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Background: Cognitive decline may occur in patients with end-stage renal disease (ESRD), and is 
particularly severe in patients with ESRD undergoing hemodialysis; however, the mechanism of this 
relationship between cognitive decline and ESRD is unclear. Cortical-based structural and functional analysis 
can be used to understand these cortical changes and their relationship with cognitive decline in non-dialysis 
and maintenance dialysis ESRD patients. This study aimed to examine whether there was any correlation 
between alterations in cortical and resting-state function changes and cognitive decline in patients diagnosed 
with ESRD.
Methods: The study included a total of 126 participants who underwent laboratory assessments, 
neuropsychological tests, and brain magnetic resonance imaging (MRI). Of the 126 patients, 40 were ESRD 
without hemodialysis (ESRD-ND) patients, 40 were ESRD with hemodialysis (ESRD-HD) patients, and 46 
were healthy controls (HCs).
Results: In terms of the cortical changes, the thickness and volume of the left medial temporal cortex were 
smaller in the ESRD-ND group than in the HC group. The thickness and volume of the double medial 
temporal cortex were reduced in the ESRD-HD group compared to the ESRD-ND group. The cortical 
volume in the anterior cingulate and medial prefrontal cortex (AntCing_MedPFC) was reduced in ESRD-
HD group compared to both the ESRD-ND and HC groups. In terms of the functional changes, the 
regional homogeneity (ReHo) of the double medial temporal cortex was higher in the ESRD-HD group 
than in the ESRD-ND group, and higher in the ESRD-ND group than in the HC group. The ReHo of 
the AntCing_MedPFC was higher in both the ESRD-HD and ESRD-ND groups than in the HC group. 
The correlation analysis after covariation-correction showed that the cortical thickness (r=0.360, P=0.026) 
and cortical volume (r=0.440, P=0.006) of the medial temporal lobe in the ESRD-HD group were positively 
correlated with the Montreal Cognitive Assessment (MoCA) score. The cortical thickness (r=0.571, P<0.001) 
and cortical volume (r=0.529, P=0.001) of the posterior cingulated gyrus were positively correlated with the 
MoCA score in the ESRD-ND group.
Conclusions: Our findings suggest that ESRD patients undergo more cognitively related cortical 
structural and functional changes than HCs. Dialysis can aggravate or cause changes in new brain regions. 
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Introduction

Chronic kidney disease (CKD) has a profound effect 
on the overall well-being of global populations, and is a 
substantial contributor to mortality (1). A considerable 
proportion of patients with CKD may exhibit a spectrum 
of cognitive dysfunction, ranging from mild cognitive 
impairment (MCI) to dementia (2,3). These impairments 
encompass various cognitive domains, including memory (4), 
language (5), attention (6), visuospatial skills, and executive 
functions (7). End-stage renal disease (ESRD), which is 
defined as a glomerular filtration rate <15 mL/min/1.73 m2,  
is the final stage of CKD progression. In this stage, patients’ 
renal function is insufficient to support their long-term 
survival without kidney transplantation or dialysis (8). 
However, once dialysis is initiated, patients are at an 
increased risk of a variety of adverse outcomes, including 
stroke, depression, and high mortality in the first year 
of dialysis (9,10). Moreover, hemodynamic disturbances 
caused by hemodialysis may accelerate the progression of 
cognitive impairment in ESRD (11). Therefore, imaging 
and biomarkers related to cognitive impairment should be 
screened, and the potential neuropathological mechanisms 
of cognitive decline in ESRD patients should be evaluated.

Vascular factors associated with ESRD and neurotoxic 
substances resulting from uremia may have an effect on 
cognitive dysfunction (12,13). Kidney dysfunction in ESRD 
often leads to the retention of various molecular mediators 
associated with brain damage, which can subsequently affect 
the brain through direct or indirect pathways (14). Due to 
the reduced function of the blood-brain barrier (BBB) in 
advanced CKD (15), certain toxins associated with uremia 
can readily penetrate the BBB, leading to detrimental effects 
on endothelial cells and blood vessels.

Dialysis, including hemodialysis and peritoneal dialysis, 
is a common treatment for ESRD, Dialysis is an efficient 
method for removing water-soluble toxins to prevent 
uremic encephalopathy; however, its efficacy in eliminating 

protein-bound or medium-sized toxins is limited (16), and 
these toxins are the main cause of MCI. During hemodialysis, 
patients are exposed to continuous and repeated fluid volume 
changes, which may lead to acute and chronic hemodynamic 
stress (17). Additionally, the accumulation of sodium and fluid 
during the interdialytic period may result in hypertension 
and cerebrovascular complications (18). Additionally, the 
dialysis itself may further exacerbate cognitive decline.

