
2651 
 

Bioscientia Medicina: Journal Of Biomedicine & Translational Research 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

1. Introduction  

Chronic kidney disease (CKD) is characterized by 

progressive and irreversible kidney damage, leading to 

the inability of the kidneys to perform their functions. 

The prevalence of CKD has increased rapidly as a 

result of the higher prevalence of hypertension, 

diabetes mellitus, and obesity. The prevalence of CKD 

increases with age, with an estimated 47% of 

individuals aged 70 years and over in the United States 

developing the disease.1 

Chronic kidney disease causes hypertension, 

anemia, vascular dysfunction, uremia, proteinuria, 

systemic inflammation, and oxidative stress 

associated with cognitive impairment. Elderly patients 

are population groups aged 60 years or more. Elderly 

patients are at risk for other health problems and 

consequences associated with CKD. One of the 

comorbidities that are often experienced by elderly 

patients with CKD is cognitive impairment.2 Cognitive 

impairment is a condition when a person has difficulty 

remembering, learning new things, concentrating, or 

making decisions, which is quite common in CKD 

patients. The exact etiology of cognitive impairment in 

patients with CKD is not fully understood but may be 

a combination of factors related to the CKD process 

itself and microvascular changes.3.4 In addition to 

cerebrovascular causes, other potential mechanisms, 
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A B S T R A C T  

Chronic kidney disease (CKD) is characterized by progressive and 
irreversible kidney damage, leading to the inability of the kidneys to perform 

their functions. Chronic kidney disease causes hypertension, anemia, 
vascular dysfunction, uremia, proteinuria, systemic inflammation, and 

oxidative stress associated with cognitive impairment. Age is a population 
group aged 60 years or more at risk of experiencing health problems and the 

consequences associated with CKD. One of the common comorbidities 
experienced by elderly patients with CKD is cognitive impairment. Current 

treatment options for CKD with cognitive impairment aimed at common risk 
factors, including angiotensin converting enzyme inhibitors (ACEI) and, 

angiotensin receptor blockers (ARBs), SGLT-2 inhibitors., GLP-1 RA, and 
DPP-4 inhibitors. Other interventions, such as erythropoietin (EPO) 

compensation and reduction of inflammation and oxidative stress, can help 
improve patients' clinical symptoms. This literature review aims to describe 

the relationship between chronic kidney disease and cognitive disorders that 

occur in the elderly. 
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such as endothelial toxicity from the uremic state, may 

also be involved in cognitive impairment in CKD 

patients.5 Literature review aims to describe the 

relationship between chronic kidney disease and 

cognitive disorders that occur in the elderly.  

 

Cognitive impairment in chronic kidney disease   

Cognitive impairment is a condition when a person 

has difficulty remembering, learning new things or 

events, concentrating, or making decisions. Cognitive 

impairment is one of the main factors in increasing 

morbidity in CKD patients, but the mechanism is not 

widely known. Chronic kidney disease causes 

hypertension, anemia, vascular dysfunction, uremia, 

proteinuria, systemic inflammation, and oxidative 

stress, which are associated with the incidence of 

cognitive impairment.3-5 

Purine metabolism is thought to cause cognitive 

impairment in CKD patients. Purine degradation leads 

to the production of hypoxanthine, which is catalyzed 

to xanthine and subsequently to uric acid. Impaired 

purine metabolism and impaired renal excretion 

contribute to elevated serum uric acid levels. The 

prevalence of hyperuricemia is increasing and is 

associated with risk factors for CKD. The purine 

metabolite hypoxanthine has been reported to cause a 

significant decrease in AChE activity in various brain 

regions, where it can lead to cognitive impairment.6.7  

 

Epidemiology of cognitive impairment in CKD 

The prevalence of cognitive impairment in CKD 

patients ranges from 17% to 87%, depending on the 

severity.1 Chronic kidney disease patients with 

cognitive impairment have an increased risk of death, 

poor quality of life, difficulty adhering to treatment, 

and poorer emotional quality. Among hemodialysis 

patients, it is also associated with an approximately 

twofold increased risk of death. A low estimated 

glomerulus filtration rate (eGFR) and albuminuria are 

independent risk factors for cognitive impairment. The 

prevalence of cognitive impairment was highest in 

patients with renal failure requiring dialysis. Previous 

research stated that 13% of CKD patients had a 

normal cognitive function, while 50% had mild to 

moderate impairment and 37% had severe 

impairment.3 

 

Risk factors 

Risk factors for cognitive impairment in CKD 

include cerebrovascular disorders, African American 

and Hispanic race, dyslipidemia, diabetes mellitus, 

female gender, educational status, and elderly.8 Levels 

of undiagnosed depression and polypharmacy-related 

side effects or interactions also contribute to this 

disorder. Patients with kidney disease often experience 

significant fatigue and daytime sleepiness associated 

with poor sleep quality, which can contribute to 

further cognitive decline. Patients undergoing 

hemodialysis have many additional risk factors that 

predispose them to cognitive impairment. Dialysis 

procedures increase the patient's susceptibility to 

cognitive impairment. Hemodialysis causes volume 

and electrolyte fluctuations, cerebral edema, 

hypoperfusion, and excessive cytokine release. The 

frequency of hypotensive episodes during dialysis has 

been associated with cerebral atrophy and lacunae, 

while microemboli may contribute to the burden of 

large and small vessel cerebrovascular disease. 

