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Abstract: Objective: To investigate the alterations of the static and dynamic spontaneous brain activities in patients
with end-stage renal disease (ESRD). Methods: Twenty-four patients with ESRD and twenty healthy controls (HCs,
gender- and age-matched) were included. All of the participants underwent resting state functional magnetic reso-
nance imaging (rs-fMRI) examination. The static amplitude of low-frequency fluctuation (SALFF) and dynamic ALFF
(dALFF) were computed and compared between ESRD patients and HCs. The correlations between the altered
sALFF or dALFF and clinical indicators were further assessed in ESRD patients. The discrimination performances
of the sALFF and dALFF between ESRD patients and HCs were assessed by using a support vector machine (SVM).
Results: Compared with HCs, ESRD patients exhibited decreased sALFF in the left precuneus, right superior temporal
gyrus (STG.R), and right angular gyrus, along with decreased dALFF in the right middle temporal gyrus (MTG.R), left
middle occipital gyrus (MOG.R), and right precuneus. The decreased sALFF of STG.R had negative correlations with
the duration of ESRD and HD, and number connection type-A (NCT-A) in ESRD patients. In contrast, the decreased
sALFF in the left precuneus had a positive correlation with the urea reduction ratio (URR). The decreased dALFF in
MTG.R and right precuneus both had positive correlations with the URR. SVM analysis showed that the combination
of sALFF and dALFF achieved the highest accuracy (95.84%) in discriminating ESRD from HCs. Conclusions: The
default mode network (DMN) deficits involve altered sALFF and dALFF in patients with ESRD, which were associated
with the clearance of serum toxins.
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Introduction iety [5-7]. These complications are taken as
essential factors for survival and prognosis [8].

End-stage renal disease (ESRD) is the fifth On the other hand, the main treatment of ESRD,

stage of chronic kidney failure with a glomeru-
lar filtration rate of less than 15 ml/min/1.73
m2). Alternatively, chronic kidney failure pro-
gresses to a condition where the permanent
function of the kidney is less than 10% of its
capacity [1, 2]. The prevalence of ESRD is
increasing rapidly worldwide with the aged ten-
dency of the population and the increase of
chronic diseases in last several years [3, 4].
ESRD is characterized by multi-organ dysfunc-
tion, in which neurological dysfunction and psy-
chological disorder frequently occur, such as
cognitive impairment, memory disturbance, im-
paired executive capacity, depression, and anx-

hemodialysis (HD), has adverse effects on cog-
nitive function and brain networks [2, 9, 10]. It
was reported that over two-thirds of asymptom-
atic ESRD patients undergoing HD had cogni-
tive impairment [9], which may be caused by
the residual serum toxins, inflammation fac-
tors, and gut microbiota alterations [8, 11, 12].
However, the knowledge of the neuropathologi-
cal mechanism of patients with ESRD remains
inadequate so far.

Resting state functional MRI (rs-fMRI) can non-
invasively detect the regional brain activity and
network patterns, which plays a significant role
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in exploring ESRD’s neuropathological mecha-
nism. Previous rs-fMRI reports have demon-
strated hypo-connectivity and hyper-connectiv-
ity in the default mode network (DMN) [13-15],
salience and affective network, cognitive con-
trol network [4, 16], and altered regional homo-
geneity (ReHo) [17] and amplitude of low-fre-
quency fluctuation (ALFF) [18] in ESRD patients.
Several experiments using ALFF have shown
the aberrant brain activity of the DMN was
related to cognitive impairments in ESRD pa-
tients [2, 11, 19-21]. These studies merely
focused on a static state analysis of brain activ-
ity. However, both animal and human studies
[22-24] have confirmed that the cerebrum re-
sponds to internal or external stimuli through
integration and adjusting dynamically over
time.

The brain is highly dynamic over time in the
resting state. Recently, the dynamic ALFF
(dALFF) method that is combined in ALFF with
the sliding-window approach has been pro-
posed to measure local brain activity variance
varying over time [25]. Previous studies have
shown that the dALFF is a suitable way to
explore the human brain [23, 26, 27]. However,
whether ESRD patients have abnormal dynam-
ic brain activity and which networks are involved
remain to be explored.

