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Introduction
Dialysis patients (end-stage renal disease, 
ESRD-5D) suffer from a higher prevalence and 
worse outcome of cerebrovascular disease than 
the general population.1,2 In addition to stroke, 
dialysis patients also have a higher prevalence of 
cerebral small vessel disease and cognitive 
decline.3,4

Cerebrovascular disease and carotid-artery dis-
ease are both risk factors for cognitive impairment 
(CI) in the general population.5,6 Carotid intima–
media thickness (cIMT) is widely used as a non-
invasive index to assess carotid atherosclerosis. 
The results from the Cardiovascular Health Study 
showed that in patients without clinically evident 
cerebrovascular disease, cognitive decline was 
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associated with severe stenosis of the left internal 
carotid artery.6 In an animal model, it was shown 
that relief of bilateral carotid stenosis could 
improve cognitive function.7 However, the mech-
anisms of cognitive impairment in patients with 
asymptomatic carotid stenosis are still not well 
understood, with one possible explanation being 
the absence of a good model. Chronic kidney dis-
ease (CKD) is considered an independent risk 
factor for carotid atherosclerosis.8 A recent study 
demonstrated decreased cerebral blood flow 
(CBF) during the dialysis procedure,9 which may 
magnify the influence of carotid atherosclerosis 
on brain lesions in ESRD patients. Thus, the 
ESRD population would be an optimal model for 
discovering the relationships among carotid ath-
erosclerosis, cognitive function, and CSVD.

Therefore, we hypothesized that carotid atheroscle-
rosis is partly responsible for CI in dialysis patients 
and that subclinical CSVD and brain atrophy may 
be involved in the pathogenesis of this process.

Materials and methods

Study design
This is a retrospective study. The present study 
was approved by the Ethics Committee of Peking 
Union Medical College Hospital (PUMCH; IRB 
number S564). Written informed consent was 
obtained from each participant.

Participants
In the 2013–2014 CSVD-CI study, 416 mainte-
nance dialysis patients from our dialysis center were 
screened from July 2013 to July 201410 with the fol-
lowing criteria: age 18 years or older and regular 
dialysis for at least 1 month. Patients with the fol-
lowing criteria were excluded from the study: sys-
temic infection, acute cardiovascular or stroke 
events, cancer, surgery, or trauma in the month 
prior to the study; metabolic encephalopathy, men-
tal disorders, emotional disorders, epilepsy requir-
ing long-term treatments, or diagnosis of dementia; 
history of nonatherosclerotic arterial disease, such 
as Anti-neutrophil cytoplasmic antibody (ANCA) 
vasculitis; metal prosthesis; and inability to com-
plete the cognitive assessment.

We recruited patients from the original study who 
had at least one carotid-artery ultrasound record 
with cIMT measurement results within a year 

before or after the brain magnetic resonance 
imaging (MRI) procedure based on the Hospital 
Information System at PUMCH.

According to cIMT measurements, patients were 
divided into a normal cIMT group and an 
increased cIMT group. In the increased cIMT 
group, patients were further categorized by divid-
ing them into unilaterally and bilaterally increased 
cIMT subgroups.

Clinical and laboratory data
Demographics, comorbid conditions, dialysis 
parameters and physical examination results 
including dialysis modality, dialysis vintage, 
smoking status, history of hypertension, diabetes 
mellitus, hyperlipidemia, self-reported stroke, 
ischemic heart disease, and related medications 
were recorded. Laboratory data from blood 
examinations conducted during the same period 
as the brain MRI evaluation were evaluated. For 
hemodialysis (HD) patients, the blood sample 
was taken at the first HD session in a week.

Imaging and analyses
Carotid-artery ultrasound.  Philips iU22 (Bothell 
Everett Highway, Bothell, USA) color Doppler 
ultrasonic diagnostic instruments with a probe fre-
quency of 7.5 MHz were used for carotid ultraso-
nography. Using the carotid bulb as an anatomic 
reference, measurements were performed 10 mm 
below the carotid bifurcation in the common 
carotid arteries, at the bifurcation level, and 10 mm 
after the carotid bifurcation in the internal carotid 
arteries. The intima–media thickness of the com-
mon carotid artery was defined as the mean of the 
maximum intima–media thicknesses of the near 
and far walls. The greater value of the right or left 
common cIMT (CAA-IMT) was used for analy-
sis. Values of cIMT ⩾1 mm were defined as 
increased cIMT;11 otherwise, they were defined as 
normal cIMT. The sonographers were blinded to 
the clinical information.