Identification of risk factors and understanding of the 

impact and interaction of nonmodifiable (e.g., gender, 

genetics, age) and modifiable (e.g., education level, 

habits) risk factors for dementia has been identified as 

one of the research priorities to reduce the global 

burden of cognitive impairment.9-12 

 

Pathophysiology of cognitive impairment in CKD 

The causes of cognitive impairment in patients with 

CKD are multifactorial (Figure 1). Most CKD patients 

are elderly, which increases the risk of developing 

Alzheimer's disease. Patients with CKD have 

significantly disproportionate rates of cerebrovascular 

disease, which is an important factor in the 

development of CKD-associated cognitive 

impairment.12 
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Figure 1.  Pathophysiology of cognitive impairment in CKD patients. 

 

The vascular hypothesis is the main theory of the 

pathogenesis of cognitive dysfunction in the general 

population and is based on changes in vascular 

anatomy accompanied by decreased cerebral blood 

flow resulting in impaired neural activity. Dysfunction 

of vascular pericytes in the brain is involved in 

decreased blood flow. CKD is always accompanied by 

an increase in blood pressure. Patients with CKD show 

increased blood flow to the brain (measured using the 

spin-labeling artery MRI modality). This increase was 

more pronounced in renal failure patients who were 

not on dialysis than in patients undergoing 

hemodialysis or peritoneal dialysis. End-stage renal 

disease (ESRD) patients undergoing hemodialysis 

have more complex, acute, and varied hemodynamic 

changes than patients undergoing peritoneal 

dialysis.13-15 

The cognitive impairment that occurs in elderly 

CKD patients is partly due to the CKD disease process 

itself, which creates a toxic vascular and metabolic 

environment consisting of chronic inflammation, 

oxidative stress, uremia, and systemic vascular 

endothelial dysfunction. Homocysteine is a very strong 

risk factor for stroke in CKD patients through direct 

neurotoxic effects, initiation of systemic inflammation, 

and endothelial dysfunction. The increase in 

homocysteine is caused by a decrease in renal 

clearance. Patients with CKD experience increased 

levels of oxidative stress caused by uremia, the 

production of reactive oxygen species via physiological 

pathways, and the inability to produce adequate 

antioxidant enzymes. All of these changes contribute 

to a vascular environment comprising systemic 

inflammation, high levels of oxidative stress, and 

endothelial dysfunction in CKD patients and create a 

vascular pathway to cognitive decline (Figure 2).16  

 

Figure 2. Systemic and cerebral vessels and cognitive function in CKD.16 
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The development of CKD is accompanied by the 

accumulation of various metabolites that are excreted 

by tubular filtration and secretion. Although overt 

uremia is usually recognized only when the GFR has 

decreased to less than 15 mL/min./1.73m2, it is clear 

that the accumulation of metabolites occurs at an 

early stage. Uremia-associated encephalopathy is a 

late complication and is currently rare due to better 

detection of renal disease and routine use of renal 

replacement therapy. Treatment of renal failure with 

dialysis has eliminated many of the severe cognitive 

impairments (encephalopathy) associated with 

uremia. The metabolite 4-hydroxyphenylacetate is 

thought to contribute to CKD-associated cognitive 

impairment.17 

Uremia is a clinical syndrome that accompanies 

renal failure, which is mainly associated with the 

retention of metabolic waste products in plasma. 

Neurological symptoms, including cognitive 

impairment, are among the earliest described clinical 

features of uremia. Cognitive impairment 

accompanying uremia has been reported to improve 

with dialysis or kidney transplantation. Contemporary 

studies show that cognitive impairment is common 

among patients receiving dialysis.17 

It is possible that depression, including clinical and 

subclinical depression, contributes to impaired 

cognitive function. Depression, for functional and 

psychological reasons, can also limit the ability to 

properly test for cognitive impairment. Studies in 

hemodialysis patients note that depression is 

associated with poor cognitive function, although the 

direction of the relationship and the exact 

pathophysiology have not been determined.18 

The use of various drugs in the treatment of CKD 

(polypharmacy) also contributes to cognitive 

impairment. Although data on patients with CKD are 

limited, the high absolute number of drugs, combined 

with the potential for drug-drug interactions and 

impaired renal clearance, creates a high risk for 

sedation, delirium, and cognitive impairment. In 

addition, it is hypothesized that there is a role for sleep 

(or lack of sleep quality) in cognitive impairment. 