In our study, the altered static and dynamic
brain activities were investigated in ESRD pa-
tients using static ALFF (sALFF) and dALFF
approaches, respectively. The relationships
between altered sALFF or dALFF and clinical
features were further evaluated. It was hypoth-
esized that the ESRD patients have sALFF and
dALFF alterations in the DMN, which may have
correlations with some specific clinical indica-
tors.

Materials and methods
Study participants

From August 2019 to July 2020, twenty-four
patients with ESRD undergoing HD (ESRD
group, 15 males, 9 females, mean age 39.04 +
11.84 years) were recruited from The First
People’s Hospital of Kashgar District. Patients
with ESRD were included if they: (1) were aged
between 18-60 years; (2) had a clinically con-
firmed ESRD (glomerular filtration rate < 15 ml/
min/1.73 m?); (3) underwent routine HD twice a
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week; (4) could finish a MRI examination, and
emotional and cognitive assessments. The ex-
clusion criteria were: (1) obvious cerebropa-
thy (episodic or persistent) and dementia con-
firmed by standard clinical neurologic or imag-
ing examination; (2) brain lesions detected by
structural MRI; (3) history of alcohol addiction,
drug abuse, psychiatric disorders, and head
trauma; (4) MRI contraindications; (5) motion
artifacts on the MRI (head motion > 3.0 mm of
displacement or > 3.0° of rotation in any direc-
tion). Two ESRD patients and 1 healthy control
were excluded because they did not meet the
criteria.

Twenty gender-, age- and education-matched
healthy adults (HC group, 7 males, 13 females,
mean age 35.15 + 6.07 years) were recruit-
ed as controls from the local community. The
same exclusion criterion was applied for the HC

group.

Neuropsychological tests

Neuropsychological tests include Self-Rating
Depression Scale (SDS), number connection
type-A (NCT-A), number connection type-B
(NCT-B), series dot test (SDT), and line-tracing
test (LTT), were performed to measure the
emotional and cognitive status in all partici-
pants before MRI scanning, as previously de-
scribed [2, 28].

Clinical indicators

Blood pressure, dehydration, hemoglobin, albu-
min, blood urea nitrogen (BUN), calcium, phos-
phorus, parathyroid hormone (PTH), ferritin,
KT/V, and urea reduction ratio (URR) were col-
lected from the ESRD group within 24 h before
MRI examination.

MRI data acquisition

All MRI data were acquired with a 1.5 T MR
scanner (Siemens, MAGNETOM Aera), which
was equipped with a twenty-channel, phased-
array head and neck united coil. During scan-
ning, sponge earplugs were applied for reduc-
ing the noise of the MRI scanner, and foam pad-
ding was applied for controlling participants’
head motion. All subjects were instructed to
keep still, close their eyes, and stay awake with-
out thinking about specific things. The con-
ventional turbo spin-echo T2-weighted imaging
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was acquired to detect overt lesions in the
brain for each participant, and the parameters
were as follows: slices = 20; thickness of slice/
gap of slice = 5/1.5 mm; time of repetition/
time of echo = 4400/96 ms; voxel size = 0.75 %
0.72 x 5.0 mm?; flip angle = 150°; field of view
= 200 x 230 mm?2 The rs-fMRI data was
acquired by using T2*-weighted fast field echo-
echo planar imaging sequence, 210 time-
points of the whole brain was collected in 9
minutes and 51 seconds; the parameters were
as follows: slices = 35; slice thickness of slice/
gap of slice = 3.5/0.7 mm; time of repetition/
time of echo = 2790/45 ms; voxel size = 3.5 %
3.5 x 3.5 mmé; flip angle = 90°; matrix = 64 x
64; FOV = 224 x 224 mmZ2. In addition, a 3D
T1-weighted fast field echo sequence was
applied to acquire brain 3D structural images
with 192 slices. The acquisition parameters
were thickness = 1 mm, time of repetition/time
of echo = 2530/1.94 ms, voxel size =1 x 1 x 1
mm?3, flip angle = 7°, matrix = 256 x 256, field
of view = 256 x 256 mm?>.