Brain MRI and CSVD.  The participants underwent 
brain magnetic resonance (MR) examinations on 
a 3.0 T MR scanner (DISCOVERY MR750; 
General Electric, Milwaukee, WI, US) using an 
eight-channel head coil. Imaging sequences 
included T1-weighted and T2-weighted sequences, 
fluid-attenuated inversion recovery and suscepti-
bility-weighted imaging MR sequences. One 
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radiologist and one neurologist blinded to the 
clinical information independently assessed the 
presence and location of different signs of recent 
lacunar infarcts, lacunes (similar to the definition 
for chronic lacunar infarcts), white-matter hyper-
intensities (WMHs), and cerebral microbleeds 
(CMBs).10,12–14 Discrepancies were resolved by 
consensus after discussion.

Brain volume measurement.  Structural three-
dimensional (3D) T1-weighted MRI images were 
acquired using a 3.0-T Siemens Vision scanner. 
VBM8, a toolbox of SPM8 software (https://www.
fil.ion.ucl.ac.uk/spm/software/spm8/), was used 
for the morphometric analysis, which was applied 
with the DARTEL algorithm. First, the structural 
images were segmented into gray matter (GM), 
white matter (WM), and cerebrospinal fluid 
(CSF) using a standard unified segmentation 
model in SPM8. The sum of GM and WM was 
defined as brain matter (BM), while the whole-
brain volume was the total volume of BM and 
CSF. The percentage of the GM volume in the 
whole brain was defined as the GM fraction; the 
percentage of WM volume in the whole brain was 
defined as the WM fraction; and the percentage of 
the BM volume in the whole brain was defined as 
the BM fraction. After that, the DARTEL 
approach was performed for registration, normal-
ization, and modulation in the DARTEL space. 
In detail, a new DARTEL template was con-
structed based on the deformation fields from the 
segmentation procedure, and all the individual 
deformation field maps were registered to the 
new template. Then, the GM images were nor-
malized to a study-specific template in the Mon-
treal Neurological Institute space. All the brain 
region volumes were measured by calculating the 
total number of voxels in each image’s data, with 
resampling voxel size of 1 cm isotropic and spa-
tially smoothed with 8 mm full width at half-max-
imum Gaussian kernel.15

Cognitive assessments.  Medical staff members 
from our dialysis center were trained by neurolo-
gists to administer the cognitive tests. Cognitive 
assessments were performed on an intradialysis 
day for HD patients and during clinical visits for 
peritoneal dialysis patients.

In the cognitive test battery, global cognitive func-
tion was assessed with the Chinese versions of the 
Mini Mental State Examination (MMSE) and the 
Montreal Cognitive Assessment (MoCA).4 The 

specific domains of cognitive function were evalu-
ated by the Chinese version of the 12-word 
Philadelphia Verbal Learning Test (czP(r)VLT-
12)16 to assess immediate, short-delayed and long-
delayed verbal memory, the Boston Naming 
Test17 to assess language ability, and Trail-Making 
Tests A and B18 to assess executive function (Trail 
B is more complicated than Trail A). The scores 
of czP(r)VLT-12 ranged from 0 to 12, with higher 
scores denoting better performance. Higher scores 
on the Boston Naming Test represent higher abil-
ity. The time taken to complete the Trail A/B test 
performance was recorded.

Statistical analysis
Continuous data with a normal distribution are 
presented as the means ± standard deviation and 
were analyzed by Student’s t-test and one-way 
analysis of variance. The data with high skew are 
presented as the median and interquartile range 
and were analyzed by the Mann–Whitney test and 
the Kruskal–Wallis test. Categorical data are pre-
sented as proportions and were analyzed by the 
chi-square test and Fisher’s exact test. Correlations 
between variables were assessed by Pearson’s 
coefficient test. The differences in various cogni-
tive scores and brain volumes in the normal, uni-
lateral and bilateral cIMT increased subgroups 
were compared with the trend test. Variables with 
p < 0.05 in the univariate analyses were selected 
as candidate variables for the multivariable regres-
sion analyses, which were performed to investi-
gate whether cIMT was associated with impaired 
cognitive function. The SPSS 21.0 statistical 
package (IBM Corporation, Armonk, NY, US) 
was used for all analyses, and a value of p < 0.05 
was considered statistically significant. In addi-
tion, the fit curve of age and cIMT with various 
cognitive functions was performed with Origin 
(Originlab Corporation, Northampton, MA, 
US), R (http://www.R-project.org), and 
EmpowerStats software (www.empowerstats.
com, X&Y solutions, Inc. Boston, MA, US).

