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Background: Resting-state functional magnetic resonance imaging (rs-fMRI) is widely used to study 
brain functional alteration, but there have been no reports of research regarding the application of rs-
fMRI in intracranial tuberculosis. The purpose of this prospective, cross-sectional study was to investigate 
spontaneous neural activity at different frequency bands in patients with intracranial tuberculosis using rs-
fMRI with amplitude of low-frequency fluctuation (ALFF) and fractional ALFF (fALFF) methods.
Methods: The rs-fMRI data of 31 patients with intracranial tuberculosis and 30 gender-, age-, and 
education-matched healthy controls (HCs) were included. The ALFF and fALFF values in the conventional 
frequency band (0.01−0.08 Hz) and 2 sub-frequency bands (slow-4: 0.027–0.073 Hz; slow-5: 0.01–0.027 Hz) 
were calculated and compared between the groups. The resultant T-maps were corrected using the Gaussian 
random field (GRF) theory (voxel P<0.01, cluster P<0.05). Correlations between the ALFF and fALFF values 
and neurocognitive scores were assessed.
Results: Compared with the HCs, patients with intracranial tuberculosis showed decreased ALFF in the 
right paracentral lobule (T=−4.69) in the conventional frequency band, in the right supplementary motor 
area (T=−4.85) in the slow-4 band, and in the left supplementary motor area (T=−3.76) in the slow-5 band. 
Compared to the slow-5 band, the voxels with decreased ALFF were spatially more extensive in the slow-4 
band. Compared with HCs, patients with intracranial tuberculosis showed decreased fALFF in the opercular 
parts of the right inferior frontal gyrus (T=−4.50) and the left inferior parietal lobe (T=−4.86) and increased 
fALFF in the left inferior cerebellum (T=5.84) in the conventional frequency band. In the slow-4 band, 
fALFF decreased in the opercular parts of the right inferior frontal gyrus (T=−5.29) and right precuneus 
(T=−4.34). In the slow-5 band, fALFF decreased in the left middle occipital gyrus (T=−4.65) and right 
middle frontal gyrus (T=−5.05). 
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Introduction

Intracranial tuberculosis, caused by Mycobacterium tuberculosis 
(MTB) infection of the meninges and brain tissue, is the 
most severe type of tuberculosis, with high incidence and 
mortality (1). Studies have shown that even after appropriate 
treatment, more than half of intracranial tuberculosis 
patients experience persistent neurological, cognitive, and 
behavioral symptoms, including motor disorders, sensory 
disorders, and memory disorders, which represent a lasting 
social-economic burden to patients and their families (2-6).  
This limited therapeutic effect may be related to the 
unclear pathogenesis of intracranial tuberculosis. However, 
the pathogenesis of neurological dysfunction in patients 
with intracranial tuberculosis, especially among those with 
cognitive dysfunction, remains unclear, and relevant studies 
are very limited. Some studies have shown that deficits in 
brain structures of patients with intracranial tuberculosis 
are associated with cognitive impairment. Specifically, Lin 
et al. (3) reported that white matter (WM) damage directly 
correlated with worse cognitive performance. Chen et al. (2)  
found that the gray matter volume (GMV) in multiple 
brain regions, including the precuneus and the superior 
temporal gyrus, of intracranial tuberculosis patients was 
reduced, which was related to the decrease of cognitive 
function. In addition to the study of structural damage, the 
study of brain function in intracranial tuberculosis is helpful 
for investigating the relationship between altered brain 
function and cognitive impairment. Previous clinical studies 
on other diseases, such as depression, Alzheimer’s disease, 
and schizophrenia, have shown that brain function research 
is of great significance to understanding the pathological 
mechanisms of neurological deficits to support early clinical 
diagnosis and adjuvant treatment (7-9). However, the brain 
function abnormalities leading to cognitive and behavioral 
symptoms in intracranial tuberculosis have not been 

reported. 
Resting-state functional magnetic resonance imaging (rs-

fMRI) is a promising neuroimaging technique for exploring 
brain function, revealing the intrinsic spontaneous activity 
of the brain through the changes of magnetic resonance 
signaling generated by alterations in the blood oxygen  
level (10). It has been increasingly used to understand 
the neural mechanisms of various central nervous system 
diseases, such as depression, Parkinson’s disease, and 
vascular cognitive impairment (7,11,12). Researchers have 
established various metrics to study resting-state functional 
data and to reflect the local and global characteristics of 
neural activity, which help us to understand spontaneous 
neural activity changes in the brain from different aspects 
(13-16). Among these indicators, the amplitude of low-
frequency fluctuations (ALFF) and fractional ALFF (fALFF) 
are the two most used methods to detect local abnormalities 
in specific brain regions (7,8,14,17). The ALFF method 
measures the average amplitude of fluctuations in the low-
frequency range, which is considered to be a valid method 
for studying the signal characteristics of single voxels 
or local brain regions reflecting the spontaneous neural 
activity of the cerebral cortex (13), and has been generally 
applied to study spontaneous activity of the human brain in 
various situations (7,14,18). Based on ALFF, Zou et al. (14)  
proposed the fALFF, which is obtained by calculating the 
ratio of the low frequency amplitude to the sum of the 
amplitudes of the whole frequency band. It is an improved 
indicator of ALFF and can reduce physiological noise 
and further improve the specificity and sensitivity of 
detecting spontaneous activity of brain neurons (17). These 
two indicators explain the amplitude of low frequency 
oscillations (LFOs) in different ways: ALFF reflects the 
strength of LFOs, fALFF indicates the relative contribution 
of LFOs within a specific frequency band to the whole 

Conclusions: Patients with intracranial tuberculosis showed abnormal intrinsic brain activity at different 
frequency bands, and ALFF abnormalities in different brain regions could be better detected in the slow-
4 band. This preliminary study might provide new insights into understanding the pathophysiological 
mechanism in intracranial tuberculosis.
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detectable frequency range (17). Therefore, in this study, 
ALFF and fALFF were used in combination to better 
understand functional changes in patients with intracranial 
tuberculosis. 

Traditional rs-fMRI studies have suggested that 
the brain blood oxygenation level-dependent (BOLD) 
signals in the frequency range of 0.01 to 0.08 Hz are 
physiologically significant, because the oscillating activity 
in this band was considered to be related to neuronal 
fluctuations in the gray matter (10,19). To date, most rs-
fMRI studies have detected spontaneous LFO activities 
at the specific frequency band of 0.01–0.08 Hz (20,21). 
However, the human brain is the most complex organ and 
can produce a large number of oscillating waves (17,22). 
The neural signals in different frequency bands may come 
from different neural sources with different physiological 
characteristics and contribute differently to LFOs (17,22). 
Zuo et al. (17) focused on the sub-frequency bands of the 
conventional frequency band and proposed the oscillations 
in the slow-4 (0.027–0.073 Hz) and slow-5 (0.01–0.027 Hz)  
bands, which mainly reflected gray matter signals and 
helped us to clarify the relationship between functional 
processing and disease. It is worth noting that many studies 
have indicated that the slow-4 and slow-5 frequency bands 
contribute differently to the conventional frequency 
oscillation (11,23), and frequency-dependent abnormalities 
exist in many disorders (7,11). For example, Yang et al. (8) 
reported that abnormal amplitudes of Alzheimer’s disease 
were frequency-dependent, which were mainly related 
to the slow-5 band as opposed to than the slow-4 band. 
In addition, Zhan et al. (24) found that in mild traumatic 
brain injury, abnormal spontaneous neuronal activity in 
different brain regions could be detected in the slow-
4 band. These studies revealed that neural oscillations at 
different frequencies in the human brain may be sensitive 
to the activity of different brain regions and can be used to 
explain different physiological functions of brain activity. 
Therefore, the present study focuses on the slow-4 band 
and slow-5 band when detecting spontaneous neuronal 
activity in patients with intracranial tuberculosis.