Multimodal magnetic resonance imaging (MRI) has 
been widely used to assess brain structural and functional 
changes, and plays a key role in the early diagnosis of 
cognitive impairment in ESRD patients. Structural MRI 
studies have shown that ESRD patients have decreased 
cortical gray-matter volume (GMV), which is closely 
related to cognitive impairment (19,20). In addition, 
resting-state functional MRI (rs-fMRI) revealed that ESRD 
patients, with or without dialysis, showed reduced whole-
brain spontaneous activity dominated by the default mode 
network (DMN), which was positively correlated with the 
Montreal Cognitive Assessment (MoCA) score, providing 
deeper insights into the neural mechanisms of cognitive 
impairment in CKD (21,22). However, most studies have 
focused on GMV and whole-brain functional changes 
in ESRD with hemodialysis (ESRD-HD) patients; thus, 
knowledge about the cortical structural and functional 
changes of ESRD patients is limited. Therefore, there is 
an urgent need to understand the cortical structural and 
functional changes of non-dialysis and maintenance dialysis 
ESRD patients, and their relationship with cognitive 
decline. Clarifying the imaging features of abnormal brain 
regions associated with cognitive impairment in early ESRD 
patients will aid in the early identification of cognitive 
impairment and the development of intervention strategies.

Therefore, this study aimed to examine the altered 
structure and function in ESRD-HD and ESRD without 
hemodialysis (ESRD-ND) patients based on a brain cortical 
structural and functional approach, and to assess the 
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cognitive decline. Damage to the medial temporal lobe by dialysis exacerbates this trend.
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following hypotheses: (I) patients with ESRD experience 
structural and functional alterations; and (II) alterations 
of the brain surface area and function in patients with 
ESRD are correlated with the MoCA score. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-1265/rc).

Methods

Data acquisition

In total ,  88 ESRD patients at the Department of 
Nephrology, Beijing Friendship Hospital, Capital Medical 
University were included, 45 of whom did not receive 
dialysis treatment, and 52 local healthy controls (HCs) 
were included in this study. All the study participants were 
right-handed, and there was no documented history of 
renal disease among any of the HCs. Patients were excluded 
from the study if they met any of the following exclusion 
criteria: (I) had a history of a psychiatric disorder; (II) had 
a neurological disorder, including stroke, brain tumor, 
and brain trauma; (III) had another systemic disease; (IV) 
had contraindications to MRI; and/or (V) had significant 
head movement during MRI examination. In addition, 
eight ESRD patients and six HCs were excluded due to 

claustrophobia (n=4), chronic infarction (n=1), and excessive 
head movement (≥3 mm/3°) (n=9). The details of the study 
population are illustrated in Figure 1. 

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 
Friendship Hospital, Capital Medical University (No. 
BFHHZS20220112). Informed consent for this study 
was obtained from all study participants or the legally 
authorized representatives of the illiterate participants.

Prior to undergoing scanning, all patients diagnosed with 
ESRD underwent cognitive assessments and biochemical 
blood examinations.

The images were acquired using an 8-channel phased 
array coil on a 3.0-Tesla magnetic resonance scanner 
(Discovery MR750w, GE HealthCare, Anaheim, USA). 
Throughout the scanning procedure, the participants were 
instructed to maintain a supine position, keep their heads 
immobilized, close their eyes, and remain awake while 
trying to avoid any thinking activity. The patients were also 
provided earplugs for noise reduction, and offered foam 
pads to enhance their comfort and minimize their head 
movement. The acquisition of high-resolution T1-weighted 
images (T1WI) was performed using a three-dimensional 
(3D) brain volume imaging (BRAVO) sequence, employing 

140 ESRD-HD patients, ESRD-ND patients and HCs were 
recruited in this study

43 ESRD-HD subjects 45 ESRD-ND patients 52 HCs

Demographic, clinical laboratory examination and cognitive function assessment

Multimodal MRI scanning (sMRI + fMRI)

40 ESRD-HD patients 40 ESRD-ND patients 46 HCs

Exclusion:
(I)	 Claustrophobia (n=1)
(II)	 Head movement (n=2)

