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Objective: Cognitive impairment (CI) in Maintenance hemodialysis (MHD) is attracting increasing attention. This study aims to 
clarify the prevalence and risk factors for cognitive dysfunction in patients on MHD who have no history of stroke.
Methods: A total of 99 patients with no history of stroke undergoing MHD were enrolled. Global cognitive function was evaluated using 
the Montreal Cognitive Assessment scale. Attention and executive functions were evaluated by the Digital Span (DS) test and the Color 
Trail Test (CTT). The Hamilton Depression and Anxiety scales were used to assess depression and anxiety status. The effects of patient 
background factors, laboratory indicators, anxiety, and depression on cognitive dysfunction were examined by regression analysis.
Results: There were 69.70% of the patients had general CI, 65.65% had depression, and 57.57% had anxiety. The forward and 
backward DS in the cognitively impaired (CI) group were shorter than in the normal cognitive function (NCF) group (P<0.05). Times 
required for CTT–I, CTT–II, and CTT II − CTT I were longer in the CI group than in the NCF group (P<0.05). Hemoglobin levels 
were lower, and parathyroid hormone (PTH) and uric acid levels were higher in the CI group than in the NCF group (P<0.05). 
Hemoglobin levels were negatively correlated with CI in these patients (odds ratio [OR] 0.634, P<0.05) and PTH, and uric acid levels 
were positively correlated with CI (OR 1.028, P<0.05; and OR 1.011, P<0.05). The proportions of patients with diabetes and 
depression were higher in the CI group (P<0.05).
Conclusion: There was a high prevalence of CI with significant impairment of attention and executive ability in MHD patients who 
had no stroke history. Hemoglobin may protect cognitive function, while diabetes, PTH, and uric acid levels may be risk factors. 
Depressive and anxiety states may aggravate CI in MHD patients.
Keywords: end-stage renal disease, maintenance hemodialysis, cognitive impairment, executive ability, risk factors

Introduction
End-stage renal disease (ESRD) refers to the final stage of irreversible damage to renal function caused by various kidney 
diseases, including chronic nephritis, diabetic nephropathy, and hypertensive nephropathy. Peritoneal dialysis (PD) and 
hemodialysis are the main treatments for ESRD in China. Cognitive functioning in patients with ESRD has become 
a major concern in recent years.1 A meta-analysis of the impact of hemodialysis and PD on cognitive function was 
completed showed that patients on hemodialysis had worse cognitive functioning and a higher risk of dementia than 
those undergoing PD.2 Regular hemodialysis is also called maintenance hemodialysis (MHD).

Each year, there are approximately two million patients with ESRD in China. In 2019, the number of patients on 
hemodialysis exceeded 630,000. Cognitive impairment (CI) may affect patients’ understanding and processing of 
information, their full participation in decision-making regarding their health care, and their ability to comply with 
complex medical plans and adjust their diet and water intake correctly.3 Furthermore, hospitalization and mortality rates 
and the risk of low quality of life are higher in patients with CI.4 Therefore, cognitive dysfunction is considered a serious 
problem in patients on MHD.
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In recent years, CI in patients on MHD has received considerable attention. Previous studies have focused on 
increased uremic toxins, imbalance in dialysis, intracranial infarction, oxidative stress, hyperhomocysteinemia, and 
chronic inflammation.5 Mel et al investigated the cognitive status of patients with renal insufficiency at different periods 
in the outpatient clinic and suggested that the degree of CI is related to the severity of chronic kidney disease (CKD) and 
that MHD improves cognitive performance. Meanwhile, Kovarova et al reported that cognitive dysfunction is related to 
decreased brain oxygenation in patients on MHD.6 So, the relationship between MHD and cognitive dysfunction has not 
been established exactly.

MHD can effectively clear creatinine, urea nitrogen, and other metabolic waste products and allow ultrafiltra-
tion of excess water accumulated in the body. However, when blood contacts the artificial membrane during 
extracorporeal circulation, some of the blood components can adhere to it, causing changes in white blood cell 
(WBC), red blood cell (RBC), and platelet (PLT) counts and hematocrit (HCT) and PLT distribution width 
(PDW). A cohort study by Dlugaj et al concluded that people with anemia have lower verbal memory and 
executive function and that anemia is related to mild CI.7 Bahrami et al found that adolescent girls with anemia 
were 1.73 times more likely to have CI than their nonanemic counterparts.8 As is well known, reduced renal 
secretion of erythropoietin in patients on MHD can lead to anemia. Although recombinant human erythropoietin is 
routinely supplemented clinically, anemia is not easy to correct in patients on MHD, and the relationship between 
hemoglobin levels and CI has yet to be clarified.