To our knowledge, this is the first time that ALFF 
and fALFF methods have been used to study regional 
spontaneous brain activity at different frequency bands 
(conventional frequency band, slow-4, and slow-5) in 
patients with intracranial tuberculosis. We sought to 
determine the following: (I) whether there are differences 
in brain spontaneous neural activity in patients compared 
to healthy controls (HCs); (II) whether the differences 

are associated with specific frequency bands; and (III) 
whether abnormal ALFF and fALFF brain areas correlate 
with neurocognitive scores of patients. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-17/rc).

Methods

Subjects

This was a prospective, cross-sectional study. Patients 
with intracranial tuberculosis were recruited from the 
hospital inpatient population and HCs were recruited from 
the community between September 2020 and July 2021. 
The diagnostic criteria for intracranial tuberculosis were 
applied according to previously published data (2,3,25,26). 
Intracranial tuberculosis was defined as follows: (I) a positive 
result for acid-fast bacilli in cerebrospinal fluid (CSF) and/
or a positive MTB culture in CSF and/or a positive CSF 
commercial nucleic acid amplification cation test; or (II) 
isolation of MTB from outside the central nervous system, 
with clinical presentations of international tuberculous and 
typical CSF features, including pleocytosis (>20 cells/uL), 
a predominance of lymphocytes (>60%), protein >1 g/L, a 
blood glucose ratio of less than 0.6, and negative India ink 
studies and cytology for malignant cells. 

The patients with intracranial tuberculosis and the 
HCs all met the following inclusion criteria: (I) age  
18–60 years; (II) at least 6 years of education; and (III) 
right-handedness. 

The exclusion criteria for all participants were as 
follows: (I) alcoholism or the use of drugs affecting 
brain function; (II) known history of diabetes, anxiety, 
depression, or history of psychiatric disorders; (III) history 
of neurological disorders; (IV) hearing impairment, visual 
impairment and physical activity impairment affecting the 
neuropsychological scale test; (V) any contraindications to 
MRI; and (VI) head motion, more than 2.5 mm of maximal 
translation and 2.5° of maximal rotation.

A total of 31 inpatients with intracranial tuberculosis 
and 31 HCs, who were group-matched by age, gender, and 
educational level, were recruited to the study. A case in 
the HC group was excluded from further analysis because 
the slice number was inconsistent with that of other 
participants. Thus, 31 patients with intracranial tuberculosis 
and 30 HCs were enrolled in our study (Figure 1).  
Meanwhile, we finalized a 10-month study time span for 

https://qims.amegroups.com/article/view/10.21037/qims-22-17/rc
https://qims.amegroups.com/article/view/10.21037/qims-22-17/rc
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Excluded (n=1)
• Inconsistent slice number

Figure 1 The flow chart of enrolment. HCs, healthy controls.

the following reasons: the sample size of participants met 
the study requirements for brain function analysis based on 
previously published data (24,27-29).

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Committee of Beijing Chest 
Hospital, Capital Medical University (No. YJS-2020-010). 
All the participants signed written informed consent prior 
to participating in this study.

Neurocognitive tests 

The cognitive status of each participant was assessed using 
a series of neurocognitive tests in a fixed order, covering 
major cognitive domains. All participants underwent 
each neurocognitive test. General cognitive levels were 
evaluated by the Mini-Mental State Examination (MMSE) 
and the Montreal Cognitive Assessment (MoCA) tests (30).  
The Trail Making Test parts A and B (TMT-A and 
TMT-B) were used to assess attention, executive function, 
and psychomotor speed (31). The Clock Drawing Test 
(CDT) was used to evaluate executive function and visuo-
spatial abilities (32). The Digit Span Test (DST) was used 
to assess attention and working memory span (33,34). The 
Verbal Fluency Test (VFT) was used to measure language 
or executive function (35). The Rey Auditory Verbal 
Learning Test, including immediate recall (RAVLT-I), 
delayed recall (RAVLT-II), and total scores (RAVLT), was 
used to evaluate verbal memory (36). The Symbol Digit 
Modalities Test (SDMT) was used to assess information 

processing speed (36).

MRI data acquisition 

We acquired MRI data using a 3-T SIGNA pioneer 
scanner (GE Healthcare, Chicago, IL, USA) with a 
32-channel head coil after undertaking the clinical data 
collection and neuropsychological testing. Participants 
were instructed to lie in a supine position with their head 
secured with a foam sponge pad to reduce head movement 
and to wear earplugs to reduce noise. During MRI data 
collection, participants were told to close their eyes and 
remain awake at all times. The scanning parameters of 
resting-state functional images were as follows: repetition 
time (TR) =3,000 ms, echo time (TE) =35 ms, slice 
=30, slice thickness =3.5 mm, gap =0 mm, voxel size 
=3.8×3.8×3.5 mm3, flip angle =90°, field of view (FOV) 
=240×240 mm2, matrix size =64×64, and total scanning 
time =384 seconds. The scanning parameters of the three-
dimensional (3D), high-resolution, T1-weighted images 
were as follows: TR =7,400 ms, TE =1.0 ms, flip angle =9º, 
FOV =240×240 mm2, matrix size =256×256, 252 slices, 
slice thickness =1.2 mm without interslice gap, voxel size 
=0.9×0.9×1.2 mm3, and total scan time =169 seconds. In 
addition, T2-weighted fluid-attenuated inversion recovery 
(T2-FLAIR) images of 31 patients and gadolinium-
enhanced T1-weighted (Gd-T1w) images of 29 patients 
were collected to better characterize the brain lesions. 
The results are shown in the supplementary materials (see 
Figures S1-S31 in the supplementary materials for details).

https://cdn.amegroups.cn/static/public/QIMS-22-17-Supplementary.pdf
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Rs-fMRI preprocessing

We preprocessed the rs-fMRI data using the Resting-State 
fMRI Data Analysis Toolkit plus (REST plus) v.1.24 toolkit 
(http://www.restfmri.net) (37), which was implemented 
using a Matrix Laboratory (MATLAB) 2017b platform 
(MathWorks, Natick, MA, USA). For each participant, the 
preprocessing steps were as follows: (I) deleting the first 
10 time points to exclude the influence of the participants’ 
maladaptation at the beginning of the scan and the uneven 
magnetic field; (II) slice timing correction to correct 
the differences in image acquisition time between slices; 
(III) head motion correction to adjust the time series of 
images so that the brain was in the same position in every 
image (38); (IV) spatially normalizing the corrected data 
to the Montreal Neurological Institute (MNI) template 
(resampling resolution =3 mm3); (V) spatially smoothing 
the data with a 6 mm3 full width at half maximum (FWHM) 
Gaussian kernel to ensure a high signal-to-noise ratio; 
(VI) removing the linear trend to eliminate the influence 
of long-term physiological shifts, movement related noise 
remaining after realignment, or instrumental instability that 
might have contributed to a systematic increase or decrease 
in the signal with time (39,40); and (VII) nuisance covariates 
regression (Friston-24 head motion parameters (41), CSF 
signal, WM signal and global signal) to reduce the effects of 
head motion and non-neuronal BOLD fluctuations (42,43). 
No participants were excluded due to excessive head 
motion (maximum translation in any direction >2.5 mm and 
maximum rotation >2.5°). Keeping other preprocessing steps 
unchanged, the spatial patterns of the results of removing 
the first 5 time points and removing the first 10 time points 
were compared (see Figures S32-S37 in the supplementary 
materials for details).

