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ABSTRACT 

Background. Mild cognitive impairment ( MCI ) and dementia are more prevalent in patients undergoing haemodialysis 
( HD ) . Although the cerebrospinal fluid amyloid beta ( A β) and tau ( τ ) have proven to be valid biomarkers for the diagnosis 
of Alzheimer’s disease ( AD ) in the general population, the roles of plasma A β and τ for the diagnosis of cognitive 
impairment in HD patients remain unknown. 
Methods. We conducted a cross-sectional study including patients receiving HD in three hospitals in Shanghai. All 
patients completed the Montreal Cognitive Assessment–Basic ( MoCA-B ) . To validate the effectiveness of the MoCA-B 
score for screening MCI, a subset group underwent neuropsychological batteries. Serum proteomes were compared in 

HD patients with normal cognitive function and dementia. Plasma A β42 , A β40 and total τ were measured using a single 
molecule array. 
Results. A total of 311 HD patients were enrolled ( mean age 63 years, 55% male ) . The best cut-off score of MoCA-B for 
differentiating MCI and normal cognition was 24, with an area under the curve of 0.94. Serum proteomics revealed that 
neurodegenerative pathways related to AD were enriched in HD patients with dementia. The plasma A β42 :A β40 ratio was 
significantly reduced in patients with MCI and dementia and was independently associated with cognitive function after 
adjusting for age, sex and education levels. 

R

©
C
a

eceived: 14.12.2022; Editorial decision: 4.6.2023 

The Author ( s ) 2023. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative 
ommons Attribution-NonCommercial License ( https://creativecommons.org/licenses/by-nc/4.0/ ) , which permits non-commercial re-use, distribution, 
nd reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com 

2129 

https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfad173
mailto:huaizhouyou@fudan.edu.cn
mailto:chenjing1998@fudan.edu.cn
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


2130 X. Chen et al.

Conclusions. We validated the MoCA-B as an optimal cognitive function screening instrument for MCI in HD patients. 
The plasma A β42 :A β40 ratio was a potential biomarker in distinguishing normal cognition, MCI and dementia in HD 

populations. 

LAY SUMMARY 

Cognitive impairment, including mild cognitive impairment ( MCI ) and dementia, are more prevalent in 

haemodialysis ( HD ) patients, leading to a high risk of mortality, hospitalization, disability and poor quality of life. 
Blood-based biomarkers of amyloid beta ( A β) and tau ( τ ) were used in some studies for the diagnosis of cognitive 
impairment. However, the effectiveness of plasma A β and τ for the diagnosis of cognitive impairment in HD patients 
remain unknown. Our findings suggest that MoCA-B results and plasma A β42 :A β40 ratio could be considered for 
screening tools in HD centres to identify those at highest risk of MCI and dementia. 

Keywords: dementia, maintenance haemodialysis, mild cognitive impairment, plasma A β42:A β40 ratio 
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NTRODUCTION 

ognitive impairment, including mild cognitive impairment 
 MCI ) and dementia, has become a major public health chal- 
enge, especially in the context of population aging [ 1 , 2 ].
hronic kidney disease ( CKD ) is one of the strongest indepen- 
ent risk factors for MCI and dementia [ 3 , 4 ]. Our previous 
tudy found that the incidence rates of dementia increased 
ith a decline in glomerular filtration rate [ 5 ]. Cognitive im- 
airment was common among patients receiving maintenance 
aemodialysis ( HD ) , with a prevalence that increases up to 
0% [ 3 , 6 –8 ]. Cognitive impairment was associated with a high
isk of mortality, hospitalization, disability and poor quality 
f life [ 9 , 10 ]. Unfortunately, currently there are no effective 
ethods for the prevention and treatment of dementia. Thus 

he early detection and intervention of MCI play an important 
ole in slowing the progression of cognitive impairment to 
ementia [ 11 ]. 
Neuropsychological batteries are the classic methods to de- 