Mediation of the association of cIMT with cognitive 
function by CSVD and brain volume.  Mediation 
analysis was performed using the template 
described by Baron and Kenny and the method 
described by Vanderweele and Vansteelandt.19 
Figure 1 illustrates the hypothetical causal 
model. To perform mediation analysis, it is nec-
essary to test three pathways: step 1, the associa-
tion of cIMT with CSVD or BM (a); step 2, the 
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association of CSVD or BM with cognitive func-
tion (b); and step 3, the association of cIMT 
with cognitive function (c’). If all three associa-
tions are confirmed, mediation can be estab-
lished in a fourth step through pathway (c). 
According to Baron and Kenny, the mediation of 
the relationship is full when (c) is not significant 
and partial when (c) is significant. Mediation is 
absent when not all steps are satisfied. All path-
ways were tested using univariable and multi-
variable regression analysis.

Results
From our dialysis-CSVD-CI study cohort, 73 dial-
ysis patients had undergone carotid-artery ultra-
sonography within 1 year before or after the brain 
MRI scan and thus were recruited in this study.

In our cohort, 54.8% (40/73) of patients were 
diagnosed with increased cIMT, and 13/73 
patients had unilateral cIMT increments (10 were 
left carotid arteries, 3 were right carotid arteries). 
All our patients were right handed. A total of 
37.0% (27/73) were male, and the average age was 
57.9 years. Furthermore, 67.1% (49/73) of them 
were on HD, and the rest were on peritoneal dialy-
sis. The median dialysis vintage was 56.0 months. 
Of the patients, 94.5% were hypertensive, 28.8% 
were diabetic, 45.2% had hyperlipidemia, and 
8.2% had a history of stroke (Table 1).

Between the normal and increased cIMT groups 
(Table 1), sex, education level, combined dis-
eases, dialysis modality and vintage, average blood 
pressure, RAASI (renin–angiotensin–aldosterone-
system inhibitors) medication use, serum phos-
phorus levels, parathyroid hormone, and lipid 
profiles were comparable. However, those in the 
increased cIMT group were older (62.4 ± 9.6 years 
versus 52.5 ± 11.3 years) and had lower serum 
albumin (37.4 ± 4.4 g/l versus 39.4 ± 3.8 g/l) and 

lower serum creatinine levels (860.7 ± 261.9 μmol/l 
versus 1007.8 ± 204.4 μmol/l) than the normal 
cIMT patients.

CSVD and brain volume in different cIMT groups
There was only a tendency for more CSVD 
lesions (lacunes, WMH, and CMB) in the 
increased cIMT group than in the normal cIMT 
group, but none of the three types of CSVD 
reached statistical significance (Table 2).

Between the normal and increased cIMT groups, 
there was no difference in whole-brain volume, but 
the increased cIMT group showed significant 
decreases in GM, WM, and BM volume and corre-
sponding fractions (Table 2). Moreover, there was a 
significant gradually declining trend in the normal, 
unilateral and bilateral increased cIMT subgroups.

We also analyzed the relationship between cIMT 
and different brain volumes. The cIMT was neg-
ative relative to the GM volume (r = −0.412, 
p < 0.001), WM volume (r = −0.290, p = 0.014), 
BM volume (r = −0.376, p = 0.001), and corre-
sponding fractions but not relative to whole-brain 
volume (Supplemental Table S1).