Data preprocessing

Image preprocessing was processed with SPM
12 (https://www.fil.ion.ucl.ac.uk/spm/softwa-
re/spm12/) and DPABI Imaging (http://rfmri.
org/dpabi) in MATLAB R2013a. The specific
steps included: (1) the first 10 volumes of the
fMRI data were deleted to get signal equilibri-
um, and to adapt to the environment of scan.
The 200 volumes that remained were applied
for further analysis; (2) slice timing correction
was performed by setting the middle slice
(35th) as reference slice; (3) realignment for
the head motion was conducted; Frame-wise
Displacement Jenkinson (FD Jenkinson) [29]
was evaluated to control the influence of head
motion; (4) the 3D structural images were seg-
mented into gray matter, white matter (WM),
and cerebrospinal fluid (CSF); (5) nuisance
covariate, including the Friston-24 motion pa-
rameters, mean WM and CSF signals, were all
regressed out; (6) functional images were nor-
malized into the standard Montreal Neurological
Institute (MNI) space with resampled voxel size
of 3 x 3 x 3 mm3; (7) spatial smoothing was
conducted by the isotropic Gaussian kernel
function with 4 mm full width at half maximum
(FWHM).

SALFF analysis

SALFF analysis was conducted with RESTplus
software (http://restfmri.net/forum/RESTplus-
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V1.2). In a few words, for a given voxel, the time
courses were first converted to the frequency
filed with fast Fourier transform, then the power
spectrum was acquired, and the square root of
which was calculated at each frequency and
averaged at the low-frequency band (0.01-0.08
Hz), and the latter was taken as sALFF [17]. For
the purposes of standardization, the sALFF of
each voxel was divided by the global average
sALFF, and the zALFF map was generated for
each participant.

dALFF analysis

The dALFF was calculated with the Dyna-
micBC toolbox (v2.2, www.restfmri.net/forum/
DynamicBC) [30]. Previous studies have shown
the window length in sliding window approach
is an open but essential factor for dynamics
calculation [25]. In this study, the dALFF was
calculated by setting the window length to 22
TRs (61 s) [31] and step size to 1 TR (2.79 s).
For each participant, 179 zALFF maps were ob-
tained (time point: TP = 200; window length: L
=22 TR; step = 1; zZALFF map =200-22 + 1 =
179). Then, the standard deviation (SD) of
these zALFF maps was measured, which was
applied for evaluating the temporal variability of
spontaneous brain activity.

Statistical analysis

The software SPSS version 22.0 (SPSS Inc.
Chicago, IL) was applied to perform the statisti-
cal analysis. A Chi-square test was for compar-
ing gender differences between ESRD and HC
groups. Two-sample t test was used for testing
the between-group difference of age, educa-
tion, neuropsychologic tests, and FD Jenkinson
(P < 0.05).

For the sALFF and dALFF, two-sample t test
was used for detecting the difference between
ESRD and HC groups with a covariate of FD
Jenkinson. Multiple comparisons were condu-
cted to determine the significantly abnormal
regions with Gaussian Random Field (GRF) cor-
rection (voxel-wise threshold, P < 0.01; cluster
threshold, P < 0.05).

To further investigate the relationships between
abnormal sALFF or dALFF and clinical informa-
tion, the mean sALFF or dALFF values of the
abnormal brain regions were calculated for
each ESRD patient. Pearson’s correlation (P <
0.05, uncorrected) was used for computing the

Int J Clin Exp Med 2021;14(11):2509-2519



Aberrant static and dynamic brain activities in ESRD patients

correlation coefficient between sALFF or dALFF
and the neuropsychological/laboratory tests in
the ESRD patients.

Support vector machine (SVM) classification

SVM classification was used for determining
the ability of sALFF and dALFF in identifying
the ESRD patients from the HCs based on
the LIBSVM toolbox (https://www.csie.ntu.edu.
tw/~cjlin/libsvm/). The process including the
following steps: (1) Feature selection: Three
types of features, including the sALFF, dALFF,
and combined sALFF and dALFF of altered brain
regions were selected for the model building.
(2) Classification model building: The leave-
one-out cross-validation (LOOCV) is an unbi-
ased theory to produce a reliable classification
model [32]. In each LOOCV trial, one subject
was left out, and the other subjects were includ-
ed as a training set for training the classifica-
tion model. Then, the left out subject was con-
sidered as a testing set for testing the model.
After that, the sensitivity, specificity, accuracy,
and area under curve (AUC) were computed
to reflect the discrimination performance. (3)
Statistical significance: A nonparametric per-
mutation t test was used for determining the
classification model significance. Model build-
ing was performed 1000 times with a randomly
labeled training group as ESRD or HC to obtain
the distribution of sensitivity, specificity, accu-
racy, and AUC, which were compared with real
value from the above model building step.