ALFF and fALFF calculation

We analyzed ALFF and fALFF using the REST plus v.1.24 
toolkit. In ALFF analysis, the time series of each individual 
voxel were converted to the frequency domain by the fast 
Fourier transform (FFT) to obtain the power spectrum. 
The square root of power spectrum of each frequency was 
calculated. The average square root of power spectrum 
for all frequencies was ALFF (13). In addition to the 
conventional frequency band, we also calculated ALFF in 
the slow-4 band and the slow-5 band. For standardization 
purpose, the voxel-wise ALFF data for each participant was 
converted into a z-score by subtracting the global mean 

value and then dividing by the standard deviation (SD) of 
the whole-brain ALFF (14). 

The fALFF was calculated as the ratio of the power 
spectrum at the low-frequency range (0.01 to 0.08 Hz) 
to that of the whole frequency range (0 to 0.25 Hz) (14). 
In addition to the conventional low-frequency band of  
0.01–0.08 Hz, we also calculated fALFF in the slow-4 band 
and the slow-5 band. The standardization procedure was 
the same as that described above. 

Statistical analysis

Demographic data and neuropsychological test scores were 
compared using the statistical software SPSS 20.0 (IBM 
Corp., Armonk, NY, USA). The independent samples t-test 
and the Mann-Whitney U test were performed to normally 
distributed continuous data and non-normally distributed 
data, respectively. The data distribution was analyzed 
using the Shapiro-Wilk test. We used the χ2 test for gender 
proportions. Statistical significance was considered when 
P<0.05.

The two-sample t-tests were used to analyze the 
differences of the ALFF and fALFF values in the three 
different frequency bands mentioned above between the 
two participant groups and to identify the regions with 
significant differences. The resultant T-maps were corrected 
using the Gaussian random field (GRF) theory (voxel 
P<0.01, cluster P<0.05). All of the statistical analysis was 
conducted using REST plus v.1.24. At the same time, we 
tested the normality of the data, and the results are provided 
in the supplementary materials (see Figures S38-S47 in the 
supplementary materials for details).

We further correlated the mean ALFF and mean 
fALFF of each region with significant differences in the 
neuropsychological tests by using a Pearson’s correlation 
analysis for normally distributed data and a Spearman’s 
correlation analysis for non-normally distributed data, which 
aimed to investigate the relationship between the regional 
spontaneous brain activity and the clinical symptoms of 
intracranial tuberculosis. Bonferroni correction was carried 
out in correlation analyses. In addition, partial correlations 
were also conducted between the clinical scores and metric 
values with gender, age, and educational level used as the 
covariates for both the HC group and the patient group. 
The results are presented in the supplementary materials 
(see Tables S1,S2 in the supplementary materials for 
details). All of the statistical analysis was conducted with 
SPSS 20.0 software. 

https://cdn.amegroups.cn/static/public/QIMS-22-17-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-22-17-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-22-17-Supplementary.pdf
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Finally, signals of brain regions showing significant 
differences were extracted and plotted as a box plot at the 
conventional frequency band, slow-4 band, and slow-5 band 
(see Figures S48-S57 in the supplementary materials for 
details).

Results

Demographic and clinical features of the participants

A total of 31 patients with intracranial tuberculosis and 
30 HCs were enrolled in this study. The demographic 
and clinical characteristics of the participants are 
summarized in Table 1. There was no significant difference 
in demographic variables (age, gender, and education) 
between the groups. The patients with intracranial 
tuberculosis performed worse on the tests of MMSE, 
MoCA, TMT-A, VFT, RAVLT-I, RAVLT-II, RAVLT, 
and SDMT (all P<0.05). No significant between-group 
differences were observed in the other neuropsychological 

tests. Based on the findings of T2-FLAIR and Gd-T1w 
images, there were 6 (6/31, 19.35%) cases with extra-
axial structural lesions, 9 (9/31, 29.03%) cases with intra-
axial structural lesions, 10 (10/31, 32.26%) cases with 
both extra-axial and intra-axial structural lesions, and 6 
(6/31, 19.35%) cases without structural abnormalities in  
31 patients with intracranial tuberculosis.

Group differences in ALFF in different frequency bands

Compared with HCs, patients with intracranial tuberculosis 
showed decreased ALFF in the right paracentral lobule 
[Brodmann Area (BA) 6; T=−4.69; GRF correction with 
voxel P<0.01; cluster P<0.05] in the conventional frequency 
band (Table 2, Figure 2A), the right supplementary motor 
area (BA6; T=−4.85; GRF correction with voxel P<0.01; 
cluster P<0.05) in the slow-4 band (Table 2, Figure 2B), and 
the left supplementary motor area (BA6; T=−3.76; GRF 
correction with voxel P<0.01; cluster P<0.05) in the slow-5 

Table 1 Demographics and clinical characteristics of study participants

Demographics Patients (n=31) HCs (n=30) P value

Age (years) 33 [26, 46] 31.5 [23.75, 47] 1.00a

Gender (male/female) 20/11 19/11 0.92b

Education (years) 11.16±3.15 11.17±3.21 1.00 

MMSE 28 [28, 30] 30 [29, 30] 0.01*a

MoCA 24 [19, 26] 27 [23.75, 28] 0.00*a

TMT-A (s) 52.94±28.77 37.77±17.49 0.02*

TMT-B (s) 132.58±67.96 103.53±66.50 0.10 

CDT 5 [4, 5] 5 [4, 5] 0.07a

DST forwards 10.03±3.15 10.87±1.98 0.22 

DST backwards 6.87±2.80 8.33±2.77 0.05

VFT 39.39±9.82 45.7±10.50 0.02*

RAVLT-I 36.74±13.06 46.37±11.38 0.00*

RAVLT-II 7.58±4.02 9.93±3.59 0.02*

RAVLT 44.32±16.72 56.30±14.43 0.00*

SDMT 42.35±13.48 50.10±13.53 0.03*

All participants underwent each neurocognitive test. *P<0.05. a, Mann-Whitney U-test for non-normally distributed data {median [lower 
quartile, upper-quartile]}. b, χ2 test for gender (n). Independent t-test for the other normally distributed continuous data (means ± SD). 
HCs, healthy controls; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; TMT, Trail Making Test; CDT, 
Clock Drawing Test; DST, Digital Span Test; VFT, Verbal Fluency Test; RAVLT-I, Rey Auditory Verbal Learning Test (total immediate recall); 
RAVLT-II, Rey Auditory Verbal Learning Test (delayed recall); RAVLT, Rey Auditory Verbal Learning Test (total score); SDMT, Symbol-Digit 
Modalities Test.

https://cdn.amegroups.cn/static/public/QIMS-22-17-Supplementary.pdf
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Table 2 The difference in ALFF value in brain regions between the two groups

Brain regions BA
Peak MNI coordinates

Cluster (voxels) Peak T-value
X Y Z

Conventional frequency band (0.01–0.08 Hz)

Paracentral_Lobule_R 6 3 −24 78 223 −4.69

Slow-4 (0.027–0.073 Hz)

Supp_Motor_Area_R 6 0 −6 78 201 −4.85

Slow-5 (0.01–0.027 Hz)

Supp_Motor_Area_L 6 0 6 72 75 −3.76

BA, Brodmann Area; MNI, Montreal Neurological Institute; Paracentral_Lobule_R, right paracentral lobule; Supp_Motor_Area_R, right 
supplementary motor area; Supp_Motor_Area_L, left supplementary motor area; ALFF, amplitude of low-frequency fluctuation.