ect MCI, but are time-consuming and should be performed by 
rofessional clinicians. Rapid cognitive tests, such as the Mon- 
real Cognitive Assessment–Basic ( MoCA-B ) , a revised version of 
he MoCA test, have been developed to screen for MCI in those 
ith low education [ 12 ]. Given that China has a large propor- 
ion of less-educated individuals in the elderly population, the 
oCA-B might be an excellent screening tool for MCI in HD pa- 

ients. However, the diagnostic effect of MoCA-B as a screening 
ool and the best cut-off score in HD populations has not been 
ell validated. 
It has been hypothesized that amyloid beta ( A β) and tau ( τ ) 

ccumulations lead to the formation of brain amyloid plaques 
nd tangles and finally result in cognitive impairment [ 13 ]. Cere- 
rospinal fluid ( CSF ) biomarkers of A β and τ are clinically used 
or early detection of MCI and dementia [ 14 , 15 ]. However, CSF 
iomarkers remain challenging because of their high cost and 
nvasive diagnostic procedures. Although plasma A β and τ are 
ndicators of both amyloid and τ pathology in clinical settings,
here are some relevant questions. First, A β and τ proteins in the 
rain are removed mainly across the blood–brain barrier ( BBB ) .
ifferent stages of Alzheimer’s disease ( AD ) affect the transport 
bility of BBB [ 16 , 17 ], which may be one of the main reasons
hy A β and τ in the blood are not so effective in the diagno- 
is of cognitive impairment as in the CSF. Second, A β and τ are 
resent in the plasma in relatively low concentrations, making 
heir quantification in the presence of other high-abundance 
roteins challenging [ 18 ]. Furthermore, multiple comorbidities 
uch as CKD were associated with higher blood-based biomarker 
evels [ 19 ]. In the case of HD, uraemic toxins, cerebral blood
hanges and other dialysis-related factors may increase BBB per- 
eability and contribute to cognitive decline [ 20 –23 ]. It has been
uggested that A β and τ proteins may ‘leak’ from the brain to 
he peripheral circulatory system [ 7 , 24 ]. The accumulation of 
lasma A β and τ and increased BBB permeability in HD patients 
ay allow plasma A β and τ to be more sensitive biomarkers 

or the diagnosis of cognitive impairment than in the general 
opulation. However, up to now there have been few studies 
n the associations between A β, τ and cognitive impairment in 
D patients. 
We conducted a multicentre, cross-sectional clinical study to 

dentify an appropriate screening test for HD patients and to 
robe into the role of plasma A β and τ as biomarkers for cog- 
itive decline in this patient population. 

ATERIALS AND METHODS 

tudy design and participants 

n this cross-sectional study, patients were recruited from the 
D centres of three comprehensive hospitals in Shanghai from 

ecember 2020 to October 2021. Patients 18–90 years of age with 
nd-stage kidney disease ( ESKD ) who had received maintenance 
D for at least 6 months were enrolled. The exclusion criteria 
ere age < 18 years; HD initiation within 6 months; a diagnosis
f severe schizophrenia or pre-existing intellectual disability; in- 
bility to complete a neuropsychological evaluation because of 
evere vision, hearing or speaking problems; a history of head 
rauma, head surgery or stroke within 6 months; and the in- 
bility to provide informed consent. Finally, 311 eligible patients 
ere included ( Fig. 1 ) . Informed consent was obtained from par- 
icipants or their proxies. The study complied with the Decla- 
ation of Helsinki and was approved by the institutional review 

oards of each hospital [approval numbers: Huashan Hospital 
f Fudan University ( 2020-1166 ) , Fifth People’s Hospital of Fu- 
an University ( 2020-187 ) and Jingan District Centre Hospital of 
hanghai ( 2021-015 ) ]. The clinical trials registration number is 
hiCTR2000037561. 