Validation analysis

For the purpose of verifying the results of dALFF
acquired from the window length of 22 TR, sup-
plement analysis with different sliding window
lengths (10 TR/28 s, 15 TR/42 s, 36 TR/100 s,
57 TR/159 s) was performed, as previously
reported [23, 27, 33, 34].

Results

Demographics and clinical characteristics of
subjects

Demographics and clinical characteristics of
subjects are shown in Table 1. There were no
significant differences in the age, gender, edu-
cation, NCT-A, LTT, and mean FD Jenkinson
(P > 0.05) between ESRD group and HC group.
ESRD group had a higher SDS score, NCT-B,
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SDT, and blood pressure than HC group (P <
0.05).

SALFF and dALFF

Compared with the HCs, ESRD group had
decreased sALFF in the right superior temporal
gyrus (STG.R), left precuneus, and right angular
gyrus, and decreased dALFF in the right middle
temporal gyrus (MTG.R), left middle occipital
gyrus (MOG.L), and right precuneus (voxel-level,
P < 0.01; cluster-level, P < 0.05; GRF correc-
tion) (Figure 1; Table 2).

Correlation between sALFF or dALFF and clini-
cal indicators

The sALFF values of the STG.R had negative
correlations with duration of ESRD (r = -0.483,
P = 0.017), duration of HD (r = -0.463, P =
0.023), and NCT-A (r = -0.42, P = 0.041), and
those of left precuneus had positive correlation
with URR (r = 0.450, P = 0.027) in the ESRD
patients. In addition, the dALFF variability val-
ues of the MTG.R were positively correlated
with URR (r = 0.435, P = 0.034), and those of
right precuneus were also positively correlated
with URR (r=0.507, P=0.011) in ESRD patients
(Figure 2).

Discrimination performance

SVM analyses of the sALFF and dALFF are
shown in Table 3 and Figure 3. The accuracy of
SALFF for discriminating ESRD patients from
HCs was 92.92%, with a sensitivity of 95.83%
and specificity of 90%. For the dALFF, the ac-
curacy achieved 90.84%, with 91.67% of sensi-
tivity and 90% of specificity. The combination
of the sALFF and dALFF achieved the highest
accuracy (95.84%) with a sensitivity of 91.67%
and specificity of 100% in discriminating ESRD
patients from HCs.

Validation analysis

The findings of validation analysis are exhibited
in the Supplementary Material (Table 4 and
Figure 4), in which the results of other window
length (10 TR, 15 TR, 36 TR, and 57 TR) were
consistent with the major results of 22 TR.

Discussion

The DMN has relationships to self-awareness,
episodic memory and interactive modulation

Int J Clin Exp Med 2021;14(11):2509-2519



Aberrant static and dynamic brain activities in ESRD patients

Table 1. Characteristics of demographic and clinical variables of HC and patients with ESRD