Dialysis patients often experience sleep disturbances, 

and this can lead to impaired cognitive function during 

the day.11 

Other hypotheses regarding cognitive impairment 

in CKD involve oxidative stress and inflammation. 

Elevated serum levels of free radicals and 

proinflammatory cytokines (interleukin-6 (IL-6), tumor 

necrosis factor (TNF), and IL-1beta) contribute to the 

development of CKD and neuroinflammation. In 

addition, serum levels of neuropeptide Y (NPY), 

parathyroid hormone (PTH), and fibroblast growth 

factor 23 (FGF 23) are generally elevated in CKD and 

promote endothelial dysfunction in the brain 

microcirculation. In contrast, decreased serum 

concentrations of alpha-klotho, the receptor for FGF-

23, are also found in CKD and are associated with 

dementia risk (Figure 3).16  

 

Figure 3. Mechanism of action of several uremic neurotoxins and their interactions with predisposing genetic factors. 
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Old age is the most significant risk factor for 

cognitive impairment in patients with kidney disease. 

Therefore, elderly patients, especially those starting 

dialysis, should be carefully evaluated. It is also 

recommended that individuals with the existing 

cerebrovascular disease be considered for screening. 

Currently, there are no guidelines stating the optimal 

screening test to identify cognitive impairment or 

dementia in elderly patients with CKD. The Montreal 

cognitive assessment can be thought of as a simple 

cognitive examination that is widely used.19 Although 

the Montreal cognitive assessment has not been 

officially validated as a screening test in patients with 

CKD, a small study of hemodialysis patients found 

that Montreal cognitive assessment scores correlated 

well with neurocognitive function. If the patient is 

found to have mild or moderate cognitive impairment 

on screening tests, more detailed neurocognitive 

testing should be considered. Further evaluation may 

include referral to a geriatric medicine specialist or 

neurologist. Neuroimaging, using either computed 

tomography or MRI, should be performed in any case 

with focal deficits, rapid decline, or recent trauma and 

should also be considered in patients with cognitive 

impairment of unknown cause. Cognitive impairment 

was assessed in specific cognitive domains, such as 

attention, memory, visuospatial ability, language 

skills, and executive function.19 

 

Management of cognitive impairment in CKD  

To date, most efforts to prevent or delay cognitive 

impairment in CKD have been very limited. 

Neuropsychological approaches, such as cognitive 

rehabilitation and art therapy, cannot slow the 

progression of cognitive impairment. This is because 

this approach does not eliminate the organic causes of 

this disorder. At the heart of any strategy aimed at 

reducing CKD-related cognitive impairment lies 

prevention. Thus, the focus should be on the 

pathophysiological mechanisms underlying the 

development and progression of cognitive impairment. 

Traditional CVD risk factor control, including the 

management of dyslipidemia, hypertension, and 

hyperglycemia, has beneficial effects on cognitive 

function.12,20 

CKD patients have cerebral hemodynamic changes, 

which are likely to be the main cause of cognitive 

impairment. In addition to cerebrovascular causes, 

other potential mechanisms, such as endothelial 

toxicity from the uremic state, may also be involved in 

cognitive impairment in CKD patients. In addition, the 

mechanisms associated with purine nucleotides, 

oxidative stress, and FGF23 are still in the early stages 

and need further research in the future. Current 

treatment options for CKD with cognitive impairment 

are aimed at common risk factors, including ACEIs 

and ARBs, SGLT-2 inhibitors, GLP-1 RA, and DPP-4 

inhibitors. Other interventions, such as erythropoietin 

compensation (EPO) and reduction of inflammation 

and oxidative stress, can help improve patients' 

clinical symptoms.21,22 

 

Anti-anemic drugs 

The use of recombinant human EPO (rHuEPO), 

which has been established as the standard therapy 

for CKD-associated anemia, has shown 

neuroprotective effects. In a study evaluating the 

impact of rHuEPO on kidney damage and anemia in 

mice with CKD, treatment with rHuEPO not only 

improved anemia but also significantly decreased the 

expression of BACE1, presenilin-1, Aβ, and lipid 

peroxidation. In addition, rHuEPO use was associated 

with improved neuropsychological test scores and 

sensorimotor and cognitive function. Therefore, 

rHuEPO can be considered an effective 

neuroprotective agent in the context of CKD-

associated cognitive dysfunction.22 

 