C
on

ve
nt

io
na

l f
re

qu
en

cy
 b

an
d

(0
.0

1–
0.

08
 H

z)
S

lo
w

-4
 fr

eq
ue

nc
y 

ba
nd

(0
.0

27
–0

.0
73

 H
z)

S
lo

w
-5

 fr
eq

ue
nc

y 
ba

nd
(0

.0
1–

0.
02

7 
H

z)

Paracentral_Lobule_R

 Supp_Motor_Area_R

Supp_Motor_Area_L

−3.55

−4.43

−4.31

0

0

0

R L
A

B

C

Figure 2 Brain regions with abnormal ALFF in different frequency bands in patients with intracranial tuberculosis. The results were 
corrected by GRF (voxel P<0.01, cluster P<0.05). More details of these regions were described in Table 2. (A) ALFF map of patients with 
intracranial tuberculosis versus HCs in the conventional frequency band; (B) ALFF map of patients with intracranial tuberculosis versus 
HCs in the slow-4 band; (C) ALFF map of patients with intracranial tuberculosis versus HCs in the slow-5 band. R, right hemisphere; L, left 
hemisphere; Paracentral_Lobule_R, right paracentral lobule; Supp_Motor_Area_R, right supplementary motor area; Supp_Motor_Area_L, 
left supplementary motor area; ALFF, amplitude of low-frequency fluctuation; GRF, Gaussian random field; HCs, healthy controls.
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Table 3 The Difference in fALFF value in brain regions between the two groups

Brain regions BA
Peak MNI coordinates

Cluster (voxels) Peak T-value
X Y Z

Conventional frequency band (0.01–0.08 Hz)

Cerebelum_9_L −12 −57 −57 158 5.84

Frontal_Inf_Oper_R 9 42 9 24 230 −4.50

Parietal_Inf_L 40 −33 −39 36 83 −4.86

Slow-4 (0.027–0.073 Hz)

Frontal_Inf_Oper_R 46 42 9 30 110 −5.29

Precuneus_R 7 3 −69 33 71 −4.34

Slow-5 (0.01–0.027 Hz)

Occipital_Mid_L 39 −33 −75 36 147 −4.65

Frontal_Mid_R 6 33 3 54 122 −5.05

fALFF, fractional amplitude of low-frequency fluctuation; BA, Brodmann Area; MNI, Montreal Neurological Institute; Cerebelum_9_L, left 
cerebellum_Inferior; Frontal_Inf_Oper_R, opercular parts of the right inferior frontal gyrus; Parietal_Inf_L, left inferior parietal; Precuneus_R, 
right precuneus; Occipital_Mid_L, left middle occipital gyrus; Frontal_Mid_R, right middle frontal gyrus.

band (Table 2, Figure 2C).

Group differences in fALFF in different frequency bands

Compared with HCs, patients with intracranial tuberculosis 
showed decreased fALFF in the opercular parts of the right 
inferior frontal gyrus (BA9; T=−4.50; GRF correction with 
voxel P<0.01; cluster P<0.05) and left inferior parietal lobe 
(BA40; T=−4.86; GRF correction with voxel P<0.01; cluster 
P<0.05), and increased fALFF in the left inferior cerebellum 
(T=5.84; GRF correction with voxel P<0.01; cluster P<0.05) 
in the conventional frequency band (Table 3, Figure 3A). In 
the slow-4 band, fALFF decreased in the opercular parts 
of the right inferior frontal gyrus (BA46; T=−5.29; GRF 
correction with voxel P<0.01; cluster P<0.05) and right 
precuneus (BA7; T=−4.34, GRF correction with voxel 
P<0.01, cluster P<0.05) (Table 3, Figure 3B). In the slow-
5 band, fALFF decreased in the left middle occipital gyrus 
(BA39; T=−4.65, GRF correction with voxel P<0.01; cluster 
P<0.05) and right middle frontal gyrus (BA6; T=−5.05; 
GRF correction with voxel P<0.01; cluster P<0.05) 
(Table 3, Figure 3C). In addition, we applied voxel-based 
morphometry (VBM) analysis to investigate whether there 
were structural differences between the two groups. The 
specific calculation procedure and the results are shown in 
the supplementary material (see Figure S58 and Table S3 in 
the supplementary materials for details).

Correlation analysis

Correlation analysis with Bonferroni correction showed 
no significant correlation between altered ALFF/fALFF 
values of patients with intracranial tuberculosis in brain 
regions and all of the neuropsychological test scores in the 
conventional band, the slow-4 band, and the slow-5 band.

Discussion

To our knowledge, this was the first study to explore the 
changes of brain activity in patients with intracranial 
tuberculosis. We analyzed the ALFF and fALFF of 
intracranial tuberculosis patients in the conventional 
frequency band and two sub-frequency bands (slow-4 and 
slow-5), respectively. Our study demonstrated that patients 
with intracranial tuberculosis showed decreased ALFF 
in the right paracentral lobule (BA6) in the conventional 
frequency band, the right supplementary motor area (BA6) 
in the slow-4 band, and the left supplementary motor area 
(BA6) in the slow-5 band. Notably, compared to the slow-
5 band, the voxels with decreased ALFF were spatially 
more extensive in the slow-4 band. Compared with HCs, 
decreased fALFF in the opercular parts of the right inferior 
frontal gyrus in the conventional frequency band and 
the slow-4 band was found in patients with intracranial 
tuberculosis. In the conventional frequency band, fALFF 

https://cdn.amegroups.cn/static/public/QIMS-22-17-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-22-17-Supplementary.pdf
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Figure 3 Brain regions with abnormal fALFF in different frequency bands in patients with intracranial tuberculosis. The results were 
corrected by GRF (voxel P<0.01; cluster P<0.05). More details of these regions are described in Table 3. (A) A fALFF map of intracranial 
tuberculosis patients versus HCs in the conventional frequency band; (B) A fALFF map of intracranial tuberculosis patients versus HCs 
in the slow-4 band; (C) A fALFF map of intracranial tuberculosis patients versus HCs in the slow-5 band. Hot colors indicate increased 
fALFF in patients compared with HCs; cold colors indicate decreased fALFF in patients compared with HCs. R, right hemisphere; L, left 
hemisphere; Cerebelum_9_L, left cerebellum_Inferior; Frontal_Inf_Oper_R, opercular parts of the right inferior frontal gyrus; Parietal_Inf_
L, left inferior parietal; Precuneus_R, right precuneus; Occipital_Mid_L, left middle occipital gyrus; Frontal_Mid_R, right middle frontal 
gyrus; ALFF, amplitude of low-frequency fluctuation; fALFF, fractional amplitude of low-frequency fluctuation; GRF, gaussian random field; 
HCs, healthy controls.

was decreased in the left inferior parietal lobe (BA40) and 
increased in the left inferior cerebellum. In the slow-4 band, 
fALFF decreased in the right precuneus (BA7). In the slow-
5 band, fALFF decreased in the left middle occipital gyrus 
(BA39) and the right middle frontal gyrus (BA6). Thus, 
our results showed that sub-frequency band analyses can 
provide additional information that may be more useful in 

detecting disease abnormalities.
In this present study, we found decreased ALFF values 

in the right paracentral lobule (BA6) and the bilateral 
supplementary motor areas (BA6), which directly implied 
reduced neuronal activity and associated functional deficits 
in these areas (44). Researchers (45-47) have asserted that 
the state of neurons may be related to this phenomenon. 
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Neurons are the carriers of redox reactions. When the 
central nervous system is injured, excessive oxidative stress 
can cause functional abnormalities in nerve cells, and such 
changes are detected by fMRI. The paracentral lobule is 
involved in somatic movement and sensation as the first 
somatosensory area, and also participates in motor control 
and limbic sensory function as an important structure 
connecting the precentral gyrus and the postcentral gyrus 
(48,49). It also has been found that the supplementary 
motor area, as an important node of the motor network, 
is closely involved in both simple spontaneous somatic 
movements and advanced complex movement control 
and coordination (50,51). A clinical study (4) on patients 
with intracranial tuberculosis reported that the prevalence 
of mild alteration of sensorium, focal motor deficit, and 
hemiparesis in 65 patients were 15.38%, 40%, and 24.62% 
respectively. Wen et al. (5) also found that patients with 
intracranial tuberculosis experienced focal motor deficits 
and sensory changes. Based on these results, we speculated 
that altered local neuronal activity in the cortex related 
to motion and sensation might be an important cause of 
impaired motor and sensory functions in patients with 
intracranial tuberculosis. 