Cognitive function and cIMT
Cognitive function in different cIMT groups.  The 
patients with increased cIMT showed poorer global 
cognitive performance on the MMSE and MoCA 
than the normal cIMT participants, and more 
patients were diagnosed with CI (Table 3). The 
increased cIMT group also had poorer memory 
function on the czP(r)VLT-12, especially for imme-
diate- and long-delayed memory; they also showed 
worse executive function in Trail B. The two differ-
ent cIMT groups exhibited a similar language abil-
ity regarding the Boston Naming score and 
executive function in Trail A. We further compared 

CSVD or BM/GM/WM volume

cIMT (X) Cognitive function (Y)

Figure 1.  Model of the hypothetical causal pathway from cIMT to cognitive function in dialysis patients.
Mediation of the association of cIMT with cognitive function by CSVD and brain volume: total effect (c) = direct effect 
(c’) + indirect effect (ab).
BM, brain matter; cIMT, carotid intima–media thickness; CSVD, cerebral small vascular disease; GM, gray matter; WM, 
white matter.
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Table 1.  Clinical characteristics of patients with normal and elevated cIMT.

Total (n = 73) Normal cIMT group 
(n = 33)

Increased cIMT 
group (n = 40)

p value

cIMT, mm 1.0 (0.8–1.2) 0.8 (0.7–0.9) 1.2 (1.0–1.4) <0.001

Male, n (%) 27 (37.0%) 11 (33.3%) 16 (40.0%) 0.557

Age, years 57.9 ± 11.5 52.5 ± 11.3 62.4 ± 9.6 <0.001

Level of education, n (%) 0.673

  Elementary school 3 (4.1%) 1 (3.0%) 2 (5.0%)  

  Middle school 15 (20.5%) 5 (15.2%) 10 (25.0%)  

  High school 24 (32.9%) 11 (33.3%) 13 (32.5%)  

  >High school 31 (42.5%) 16 (48.5%) 15 (37.5%)  

Smoking (n, %) 16 (21.9%) 6 (18.2%) 10 (25.0%) 0.483

Hypertension (n, %) 69 (94.5%) 32 (97.0%) 37 (92.5%) 0.622

Diabetes mellitus, n (%) 21 (28.8%) 9 (27.3%) 12 (30.0%) 0.798

Hyperlipidemia, n (%) 33 (45.2%) 14 (42.4%) 19 (47.5%) 0.665

Self-reported stroke history, n (%) 6 (8.2%) 2 (6.1%) 4 (10.0%) 0.683

Med_PLT, n (%) 25 (34.2%) 8 (24.2%) 17 (42.5%) 0.102

Med_heparin, n (%) 49 (67.1%) 22 (66.7%) 27 (67.5%) 0.940

Med_RAASI, n (%) 35 (47.9%) 16 (48.5%) 19 (47.5%) 0.933

Dialysis modality, HD, n (%) 49 (67.1%) 22 (66.7%) 27 (67.5%) 0.940

Dialysis vintage, months 56.0 (16.0–109.0) 63.0 (17.5–104.5) 48.0 (14.3–109.0) 0.546

BMI, kg/m2 23.0 ± 3.4 23.0 ± 3.2 22.9 ± 3.6 0.926

SBP, mmHg 139.4 ± 16.2 138.4 ± 14.1 140.3 ± 17.8 0.614

DBP, mmHg 78.1 ± 11.1 80.3 ± 11.0 76.2 ± 11.0 0.116

Hemoglobin, g/l 113.6 ± 9.5 112.4 ± 10.3 114.6 ± 8.8 0.333

Serum albumin, g/l 38.3 ± 4.2 39.4 ± 3.8 37.4 ± 4.4 0.046

Serum phosphorus, mmol/l 1.7 ± 0.4 1.7 ± 0.4 1.7 ± 0.5 0.832

Serum PTH, pg/ml 252.0 (144.5–486.0) 361.0 (196.5–723.5) 215.0 (114.5–385.5) 0.052

Triglycerides, mmol/l 1.6 ± 0.9 1.6 ± 0.7 1.6 ± 1.0 0.716

Total cholesterol, mmol/l 4.5 ± 1.1 4.7 ± 1.2 4.4 ± 1.0 0.281

HDL-C, mmol/l 1.2 ± 0.4 1.2 ± 0.4 1.2 ± 0.3 0.992

LDL-C, mmol/l 2.5 ± 0.8 2.7 ± 0.9 2.4 ± 0.8 0.172

(Continued)
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Table 2.  CSVD and brain volume of patients in different cIMT groups.