Exclusion:
(I) Claustrophobia (n=1)
(II) Chronic infarction (n=1)
(III) Head movement (n=3)

Exclusion:
(I) Claustrophobia (n=2)
(II) Head movement (n=4) 

Figure 1 Summary of patient recruitment and exclusions. ESRD-HD, end-stage renal disease with hemodialysis; ESRD-ND, end-stage 
renal disease without dialysis; HCs, healthy controls; MRI, magnetic resonance imaging; sMRI, structural MRI; fMRI, functional MRI.
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the following parameters: slices, 192; slice thickness, 1 mm 
(no gap); repetition time (TR), 8.8 ms; echo time (TE), 
3.5 ms; inversion time (TI), 450 ms; flip angle (FA), 15°; 
field of view (FOV), 240 mm × 240 mm; matrix, 256 × 256; 
and acquisition time, 276 s. The parameters employed for 
the acquisition of the resting-state functional data were as 
follows: time points, 200; slices, 28; slice thickness, 5 mm  
(1-mm gap); TR, 2,000 ms; TE, 35 ms; FOV, 240 mm ×  
240 mm; FA, 90°; matrix, 64×64; and acquisition time, 400 s.

Anatomical data preprocessing

All cortical parameters were calculated by analyzing 
the T1WI and rs-fMRI data using DPABISurf (version 
1.8) software (http://rfmri.org/DPABISurf) (23). The 
DPABISurf pre-processed the structural and functional 
MRI data using the fMRIPrep pipeline [integrating 
FreeSurfer, advanced normalization tools (ANTs), 
FMRIB software library (FSL), and analysis of functional 
neuroimages (AFNI)] (24). The cerebral cortex was 
separated by the Human Connectome Project (HCP) 
template built into the DPABISurf software. The whole 
process was automated, and comprised the following steps: 
(I) the T1WI were corrected for intensity inhomogeneity 
using N4BiasFieldCorrection (25), distributed through 
ANTs (version 2.2.0) (26), and used as the T1WI references 
throughout the entire process; (II) the T1WI references 
were skull-stripped using antsBrainExtraction.sh (ANTs 
version 2.2.0) with OASIS30ANTs as the template for target; 
(III) Recon-All l (FreeSurfer 6.0.) was used to reconstruct the 
brain surface (27). A custom variant of the method was used 
to refine the previously estimated brain mask to coordinate 
ANTs-derived and Freesurfer-derived cortical gray matter 
(GM) segmentation in Mindboggle (28); (IV) based on the 
brain-extracted T1WI volumes and templates, a nonlinear 
regression analysis with antsRegistration (ANTS version 
2.2.0) was conducted to realize the spatial normalization of 
the international consortium for brain mapping (ICBM) 
152 nonlinear asymmetric template (version 2009C); and 
(V) brain tissue segmentation of white matter (WM), 
cerebrospinal fluid (CSF), and GM was performed on the 
brain-extracted T1WI by fast (FSL version 5.0.9) (29).

The functional data were pre-processed as follows: 
(I) a custom fMRIPrep method was used to generate 
the reference volume and its skull-stripped version; (II) 
bbregister (FreeSurfer) was used to co-register blood oxygen 
level dependent imaging (BOLD) references to the T1WI 

references, implementing boundary-based registration (30); 
(III) slice time correction was performed for the BOLD run 
using 3dTshift (31), and the BOLD time series was processed 
into FreeSurfer fsaverage5 surface space; (IV) DPABISurf was 
used to perform harmful covariate regression to eliminate 
signals of head movement, WM, and CSF; and (V) the 
data were filtered and smoothed as follows: normalized 
functional images were processed with a band-pass time 
filter (0.01 to 0.1 Hz) and spatial smoothing (full-width at 
half-maximum of 6 mm).

After the above processing steps, the cortical-based 
structural parameters (i.e., cortical thickness and cortical 
volume) and functional parameters [i.e., amplitude of low 
frequency fluctuation (ALFF), fractional ALFF (fALFF), 
and regional homogeneity (ReHo)] were obtained. ALFF 
represents the average of ALFFs (0.01 to 0.1 Hz) based 
on the fast Fourier transform of each voxel over time (32). 
fALFF is a normalized ALFF, and is determined by dividing 
the total power in the low frequency range (0.01–0.1 Hz) 
by the total power in the full frequency range of the same 
element (33). ReHo represents the homogeneity of the time 
process of a given voxel relative to the time process of the 
nearest 26 neighboring voxels, and is calculated based on 
Kendall’s coefficient of consistency (34).