Secondary hyperparathyroidism is the most significant endocrine disorder in patients on MHD. Parathyroid 
hormone (PTH) may cause damage to the skin, bones, and nervous system. Studies have suggested that high variability 
in serum phosphorus is an independent risk factor for all-cause death in patients on MHD.9 Whether the abnormal 
levels of PTH, serum calcium, serum phosphorus calcium, and phosphorus are related to CI in patients on MHD needs 
further research.

Besides global CI, damaged executive ability and attention are considered the typical manifestations of mild CI. In the 
normal population, depression is significantly negatively correlated with cognitive function, suggesting that anxiety and 
depression in patients are related to CI.10 Patients on MHD lack an appetite for food, and their water and food intake are 
controlled, so the proportion with anxiety and depression and the impact of these conditions on their cognitive function is 
worthy of further study.

Vascular factors play a very important role in dementia, and the incidence of cerebrovascular disease in 
patients with regular dialysis is 6–10 times that of the normal population.11 The severity of CI in patients with 
a history of stroke can be judged. However, there are few studies on CI in patients on MHD without stroke 
history. This study focuses on the proportion of patients with CI in a blood purification center and its influencing 
factors.

Methods
Ninety-nine patients on MHD in the Blood Purification Center of the Second Hospital of Tianjin Medical University 
between January 2018 and December 2018 were enrolled in this prospective study, which the hospital ethics committee 
approved. Each study participant signed a written informed consent form. Each patient underwent a magnetic resonance 
imaging scan before inclusion. The flowchart of enrollment is shown in Figure 1.

The study inclusion criteria were as follows: (1) aged 18–80 years and (2) on regular hemodialysis (three times 
a week) for over 12 months.

The following exclusion criteria were applied: (1) history of a large territorial infarct or intracerebral hemorrhage; (2) 
history of multiple cerebral lobe microbleeds (excluding cerebral amyloid angiopathy)(3) inability to cooperate with the 
scale assessment due to hearing impairment, visual impairment, congenital intellectual disability, psychiatric disease, 
heart failure, or chronic obstructive pulmonary disease; (4) hereditary cerebrovascular disease; and (5) known neurode-
generative disease, such as Alzheimer’s or Parkinson’s disease.

Patient information was recorded, including gender, age, duration of dialysis (months), years of education, and 
history of hypertension, diabetes, and coronary heart disease. The primary disease underlying ESRD was recorded 
separately as nephrogenic damage, hypertensive renal damage, diabetic renal damage, or other. Biochemical 
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indices included the RBC count, WBC count, PLT count, hemoglobin, HCT, PDW, serum calcium, serum 
inorganic phosphorus, serum potassium, PTH, alkaline phosphatase, uric acid, albumin, aspartate aminotransfer-
ase, triglycerides, total cholesterol, and indicators of CO2 combining power. The values for all laboratory 
indicators were the average for three months before the scale assessment. The values of all laboratory indicators 
were the average value over three months before data collection.

The Montreal Cognitive Assessment (MoCA) scale was used to evaluate global cognitive function. Each item was 
analyzed separately, and patients with a MoCA score < 26/30 were defined as cognitively impaired. The Digital Span 
(DS) test was scored with the highest number of correct repetitions. The reaction time (RT) and the number of errors on 
the Color Trail Test (CTT)–I and CTT–II were recorded, and the CTT interference score was calculated as CTT II RT − 
CTT I RT. The Hamilton Depression Scale–17 and Hamilton Anxiety Scale–14 were used to measure patients’ 
depression status and anxiety status, respectively. All patients were given these tests on the second day of dialysis by 
a neurologist in a quiet, undisturbed environment to exclude potential interference factors, such as patient discomfort and 
poor sleep on the day before the test.

Patients who refused 
to participate in this 
study

Exclusion criteria: 
1) History of a large 
territorial infact or 
intracerebral hemorrhage; 
2) History of multiple 
cerebral lobe microbleeds 
(excluding cerebral amyloid 
angiopathy); 
3) Inability to cooperate 
with the scale assessment; 
4) Hereditary 
cerebrovascular disease; 
5) Known 
neurodegenerative disease, 
such as Alzheiner’s or 
Parkinson’s disease. 