ognitive function assessments 

ll 311 participants received cognitive function evaluations 
ith the Chinese versions of the MoCA-B and Mini-Mental State 
xamination ( MMSE ) . Clinical Dementia Rating ( CDR ) scale 
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Figure 1: Study population and design. 
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ssessments were obtained from the participants or their prox- 
es. The presence of dementia was defined using the Diagnostic
nd Statistical Manual of Mental Disorders, 4th edition ( DSM-IV )
riteria [ 25 , 26 ]: a memory impairment; at least one of the
ollowing cognitive impairments: aphasia, apraxia, agnosia and 
xecutive dysfunction; a cognitive deficit resulting in a signifi- 
ant decline of social or occupational professional functioning 
 MoCA-B < 15 in those with > 12 years of education and < 14
n others, as well as MMSE < 17, 20 and 24 for individuals with
lliteracy, < 6 years of education and > 6 years of education,
espectively ) ; and exclusion of other potential disorders that 
ontribute to cognitive decline. MCI was defined according to 
he following criteria [ 27 , 28 ]: cognitive or subjective memory
ecline reported by the patient, an informant, a nurse or a
linician and a global CDR of 0.5; objective impairment based
n cognitive evaluation with the MoCA-B [ 29 ]; and preserved
bility to function independently in daily life and absence of
ementia ( according to DSM-IV ) . 
To validate the effectiveness and best cut-off of MoCA-B 

n detecting MCI from individuals with normal cognition, a 
europsychological battery, including the Conflicting Instruc- 
ions Task, Stick Test, Modified Common Objects Sorting Test,
uditory Verbal Learning Test ( Modified Fuld Object Memory 
valuation for individuals with < 6 years of education ) and
rail Making Test ( Renminbi Test for individuals with < 6 years
f education ) , was recognized as the ‘gold standard’ [ 30 ]. The
attery was evaluated and reviewed by two neurologists at the
atients’ homes or quiet private offices. Patients who had no
rior diagnosis or known history of dementia and were willing
o complete the neuropsychological battery were enrolled in 

his subgroup. ( Figure 1 ) . e
linical data collection and assessment of covariates 

ll clinical data, including the baseline demographics, clinical
haracteristics and laboratory data, were extracted from the
lectronic medical records and imported and double-checked in
he database by at least two investigators. The missing rate for
he laboratory results is reported in Supplementary Table 1 . The
hysical function data were obtained from participants or their
roxies using the Lawton and Brody Activity of Daily Living scale
 ADL ) [ 31 ] to elicit physical self-maintenance scale and instru-
ental activities of daily living ( Supplementary Method 1 ) . 

erum proteomic analysis 

eripheral blood samples were collected before dialysis from
wo HD patients with dementia and two age-matched patients
ith normal cognitive function. The obtained samples were cen-
rifuged at 3000 g and 4°C for 10 minutes and the supernatants
ere stored at −80°C. A label-free quantitative proteomic
ethod was used for serum proteomic analysis ( Supplementary
ethod 2 ) . The original parallel reaction monitoring files were
nalysed using SKYLINE ( https://skyline.ms/skyline.url ) . Differ- 
ntial proteins were screened as fold change ( FC ) > 2 times or
C < 0.5 times and a P -value < .05 ( Supplementary DEGs ) . Func-
ional enrichment analyses of gene ontology ( GO ) and Kyoto
ncyclopedia of Genes and Genomes ( KEGG ) were performed
sing DAVID tools ( https://david.ncifcrf.gov/ ) . 

easurements of plasma A β42 , A β40 and τ

eripheral blood was collected into a tube containing
thylenediaminetetraacetic acid. Plasma was obtained after 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad173#supplementary-data
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Table 1: Demographic and clinical characteristics of 311 HD patients 
from three different centres. 

Variables Values 

Age ( years ) , mean ± SD 63 ± 13 
< 60 years, n ( % ) 104 ( 33 ) 
60–69 years, n ( % ) 108 ( 35 ) 
70–79 years, n ( % ) 59 ( 19 ) 
≥80 years, n ( % ) 40 ( 13 ) 

Male, n ( % ) 179 ( 55 ) 
Primary diseases, n ( % ) 

Chronic glomerulonephritis 140 ( 45 ) 
Diabetic nephropathy 65 ( 21 ) 
Hypertensive nephropathy 45 ( 14 ) 
Other 61 ( 20 ) 

Education level ( years ) , 
mean ± SD 

10 ± 4 

≤6 years, n ( % ) 51 ( 16 ) 
6–12 years, n ( % ) 215 ( 69 ) 
> 12 years, n ( % ) 45 ( 14 ) 

