and the left 
insula in non-NPSLE patients. Previous studies demon-
strated that MOG was preferentially activated by the spa-
tial processing of nonvisual inputs.51,52 Most of the 
occipital cortex is deactivated under auditory and tactile 
conditions, but the right MOG is more activated during 
spatial tasks compared to non-spatial visual tasks.51 

However, in previous task based fMRI studies, the MOG 
was not activated during spatial visual tasks in SLE 

Figure 3 Correlation analysis. The correlation analysis showed significantly negative correlations between the glucocorticoid dose and dReHo values in right PreCG in slow- 
5 (B), dReHo values in left PoCG in slow-5 (A), and dReHo values in left MOG in typical band (C).
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patients, the cause of alteration of MOG in non-NPSLE 
patients may be complicated.53 Meanwhile, we found 
a significantly negative correlation between dReHo values 
in left MOG in typical band and glucocorticoid dose. 
Interestingly, all of our patients are in inactive disease 
phase and use a quite low glucocorticoid dose for at least 
6 months. These findings suggest that the low-sustained 
dose of glucocorticoid may contribute to the compensatory 
mechanism of the left MOG in non-NPSLE patients. 
However, the molecular biological mechanism needs 
further investigation.

In the present study, decreased dfALFF in the left 
superior frontal gyrus (SFG) was found in typical band 
and slow-5. SFG is thought to play a role in cognitive 
functions, especially in working memory (WM).54 

Cognitive dysfunction and memory impairments are pre-
valent in non-NPSLE patients without clinically overt 
neuropsychiatric symptoms.55 During task fMRI, non- 
NPSLE patients showed significantly increased activation 
in the SFG when they performed executive function tasks 
and working memory tasks like WCST.56–58 A RS-fMRI 
study showed altered functional connectivity and 
decreased cortical thickness in the superior frontal cortex 
in non-NPSLE patients.59 Our results further confirmed 
alterations in the SFG in non-NPSLE patients may be 
considered as an early compensatory mechanism to over-
come subtle neuronal damage. Previous studies demon-
strated neuronal damage may be due to ischemia caused 
by aPL or APS.60 In this study, the non-NPSLE patients 
with aPL or APS were excluded from this study. So the 
cause of neuronal damage may be complicated.

In addition, we found altered dReHo in the left CAL in 
slow-5, dReHo in the left postcentral gyrus (PoCG) in 
slow-5, and both dReHo and dfALFF in the right precen-
tral gyrus (PreCG) in slow-5. Our results also showed 
a significantly negative correlation between glucocorticoid 
dose and dReHo values in left PoCG and right PreCG in 
non-NPSLE patients with inactive disease in slow-5. 
Previous studies exhibited that the calcarine fissure 
(CAL) was surrounded by the primary visual cortex 
(V1), which was related to the visual and emotional 
stimulus.61,62 The postcentral gyrus (PoCG) is the primary 
somatosensory cortex and the precentral gyrus (PreCG) is 
known as the motor strip or primary motor cortex, both of 
which are responsible for executing movements and part 
of the sensory motor network (SMN). Consistent with 
recent RS-fMRI studies, impaired SMN in patients with 
non-NPSLE was found using independent component 

analysis.35,63 In diffusion tensor imaging (DTI) studies of 
SLE patients, decreased fractional anisotropy (FA) in both 
PreCG and PoCG was found.64 Furthermore, we found the 
significantly negative correlations between glucocorticoid 
dose and dReHo values in PreCG and left PoCG. These 
findings suggested the low-sustained dose of glucocorti-
coid may also contribute to the compensatory mechanism 
of the left PoCG and right PreCG in non-NPSLE patients.

For active patients with non-NPSLE studies, SLEDAI 
score was correlated with significantly altered values in 
multiple brain regions.33,34 However, we did not find any 
positive or negative correlations between dReHo, dfALFF 
values in the significant brain regions and the SLEDAI 
score. This was mainly because the patients in the study 
were in an inactive condition (SLEDAI<5). Fatigue is 
a general complaint of SLE patients with or without 
overt neuropsychiatric syndrome.65,66 Our results also 
showed FSS was significantly different between non- 
NPSLE patients and healthy controls (p<0.001), which 
suggested SLE patients were prone to fatigue. The cause 
of fatigue in non-NPSLE patients may be multifactorial 
and remains as needing further study.

Conclusion
Our results showed that alterations of dReHo and dfALFF 
in non-NPSLE patients with inactive disease were fre-
quency-dependent. There were significantly negative cor-
relations between the glucocorticoid dose and several 
brain regions. Our study suggested that non-NPSLE 
patients with inactive disease may have abnormal brain 
activity. dReHo and dfALFF abnormalities in different 
frequency bands may be the key characteristics in the 
pathogenesis mechanism of non-NPSLE.
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