Inclusion criteria: 
6) Aged 18-80 years; 
7) On regular hemodialysis 
(three times a week) for 
over 12 months. 

The final selection 99 

Eligible patients - 
107

328 patients met the 
inclusion criteria 

445 hemodialysis 
patients in the center 

Figure 1 The flowchart of enrollment.
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Statistical Analysis
Data that followed a normal distribution were examined using the independent samples t-test, and other data were 
assessed using the Mann–Whitney U-test. The Chi-squared test was used to compare the data between the CI group and 
the normal cognitive function (NCF) group. The risk factors for CI were identified by multivariate logistic regression 
analysis. The threshold P-value was set at 0.05. All statistical analyses were performed using SPSS™ version 17.0 (IBM 
Corp., Armonk, NY, USA).

Results
Basic Patient Demographic and Clinical Characteristics
The average patient age was 61.50 ± 9.19 years. Of these, 41 patients (41.41%) were female (mean age 63.45 ± 7.69 
years), and 58 (58.59%) were male (mean age 59.68 ± 9.68 years). The patients were divided into four subgroups 
according to age: <49 years, 50–59 years, 60–69 years, and ≥70 years. The age distribution was calculated as 
percentages.

The primary etiology of ESRD was chronic glomerulonephritis (n = 20), diabetic nephropathy (n = 22), hypertensive 
nephropathy (n = 21), and unknown (n = 36). Of the enrolled patients, 76 (76.77%) had hypertension, 36 (36.36%) had 
diabetes, and 41 (41.41%) had coronary heart disease. The participants were also stratified according to years of 
education: 9 years (including junior high school graduation and below; n = 48, 48.48%), ≥9 years, and ≤12 years 
(including high school, technical secondary school, vocational high school; n = 25, 25.25%), and >12 years (including 
university undergraduates, colleges, postgraduates, and above; n = 26, 26.26%). After calculating these data, their impact 
on cognitive function was investigated.

Cognitive Impairment in Patients on Maintenance Hemodialysis
Patients with a MoCA score <26 points were deemed to have CI, and those with a MoCA score ≥26 points were 
considered to have NCF. The patients were divided into a CI group (n = 69) and an NCF group (n = 30). Each MoCA 
subitem was analyzed individually and compared between the two groups. There were statistically significant differences 
between groups in the seven subitems (P < 0.05), and there was a clear difference in scores between visual space and 
executive function of >2 points (Table 1).

Comparison of Digital Span Test and Color Trail Test Scores Between the Study 
Groups
The mean forward DS was 6.28 ± 1.02 in the CI group and 7.33 ± 1.21 in the NCF group. The backward DS was 4.47 ± 
1.12 in the CI group and 5.51 ± 0.92 in the NCF group. There was a significant difference in both aspects.

The CTT–I RT was 95.00 (71.895–147.08) s in the CI group and 65.15 (53.255–81.475) s in the NCF group. The 
CTT–II RT was 186.64 (129.085–249.00) s in the CI group and 129.315 (97.8–166.72) s in the NCF group. The 

Table 1 Comparison of Sub-Items on the Montreal Cognitive Assessment Between the Group 
with Cognitive Impairment and the Group with Normal Cognitive Function

Sub-Item CI Group (n) NCF Group (n) T/Z P-value

Visual space and executive ability 2.17 ± 1.571 4.34 ± 0.814 −5.985 <0.001
Naming 2.51 ± 0.633 2.97 ± 0.186 −3.753 <0.001

Attention 4.09 ± 1.616 5.9 ± 0.31 −5.765 <0.001

Language 1.67 ± 1.12 2.9 ± 0.31 −5.233 <0.001
Abstraction 1.17 ± 0.685 1.76 ± 0.435 −4.104 <0.001

Delayed recall 1.8 ± 1.037 3.62 ± 1.237 −5.817 <0.001

Orientation 5.55 ± 0.948 6 ± 0 −3.215 0.001

Note: The difference between visual space and executive ability, naming, attention, language, abstraction, delayed recall, 
orientation, and other indicators was statistically significant (P<0.05).
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CTT interference score was 73.59 (50.03–135.95) s in the CI group and 53 (37.52–78.9) s in the NCF group. There 
were statistically significant differences between the groups in these three indices (all P < 0.05) (Table 2).