In the present study, decreased fALFF in the opercular 
parts of the right inferior frontal gyrus (BA9, BA46) 
and right middle frontal gyrus (BA6) indicated reduced 
spontaneous neuronal activity and metabolism in these 
brain regions in patients with intracranial tuberculosis, 
suggesting that patients may have associated functional 
deficits (14,17). Misra et al. (52) used single photon emission 
computed tomography (SPECT) to measure changes in 
perfusion in tuberculous meningitis patients and showed 
hypoperfusion in the frontal cortex. The inferior frontal 
gyrus, the opercular part of the inferior frontal gyrus (BA9, 
BA46), and the middle frontal gyrus (BA6) are important 
parts of the dorsolateral prefrontal cortex, and they play 
key roles in many cognitive processes, including attention, 
working memory, decision making, and executive function, 
among other functions (53,54). In this study, patients with 
intracranial tuberculosis performed more poorly than 
HCs on the TMT-A, VFT, and SDMT tests, indicating 
that cognitive dysfunction in these patients is more likely 
to involve the domains of executive function, attention, 
working memory, and information processing speed, 
respectively. These results are consistent with the research 
of Chen et al. (2). Thus, we speculated that the decrease 
of spontaneous neuronal activity in the functional areas 
of the inferior frontal gyrus, opercular part of the inferior 

frontal gyrus (BA9, BA46), and the middle frontal gyrus 
(BA6) might be the neural basis of cognitive impairment 
in patients. In addition to the frontal lobe, fALFF was 
decreased in the left inferior parietal lobe (BA40) and right 
precuneus (BA7) of the patients, indicating that infection 
with intracranial tuberculosis reduced spontaneous neural 
activity in these brain regions. The left inferior parietal 
lobe (BA40) and precuneus (BA7) are important brain 
regions that make up the default mode network (DMN) 
associated with attention and memory (55,56). In this 
study, patients with intracranial tuberculosis performed 
more poorly than HCs on the TMT-A, indicating that 
cognitive dysfunction in these patients is more likely to 
involve the domains of attention and working memory. 
These results were consistent with the findings of Chen 
et al. (2). In addition, as one of the brain regions with the 
highest metabolic rate, the precuneus plays a key role in a 
variety of advanced cognitive processes, such as cognitive 
function, visuospatial imagery, and memory (57,58). Luo  
et al. (59) and Cui et al. (60) reported that brain activity 
was decreased in the precuneus in patients with mild 
cognitive impairment. Meanwhile, Chen et al. (2) observed 
that patients with cerebral tuberculosis had lower regional 
gray matter volumes in the right precuneus, which was 
associated with lower scores for memory. We found that 
patients had poorer performance and significantly reduced 
cognitive function on the MMSE and MoCA tests, relative 
to HCs. Therefore, changes in the structural and neuronal 
activity of the precuneus may imply an important role for 
the incidence of cognitive impairment in patients with 
intracranial tuberculosis. Notably, we also identified reduced 
fALFF in the left middle occipital gyrus in patients with 
intracranial tuberculosis, suggesting decreased spontaneous 
neural activity. The function of the middle occipital gyrus 
located in the visual processing center is to synthesize 
visual information (61). Chen et al. (62) reported decreased 
fALFF values in the left middle occipital gyrus in patients 
with thyroid-associated ophthalmopathy. Intracranial 
tuberculosis patients may have symptoms of diplopia and 
visual disturbance (63). Therefore, we hypothesized that 
changes in structural and neuronal activity of the left middle 
occipital gyrus may imply an important role in the incidence 
of visual impairment in intracranial tuberculosis patients. 
In addition, abnormalities of the structure in the brains of 
patients with intracranial tuberculosis were quantified using 
VBM. We found the GMV of the left middle occipital 
gyrus was reduced significantly in patients with intracranial 
tuberculosis compared with HCs. Previous studies have 
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shown that anatomical and functional deficits are linked 
to each other, and abnormal baseline brain activity may be 
due to brain injury (64,65). Therefore, we also suggested 
that fALFF abnormalities in the middle occipital gyrus may 
be associated with structural damage. Besides, studies have 
found that the cerebellum contributes to complex cognitive 
operations (66,67). Thomann et al. (68) also reported that 
posterior cerebellar atrophy was related to poor cognitive 
ability in Alzheimer’s disease. However, in our study, the 
fALFF value of the left inferior cerebellum in patients 
with intracranial tuberculosis was increased compared with 
HCs, suggesting that spontaneous brain neural activity 
was enhanced in this area. This may be a compensation 
mechanism for maintaining normal performance (69) and 
needs to be further investigated in the future.

It is worth noting that the abnormal spontaneous neural 
activity measured by rs-fMRI in patients with intracranial 
tuberculosis was frequency-specific. Specifically, compared 
to the slow-5 band, we found that the voxels with decreased 
ALFF were spatially more extensive in the slow-4 band. 
Previous studies have also shown that the slow-4 band 
and slow-5 band have different degrees of sensitivity to 
different diseases. For example, Zhan et al. (24) found that 
the slow-4 band was more sensitive in detecting changes 
of spontaneous brain activity in the frontal regions of mild 
traumatic brain injury patients, using the ALFF method. 
Hoptman et al. (70) observed widespread abnormal ALFF 
values in slow-4 bands in patients with schizophrenia. Our 
results therefore suggest that ALFF analysis of the slow-4 
band in patients with intracranial tuberculosis may provide 
additional useful information, compared with ALFF analysis 
of the slow-5 band. Meantime, we used the fALFF method 
to detect local spontaneous brain activity of intracranial 
tuberculosis and found that fALFF alterations in two sub-
frequency bands (slow-4 and slow-5) showed no significant 
specificity. Two sub-frequency bands both contributed to 
the results detected in the conventional frequency band 
and both identified new brain regions showing altered 
LFOs which were different from the brain regions detected 
in the conventional frequency band. This may reveal 
that fALFF is not sensitive to exploring frequency band 
specificity, which has been shown in some previous studies. 
Yang et al. (44) reported no frequency band specificity in 
two sub-frequency bands (slow-4 and slow-5) in patients 
with Alzheimer’s disease using the fALFF method. Liu  
et al. (71) also produced similar results from patients with 
amnestic mild cognitive impairment using the fALFF 
method. In conclusion, our results suggest that brain 

regions with altered spontaneous neural activity in patients 
with intracranial tuberculosis differed in different frequency 
bands. The mechanisms of this phenomenon need to be 
further investigated in the future. Notably, we also found 
that compared with the slow-5 band, the slow-4 band was 
more sensitive in detecting ALFF abnormalities in patients 
with intracranial tuberculosis, suggesting that ALFF 
analysis of the slow-4 band may provide additional useful 
information compared with that of the slow-5 band. 