Total (n = 73) Normal
cIMT group 
(n = 33)

Increased 
cIMT group 
(n = 40)

p value Unilateral 
increased 
cIMT group 
(n = 13)

Bilateral 
increased 
cIMT group
(n = 27)

p for 
trend*

Lacune, n (%) 14 (19.2%) 4 (12.1%) 10 (25.0%) 0.164 3 (23.1%) 7 (25.9%) 0.175

CMB, n (%) 24 (32.9%) 7 (21.2%) 17 (42.5%) 0.054 4 (30.8%) 13 (48.1%) 0.029

WMH, n (%) 25 (34.2%) 9 (27.3%) 16 (40.0%) 0.254 3 (23.1%) 13 (48.1%) 0.100

Whole-brain volume (cm3) 1473.6 ± 133.6 1476.5 ± 118.0 1471.3 ± 146.7 0.870 1519.2 ± 146.3 1447.3 ± 143.6 0.408

Gray-matter
volume (cm3)

572.8 ± 60.1 591.2 ± 65.1 557.8 ± 51.7 0.018 580.7 ± 57.0 546.3 ± 45.7 0.004

White-matter volume (cm3) 451.0 ± 55.9 466.1 ± 56.8 438.652.5 0.038 460.1 ± 50.0 427.8 ± 51.3 0.009

Brain-matter volume (cm3) 1023.9 ± 108.9 1057.4 ± 114.4 996.4 ± 97.2 0.018 1040.8 ± 100.4 974.1 ± 89.3 0.003

Gray-matter fraction (%) 39.0 ± 3.5 40.1 ± 3.6 38.1 ± 3.2 0.015 38.3 ± 2.8 38.0 ± 3.5 0.021

White-matter fraction (%) 30.6 ± 2.7 31.6 ± 2.8 29.8 ± 2.4 0.007 30.3 ± 2.2 29.6 ± 2.5 0.005

Brain-matter fraction (%) 69.6 ± 5.5 71.6 ± 5.7 67.9 ± 4.9 0.004 68.6 ± 4.3 67.6 ± 5.2 0.004

n indicates the number of patients with the relevant characteristics.
The p value is for the comparison between normal and increased cIMT groups.
*p for trend, comparison of normal, unilateral and bilateral cIMT increased subgroups.
Bolded numerals indicate statistical significance.
cIMT, carotid intima–media thickness; CMB, cerebral microbleed; CSVD, cerebral small vascular disease; WMH, white-matter hyperintensity.

Total (n = 73) Normal cIMT group 
(n = 33)

Increased cIMT 
group (n = 40)

p value

Hs-CRP, mg/l 2.3 (0.8–6.2) 2.0 (0.8–4.3) 2.6 (1.0–8.3) 0.333

Log triglycerides 0.1 ± 0.2 0.2 ± 0.2 0.1 ± 0.3 0.313

Log total cholesterol 0.6 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 0.338

Log HDL-C 0.0 ± 0.1 0.0 ± 0.1 0.0 ± 0.1 0.939

Log LDL-C 0.4 ± 0.1 0.4 ± 0.1 0.4 ± 0.1 0.170

Log hs-CRP 0.4 ± 0.5 0.3 ± 0.5 0.4 ± 0.6 0.364

Serum creatinine, μmol/l 927.2 ± 247.3 1007.8 ± 204.4 860.7 ± 261.9 0.010

The p value is for the comparison between the normal and increased cIMT groups.
Bolded numerals indicate statistical significance.
BMI, body mass index; cIMT, carotid intima–media thickness; DBP, diastolic blood pressure; HD, haemodialysis; HDL-C, high-density lipoprotein 
cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; MAP, mean arterial pressure; Med_RAASI, 
renin–angiotensin–aldosterone-system-inhibitors medication use; Med_PLT, antiplatelet medication use; PTH, parathyroid hormone; SBP, systolic 
blood pressure.

Table 1. (Continued)
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Table 3.  Cognitive function of patients with normal and elevated cIMT.