Comparison of Clinical Data Between the Study Groups
Age, gender, and dialysis duration were compared between the two groups, and no significant difference was 
found in these three factors (P > 0.05). A comparison was also made with the RBC count, WBC count, PLT count, 
hemoglobin, HCT, PDW, serum calcium, serum inorganic phosphorus, PTH, alkaline phosphatase, uric acid, 
albumin, aspartate aminotransferase, triglycerides, total cholesterol, and CO2 combining power between the two 
groups. The hemoglobin levels in the CI group were lower than in the NCF group, and the difference was 
statistically significant (P < 0.05). The PTH and uric acid levels were significantly higher in the CI group than in 
the NCF group (P < 0.05) (Table 3). The count data were compared between the two groups using the Chi- 
squared test. There were statistically significant differences in the depression and anxiety status between the CI 
and NCF groups (P < 0.05) (Table 4). The proportion of patients on MHD who had diabetes was higher in the CI 
group than in the NCF group. There were no significant differences between the groups regarding the proportion 
with hypertension, the age distribution, level of education, or primary kidney disease.

Table 2 Comparison of Digital Span Test and Color Trail Test Results in the Group 
with Cognitive Impairment and the Group with Normal Cognitive Function

CI Group NCF Group

Forward DS 6.28 ± 1.02* 7.33 ± 1.21

Backward DS 4.47 ± 1.12* 5.51 ± 0.92

CTT-I reaction time 95.00 (71.895–147.08)# 65.15 (53.255–81.475)
CTT-II reaction time 186.64 (129.085–249.00)# 129.315 (97.8–166.72)

CTT interference score 73.59 (50.03–135.95)# 53 (37.52–78.9)

Notes: *P<0.05, #P<0.001. 
Abbreviations: CI, cognitive impairment; CTT, Color Trail Test; DS, Digital Span test; NCF, normal 
cognitive function.

Table 3 Comparisons of Clinical Parameters Between Cognitive Impairment Group 
and Normal Cognitive Function Group

Item CI Group NCP Group t/Z P

PLT(×1012/L) 176.601±52.039 163.858±52.423 −0.969 0.332
RBC(×1012/L)# 3.533±0.418 3.561±0.436 0.245 0.807

WBC(×109/L) 5.780±1.752 5.939±1.434 −0.727 0.467

Hb(g/L)# 92.441±12.100 102.567±12.189 3.138 0.030*
HCT(%) 30.931±4.155 31.681±3.753 −1.252 0.211

Ca(mmol/L) 2.233±0.196 2.205±0.216 −0.047 0.962

P(mmol/L)# 1.875±0.479 1.990±0.484 0.903 0.370
PTH(pmol/L) 52.840±31.670 34.528±34.417 −2.693 0.047*

AP(U/L) 92.294±45.10 103.283±66.524 −0.444 0.657

UA(umol/L) 500.909±66.648 449.643±117.005 −3.392 0.041*
ALB(g/L) 36.638±3.153 36.648±2.861 −0.188 0.851

AST(U/L) 15.732±29.069 14.005±8.564 −0.922 0.357

TG(mmol/L) 1.831±1.402 2.327±1.545 −1.292 0.196
TC(mmol/L) 3.912±0.978 4.048±0.770 −0.417 0.676

K(mmol/L)# 4.806±0.488 4.798±0.602 −0.06 0.952

CO2cp(mmol/L)# 21.322±2.814 21.544±2.798 0.297 0.767

Notes: #Indicates that the data obey normal distribution. *Indicates that the difference is statistically 
significant (P<0.05).
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Logistic Regression Analysis of the Risk Factors for Cognitive Impairment in Patients 
on Maintenance Hemodialysis
Multivariate logistic regression analysis was performed using NCF and CI as dependent variables and biochemical indicators 
as independent variables. The results suggested that hemoglobin, HCT, PTH, and uric acid were factors influencing cognitive 
function. The hemoglobin level was negatively correlated with CI and, therefore, a protective factor (odds ratio 0.634). 
Higher levels of HCT, PTH, and uric acid were positively correlated with CI, and so were the risk factors. The PLT count, 
RBC count, WBC count, calcium, inorganic phosphorus, alkaline phosphatase, albumin, aspartate aminotransferase, 
triglycerides, total cholesterol, potassium, and CO2 combining power were not determinants of CI (Table 5).