BMI a ( kg/m 

2 ) , mean ± SD 22.1 ± 3.8 
Dialysis vintage ( years ) , 
mean ± SD 

7 ± 6 

spKt/V, mean ± SD 1.4 ± 0.3 
URR, mean ± SD 0.7 ± 0.1 
Dialysis type, n ( % ) 

Conventional HD 90 ( 29 ) 
Other types b 221 ( 71 ) 

Dialysis frequency, n ( % ) 
3 times/week 287 ( 92 ) 
< 3 times/week 24 ( 8 ) 

Dialyser type 
HD F14 ( WEGO ) ; LOPS15 ( B. Braun ) ; 

FX8 ( Fresenius ) 
HDF B-16H, HIPS15 ( B. Braun ) ; FX80 

( Fresenius ) 
Dialysis machine 

B. Braun Dialog + Melsungen, Hessen, Germany 
Fresenius 4008B Fresenius, Homburg, Germany 

a BMI is calculated as dry weight ( kg ) /height ( m ) 2 . 
b Other types of dialysis include haemodiafiltration, high-flux dialysis and 

hemoperfusion. 
BMI, body mass index; spKt/V, single-pool Kt/V; URR, urea reduction ratio. 
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entrifugation at 1000 g for 15 minutes and stored at −80°C 

ntil detection. Plasma A β42 , A β40 and τ were quantified using 
n ultrasensitive Simoa technology ( Supplementary Method 3 ) .
he operators were unaware of the participants’ disease status.
he A β42 :A β40 ratio was calculated as plasma A β42 /A β40 × 100%.
he changes in A β42 , A β40 and τ , i.e. �A β42 , �A β40 and �τ , were
alculated as the post-dialysis concentration/ratio minus the 
re-dialysis concentration/ratio. 

enotyping of apolipoprotein E ( APOE ) 

s mentioned above, peripheral blood was collected and plasma 
as removed after centrifugation. Blood cells were left and 
hen the DNA was extracted. APOE ε4 genotyping was defined 
sing the TaqMan single nucleotide polymorphism method 
 Supplementary Method 3 ) . APOE ε4 carrier status was defined 
s the presence of at least one ε4 allele. 

tatistical analysis 

ll analyses were performed using SPSS version 24.0 ( IBM, Ar- 
onk, NY, USA ) . A two-sided P -value < .05 indicated statistical 
ignificance. Variables are expressed as mean ± SD or percent- 
ges. Comparisons of continuous data between the groups were 
erformed with t -tests or one-way analysis of variance ( Scheffee 
as used as a post hoc test ) if data were normally distributed or 
ith the Mann–Whitney U test or Kruskal–Wallis test otherwise.
he relationships between the variables were tested using Pear- 
on or Spearman correlation analysis. Logistic regression analy- 
es were performed to determine the relationship between the 
ssociated factors versus the cognitive impairment events. Re- 
ated risk factors with P < .05 were entered into multivariable 
ogistic regressions to adjust with age, gender and education. Re- 
eiver operating characteristics ( ROC ) curve analysis was carried 
ut to evaluate the diagnostic accuracy. 

ESULTS 

emographic and clinical characteristics of the study 
ubjects 

he mean age of the 311 participants was 63 years, 179 patients 
ere male and 67% of participants were > 60 years of age. The 
verage education duration was 10 ± 4 years. Chronic glomeru- 
onephritis, diabetic nephropathy and hypertensive nephropa- 
hy were the most common primary diseases of ESKD ( Table 1 ) .
he laboratory findings, such as haemoglobin, coagulation pro- 
le, lipid profile and inflammation markers, are provided in 
upplementary Table 2 . 

he MoCA-B was a reliable cognitive screening test in 

D patients 

o validate the effectiveness and best cut-off score of the MoCA- 
 in detecting MCI in HD patients, a subgroup of 139 pa- 
ients from three HD centres was recruited. Patients were di- 
ided into MCI and normal cognitive function groups accord- 
ng to the neuropsychological battery assessment. The demo- 
raphic information and MoCA-B and MMSE scores are shown 
n Supplementary Table 3 . The ROC analysis demonstrated that 
he appropriate MoCA-B cut-off score was 24 with an area un- 
er the curve ( AUC ) of 0.94 ( sensitivity 87%, specificity 90% ) 
 Supplementary Fig. 1 and Table 2 ) . The above results showed 
hat MoCA-B was a reliable cognitive screening test for detect- 
ng MCI in HD patients. 