Variables ESRD group (n = 24) HC group (n = 20) Statistics p-value
Age (years) 39.04 £11.84 35.15 + 6.07 1.404 0.169°
Sex (Male/Female) 15/9 7/13 3.3 0.069°
Education (years) 9.71 £ 3.30 11.40 £ 3.02 -1.76 0.086°
Duration of ESRD (months) 12.58 + 12.32 NA NA NA
Duration of HD (months) 9.83 + 10.05 NA NA NA
Neuropsychologic tests
SDS score 4413 + 7.51 38.35+7.61 2.524 0.015°
NCT-A (second) 86.83 + 45.80 64.95 + 33.73 1.772 0.0842
NCT-B (second) 108.88 + 44.04 61.75 + 18.47 4,764 < 0.0012
SDT (second) 82.04 £ 39.54 52.85 + 15.81 3.313 0.0022
LTT (second) 71.46 +42.38 64.30 £ 36.45 0.594 0.556°
Laboratory tests
Systolic pressure (mmHg) 142.87 + 27.36 120.50 + 5.10 3.925 0.0012
Diastolic pressure (mmHg) 90.54 + 14.15 81+ 3.08 3.213 0.0042
Dehydration (kg) 2.33+1.61 NA NA NA
Hemoglobin (g/L) 97.97 + 20.03 NA NA NA
Albumin (g/L) 35 +4.87 NA NA NA
BUN (before, mmol/L) 23.83 +8.49 NA NA NA
BUN (after, mmol/L) 10.29 £+ 3.91 NA NA NA
Calcium (mmol/L) 2.06 £0.28 NA NA NA
Phosphorus (mmol/L) 1.65 + 0.60 NA NA NA
PTH (pg/ml) 231.60 + 225.33 NA NA NA
Ferritin (ng/ml) 13.46 £ 3.46 NA NA NA
KT/V (mls-1/1.73 m?) 0.806 + 0.269 NA NA NA
URR (%) 51.66 £ 7.23 NA NA NA
Head motion
FD Jenkinson 0.105 £+ 0.069 0.073 £ 0.049 1.8 0.0792

Note: All quantitative data are expressed as mean + standard deviation; numbers for sex data. Abbreviations: ESRD group,
end-stage renal disease group; HC group, healthy controls group; HD, hemodialysis; SDS, self-rating depression scale; NCT-A,
number connection type-A; NCT-B, number connection type-B; SDT, series dot test; LTT, line-tracing test; URR, urea reduction
ratio; PTH, parathyroid hormone; BUN, blood urea nitrogen; KT/V, urea clearance index; FD Jenkinson, Frame-wise Displace-
ment Jenkinson. NA, not applicable. ®The p value was obtained by Two-sample t test (two-tailed). "The p value was obtained by

Chi-square t test. Significant level, P < 0.05.

[35]. In our study, patients with ESRD exhibited
decreased sALFF that was mainly located in the
STG.R, left precuneus and right angular gyrus,
which are the critical components of the DMN
[36, 37]. This indicates that ESRD can affect
the components of the DMN disproportionately
and target the hub regions of the DMN prefer-
entially [38]. It is known that abnormal cerebral
oxygenation [39] and cerebral blood flow [40]
during long-term HD might have adverse effects
on brain function. The impairment of sALFF
observed in our ESRD patients resembles that
reported previously [20, 21]. In a previous
report, the decreased sALFF was mainly locat-
ed in the MTG, posterior cingulate gyrus, inferi-
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or parietal gyrus, frontal gyrus, and angular
gyrus. Furthermore, in the ESRD group, the
SALFF values of these abnormal brain regions
had negative correlation with urea and creati-
nine levels [20]. In our study, the decreased
SALFF value of the left precuneus had positive
correlation with URR in ESRD patients. URR is
often used for small solute clearance capacity
[41]; the higher the URR, the lower the level of
toxic substances such as creatinine in the
blood. It has also been reported that the left
precuneus might be the site related to metabo-
lite abnormalities [42]. In addition, in our study,
the abnormal sALFF alteration of the STG.R
had negative correlation with duration of ESRD,
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Figure 1. Brain regions with a significant difference in sALFF (A) and dALFF (B) between the ESRD patients and
HCs. Group differences in sALFF and dALFF were detected by using two-sample t test with Gaussian Random Field
(GRF) correction (voxel-wise threshold P < 0.01, cluster threshold P < 0.05). The cooler color indicates significantly
decreased sALFF or dALFF in the ESRD patients, compared to HCs. Abbreviations: sALFF, static amplitude of low-
frequency fluctuations; dALFF, dynamic ALFF; ESRD, end-stage renal disease; L/R, left/right hemisphere.