Table 4 Differences in Hypertension, Diabetes, Anxiety and Depression Status, Causes of End- 
Stage Renal Disease, Age Distribution, and Education Level Stratification Between the Two 
Groups

Item IC Group NCF Group T/Z χ2 P-value

Sex 0.416 1.655 0.188

Male 43 (62.3) 14 (48.3) −0.451
Female 26 (37.7) 15 (51.7)

Age (years)& 61.36 ± 9.083 60.48 ± 10.599 0.416

Duration of dialysis (months) 54.87 ± 37.05 63.91 ± 66.08 −0.451
Depression 18.164 <0.001*

None 1 (1.4) 8 (26.7)
Mild 16 (23.2) 9 (30.0)

Moderate 11 (15.9) 5 (16.7)

Severe 41 (59.4) 8 (26.7)
Anxiety 26.585 <0.001*

None 3 (4.3) 9 (30.0)

Possible 15 (21.7) 15 (50.0)
Anxiety 17 (24.6) 1 (3.3)

Obvious anxiety 27 (39.1) 4 (13.3)

Possible severe anxiety 7 (10.1) 1 (3.3)
Hypertension 0.252 0.616

Yes 52 (75.4) 24 (80.0)

No 17 (24.6) 6 (20.0)
Diabetes 6.577 0.010*

Yes 30 (43.5) 5 (16.7)

No 39 (56.5) 25 (83.3)
Primary kidney disease 0.974 0.808

Chronic glomerulonephritis 15 (21.7) 4 (13.3)

Hypertensive nephropathy 15 (21.7) 7 (23.3)
Diabetic nephropathy 15 (21.7) 7 (23.3)

Other 24 (34.8) 12 (40.0)

Age distribution 3.764 0.288#

≤49 5 (7.2) 6 (20.0)

50–59 24 (34.8) 7 (23.3)

60–69 27 (39.1) 12 (40.0)
≥70 13 (18.8) 5 (16.7)

Education duration, years 2.096 0.351

<9, 33 (47.8) 15 (50.0)
≥9, ≤12 20 (29.0) 5 (16.7)

>12 16 (23.2) 10 (33.3)

Notes: &Data normally distributed. *Fisher’s exact test; #Continuity correction. P<0.05, indicating that the difference is 
statistically significant. 
Abbreviations: CI, cognitive impairment; NCF, normal cognitive function.
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Discussion
Chronic renal failure is considered a risk factor for CI,12 and MHD is a basic renal replacement therapy for patients with 
ESRD. However, the mechanism is still unclear. This study investigated the incidence and possible mechanism of CI in 
patients on MHD.

In China, the number of patients on MHD has increased in recent years. Due to the investment in the national medical 
insurance policy and the improvement of hemodialysis technology, the survival period of patients with ESRD is getting 
longer and longer, so the problem of CI is becoming increasingly serious.

In the present study, the MoCA results suggested that 69.70% of patients on MHD were considered to have cognitive 
dysfunction. Angermann et al reported that the MoCA has high sensitivity and specificity for identifying CI in patients on 
MHD.13 Therefore, the MoCA score can accurately reflect the actual cognitive level of patients on MHD. However, none 
of the patients in this study had a history of cerebrovascular disease. Therefore, the actual prevalence of CI in patients on 
MHD in the present study was higher than 69.70%. Gesualdo et al reported that 76.76% of patients on MHD had CI.14 

Angermann et al found that 60.2% of 201 patients on chronic hemodialysis had CI.15 Having CI may affect a patient’s 
ability to understand and process information, participate fully in making decisions about their health care, adhere to 
complex medical regimens, and correctly implement dietary and fluid regulations. Patients with CI are at higher risk of 
hospitalization, mortality, and poorer quality of life.3

The results for the MoCA subitems showed statistically significant differences in visual space and executive ability, 
naming, attention, language, abstraction, delayed recall, and orientation between the CI and NCF groups. The difference 
in the scores between visual space and executive ability was >2 points, indicating that the decline in executive function 
was more prominent in the CI group.