haracteristics of different cognitive functions in HD 

atients 

atients without dementia were divided into a normal cognitive 
unction and an MCI group according to the criteria [ 27 , 28 ] and
 cut-off MoCA-B score of 24 was used. There were 144 ( 46.3% )
ndividuals with MCI and 25 ( 8% ) individuals with dementia. Pa- 
ients with MCI and dementia tended to be older and to have 
ower education levels. Thus the prevalence of MCI and demen- 
ia increased from 21.2% and 0.9% in HD patients < 60 years old to
5.0% and 22.5% in patients > 80 years old, respectively ( Table 3 
nd Supplementary Fig. 2 ) . 

erum proteomics revealed the presence of AD-related 

SF biomarkers in the serum of HD patients with 

ementia 

e hypothesized that the CSF biomarkers of dementia might 
ccumulate in the blood due to the increased permeability of 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad173#supplementary-data
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Table 2: ROC analysis for MoCA-B and MMSE for detecting MCI in HD patients. 

Assessment AUC ( 95% CI ) Cut-off score Sensitivity, % ( 95% CI ) Specificity, % ( 95% CI ) 

MoCA-B 0.94 ( 0.91–0.98 ) 24 87 ( 78–92 ) 90 ( 78–96 ) 
MMSE 0.91 ( 0.86–0.96 ) 27 68 ( 58–77 ) 96 ( 86–99 ) 

Table 3: Characteristics, MoCA-B and MMSE scores in different cognition groups. 

Variables 
Group with normal cognition 

( n = 142 ) 
Group with MCI 

( n = 144 ) 
Group with dementia 

( n = 25 ) 

Age ( years ) , mean ± SD 56 ± 13 69 ± 10 75 ± 9 
< 60 ( n = 104 ) , n ( % ) 81 ( 77.9 ) 22 ( 21.2 ) 1 ( 0.9 ) 
60–69 ( n = 108 ) , n ( % ) 44 ( 40.8 ) 59 ( 54.6 ) 5 ( 4.6 ) 
70–79 ( n = 59 ) , n ( % ) 12 ( 20.4 ) 37 ( 62.7 ) 10 ( 16.9 ) 
≥80 ( n = 40 ) , n ( % ) 5 ( 12.5 ) 26 ( 65.0 ) 9 ( 22.5 ) 

Male, n ( % ) 82 ( 58 ) 81 ( 56 ) 7 ( 28 ) 
Education level ( years ) , mean ± SD 11 ± 3 10 ± 5 6.0 ± 5 
MoCA-B, mean ± SD 27 ± 2 21 ± 3 7 ± 6 
MMSE, mean ± SD 29 ± 1 26 ± 2 14 ± 6 
APOE4 carrier, n ( % ) 24 ( 17 ) 28 ( 19 ) 5 ( 20 ) 
ADL, mean ± SD 21 ± 3 26 ± 8 51 ± 16 
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he BBB in HD patients. Thus the serum proteome was analysed
n HD patients with normal cognitive function and dementia 
 Fig. 2 A ) . In each sample, 722–861 proteins were identified
 Fig. 2 B ) . There were 389 significantly up-regulated and 382 sig-
ificantly down-regulated proteins ( Supplementary DEGs ) . The 
olcano plot revealed that A β precursor-like protein 1 ( APLP1 ) 
as significantly increased in the group with dementia ( Fig. 2 C ) .
xcept for APLP1, the serum levels of cell adhesion molecule L1
ike ( CHL1 ) and A β precursor protein ( APP ) were also increased
n patients with dementia ( Supplementary Table 4 ) , similar to
he changes observed in the CSF of patients with AD [ 32 ]. KEGG
nalysis showed that neurodegenerative pathways related to 
D were enriched ( Fig. 2 G, H ) . The details of GO analysis and
ther volcano results are shown in the Supplementary Results.
he above data suggested that AD-related CSF biomarkers were 
ccumulated in the blood of HD patients with dementia. The
essenger RNA and protein of APLP1 were neuron specific and
xclusively expressed in the brain ( Supplementary Fig. 3 ) . The
ppearance of APLP1 in the serum indicated BBB disruption in
D patients, leading to blood accumulation of a brain-specific 
rotein. It was thought that other AD-related CSF biomarkers 
ould also be detected in the serum of HD patients. 