Renin-angiotensin system inhibitors 

Renin-angiotensin system (RAS) plays an 

important role in the pathogenesis of CKD. Uremic 

toxins can induce the production of RAS metabolites 

in the central nervous system (CNS). As a result, 

excess angiotensin-II in the brain can cause oxidative 

stress leading to cognitive dysfunction. Several studies 

have suggested that treatment with ARBs is associated 
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with a lower risk of cognitive decline in dementia or 

Alzheimer's disease. Treatment with the angiotensin II 

receptor blocker telmisartan was shown to prevent 

spatial memory impairment by reducing brain 

oxidative DNA damage and lipid peroxidation and 

reducing cognitive impairment in a mouse model of 

CKD, strengthening the hypothesis that brain RAS is 

activated in CKD and might contribute to cognitive 

decline. Application of ACEI in a nephrectomy mouse 

model suppresses tyrosine nitrate production, 

oxidative stress, and ROS-NO interactions in the 

cerebral cortex. In general, classical treatment 

strategies aimed at controlling vascular risk factors, 

such as ACEs or ARBs, can improve cognitive 

function.23,24 

 

Anti-inflammatory agents 

Inflammation is known to be associated with the 

development of CKD. Recent studies have found that 

peripheral inflammation can significantly contribute 

to central inflammation in different disease settings. 

Intestinal microbiota-mediated peripheral 

inflammation can induce central inflammation in 

transgenic mice. Therefore, the inhibition of CKD-

associated peripheral inflammation to prevent 

cognitive impairment is attracting much attention. For 

example, elevated uric acid may modulate the NLR 

pyrin domain-containing protein 3 (NLRP3)/IL-1β-

related pathway by ROS activation and consequently 

cause vascular endothelial cell damage, which is 

closely associated with micro-inflammation, oxidative 

stress, and impaired lipid metabolism in the early 

stages of CKD.25 

 

Anti-diabetic drugs 

Type 2 diabetes mellitus (DMT2) is a major cause 

of CKD. The use of sodium-glucose cotransporter-2 

(SGLT-2) inhibitors and glucagon-like peptide-1 (GLP-

1RA) receptor agonists have been shown to correlate 

with a reduced risk of cardiovascular and renal events. 

Previous studies have shown that SGLT-2 inhibitors 

have strong neuroprotective properties. In clinical 

trials of patients with T2DM, this agent has been 

shown to reduce albuminuria and proteinuria by 30-

50%. Meanwhile, an SGLT2 inhibitor was detected in 

the central nervous system, and empagliflozin has 

been shown to reduce the amyloid load in the cortical 

regions of APP/PS1xd/db rats. Empagliflozin has a 

beneficial effect on cognitive function, which may be 

related to an increase in neurotrophic factors in the 

brain. Other SGLT2 inhibitors, such as canagliflozin 

and dapagliflozin, have been shown to have AChE 

inhibitory activity.26 

Dipeptidyl peptidase-4 (DPP-4) inhibitors are well 

tolerated in T2DM patients with CKD and may reduce 

major risk factors for diabetic nephropathies, such as 

hyperglycemia and albuminuria. Preclinical and 

clinical studies have shown that DPP-4 inhibitors can 

exert a significant pleiotropic effect in CKD. 

Linagliptin, a DPP-4 inhibitor, has shown beneficial 

effects in protecting against the occurrence or 

progression of cognitive decline and/or reducing the 

risk of cognitive impairment or dementia.27 

 

Anti-vascular calcification 

Vascular calcification can induce renal dysfunction 

through high phosphate levels in a CKD mouse model 

with nephrectomy. HMGB-1, a DNA-binding protein 

involved in inflammation, was recently identified as a 

proinflammatory mediator of tissue injury. A cross-

sectional study revealed that HMGB-1 was 

significantly increased in CKD patients and correlated 

with glomerular filtration rate. Another study 

demonstrated that HMGB1 is involved in CKD-

associated vascular calcification through a 

mechanism involving catenin.28 

 

Other treatments  

Klotho, as an anti-aging protein primarily 

expressed in the kidney, is significantly associated 

with the development of CKD. Klotho deficiency causes 

white matter hyperintensity, micro bleeding, 

microinfarction, and cerebral atrophy through chronic 

inflammation, endothelial dysfunction, and vascular 

calcification. Therefore, changes in klotho levels may 

play a role in the development of cognitive impairment 
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in CKD patients. Recombinant klotho protein may be 

a hope of treatment or prevention for CKD with 

cognitive impairment in the near future.29 

 

2. Conclusion 

Patients with CKD are at a higher risk for 

developing cognitive impairment, with elderly patients 

being at the highest risk. Control of CVD risk factors, 

as recommended by current standards of care, is an 

action that can be taken to limit the development of 

cognitive impairment.  
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