Total (n = 73) Normal cIMT 
group (n = 33)

Increased cIMT 
group (n = 40)

p value

MMSE score 29.0 (27.0–30.0) 29.0 (28.0–30.0) 29.0 (26.0–30.0) 0.219

CI-MMSE, n (%) 13 (17.8%) 1 (3.0%) 12 (30.0%) 0.003

MoCA score 24.0 (20.5–26.0) 25.0 (23.0–27.0) 22.0 (19.0–25.8) 0.007

CI-MoCA, n (%) 47 (64.4%) 17 (51.5%) 30 (75.0%) 0.037

czP(r)VLT-12

  Immediate memory score 7.4 (5.9–8.6) 8.2 (6.8–9.2) 7.0 (5.1–8.0) 0.006

  Short-delayed memory score 8.0 (7.0–10.0) 9.0 (7.0–10.5) 8.0 (6.0–9.0) 0.065

  Long-delayed memory score 8.0 (6.0–10.0) 9.0 (7.0–10.0) 7.0 (5.0–9.0) 0.029

Boston Naming score 34.0 (30.0–36.5) 34.0 (31.0–36.0) 32.5 (30.0–37.0) 0.480

Trail A, s 60.0 (38.5–81.5) 50.0 (34.0–78.0) 60.5 (42.8–86.0) 0.183

Trail B, s 112.0 (75.0–180.0) 83.0 (64.0–149.0) 138.5 (90.3–225.8) 0.006

Data are presented as n, number of patients included (and percentage) in the prevalence section; data are presented as 
median (and interquartile range) in non-prevalence setion.
The p value is for the comparison between normal and increased cIMT groups.
Bolded numerals indicate statistical significance.
CI-MMSE, cognitive impairment evaluated by MMSE; CI-MoCA, cognitive impairment evaluated by MoCA; cIMT, carotid 
intima–media thickness; czP(r)VLT-12, Philadelphia Verbal Learning Test; MMSE, Mini Mental State Examination; MoCA, 
Montreal Cognitive Assessment.

patient cognitive function in the normal, unilater-
ally and bilaterally increased cIMT subgroups, 
showing a trend of more carotid-artery involvement 
and more severe CI in global cognitive function, 
memory, and executive function (Figure 2).

As people age, cognitive function declines. The 
patients in the increased cIMT group demon-
strated a steeper slope of deterioration in all 
aspects of cognitive function with age than those 
in the normal cIMT group (Figure 3).

Effect of cIMT on cognitive function.  As cIMT 
increased, a declining tendency was seen in global 
cognitive function in the whole cohort and the 
domains of memory and executive function, as 
shown in Figure 4.

To investigate the effect of carotid-artery stenosis 
on global and different domains of cognitive func-
tion, we further built several models to analyze 
the relationship between carotid-artery stenosis 
and cognitive testing scores in the whole cohort 
(Table 4). In the crude model, both the global 

cognitive assessment score and each specific 
aspect of cognitive function showed negative rel-
evance to the thickness of the cIMT. In model 1, 
after adjusting for age, education level, antiplate-
let medication, dialysis modality, and serum albu-
min and creatinine levels, cIMT still showed an 
effect on global cognitive function [for the 
MMSE, β = −1.28 (95% confidence interval 
−2.23 to −0.33); for the MoCA, β = −2.29 (95% 
confidence interval −4.17 to −0.40)] and execu-
tive function [for Trail A, β = 24.14 (95% confi-
dence interval 6.73–41.55); for Trail B, β = 60.91 
(95% confidence interval 26.31–95.52)]. In 
model 2, we adjusted for three types of CSVD 
based on model 1; the influence of cIMT on cog-
nitive function remained the same as in model 2. 
Based on model 2, we further adjusted for BM 
volume in model 3. In this model, the influence of 
cIMT on different domains of cognition was 
decreased compared with that in model 2.

To provide deeper insight into the possible path-
way from cIMT to CI, we also analyzed the medi-
ation effect of the association between cIMT and 
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cognitive function by CSVD and brain volume 
(Supplemental Table S2). Considering brain 
structure, cIMT could generate global cognitive 
and memory, language, and executive function 
impairment by full or partial mediation through 
GM, WM, and BM, but none of these cognitive 
impairments was mediated through CSVD.