ssociations between the plasma levels of A β and τ

nd cognitive function in HD patients 

egarding A β42, A β40 and τ , which are the classic biomark-
rs of AD, the pre-dialysis ( 311 patients ) and post-dialysis ( 294
atients ) plasma levels of A β42 , A β40 and τ were detected in HD
atients. After dialysis, the plasma τ increased in 187 partici- 
ants and decreased in 107 participants. Regarding plasma A β42 

nd A β40 , they increased in 144 and 106 patients and decreased
n 150 and 188 HD patients post-dialysis, respectively ( Fig. 3 ) . The
re-dialysis plasma levels of τ , A β42 and A β40 were 17.68 ± 6.15,
3.78 ± 10.75 and 1014.46 ± 227.87 pg/ml, respectively, whereas 
he post-dialysis levels were 18.52 ± 6.68, 49.74 ± 20.68 and 
50.40 ± 379.24 pg/ml, respectively ( Supplementary Table 5 ) . The 
ean levels of plasma A β42 and A β40 significantly decreased,
hile the τ level increased post-dialysis ( Fig. 3 ) . The findings sug-
ested that HD could partially remove plasma A β42 and A β40 but
ould not clear plasma τ . 

Compared with patients with normal cognitive function, in-
ependent of the pre- or post-dialysis status, the A β42 :A β40 ra-
io was significantly decreased and τ increased in the groups
ith MCI and dementia ( Fig. 4 ) . Correlation analysis showed
hat the A β42 :A β40 ratio and the �A β42 :A β40 ratio were posi-
ively correlated with the MoCA-B and MMSE scores ( Fig. 5 and
upplementary Table 6 ) . Also, age, education level, dialysis vin-
age, haemoglobin A1c and albumin were also closely related
ith cognitive function ( Supplementary Table 6 ) . Similar results
ere obtained in the subgroup with 139 patients who had a neu-
opsychological battery ( Supplementary Table 7 ) . 

lasma A β42 :A β40 was a valuable biomarker in the 
iagnosis of cognitive impairment in HD patients 

 univariate logistic regression analysis showed that age, edu-
ation, diabetes, plasma τ , A β42 , A β42 :A β40 ratio and �A β42 :A β40 

atio were associated with MCI ( Table 4 ) . Similarly, age, educa-
ion, pre- and post-dialysis plasma τ level and A β42 :A β40 ratio,
re-dialysis A β42 and post-dialysis A β40 were associated with
ementia. There was no difference in the gender composition
f the groups with MCI and normal cognition; however, the odds
atio ( OR ) of being male in dementia events was 0.293 [95% con-
dence interval ( CI ) 0.119–0.725], indicating that females among
he HD patients were more likely to have dementia ( Table 4 ) .
urthermore, a multivariate logistic regression analysis revealed 
hat after adjusting for age, gender and education, pre- and post-
ialysis plasma τ and the A β42 :A β40 ratio were independently
ssociated with both MCI [hazard ratio ( HR ) 1.072 ( 95% CI 1.023–
.124 ) , HR 1.048 ( 95% CI 1.008–1.090 ) and HR 0.209 ( 95% CI 0.135–
.323 ) , HR 0.360 ( 95% CI 0.264–0.490 ) , respectively] and demen-
ia [HR 1.141 ( 95% CI 1.078–1.207 ) , HR 1.090 ( 95% CI 1.030–1.154 )
nd HR 0.224 ( 95% CI 0.122–0.414 ) , HR 0.394 ( 95% CI 0.240–0.647 ) ,