Table 2. Brain regions with significant group difference in SALFF and dALFF

Peak location  No. of Peak Peak coordinate in MNI space Included other regions
(AAL-90) voxels t-value X Y
SALFF (ESRD-HC) PCUN.L 155 -4.52 0 -60 33 CUN.L
ANG.R 66 -3.99 38 -69 40 MTG.R, MOG.R
STG.R 59 -3.55 51 -45 15 MTG.R
dALFF (ESRD-HC) MOG.L 104 -4.48 -24 -63 39 IPG.L
PCUN.R 323 -4.94 3 -60 39 PCUN.L, CUN.L, SOG.R
MTG.R 212 -4.03 54 -39 3 STG.R, ANG.R

Abbreviations: AAL, automated anatomical labelling atlas; sALFF, static amplitude of low-frequency fluctuations; dALFF, dynam-
ic ALFF; ESRD, end-stage renal disease; HC, healthy control; TR, repeat time; STG, superior temporal gyrus; PCUN, precuneus;
ANG, angular gyrus; MTG, middle temporal gyrus; MOG, middle occipital gyrus; IPG, inferior parietal gyrus; CUN, cuneus; SOG,
superior occipital gyrus; L/R, left/right hemisphere. NA, not applicable. Gaussian Random Field (GRF) correction with a voxel-

wise threshold of P < 0.01 and cluster threshold of P < 0.05 were used.

duration of HD, and NCT-A, which was consis-
tent with a previous study [2]. Generally, the
longer duration of ESRD and HD, the more
apparent the neurodegenerative abnormality
was [2, 20]. NCT-A is a neuropsychological test
that is applied for testing psychomotor speed
and visuo-spatial orientation. The time prolon-
gation of NCT-A could reflect impairments in the
cognitive domains of the DMN [43]. With the
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exception of visuo-spatial orientation and psy-
chomotor speed, NCT-B is also applied for eval-
uating the ability of shift of attention [44].
Compared with the HCs, the time for NCT-B
of the ESRD patients increased significantly.
Taken together, the findings of our study sug-
gested that decreased sALFF in STG.R was
associated with neurocognitive dysfunction in
patients with ESRD.
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Figure 2. The correlations between the altered sALFF/dALFF and clinical variables. Each red dot represents each
ESRD patient. Abbreviations: SD, standard deviation; sALFF, static amplitude of low-frequency fluctuations; dALFF,
dynamic amplitude of low-frequency fluctuations; ESRD, end-stage renal disease; NCT-A, number connection type-A;
URR, urea reduction ratio; STG, superior temporal gyrus; PCUN, precuneus; MTG, middle temporal gyrus; L/R, left/

right hemisphere.

Table 3. The performances of SALFF and dALFF in discriminating

ESRD patients from HCs

dALFF in the MTG.R and the pre-
cuneus were positively correlat-

Sensitivity Specificity ~ Accuracy

AUC ed with URR. Lower URR reflects

SALFF 95.83% 90%
dALFF (22TR) 91.67% 90%

more toxic substances in the
blood. Thus, the altered dynam-
ic characteristics of brain ac-
tivity in ESRD patients may be

92.92%*** 95.63%***
90.84%***
SALFF+dALFF (22TR) 91.67% 100%  95.84%*** 96.04%***

95%***

Abbreviations: sALFF, static amplitude of low-frequency fluctuations; dALFF,
dynamic amplitude of low-frequency fluctuations; ESRD, end-stage renal disease;

related to the clearance of
serum toxins.

AUC, area under curve; PCUN, precuneus; ANG, angular gyrus; STG, superior

temporal gyrus; MTG, middle temporal gyrus; MOG, middle occipital gyrus; L/R,

left/right hemisphere. ***P < 0.001.

Another important result was that ESRD pa-
tients exhibited decreased dALFF during HD,
which was mainly located in the MTG.R, MOG.L,
and right precuneus, suggesting the time-vary-
ing impairments of the DMN in ESRD patients
during HD. The dynamic variability may be relat-
ed to conscious processes, including attention-
al shifts, sensory processing, recollection and
planning reflection [22]. Hence the decreased
dALFF in DMN may indicate a lower information
processing efficiency in patients with ESRD
[45]. Moreover, we found that the decreased
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Previous dALFF studies on oth-
er psychiatric diseases showed
that dynamic methods have hi-
gher classification performance than static
methods [23, 25, 27]. In our study, both sALFF
and dALFF were found to identify ESRD patients
from HCs with a comparable high discrimina-
tion accuracy, 92.92% and 90.84%, respective-
ly. Notably, SVM analysis showed that the com-
bination of sALFF and dALFF achieved the high-
est accuracy (95.84%). These above findings of
our study indicate that static and dynamic local
brain activity were favorable and useful neuro-
imaging indicators for testing pathological ch-
anges in ESRD. The higher discriminatory per-
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Figure 3. The ROCs of the classification analyses with sALFF (A), dALFF (B) and sALFF + dALFF (C) as features.
Abbreviations: ROC, receiver operating characteristic curve; AUC, area under curve; sALFF, static amplitude of low-

frequency fluctuations; dALFF, dynamic ALFF.