The DS test is a specific neuropsychological test often used to test concentration, attention, instantaneous memory, 
and memory resistance to information interference. In the present study, forward DS and backward DS were shorter in 
the CI group than in the NFC group, suggesting that concentration and instantaneous memory were impaired in 
patients on MHD in the CI group. The Trail Making Test is often used to assess executive function, and the CTT is an 
improved Chinese version with good objectivity that is a less time-consuming method for evaluating executive 
function. A prolonged CTT–I RT indicates that the subject has decreased perceptual-motor efficiency, whereas the 
CTT–II RT indicates the functioning of the brain’s left hemisphere, mainly the effect of attention conversion and 
perceptual-motor efficiency. The CTT interference score represents executive ability. The present study showed that 
the CTT–I RT, CTT–II RT, and CTT interference scores were longer in the CI group than in the NCF group (P < 0.01), 
indicating that patients with CI have decreased perceptual-motor efficiency, decreased attention conversion, and less 
executive ability.

Compared with the average values in the general population, the time consumption of the CTT–I, CTT–II, and CTT 
interference scores in this study was clearly prolonged, indicating that the perceptual movement efficiency and attention 
conversion ability of patients on MHD were reduced and that executive ability was poorer in the CI group than in the 
NCF group. Sanchez–Fernandez et al used a battery of tests, including the Controlled Oral Word Association Test, the 
Ruff Figural Fluency Test, the Wechsler Adult Intelligence Scale–III, the Five Digit Test, and the Wisconsin Card Sorting 
Test, and believed that executive function was lower in patients on MHD than in healthy controls.16 In this study, the test 

Table 5 Logistic Regression Analysis of Laboratory Parameters and Cognitive Impairment

β SE Wald df P-value OR

Hb −0.456 0.123 13.856 1 <0.001 0.634
PTH 0.027 0.014 3.880 1 0.049 1.028

UA 0.011 0.004 6.278 1 0.012 1.011

Constant −2.883 4.082 0.499 1 0.480 0.056

Note: Cognitive impairment is a dependent variable, and only indicators with influential factors are listed in the table. 
Abbreviations: HB, hemoglobin; OR, odds ratio; PTH, parathyroid hormone; UA, uric acid; SE, standard error.
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most commonly used to evaluate executive function was selected, and the results showed that it was lower in patients on 
MHD in the CI group. The prefrontal cortex and the anterior and posterior cingulate cortices are believed to be linked to 
executive function,17 but the causes of CI in patients on MHD need further research.

Anxiety and depression are common in patients with chronic diseases. Patients on MHD are exposed to long-term 
hemodialysis, a controlled diet and water intake, frequent hospitalizations, various other complications, and are very 
prone to psychological problems. The reported prevalence of depression in the dialysis population varies from 22.8% (for 
interview-based diagnosis) to 39.3%.18 Depression and anxiety are thought to increase mortality in patients on MHD.19 

As is well known, cognitive disorder is one of the symptoms of depression. In this study, the different grades of anxiety 
and depression were compared between the CI and NCF groups. Anxiety and depression were more severe in the CI 
group. Jung et al used a Korean version of the Mini-Mental State Examination to evaluate patients’ cognitive function 
and the Korean version of the Beck Depression Inventory to screen for depression. They reported a negative correlation 
between cognitive function and the prevalence of depressive symptoms and found depression and education level to be 
independent predictors of CI in multivariate analysis.20 Zhang et al also considered depression a risk factor for CI.21 It 
was inferred that depression and anxiety might aggravate CI in patients on MHD, and more attention should be paid to 
psychological problems.

No statistically significant difference was found regarding gender, age distribution, duration of dialysis, or the primary 
underlying cause of ESRD (diabetic nephropathy, hypertensive nephropathy, nephrogenic disease, and others) between 
the two study groups. However, when the numbers and count data for patients with hypertension and diabetes were 
compared in the two groups separately, the proportion of patients with diabetes was higher in the CI group than in the 
NCF group, but not hypertension. None of these factors were considered to affect cognitive function in the logistic 
regression analysis.

The laboratory indicators between the groups were compared and revealed that the hemoglobin level was lower in the 
CI group than in the NCF group. The uric acid and PTH levels were higher in the CI group. In the logistic regression 
analysis, hemoglobin, uric acid, and PTH were considered to affect cognitive function: hemoglobin was considered 
a protective factor, and uric acid and PTH were considered the risk factors.