Statistical analysis

The demographic and clinical characteristics are presented 
as the percentage; the continuous variables are expressed as 
the mean ± standard deviation for those that conformed to 
normal distribution, and the median value and interquartile 
spacing for those that did not. The ESRD-ND, ESRD-
HD, and HC groups were compared using the Chi-squared 
test for the categorical variables, and the two-sample t-test 
or Mann-Whitney U test for the continuous variables. 
In relation to the cortical parameters, a P value <0.05 
(a P value <0.025 for each hemisphere) was considered 
statistically significant in the cortical analysis [family-wise 
error (FWE) corrected]. The significance level was set at 
P<0.05 to determine statistical significance in accordance 
with established conventions. DPABISurf was employed 
as a tool for visualizing the results relating to the cortical 
parameters. A partial correlation analysis with sex, age, and 
education level as covariates was conducted to examine the 
relationship between the cortical parameters (i.e., cortical 
thickness, cortical volume, ALFF, fALFF, and ReHo) and 
the patient/disease-related rating scale score (i.e., the MoCA 

http://rfmri.org/DPABISurf
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score). The test results were adjusted using the Bonferroni 
method (P<0.05/4=0.0125) in multiple comparisons.

Results

Demographics and clinical measures of participants

In total, 40 ESRD-ND patients, 40 ESRD-HD patients, and 
46 HCs were included in this study. The characteristics of 
the participants, including their demographics and clinical 
profiles, are provided in Table 1. There were no statistically 
significant differences among the three groups in terms of 
age (P=0.393), sex (P=0.067), or education level (P=0.448). 
However, in terms of the laboratory test findings, significant 
differences were observed in the blood concentrations of 
urea, creatinine, hemoglobin, and calcium (Ca2+) between 
the ESRD-ND and ESRD-HD groups (P<0.05). The 
results obtained from the neuropsychological assessments 
revealed a significant disparity in the MoCA scores between 
the ESRD-ND and ESRD-HD groups (P<0.001).

Analysis of the cortical structure

The thickness and volume of the left medial temporal 
cortex were smaller in the ESRD-ND group than in the 

HC group. Both the thickness and volume of the bilateral 
medial temporal cortex were reduced in the ESRD-HD 
group compared to the ESRD-ND group. The cortical 
thickness of the bilateral temporo-parieto-occipital junction 
was smaller in the ESRD-ND group than in the HC 
group. The cortical volume of paracentral lobular and mid 
cingulate cortex was smaller in the ESRD-ND and ESRD-
HD groups than the HC group, while that of the ESRD-
HD group was smaller than that of the ESRD-ND group. 
The cortical volume of the insular and frontal opercular 
cortex and the anterior cingulate and medial prefrontal 
cortex (AntCing_MedPFC) was smaller in the ESRD-
HD group than in the ESRD-ND and HC group, but no 
difference was found between the ESRD-ND and HC 
groups (Figure 2 and Table 2).

Analysis of cortical function

The fALFF of the bilateral inferior parietal cortex was 
found to be comparatively reduced in the ESRD-ND group 
compared to the HC group, and the fALFF of the bilateral 
medial temporal cortex was higher in the ESRD-ND group 
than in the HC group. The ReHo of the double medial 
temporal cortex was higher in the ESRD-HD group than in 
the ESRD-ND group, while that of the ESRD-ND group 

Table 1 Demographic and clinical characteristics of ESRD patients and HCs in this study

Variables ESRD-ND (n=40) ESRD-HD (n=40) HCs (n=46) P value

Age (years) 50.0 (39.5, 59.75) 55.5 (45.5, 60.75) 53.5 (42.75, 59.0) 0.393†

Sex, male/female 29/11 24/16 22/24 0.067‡

Education level (years) 12.0 (12.0, 15.0) 12.0 (12.0, 14.0) 14.0 (9.0, 16.0) 0.488†