Although we found different regional characteristics with 
mostly widespread decreases in brain functional changes in 
intracranial tuberculosis patients with ALFF and fALFF, 
some limitations should be considered. First, due to the 
cross-sectional group data, we were unable to observe the 
dynamic changes in ALFF and fALFF during different 
progressions in patients with intracranial tuberculosis. 
In future studies, further attention needs to be given to 
longitudinal changes in neuronal activity. Second, the 
fMRI data of patients with intracranial tuberculosis were 
difficult to obtain, resulting in a relatively small sample 
size in this study, which also made it difficult for us to 
further distinguish the types of patients with intracranial 
tuberculosis. In addition, the sample distribution in this 
study was not normal. Therefore, the results of this study 
should be extrapolated to the whole population of patients 
with intracranial tuberculosis with caution. In future 
studies, more multi-center studies with larger sample sizes 
are needed to overcome these difficulties. Third, in order 
to recruit more patients with intracranial tuberculosis, 
patients with structural lesions demonstrated by T2-
FLAIR and Gd-T1w imaging scans were not excluded. In 
future studies, patients should be further strictly screened 
to exclude the impact of structural lesions on the results. 
Fourth, we mainly studied the local brain neural activity 
in patients with intracranial tuberculosis and could not 
obtain the characteristics of changes in the correlation of 
neural activity between different brain regions of the whole 
brain. Future studies should focus on the characteristics 
of the brain network level in patients with intracranial 
tuberculosis.

Conclusions

In conclusion, we found that aberrant ALFF and fALFF 
were mainly distributed in the frontal lobe, parietal lobe, 
middle occipital gyrus, and cerebellum, which are related 
to cognitive impairment. Furthermore, altered spontaneous 
neural activity was frequency specific. Specifically, the slow-
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4 band may be better for detecting ALFF abnormalities in 
comparison to the slow-5 band. In future studies, we should 
consider frequency specificity when measuring changes 
in intrinsic brain activity in patients with intracranial 
tuberculosis. To our knowledge, this was the first study of 
changes in the spontaneous brain activity of intracranial 
tuberculosis in different frequency bands. Thus, our 
findings may help elucidate the neuropathological basis 
of intracranial tuberculosis, which would be of great 
significance for supporting an early clinical diagnosis. 
Concurrently, these observations also make the future 
treatment of intracranial tuberculosis more directional and 
targeted, and promote the development of intracranial 
tuberculosis treatment.
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Figure S1 Structural brain MRI images of patient 01. (A) T2-weighted fluid-attenuated 

inversion recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S2 T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image of patient 02.

Figure S1 Structural brain MRI images of patient 01. (A) T2-weighted fluid-attenuated 

inversion recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S2 T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image of patient 02.

Figure S1 Structural brain MRI images of patient 01. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S2 T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image of patient 02.

Supplementary
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Figure S3 Structural brain MRI images of patient 03. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S4 Structural brain MRI images of patient 04. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S3 Structural brain MRI images of patient 03. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S4 Structural brain MRI images of patient 04. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S3 Structural brain MRI images of patient 03. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S4 Structural brain MRI images of patient 04. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S5 Structural brain MRI images of patient 05. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S6 Structural brain MRI images of patient 06. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S5 Structural brain MRI images of patient 05. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S6 Structural brain MRI images of patient 06. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S5 Structural brain MRI images of patient 05. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S6 Structural brain MRI images of patient 06. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S7 Structural brain MRI images of patient 07. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S8 Structural brain MRI images of patient 08. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S7 Structural brain MRI images of patient 07. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S8 Structural brain MRI images of patient 08. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S7 Structural brain MRI images of patient 07. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S8 Structural brain MRI images of patient 08. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S9 Structural brain MRI images of patient 09. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S10 Structural brain MRI images of patient 10. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S9 Structural brain MRI images of patient 09. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S10 Structural brain MRI images of patient 10. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S9 Structural brain MRI images of patient 09. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S10 Structural brain MRI images of patient 10. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S11 Structural brain MRI images of patient 11. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S12 Structural brain MRI images of patient 12. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S11 Structural brain MRI images of patient 11. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S12 Structural brain MRI images of patient 12. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S11 Structural brain MRI images of patient 11. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S12 Structural brain MRI images of patient 12. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S13 Structural brain MRI images of patient 13. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S14 T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image of patient 14.

Figure S13 Structural brain MRI images of patient 13. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S14 T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image of patient 14.

Figure S13 Structural brain MRI images of patient 13. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S14 T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image of patient 14.
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Figure S15 Structural brain MRI images of patient 15. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S16 Structural brain MRI images of patient 16. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S15 Structural brain MRI images of patient 15. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S16 Structural brain MRI images of patient 16. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S15 Structural brain MRI images of patient 15. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S16 Structural brain MRI images of patient 16. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S17 Structural brain MRI images of patient 17. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S18 Structural brain MRI images of patient 18. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S17 Structural brain MRI images of patient 17. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S18 Structural brain MRI images of patient 18. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S17 Structural brain MRI images of patient 17. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S18 Structural brain MRI images of patient 18. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S19 Structural brain MRI images of patient 19. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S20 Structural brain MRI images of patient 20. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S19 Structural brain MRI images of patient 19. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S20 Structural brain MRI images of patient 20. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S19 Structural brain MRI images of patient 19. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S20 Structural brain MRI images of patient 20. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S21 Structural brain MRI images of patient 21. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S22 Structural brain MRI images of patient 22. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S21 Structural brain MRI images of patient 21. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S22 Structural brain MRI images of patient 22. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S21 Structural brain MRI images of patient 21. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S22 Structural brain MRI images of patient 22. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S23 Structural brain MRI images of patient 23. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S24 Structural brain MRI images of patient 24. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S23 Structural brain MRI images of patient 23. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S24 Structural brain MRI images of patient 24. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S23 Structural brain MRI images of patient 23. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S24 Structural brain MRI images of patient 24. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S25 Structural brain MRI images of patient 25. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S26 Structural brain MRI images of patient 26. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S25 Structural brain MRI images of patient 25. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S26 Structural brain MRI images of patient 26. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S25 Structural brain MRI images of patient 25. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S26 Structural brain MRI images of patient 26. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S27 Structural brain MRI images of patient 27. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S28 Structural brain MRI images of patient 28. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S27 Structural brain MRI images of patient 27. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S28 Structural brain MRI images of patient 28. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S27 Structural brain MRI images of patient 27. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S28 Structural brain MRI images of patient 28. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S29 Structural brain MRI images of patient 29. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S30 Structural brain MRI images of patient 30. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S29 Structural brain MRI images of patient 29. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S30 Structural brain MRI images of patient 30. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S29 Structural brain MRI images of patient 29. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S30 Structural brain MRI images of patient 30. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.
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Figure S31 Structural brain MRI images of patient 31. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S32 Patterns of ALFF that analyzed with removing the first 10 time points and patterns of 

Figure S31 Structural brain MRI images of patient 31. (A) T2-weighted fluid-attenuated inversion 

recovery (T2-FLAIR) image; (B) Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S32 Patterns of ALFF that analyzed with removing the first 10 time points and patterns of 

Figure S31 Structural brain MRI images of patient 31. (A) T2-weighted fluid-attenuated inversion recovery (T2-FLAIR) image; (B) 
Gadolinium-enhanced T1-weighted (Gd-T1w) image.