The main factor that affects blood viscosity is HCT. Kutlay et al found that there was no correlation between the 
Mini-Mental State Examination score and the HCT value in patients with MHD.22 However, a study using resting-state 
functional magnetic resonance imaging and modularity network analysis showed that the HCT level was significantly 
correlated with global cognitive functioning in patients with ESRD.23 Zheng et al reported that in young adults with 
ESRD, the higher the HCT, the lower the cerebral blood flow, suggesting that low HCT may affect cognitive function in 
patients with ESRD by changing the cerebral blood flow.24 In that study, HCT was positively correlated with cognitive 
impairment, suggesting that the greater the erythrocyte specific volume, the more likely cognitive impairment is to occur, 
which was consistent with the above literature. The reverse impacts of hemoglobin and HCT on CI were possibly due to 
the small sample size.

Patients with ESRD have insufficient erythropoietin secretion. Although most patients on MHD receive weekly 
injections of recombinant erythropoietin, anemia is still common, and a 13-year longitudinal study in Japan showed that 
normal elderly people with lower baseline levels of albumin and hemoglobin have a sharper decline in their cognitive 
scores.25 Trevisan et al reported that elderly individuals with the lowest hemoglobin concentrations at baseline had 
a significant risk of CI during 4.4 years of follow-up.26 Shaker et al found that mild-to-moderate CI was associated with 
anemia in patients on hemodialysis; improvement of the anemia resulted in improved blood flow in the middle cerebral 
artery, which is associated with improved CI.27 Lee et al investigated the association between nutritional status and risk 
of osteoporosis, sarcopenia, and CI in patients on hemodialysis and found that lower hemoglobin levels were associated 
with a higher risk of CI in these patients.28 The present study found that the hemoglobin level was lower in the CI group 
than in the NCF group. Hemoglobin was considered to be a protective factor in the logistic regression analysis. In 
patients on MHD, higher or near-normal hemoglobin levels are beneficial for cognitive functioning. Therefore, main-
taining hemoglobin at a near-normal level is important for cognitive functioning in patients on MHD.

Hyperparathyroidism is very common in patients on MHD and is characterized by a high level of PTH, which is 
found widely in the human brain. The main role of PTH in vertebrates is to regulate the metabolism of calcium and 
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phosphorus. Hagström et al found that high PTH levels were associated with vascular dementia in two community-based 
cohorts.29 However, in a close systematic review, Jiang et al analyzed all relevant studies and concluded that there is 
generally weak and inconsistent evidence to support an association between high PTH levels and CI.30 In the present 
study, PTH levels were significantly higher in the CI group than in the NCF group, and the logistic regression analysis 
showed that PTH was positively correlated with CI, suggesting that high PTH levels may be a risk factor for CI in 
patients on MHD.

Puy et al reported a single-center study that included 54 patients with CKD and found that CI was independently 
associated with a high uric acid level.31 Liu et al have published a study on mild CI and uric acid levels in the elderly in 
the Beijing area, which concluded that within the normal range, a higher serum uric acid level was positively correlated 
with cognitive functioning in the elderly in the Chinese community, but this correlation was unstable in participants with 
hyperuricemia.32 However, a systematic review and meta-analysis of serum uric acid levels and CI/dementia by Khan 
et al found no correlation between cognitive function scores and serum uric acid levels.33 Mazumder et al considered that 
hyperuricemia might be a risk factor for CI in patients with CKD.34

In this study, serum uric acid levels were higher in the CI group than in the NCF group, and the logistic regression 
analysis suggested that the uric acid level was positively correlated with CI, suggesting that high uric acid may be a risk 
factor for CI.

Uric acid is the end product of purine nucleotide metabolism and, according to the literature, a potential inhibitor of 
acetylcholinesterase. A decrease in acetylcholinesterase activity is considered to be an early marker of CI and 
Alzheimer’s disease35 and may affect cognitive functioning.

This study has some limitations. First, this was the first part of a series of studies. The second part investigates the 
impact of cerebral small vessel disease on cognitive functioning in patients on MHD. The third part focuses on the 
impact of white matter lesions on cognition in these patients. Subgroup analysis of patients with different levels of CI 
will be performed in our upcoming studies. Secondly, this study did not include a control group. However, we compared 
two groups as a prerequisite for the second part of the study. Thirdly, the volume changes during dialysis therapy were 
not available for all patients. Lastly, this was a single-center study, further studies with a multi-center design will be 
needed.

Conclusion
In conclusion, a high prevalence of CI in patients on MHD was found, including significant impairment of attention and 
executive ability. Hemoglobin may protect cognitive functioning in these patients, while diabetes, PTH, and uric acid 
level may be the risk factors. Depressive and anxiety states may aggravate CI in patients on MHD.
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