Table 4. Brain regions show significant group difference of dALFF in different window lengths

Window length Pe?:;i;%t;on \':loc;’e?; t:Z?LI;e Pea)l: coordmatf in MNI ssace Included other regions
10 TR (28 s) PCUN.R 413 -4.32 3 -60 36 PCUN.L, CUN, CAL.R, IPG.L
ANG.R 91 -4.12 38 -69 40 MOG.R, MTG.R
MTG.R 120 -3.80 57 -33 -3 NA
15TR (42 s) MOG.L 96 -4.25 -24 -63 39 IPG.L, ANG.L
PCUN.R 368 4.71 3 -60 36 PCUN.L, CUN.L, SOG.R
MTG.R 253 -4.19 57 -33 -3 ITG.R, STG.R
36 TR (100 s) MOG.L 69 -4.16 -24 -63 39 IPG.L
PCUN.R 292 -5.57 3 -63 39 PCUN.L, CUN.L, SOG.R
ANG.R 68 -3.77 39 -63 39 MOG.R
MTG.R 124 -4.12 63 -33 -9 STG.R
57 TR (159 s) IPG.L 73 -4.07 27 -69 45 NA
PCUN.R 169 -5.26 3 -63 39 PCUN.L, CUN.L
SOG.R 72 -4.09 27 -63 27 PCUN.R
ANG.R 70 -4.12 36 -60 34 MOG.R
STG.R 40 -3.86 48 -45 15 MTG.R
MTG.R 55 -4.17 63 -33 -9 NA

Abbreviations: dALFF, dynamic amplitude of low-frequency fluctuations; AAL, automated anatomical labelling atlas; TR, repeat
time; MTG, middle temporal gyrus; ANG, angular gyrus; MOG, middle occipital gyrus; PCUN, precuneus; CUN, cuneus; CAL, cal-
carine; IPG, inferior parietal gyrus; ITG, inferior temporal gyrus; STG, superior temporal gyrus; SOG, superior occipital gyrus; L/R,
left/right hemisphere. NA, not applicable. Multiple comparison correction was performed using Gaussian Random Field (GRF)
correction with a voxel-wise threshold of P < 0.01 and cluster threshold of P < 0.05.

formance of sALFF and dALFF in our study
might result from the inconsistent sensitivity of
sALFF and dALFF to different diseases [23, 26,
27, 46].

We admit that our study had several limitations.
First, a small sample size might have adverse
effects on the statistical power. The dALFF
analysis in ESRD still needs to be verified by
further studies with a large number of partici-
pants. Second, this is a cross-sectional study
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to observe the difference between ESRD pa-
tients undergoing HD and HCs. Further longitu-
dinal research should be conducted to detect
the prognostic value of ALFF in ESRD patients
undergoing HD.

Conclusion
In short, our study showed that the DMN of

ESRD patients was abnormal, including de-
creased sALFF and dALFF, which had correla-

Int J Clin Exp Med 2021;14(11):2509-2519
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t - value

Figure 4. Brain clusters show significant group differences in dALFF of different window lengths. (A) window length
=10 TR/28 s, (B) window length = 15 TR/42 s, (C) window length = 36 TR/100 s, (D) window length = 57 TR/159
s. Abbreviations: dALFF, dynamic amplitude of low-frequency fluctuations; TR, repeat time; ESRD, end-stage renal
disease; L/R, left/right hemisphere.

tions with the duration of ESRD and HD, cogni-
tive impairment and URR. The impaired dynam-
ic brain activity in the DMN provides a novel
perception into the dysfunctional brain underly-
ing ESRD and highlights the significant role of
dALFF in exploring the neuropathological mech-
anism of ESRD.
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