Urea (mmol/L)† 30.0±8.3 18.6±8.4 NA <0.001§

Creatinine (µmol/L)† 777.0±251.4 983.3±208.5 NA <0.001§

UA (µmol/L) 408.4±128.4 370.4±78.1 NA 0.303§

Calcium (mmol/L) 2.1 (1.9, 2.3) 2.3 (2.2, 2.4) NA <0.001¶

Phosphate (mmol/L) 2.0±0.5 2.0±0.4 NA 0.459§

eGFR (mL/min/1.73 m2) 5.9 (4.25, 8.24) 2.5 (2.20, 3.2) NA <0.001¶

Hemoglobin (g/L) 98 (85.5, 105.0) 116 (109.0, 122.8) NA <0.001¶

Parathyroid hormone (pg/mL) 207.9 (115.0, 380.2) 206.4 (87.0, 333.0) NA 0.580¶

MoCA score 24.5 (22.3, 27.0) 21 (18.0, 25.0) NA <0.001§

Data are presented as the median (25th percentile, 75th percentile) or mean ± standard deviation. †, Kruskal-Wallis test; ‡, Chi-squared test; 
§, two-sample t-test; ¶,  Mann-Whitney U test. ESRD, end-stage renal disease; HCs, healthy controls; ESRD-ND, end-stage renal disease 
without dialysis; ESRD-HD, end-stage renal disease with hemodialysis; NA, not applicable; UA, uric acid; eGFR, estimated glomerular 
filtration rate; MoCA, Montreal Cognitive Assessment.
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Figure 2 Differences in cortical structural measures. (A) Left cerebral cortex thickness difference. (B) Right cerebral cortex thickness 
difference. (C) Left cerebral cortex volume difference. (D) Right cerebral cortex volume difference. LH, left head; RH, right head; ESRD-
ND, end-stage renal disease without dialysis; HCs, healthy controls; ESRD-HD, end-stage renal disease with hemodialysis; FEW, family-
wise error.

Table 2 Difference in gray-matter thickness and gray-matter volume between groups

Anatomical region HCP
MNI coordinate Cluster size 

(mm)
Peak  

T valueX Y Z

Thickness

Left brain

ESRD-ND < HC

Temporo-parieto-occipital junction 25 –48 –43 20 447 –4.64

Medial temporal cortex 126 –27 –27 –24 233 –4.02

ESRD-HD < HC

Left lateral temporal cortex 118 –23 –15 –27 1,629 –8.43

Insular and frontal opercular cortex 167 –41 –26 –1 277 –4.38

HD < ESRD-ND

Medial temporal cortex 120 –24 –14 –29 600 –21.76

Right brain

ESRD-ND < HC

Temporo-parieto-occipital junction 25 46 –36 14 549 –5.45

Table 2 (continued)
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Table 2 (continued)