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad173#supplementary-data
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Figure 2: Serum proteomic analysis of dementia in HD patients. ( A ) Overview of the proteomic workflow. ( B ) Spectrum, peptide and protein numbers in each sample. ( C ) 
Volcano plot displaying the log2-fold change against the log10 statistical P -value for all proteins differentially expressed between control individuals and individuals 
with dementia. ( D ) Heatmap of serum proteomics. ( E, F ) Differential protein up- and down-expression in GO analysis. ( G ) Differential expression clusters in KEGG 
analysis. ( H ) Signalling pathways of AD-related protein changes in HD patients with dementia. 
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espectively] events ( Table 4 ) . The laboratory findings, such as 
aemoglobin, coagulation profile, lipid profile and inflamma- 
ion markers, with MCI and dementia events are provided in 
upplementary Table 8 . The relationship between the proteomic 
arkers ( plasma τ , A β42 and A β40 ) , laboratory findings and cog- 
itive impairment ( MCI + dementia ) was also analysed using 
nivariate and multivariate logistic regression analysis and the 
esults are presented in Table 4 and Supplementary Table 8 . Sim- 
lar results from the subgroup that received all the neuropsycho- 
ogical batteries are shown in Supplementary Table 9 . The mul- 
ivariate logistic regression analysis revealed that after adjust- 
ng for age, gender and education, pre- and post-dialysis plasma 
, pre-dialysis plasma A β42 and A β42 :A β40 ratio were indepen- 
ently associated with MCI. 
We further evaluated the efficacy of plasma τ , A β42 , A β40 

nd A β42 :A β40 ratio for differentiating individuals with MCI and 
ementia from individuals with normal cognition. The plasma 
 β42 :A β40 ratio showed the largest AUC among all single plasma 
iomarker ( A β42 , A β42 and τ ) models in the diagnosis of MCI and 
ementia ( Fig. 6 and Supplementary Table 10 ) . The most appro- 
riate plasma A β42 :A β40 ratio cut-offs was 5.12 in differentiating 
CI from normal cognition, with a sensitivity of 90%, a speci- 
city of 58% and an AUC of 0.79 ( 95% CI 0.73–0.84 ) , as well as
.01 in differentiating dementia from MCI and normal cogni- 
ion, with a sensitivity of 84%, a specificity of 70% and an AUC
f 0.79 ( 95% CI 0.71–0.88 ) ( Supplementary Tables 10 and 11 ) . Re- 
arding the subgroup, the pre-dialysis plasma A β42 :A β40 ratio 
lso showed the largest AUC among all single plasma biomarker 
odels in the diagnosis of MCI ( Supplementary Table 12 ) . 

ISCUSSION 

o the best of our knowledge, this is the first multicentre study 
o identify the optimal cognitive screening instrument for HD 

atients and to evaluate the association between plasma A β and 
levels and cognitive decline. We validated that the MoCA-B is 
 sensitive cognitive screening instrument for HD patients, and 
he plasma A β42 :A β40 ratio was a reliable blood-based biomarker 
or a cognitive impairment diagnosis in patients undergoing HD.

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad173#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad173#supplementary-data
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https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad173#supplementary-data
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Plasma biomarker for cognitive impairment in HD 2135 

Figure 3: Changes of plasma biomarker levels. ( A–D ) Plasma biomarker levels of A β and τ in HD pre- and post-dialysis. ( E–H ) Changes in plasma biomarker levels of 
A β and τ pre- and post-dialysis in HD individuals. 

Figure 4: Plasma levels of A β and τ proteins in different groups. ( A–D ) Plasma levels of τ , A β42 , A β40 and A β42 :A β40 ratio pre-dialysis. ( E–H ) Plasma levels of τ , A β42 , 
A β40 and A β42 :A β40 ratio post-dialysis. ( I–L ) Changes in τ , A β42 , A β40 and A β42 :A β40 ratio in HD patients. 
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T  
MCI is a clinical diagnosis of cognitive function decline with-
ut sufficient severity to diagnose dementia. There is currently 
o recommended screening instrument for MCI in HD patients.
t was reported that in HD patients, the MoCA was able to
redict the individuals with cognitive impairment compared 
ith other common cognitive tests [ 33 ]. However, the MoCA