Figure S32 Patterns of ALFF that analyzed with removing the first 10 time points and patterns of results that analyzed with removing the 
first 5 time points in the conventional frequency band (0.01-0.08 Hz). ALFF, amplitude of low-frequency fluctuation.
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results that analyzed with removing the first 5 time points in the conventional frequency band (0.01-
0.08 Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S33 Patterns of ALFF that analyzed with removing the first 10 time points and patterns of 
results that analyzed with removing the first 5 time points in the slow-4 frequency band (0.027-
0.073 Hz). ALFF, amplitude of low-frequency fluctuation.

results that analyzed with removing the first 5 time points in the conventional frequency band (0.01-
0.08 Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S33 Patterns of ALFF that analyzed with removing the first 10 time points and patterns of 
results that analyzed with removing the first 5 time points in the slow-4 frequency band (0.027-
0.073 Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S33 Patterns of ALFF that analyzed with removing the first 10 time points and patterns of results that analyzed with removing the 
first 5 time points in the slow-4 frequency band (0.027-0.073 Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S34 Patterns of ALFF that analyzed with removing the first 10 time points and patterns of results that analyzed with removing the 
first 5 time points in the slow-5 frequency band (0.01-0.027 Hz). ALFF, amplitude of low-frequency fluctuation.
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Figure S34 Patterns of ALFF that analyzed with removing the first 10 time points and patterns of 
results that analyzed with removing the first 5 time points in the slow-5 frequency band (0.01-0.027 
Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S35 Patterns of fALFF that analyzed with removing the first 10 time points and patterns of 
results that analyzed with removing the first 5 time points in the conventional frequency band (0.01-
0.08 Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S36 Patterns of fALFF that analyzed with removing the first 10 time points and patterns of 
results that analyzed with removing the first 5 time points in the slow-4 frequency band (0.027-
0.073 Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S37 Patterns of fALFF that analyzed with removing the first 10 time points and patterns of 
results that analyzed with removing the first 5 time points in the slow-5 frequency band (0.01-0.027 
Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S35 Patterns of fALFF that analyzed with removing the first 10 time points and patterns of results that analyzed with removing the 
first 5 time points in the conventional frequency band (0.01-0.08 Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S36 Patterns of fALFF that analyzed with removing the first 10 time points and patterns of results that analyzed with removing the 
first 5 time points in the slow-4 frequency band (0.027-0.073 Hz). fALFF, fractional amplitude of low-frequency fluctuation.
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Figure S36 Patterns of fALFF that analyzed with removing the first 10 time points and patterns of 
results that analyzed with removing the first 5 time points in the slow-4 frequency band (0.027-
0.073 Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S37 Patterns of fALFF that analyzed with removing the first 10 time points and patterns of 
results that analyzed with removing the first 5 time points in the slow-5 frequency band (0.01-0.027 
Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S38 Results of the normality test for ALFF values in the Paracentral_Lobule_R in the 
conventional frequency band (0.01-0.08 Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S39 Results of the normality test for ALFF values in the Supp_Motor_Area_R in the slow-4
frequency band (0.027-0.073 Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S38 Results of the normality test for ALFF values in the Paracentral_Lobule_R in the 
conventional frequency band (0.01-0.08 Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S39 Results of the normality test for ALFF values in the Supp_Motor_Area_R in the slow-4
frequency band (0.027-0.073 Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S37 Patterns of fALFF that analyzed with removing the first 10 time points and patterns of results that analyzed with removing the 
first 5 time points in the slow-5 frequency band (0.01-0.027 Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S38 Results of the normality test for ALFF values in the 
Paracentral_Lobule_R in the conventional frequency band (0.01-
0.08 Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S39 Results of the normality test for ALFF values in the 
Supp_Motor_Area_R in the slow-4 frequency band (0.027-0.073 
Hz). ALFF, amplitude of low-frequency fluctuation.
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Figure S40 Results of the normality test for ALFF values in the Supp_Motor_Area_L in the slow-5
frequency band (0.01-0.027 Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S41 Results of the normality test for fALFF values in the Cerebelum_9_L in the 
conventional frequency band (0.01-0.08 Hz). fALFF, fractional amplitude of low-frequency 
fluctuation.

Figure S40 Results of the normality test for ALFF values in the Supp_Motor_Area_L in the slow-5
frequency band (0.01-0.027 Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S41 Results of the normality test for fALFF values in the Cerebelum_9_L in the 
conventional frequency band (0.01-0.08 Hz). fALFF, fractional amplitude of low-frequency 
fluctuation.

Figure S42 Results of the normality test for fALFF values in the Frontal_Inf_Oper_R in the 
conventional frequency band (0.01-0.08 Hz). fALFF, fractional amplitude of low-frequency 
fluctuation.

Figure S42 Results of the normality test for fALFF values in the Frontal_Inf_Oper_R in the 
conventional frequency band (0.01-0.08 Hz). fALFF, fractional amplitude of low-frequency 
fluctuation.

Figure S40 Results of the normality test for ALFF values in the 
Supp_Motor_Area_L in the slow-5 frequency band (0.01-0.027 
Hz). ALFF, amplitude of low-frequency fluctuation.

Figure S41 Results of the normality test for fALFF values in the 
Cerebelum_9_L in the conventional frequency band (0.01-0.08 
Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S42 Results of the normality test for fALFF values in the 
Frontal_Inf_Oper_R in the conventional frequency band (0.01-0.08 
Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S43 Results of the normality test for fALFF values in the 
Parietal_Inf_L in the conventional frequency band (0.01-0.08 Hz). 
fALFF, fractional amplitude of low-frequency fluctuation.
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Figure S43 Results of the normality test for fALFF values in the Parietal_Inf_L in the conventional 
frequency band (0.01-0.08 Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S44 Results of the normality test for fALFF values in the Frontal_Inf_Oper_R in the slow-
4 frequency band (0.027-0.073 Hz). fALFF, fractional amplitude of low-frequency 
fluctuation.

Figure S43 Results of the normality test for fALFF values in the Parietal_Inf_L in the conventional 
frequency band (0.01-0.08 Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S44 Results of the normality test for fALFF values in the Frontal_Inf_Oper_R in the slow-
4 frequency band (0.027-0.073 Hz). fALFF, fractional amplitude of low-frequency 
fluctuation.

Figure S45 Results of the normality test for fALFF values in the Precuneus_R in the slow-4
frequency band (0.027-0.073 Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S46 Results of the normality test for fALFF values in the Occipital_Mid_L in the slow-5
frequency band (0.01-0.027 Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S47 Results of the normality test for fALFF values in the Frontal_Mid_R in the slow-5
frequency band (0.01-0.027 Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S48 The ALFF value of Paracentral_Lobule_R in different frequency bands. ALFF, 
amplitude of low-frequency fluctuation.

Figure S44 Results of the normality test for fALFF values in the 
Frontal_Inf_Oper_R in the slow-4 frequency band (0.027-0.073 
Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S45 Results of the normality test for fALFF values in the 
Precuneus_R in the slow-4 frequency band (0.027-0.073 Hz). 
fALFF, fractional amplitude of low-frequency fluctuation.

Figure S46 Results of the normality test for fALFF values in the 
Occipital_Mid_L in the slow-5 frequency band (0.01-0.027 Hz). 
fALFF, fractional amplitude of low-frequency fluctuation.

Figure S47 Results of the normality test for fALFF values in the 
Frontal_Mid_R in the slow-5 frequency band (0.01-0.027 Hz). 
fALFF, fractional amplitude of low-frequency fluctuation.
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Figure S47 Results of the normality test for fALFF values in the Frontal_Mid_R in the slow-5
frequency band (0.01-0.027 Hz). fALFF, fractional amplitude of low-frequency fluctuation.

Figure S48 The ALFF value of Paracentral_Lobule_R in different frequency bands. ALFF, 
amplitude of low-frequency fluctuation.