Anatomical region HCP
MNI coordinate Cluster size 

(mm)
Peak  

T valueX Y Z

ESRD-HD < HC

Medial temporal cortex 118 25 –14 –27 1,369 –7.23

Temporo-parieto-occipital junction 139 44 –50 20 785 –4.91

Paracentral lobular and mid cingulate cortex 55 14 –19 71 246 –4.20

ESRD-HD < ESRD-ND

Medial temporal cortex 120 24 –12 –29 458 –18.08

Volume

Left brain

ESRD-ND < HC

Paracentral lobular and mid cingulate cortex 55 –7 –27 73 828 –5.42

ESRD-HD < HC

Medial temporal cortex 155 –22 –17 –26 1,433 –4.79

Paracentral lobular and mid cingulate cortex 55 –18 –7 –56 945 –4.74

Insular and frontal opercular cortex 178 –37 –27 0.1 939 –6.19

Anterior cingulate and medial prefrontal cortex 166 –10 22 –17 242 –4.81

ESRD-HD < ESRD-ND

Insular and frontal opercular cortex 178 –34 –27 3 1,976 –8.47

Medial temporal cortex 126 –34 –40 –11 708 –9.68

Anterior cingulate and medial prefrontal cortex 166 –14 20 –14 223 –6.15

Right brain

ESRD-HD < HC

Insular and frontal opercular cortex 178 38 –25 0 2,021 –6.01

Temporo-parieto-occipital junction 139 48 –36 5 1,232 –7.26

Medial temporal cortex 155 30 –41 –10 1,042 –6.31

Paracentral lobular and mid cingulate cortex 55 9 –16 69 581 –5.83

Anterior cingulate and medial prefrontal cortex 166 13 20 –14 355 –5.68

ESRD-HD < ESRD-ND

Insular and frontal opercular cortex 178 41 –37 18 3,078 –8.42

Temporo-parieto-occipital junction 139 47 –21 –13 1,432 –8.82

Medial temporal cortex 155 37 –31 –17 841 –8.76

Inferior parietal cortex 146 28 –64 27 454 –5.91

Anterior cingulate and medial prefrontal cortex 60 14 20 33 230 –4.75

ESRD-ND, end-stage renal disease without dialysis; HC, healthy control; HD, hemodialysis; ESRD-HD, end-stage renal disease with 
hemodialysis; HCP, Human Connectome Project; MNI, Montreal Neurological Institute. 
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Figure 3 Differences in cortical functional measures. (A) Left cerebral cortex ALFF difference. (B) Right cerebral cortex ALFF difference. 
(C) Left cerebral cortex fALFF difference. (D) Right cerebral cortex fALFF difference. (E) Left cerebral cortex ReHo difference. (F) Right 
cerebral cortex ReHo difference. LH, left head; RH, right head; ESRD-ND, end-stage renal disease without dialysis; HCs, healthy controls; 
ESRD-HD, end-stage renal disease with hemodialysis; FEW, family-wise error; ALFF, amplitude of low frequency fluctuation; fALFF, 
fractional ALFF; ReHo, regional homogeneity.

was higher than that of the HC group. The ReHo of the 
AntCing_MedPFC was higher in the ESRD-HD and ESRD-
ND groups than in the HC group (Figure 3 and Table 3).

Correlation analysis

In ESRD-HD, the cortical thickness (r=0.359, P=0.023; 
corrected r=0.360, P=0.026) and volume (r=0.433, P=0.005; 
corrected r=0.440, P=0.006) of the left medial temporal 
cortex were positively correlated with the MoCA score. 

The fALFF value (r=–0.325, P=0.041; corrected r=0.028, 
P=0.869) and ReHo value (r=–0.447, P=0.004; corrected 
r=–0.206, P=0.214) of the left medial temporal cortex were 
negatively correlated with the MoCA score. The ReHo 
value (r=–0.350, P=0.027; corrected r=–0.165, P=0.332) of 
the left AntCing_MedPFC was negatively correlated with 
the MoCA score. Conversely, in ESRD-ND, the cortical 
thickness (r=0.604, P<0.001; corrected r=0.529, P=0.001) 
and volume (r=0.435, P=0.005; corrected r=0.571, P<0.001) 
of the right posterior cingulate cortex were positively 
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Table 3 Difference in cortical ALFF between groups

Anatomical region HCP
MNI coordinate Cluster Cluster size 

(mm)
Peak  

T valueX Y Z size

fALFF

Left brain

ESRD-ND < HC

Inferior parietal cortex 144 –39 –54 35 47 141.457 –4.484

Right brain

ESRD-ND < HC

Inferior parietal cortex 150 48 –60 31 61 223.925 –5.13

ReHo

Left brain

ESRD-ND > HC

Anterior cingulate and medial prefrontal cortex 164 –7 25 –14 41 212.097 4.23

Medial temporal cortex 122 –29 –30 –19 33 117.989 3.90

ESRD-HD > HC

Medial temporal cortex 119 –5 –45 17 122 270.02 7.89

Anterior cingulate and medial prefrontal cortex 166 –5 22 –7 73 263.497 8.2

ESRD-HD > ESRD-ND

Medial temporal cortex 119 –5 –45 17 221 583.403 19.16

Right brain

ESRD-ND > HC

Medial temporal cortex 135 36 –12 –32 36 149.863 4.15

Anterior cingulate and medial prefrontal cortex 88 7 37 –18 33 190.497 4.95

ESRD-HD > HC

Anterior cingulate and medial prefrontal cortex 166 6 –45 15 206 586.346 10.48

ESRD-HD > ESRD-ND

Medial temporal cortex 119 4 –36 24 219 580.38 20.05

ALFF, amplitude of low frequency fluctuation; fALFF, fractional ALFF; ESRD-ND, end-stage renal disease without dialysis; HC, healthy 
control; ReHo, regional homogeneity; ESRD-HD, end-stage renal disease with hemodialysis; HCP, Human Connectome Project; MNI, 
Montreal Neurological Institute.

correlated with the MoCA score, and the cortical thickness 
(r=0.378, P=0.016; corrected r=0.243, P=0.148) of the 
temporo-parieto-occipital junction was positively correlated 
with the MoCA score (Figure 4).

Discussion

This study used multimodal MRI to evaluate brain function 
and cortical changes in ESRD-ND and ESRD-HD patients. 