s not applicable for populations with low education levels.
he MoCA-B is a revised version of the MoCA, developed to
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Figure 5: Pearson analysis of plasma biomarkers and MoCA-B scores. ( A–D ) Pre-dialysis plasma biomarker levels of A β and τ in HD. ( E–G ) Post-dialysis plasma biomarker 
levels of A β and τ in HD. ( I–L ) Changes in plasma biomarker levels of A β and τ in HD patients. 
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dementia. 
creen for MCI in those with low education [ 12 ], and has been 
roven to be a reliable screening tool for MCI in Chinese el- 
erly adults [ 29 , 34 , 35 ]. Given that China has a large propor-
ion of less-educated individuals in the elderly population, the 
oCA-B was used in our study as one of the screening tools 

or MCI in HD patients. Using a comparison with a neuropsy- 
hological battery, we demonstrated that the MoCA-B was a re- 
iable tool for detecting MCI, with a cut-off score of 24 in HD 

atients. 
The A β and τ pathways are at the centre of AD pathophysi- 

logy. Approximately half of the brain A β is cleared by transport 
nto the periphery, mainly through the BBB [ 36 ]. In patients 
ndergoing maintenance HD, uraemic toxins and cerebral blood 
hanges have been proven to induce an increased permeability 
f the BBB [ 22 , 37 ]. In the present study, we validated that
SF biomarkers for AD increased in the blood of HD patients 
ith dementia. Although APP and APLP1 belong to the same 

amily, APLP1 is exclusively localized in the brain. The serum 

ccumulation of APLP1 indicated that a BBB disruption in HD 

atients might contribute to protein exchange between the 
rain and blood. It has been suggested that the increased 
BB permeability in HD patients renders the study of blood 
iomarkers of cognitive decline in this patient population more 
redible. 

In this study, we demonstrated that the plasma A β42 :A β40 ra- 
io was a more accurate biomarker for predicting MCI and de- 
entia than plasma A β42 and A β40 in HD patients. There might 
e several explanations. First, by normalizing A β42 to A β40 , the 
ost abundant A β species in the plasma might compensate for 

he abnormally high or low total A β load [ 38 , 39 ]. Second, the
 β42 :A β40 ratio might play a critical role in inducing A β plaques
nd τ tangles in the brain [ 40 ]. Third, A β proteins were sensi-
ive to pre-analytical and analytical variations [ 41 ]. The plasma 
 β42 :A β40 ratio, instead of A β42 or A β40 alone, could minimize 
he detection errors. 

Several limitations should be considered in this study. First,
ecause performing the neuropsychological battery took hours 
nd the dialysis session might affect the results, the neuropsy- 
hological battery was always conducted the day after dialysis 
t the patient’s home or in separate quiet office. In association 
ith the coronavirus disease 2019 pandemic, 139 patients,

nstead of all HD patients, completed the neuropsychological 
attery. While the remaining enrolled patients primarily relied 
n the MoCA for diagnostic purposes, this discrepancy in 
he assessment methods used may have implications for the 
eneralizability of our findings and could potentially introduce 
election bias. Future studies with larger sample sizes are war- 
anted to confirm and validate our results in an HD population.
econd, previous studies showed that the accumulation of brain 
 β was lower in HD patients, possibly causing an increased rate 
f negative results for A β positron-emission tomography ( PET ) 
 24 , 42 ], thus A β PET imaging was not collected in the present
tudy. Third, the sample size of serum proteomics was relatively 
mall. Last, the function and permeability of the BBB were not 
nvestigated. 

In conclusion, our study showed that the MoCA-B was an 
ptimal screening instrument for MCI in HD patients and 
he plasma A β42 :A β40 ratio was a reliable biomarker in dis- 
inguishing HD populations with normal cognition, MCI and 
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Figure 6: ROC analysis for different models. ( A, C ) ROC curves for MCI and dementia based on different models. ( B, D ) 95% CIs of AUCs in different models. Model 1: 

A β42 , model 2: A β40 , model 3: τ and model 4: A β42 :A β40 ratio. 
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