Discussion
In this retrospective study, we focused on a spe-
cific population of dialysis patients who had a 
high burden and increased comorbidity of 

cardiovascular and cerebrovascular disease. CKD 
was shown to be an independent risk factor for 
carotid atherosclerosis,8 and increased cIMT is 
associated with early-stage20 and advanced 
CKD.21 cIMT is considered a surrogate for car-
diovascular disease and is a variable predictor of 
stroke and cardiovascular events.22–24 Our origi-
nal cohort also showed a high prevalence of cog-
nitive function decline and CSVD in dialysis 
patients.4,10 Thus, ESRD-5D patients would be 
an appropriate population in which to explore the 
relationship between vascular factors (e.g. cIMT, 
carotid stenosis) and brain lesions.

MMSE (p for trend =0.016) 

Normal

cIMT

Unilateral 

Increased cIMT

Bilateral 

Increased cIMT

15

20

25

30

35

M
M

S
E

 MoCA (p for trend =0.009) 

Normal

cIMT

Unilateral 

Increased cIMT

Bilateral 

Increased cIMT

0

10

20

30

40

M
oC

A

Immediate memory 

(p for trend =0.014) 

Normal

cIMT

Unilateral 

Increased cIMT

Bilateral 

Increased cIMT

0

5

10

15

Im
m

ed
ia

te
 m

em
or

y

Short-delayed memory 

(p for trend =0.086) 

Normal

cIMT

Unilateral 

Increased cIMT

Bilateral 

Increased cIMT

0

5

10

15

S
h

or
t-

d
el

ay
ed

 m
em

or
y

Long-delayed  memory 

(p for trend =0.051) 

Normal

cIMT

Unilateral 

Increased cIMT

Bilateral 

Increased cIMT

0

5

10

15

L
on

g-
d

el
ay

ed
 m

em
or

y

Boston Naming numbers 

(p for trend =0.267)

Normal

cIMT

Unilateral 

Increased cIMT

Bilateral 

Increased cIMT

0

10

20

30

40

50

B
os

to
n

 n
u

m
b

er
s

Trail A time 

(p for trend =0.049)

Normal

cIMT

Unilateral 

Increased cIMT

Bilateral 

Increased cIMT

0

50

100

150

200

250

T
ra

il
 A

 t
im

e

Trail B time 

(p for trend =0.003)

Normal

cIMT

Unilateral 

Increased cIMT

Bilateral 

Increased cIMT

0

100

200

300

400

T
ra

il
 B

 t
im

e

Figure 2.  Performances of various cognitive functions by cIMT groups.
*p for trend, comparison of normal, unilateral and bilateral cIMT increased subgroups. The x axis represents the cIMT group 
(dots: normal cIMT group; squares: unilateral increased cIMT group; and triangles: bilateral increased cIMT group), and the 
y axis shows various cognitive functions.
cIMT, carotid intima–media thickness; MMSE, Mini Mental State Examination; MoCA, Montreal Cognitive Assessment.

https://journals.sagepub.com/home/taj


K. Zheng et al.

journals.sagepub.com/home/taj	 9

In our cohort, patients with increased cIMT had 
worse performance in global cognitive function, 
memory, and executive function. The severity of 
increased cIMT was relative to cognitive func-
tion. Figure 2 shows more carotid-artery involve-
ment and worsened cognitive performance. This 
trend was statistically significant in global func-
tion and the domains of memory and executive 
function. Figure 3 shows that patients with cIMT 
increases had a faster rate of decline in all domains 
of cognitive function. After adjusting for age, the 
thickness was still relative to the MMSE/MoCA, 
memory, and executive function.

To further illustrate the possible mechanism of 
the relationship between cIMT and cognitive 

function from the perspective of brain lesions, we 
introduced cerebrovascular disease and brain vol-
ume for analysis. Our results showed that the 
increased cIMT group had a significantly 
decreased BM volume and that these BM vol-
umes were negative relative to cIMT. However, 
there was no difference in the three typical CSVD 
features between the two different cIMT groups.