The patients in the ESRD-HD and ESRD-ND groups 
showed alterations in brain function and cortical structural 
features compared to the HCs. Additionally, the ESRD-
HD group displayed unique changes in brain function and 
cortical structural features compared to both the HC and 
ESRD-ND groups. This study sought to explore functional 
and structural changes to elucidate the underlying 
mechanisms that contribute to cognitive impairment in 
patients with ESRD with and without dialysis. Our findings 
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may help to identifying early diagnostic indicators for 
cognitive dysfunction in ESRD patients with and without 
dialysis.

We used surface-based morphometry to investigate 
cortical thickness and volume alterations in ESRD-ND 
and ESRD-HD patients. The left medial temporal cortex 
was thinner and had a smaller volume in the ESRD-ND 
group than in the HC group. The double medial temporal 
cortex was also thinner and had a smaller volume in the 
ESRD-HD group than in the ESRD-ND group. The 
hippocampus, perirhinal cortex, para-hippocampal cortex, 
and entorhinal cortex are crucial components of the medial 
temporal lobe memory system due to their vital role in 
the processing of long-term memories (35). The visual-
mnemonic is typically backed by the presentation of the 
medial temporal lobe’s involvement in visual processing (36). 

The medial temporal lobe plays a crucial role in supporting 
memory recall (the recall effect) (37). If the medial temporal 
lobe is damaged, it can lead to abnormalities in the memory 
and recall of known things. The process of ESRD and 
dialysis can aggravate the atrophy of the medial temporal 
lobe, leading to a decline in cognitive function.

The fALFF in the bilateral inferior parietal cortex was 
lower in the ND group than in the HC group. The inferior 
parietal lobule is an important node in the DMN and plays 
a key role in many cognitive functions (38). The decrease 
of parietal spontaneous activity may be a potential cause 
of cognitive decline in ESRD-ND patients. The value of 
ReHo in the double medial temporal cortex was greater 
in the ESRD-HD group than in the ESRD-ND group, 
while it was greater in the ESRD-ND group than in the 
HC group. Further, the AntCing_MedPFC exhibited 
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Figure 4 Correlation analysis between brain region and the MoCA score with sex, age, and education level as covariates. The cortical 
thickness and volume of the medial temporal were positively correlated with the MoCA score in the ESRD-HD group. The cortical 
thickness and volume of the posterior cingulate cortex were positively correlated with the MoCA score in the ESRD-ND group. ESRD-ND, 
end-stage renal disease without dialysis; ESRD-HD, end-stage renal disease with hemodialysis; MoCA, Montreal Cognitive Assessment.
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significantly elevated ReHo values in both the ESRD-HD 
and ESRD-ND groups compared to those observed in the 
HC group. We speculate that this may be a generational 
change, and that ESRD patients may reduce the negative 
effects of rib cortical structural changes and decreased 
spontaneous activity by increasing ReHo.

In this study, we found that the cortical thickness and 
volume of the medial temporal lobe were reduced in both 
the ESRD-ND and ESRD-HD groups compared with 
the HC group, and those of the ESRD-HD group were 
smaller than those of ESRD-ND group. Previous studies 
have shown that the cortical thickness of the medial 
temporal lobe is associated with cognitive impairment 
(39,40). Similarly, this study showed that the cortical 
thickness and volume of the medial temporal lobe were 
positively correlated with the MoCA score in the ESRD-
HD patients. Thus, medial temporal lobe involvement may 
be an important cause of cognitive impairment in ESRD-
HD patients. The thickness and volume of the cingulate 
cortex in the ESRD-ND group were proportional to the 
MoCA score. Somewhat surprisingly, the original negative 
correlation between the ReHo values of the AntCing_
MedPFC and the MoCA scores became non-correlated 
after adjusting for covariates of age, sex and education. This 
may mean that changes in cortical structure may be a more 
reliable neuroimaging marker than changes in function.

This study had a number of limitations. First, the sample 
size of the study was small. Thus, future studies should be 
conducted with larger sample sizes to increase the reliability of 
the results. Second, this study adopted a cross-sectional design. 
Thus, future longitudinal studies need to be conducted.

Conclusions

Our findings suggest ESRD patients undergo cognitively 
related cortical structure and function changes. Dialysis 
can aggravate or cause changes in new brain regions. 
The atrophy of posterior cingulate cortex is an important 
cause of cognitive decline in ESRD patients. Dialysis can 
aggravate the damage of the middle temporal lobe and lead 
to further cognitive impairment.
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