Figure S49 The ALFF value of Supp_Motor_Area_R in different frequency bands. ALFF, 
amplitude of low-frequency fluctuation.

Figure S50 The ALFF value of Supp_Motor_Area_L in different frequency bands. ALFF, 
amplitude of low-frequency fluctuation.

Figure S48 The ALFF value of Paracentral_Lobule_R in different frequency bands. ALFF, amplitude of low-frequency fluctuation.

Figure S49 The ALFF value of Supp_Motor_Area_R in different frequency bands. ALFF, amplitude of low-frequency fluctuation.
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Figure S49 The ALFF value of Supp_Motor_Area_R in different frequency bands. ALFF, 
amplitude of low-frequency fluctuation.

Figure S50 The ALFF value of Supp_Motor_Area_L in different frequency bands. ALFF, 
amplitude of low-frequency fluctuation.

Figure S51 The fALFF value of Cerebelum_9_L in different frequency bands. fALFF, fractional 
amplitude of low-frequency fluctuation.

Figure S52 The fALFF value of Frontal_Inf_Oper_R in different frequency bands. fALFF, 
fractional amplitude of low-frequency fluctuation.

Figure S50 The ALFF value of Supp_Motor_Area_L in different frequency bands. ALFF, amplitude of low-frequency fluctuation.

Figure S51 The fALFF value of Cerebelum_9_L in different frequency bands. fALFF, fractional amplitude of low-frequency fluctuation.
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Figure S51 The fALFF value of Cerebelum_9_L in different frequency bands. fALFF, fractional 
amplitude of low-frequency fluctuation.

Figure S52 The fALFF value of Frontal_Inf_Oper_R in different frequency bands. fALFF, 
fractional amplitude of low-frequency fluctuation.

Figure S53 The fALFF value of Parietal_Inf_L in different frequency bands. fALFF, fractional 
amplitude of low-frequency fluctuation.

Figure S54 The fALFF value of Frontal_Inf_Oper_R in different frequency bands. fALFF, 
fractional amplitude of low-frequency fluctuation.

Figure S52 The fALFF value of Frontal_Inf_Oper_R in different frequency bands. fALFF, fractional amplitude of low-frequency 
fluctuation.

Figure S53 The fALFF value of Parietal_Inf_L in different frequency bands. fALFF, fractional amplitude of low-frequency fluctuation.
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Figure S53 The fALFF value of Parietal_Inf_L in different frequency bands. fALFF, fractional 
amplitude of low-frequency fluctuation.

Figure S54 The fALFF value of Frontal_Inf_Oper_R in different frequency bands. fALFF, 
fractional amplitude of low-frequency fluctuation.

Figure S55 The fALFF value of Precuneus_R in different frequency bands. fALFF, fractional 
amplitude of low-frequency fluctuation.

Figure S56 The fALFF value of Occipital_Mid_L in different frequency bands. fALFF, fractional 
amplitude of low-frequency fluctuation.

Figure S54 The fALFF value of Frontal_Inf_Oper_R in different frequency bands. fALFF, fractional amplitude of low-frequency 
fluctuation.

Figure S55 The fALFF value of Precuneus_R in different frequency bands. fALFF, fractional amplitude of low-frequency fluctuation.
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Figure S55 The fALFF value of Precuneus_R in different frequency bands. fALFF, fractional 
amplitude of low-frequency fluctuation.

Figure S56 The fALFF value of Occipital_Mid_L in different frequency bands. fALFF, fractional 
amplitude of low-frequency fluctuation.

Figure S57 The fALFF value of Frontal_Mid_R in different frequency bands. fALFF, fractional 
amplitude of low-frequency fluctuation.

Figure S58 Results of the VBM comparisons between patients with intracranial tuberculosis and 
healthy controls.

Figure S56 The fALFF value of Occipital_Mid_L in different frequency bands. fALFF, fractional amplitude of low-frequency fluctuation.

 Figure S57 The fALFF value of Frontal_Mid_R in different frequency bands. fALFF, fractional amplitude of low-frequency fluctuation.
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Figure S57 The fALFF value of Frontal_Mid_R in different frequency bands. fALFF, fractional 
amplitude of low-frequency fluctuation.

Figure S58 Results of the VBM comparisons between patients with intracranial tuberculosis and 
healthy controls.

Figure S58 Results of the VBM comparisons between patients with intracranial tuberculosis and healthy controls.

Table S1 Results of partial correlation analysis between aberrant ALFF and neuropsychological performances

MMSE DST_forwards

r P r P 

HC

Slow-5

Supp_Motor_Area_L 0.538 0.004* - -

Patient

Conventional frequency band

Paracentral_Lobule_R - - 0.524 0.004*

*P<0.05. ALFF, amplitude of low-frequency fluctuation.



© Quantitative Imaging in Medicine and Surgery. All rights reserved.  https://dx.doi.org/10.21037/qims-22-17

Table S3 Results of the VBM comparisons between patients with intracranial tuberculosis and healthy controls

Regions (AAL) BA
Peak MNI Coordinates (mm)

Cluster Size Peak T-value
X Y Z

Temporal_Inf_L 20 -49.5 -3 -33 249 -5.3566

Temporal_Inf_L 37 -48 -46.5 -21 201 -4.4957

Rectus_R 11 9 31.5 -24 251 -4.7916

Temporal_Sup_R 21 52.5 -13.5 -10.5 372 -5.047

Occipital_Mid_L 19 -33 -88.5 10.5 452 -5.0248

Cingulum_Mid_L 24 -6 -22.5 43.5 563 -4.9851

Cingulum_Mid_R 31 12 -21 40.5 411 -4.8805

Specific steps for VBM analysis as follows: All the structural images were processed and examined using the CAT12 toolbox (http://
dbm.neuro.uni-jena.de/cat/) implemented in SPM12 (http:// www.fil.ion.ucl.ac. uk/spm/software/spm12/) for VBM analysis running in 
MATLAB2017b. All images were segmented into grey matter (GM), white matter (WM), and cerebrospinal fluid (GSF), and then underwent 
a quality control to check sample homogeneity. NO images had to be excluded due to poor quality. All GM scans were smoothed with 
a Gaussian kernel of 6 mm (FWHM). We applied an absolute masking threshold of 0.1 to the VBM data. After the smooth, GM images 
were performed two-sample t-tests in RESTplus. TIV as covariates. False discovery rate (FDR) correction was performed and P<0.05 was 
considered significant.

Table S2 Results of partial correlation analysis between aberrant fALFF and neuropsychological performances

MMSE RAVLT_I RAVLT_II RAVLT DST_forwards MoCA CDT SDMT

r P r P r P r P r P r P r P r P 

HC

conventional frequency band

Cerebelum_9_L - - 0.514 0.006* 0.447 0.019* 0.532 0.004* - - - - - - 0.413 0.032*

Parietal_Inf_L 0.426 0.027* - - - - - - - - - - - - - -

slow-4

Precuneus_R - - 0.414 0.032* - - - - - - - - - - - -

slow-5

Occipital_Mid_L - - - - - - - - - - 0.539 0.004* - - - -

Frontal_Mid_R - - - - - - - - - - - - -0.501 0.008* - -

Patient

Conventional frequency band

Frontal_Inf_
Oper_R

-0.451 0.016* - - - - - - - - - - - - - -

Slow-4

Precuneus_R - - - - - - - - -0.389 0.041* - - - - - -

fALFF, fractional amplitude of low-frequency fluctuation.

http://dbm.neuro.uni-jena.de/cat/
http://dbm.neuro.uni-jena.de/cat/
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