In the cognitive function comparison, greater 
cIMT was significantly associated with worse per-
formance on all cognitive tests in the unadjusted 
regression model. After adjustment for demo-
graphics, clinical risk factors and CSVD, cIMT 
remained negatively associated with global func-
tion and executive function. These findings were 

Figure 3.  Linear fit chart of age with various cognitive function grouping by normal and increased cIMT.
The x axis represents age, and the y axis represents various cognitive functions.
Dots: normal cIMT group; squares: unilateral increased cIMT group.
β1, linear regression coefficient of the normal cIMT group; β2, linear regression coefficient of the increased cIMT group.
cIMT, Carotid intima–media thickness; MMSE, Mini Mental State Examination; MoCA, Montreal Cognitive Assessment.
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similar to those of several longitudinal studies.25–27 
There is no doubt that CSVD is related to cogni-
tive function. CSVD may be caused by microem-
bolisms due to carotid plaque rupture. However, 
Frazier et al.26 found that the relationship between 
executive function decline and cIMT was inde-
pendent of WM injury and cerebral infarct. 
Beyond their findings, we found that lacune and 
microbleed CSVDs did not affect the impact of 
cIMT on cognitive function. Carotid atheroscle-
rosis might lead to brain hypoperfusion and atro-
phy. Our finding that the BM volumes were 
negative relative to cIMT just provided evidence 
for it. In the adjusted models, after adjusting for 
BM volumes, the relationship between cIMT and 

cognitive tests shrank or disappeared. These 
results indicated that brain atrophy may be an 
important mediator from cIMT to cognition. We 
performed a further mediation analysis. These 
models proved that GM, WM, and total BM 
mediated the association of cIMT with cognitive 
function in all domains, while CSVD was not 
involved in this process.

A study on ESRD showed that CBF was increased 
in patients with ESRD compared with healthy 
controls; however, the CBF of dialysis patients 
was lower than that of nondialysis ESRD 
patients.28 In contrast, a recent study in HD 
patients showed decreased CBF during the HD 

Figure 4.  Fit curve of cIMT with various cognitive functions adjusted for age.
To demonstrate the influence of cIMT on cognitive function, the correlations between cIMT and various cognitive functions 
were assessed by partial correlation analysis, adjusted for age confounders. ‘r’ represents the correlation coefficient 
between cIMT and cognitive function.
The x axis represents cIMT, and the y axis represents various cognitive functions.
cIMT, carotid intima–media thickness.
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procedure and demonstrated a possible link 
between the dialysis-induced CBF decrease and 
cognitive decline, in which CSVD WMHs and 
brain atrophy may be involved.9 It seems to be 
controversial in CBF changes in ESRD patients. 
In fact, at the early stage of carotid stenosis, blood 
flow may accelerate, while at the late stage, blood 
flow decreases. In the general population, the 
autoregulation of CBF could compensate for the 
change in blood supply. However, in dialysis 
patients, regardless of the stage of carotid steno-
sis, there might be dysfunction of CBF autoregu-
lation, which will decrease the total brain blood 
supply and eventually result in brain atrophy. Our 
findings about the role of CAA-IMT in brain vol-
ume and cognitive function specifically support 
the long-term influence of CBF changes in brain 
lesions in dialysis patients.

The treatment of carotid stenosis in dialysis is con-
servative. Carotid revascularization in ESRD 
showed a low risk–benefit ratio with higher rates of 
in-hospital mortality and moderate-to-severe disa-
bility.29 However, our results show a relationship 
between cIMT and BM volume/cognitive decline. 
From this point of view, monitoring the increase in 
cIMT and preventing it from developing carotid 
stenosis would be more appropriate in ESRD 
patients. Control of CAA-IMT might contribute to 
preventing cognitive decline in dialysis patients. 
Currently, strict control of hypertension and hyper-
glycemia, smoking cessation, and prevention of 
CKD progression are central therapies for carotid 
atherosclerotic disease23,30 and related brain lesions.

To the best of our knowledge, this is the first 
study about cIMT and cognitive function that 
focuses on brain volume and CSVD at the same 
time. However, this study still has some limita-
tions. Our findings are based on a retrospective 
observational study, and further follow up on 
cognitive function is needed to make the results 
more convincing. Second, although very few 
studies have focused on cIMT and brain imaging 
changes in dialysis patients, our sample size was 
still relatively small compared with studies in the 
general population. Finally, we assessed only 
CAA-IMT, and assessment of the internal carotid 
artery may provide more information.

Conclusion
Our study supports a role for CAA-IMT in cogni-
tive function impairment in dialysis patients, 

especially in global cognitive function, memory 
and executive function. In the relationship 
between cIMT and cognitive decline, BM atro-
phy demonstrated a more important effect than 
CSVD. Furthermore, dialysis patients with 
increased cIMT need to be more closely moni-
tored for cognitive decline.
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