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Abstract

Background: Cognitive impairment is common in patients with chronic kidney disease
(CKD), and early intervention may prevent the progression of this condition.

Methods: Here, we review interventions for the complications of CKD (anemia, second-
ary hyperparathyroidism, metabolic acidosis, harmful effects of dialysis, the accumulation
of uremic toxins) and for prevention of vascular events, interventions that may potentially
be protective against cognitive impairment. Furthermore, we discuss nonpharmacological
and pharmacological methods to prevent cognitive impairment and/or minimize the lat-
ter's impact on CKD patients' daily lives.

Results: A particular attention on kidney function assessment is suggested during work-
up for cognitive impairment. Different approaches are promising to reduce cognitive bur-
den in patients with CKD but the availabe dedicated data are scarce.

Conclusions: There is a need for studies assessing the effect of interventions on the cog-

KEYWORDS

INTRODUCTION

Chronic kidney disease (CKD) is a major public health issue that af-
fects >10% of the world's population. Previous studies have shown
that relative to the general population, individuals with CKD have
a substantially greater risk of developing cognitive impairment (Cl)
[1-3]. The prevalence of Cl among people with CKD ranges from
10% to 40%, depending on the definition and assessment of Cl and
the CKD stage [4]. In older CKD patients (aged 266 years) on hemo-
dialysis (HD), the lifetime risks of incident dementia and Alzheimer
disease (AD) were estimated to be ~20% and ~4%, respectively [5].
Although a low estimated glomerular filtration rate (€GFR) and al-
buminuria are both risk factors for the development of Cl, changes
affecting cognitive function can occur early in the course of CKD
[2]. When HD patients undergo systematic cognitive testing, the
prevalence of normal cognitive function is typically very low.
Physicians (and especially nephrologists, neurologists, and geria-
tricians) may have to confront this problem in their daily clinical
practice. Cl is common among individuals with CKD and is charac-
terized by a range of symptoms and features, including memory, at-
tention, and executive function deficits. Symptoms such as slowed
processing speed, memory impairment, challenges with attention
and concentration, and language and communication difficulties
are frequently observed in this population [2, 6]. Diagnosis ap-
proaches for Cl differ between patients with CKD and the normal

nitive function of patients with CKD.

chronic kidney disease, cognition, dialysis, glomerular filtration rate, vascular risk factors

population, as CKD patients may require specialized assessment
tools to evaluate cognitive function, and contributing factors such
as vascular issues, electrolyte imbalances, and uremic toxins need
to be assessed. Likewise, treatment approaches for Cl differ be-
tween patients with CKD and the normal population, considering
that the primary focus is on effectively managing and slowing down
the progression of kidney disease, while adjusting medication dos-
ages based on kidney function, addressing contributing factors
specific to CKD, and considering dialysis-related considerations
are important. In the present narrative review, a multidisciplinary
working group addressed the assessment of kidney function in pa-
tients with Cl, therapeutic strategies for reducing the CI burden
(whether related to CKD per se and its complications or to vascu-
lar factors) in patients with CKD, nonpharmacological options, and
pharmacological strategies for treating neurocognitive disorders in
patients with CKD.

Assessment of kidney function in patients with CI

The prevalence of Cl is 3 or 4 times greater in patients with CKD,
especially those with end-stage kidney disease (ESKD) than in the
general population [2, 7, 8]. Screening and identifying CKD in cog-
nitively impaired subjects might have beneficial effects on either

kidney function or cognitive function through multidisciplinary care.
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For a diagnosis of CKD, several functional or structural crite-
ria must have been present for >3 months. Patients with an eGFR
<60mL/min/1.73m? or with albuminuria (urine albumin/creatinine
ratio > 30mg/g or urine albumin =30 mg/day), hematuria (>10 eryth-
rocytes in microscopic examination), or other structural abnormali-
ties (e.g., polycystic kidney disease) and kidney transplant patients
are classified as having CKD [9] (Figure 1).

The Kidney Disease-Improving Global Outcomes (KDIGO) expert
group recommends using serum creatinine (SCr) or cystatin C-based
equations for the initial estimation of the GFR. In 2009, the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation re-
placed the Modification of Diet in Renal Disease equation because
it was more accurate in adults [10]. The recent 2021 CKD-EPI equa-
tion no longer requires information on race to estimate GFR [11]. The
European Kidney Function Consortium developed a SCr-full-age spec-
trum equation that also shows interesting performance in the European
population [11, 12]. However, SCr-eGFR equations may be inaccurate,
especially in patients with low lean mass, which is common in older
adults. Equations that combine SCr and serum cystatin C values may
be more accurate in such a context. To circumvent these limitations
and when greater accuracy is required, the GFR can also be measured
directly (e.g., using iohexol-based methods) [13]. Albuminuria is associ-
ated with a greater risk of kidney function decline. The literature data
suggest that greater albuminuria (which is often missed, as it is not reg-
ularly assayed) is associated with a higher risk of mild cognitive impair-
ment (MCI) or dementia; this observation strengthens the link between
the kidney and the brain [14]. The spot urine albumin/creatinine ratio is
acknowledged to be the best screening test; albuminuria is confirmed
if the value is 230mg/g (23 mg/mmol). Twenty-four-hour urine collec-
tion is a cumbersome procedure but constitutes the gold standard for

measuring albuminuria and quantifying total protein excretion.

4

tatin C

urine albumin/
creatinine ratio

The GFR appears to decline by approximately 1mL/
min/1.73m? per year after the 4th decade of life [15]. Whether
this decline is a harmless consequence of aging or has implications
for health is still subject to debate. Various researchers have sug-
gested that not considering the age-related fall in GFR might lead
to the erroneous diagnosis of CKD in some older patients. This
is an important issue, given that most of the patients with Cl are
aged 65years or older. A recent population-based cohort study
of 208,341 adults showed that age adjustment minimized the in-
clusion of healthy older adults in CKD cohorts [16]. In contrast,
KDIGO does not recommend using different thresholds for the
diagnosis of CKD in older patients [17]. The KDIGO guidelines are
based on the results of a meta-analysis covering 2,051,244 people
over the period 1972-2011, where the risks of death and ESKD
risks were higher at a lower eGFR and a higher albuminuria value
in every age category. Therefore, the utility of changing the eGFR
threshold for the diagnosis of CKD in older patients warrants fur-
ther investigation.

The early referral of CKD patients to a nephrologist >16 weeks
before the initiation of renal replacement therapy is known to be
beneficial for reducing the mortality rate [18]. According to the
KDIGO guidelines, patients meeting one of the following criteria
should be referred to a specialist kidney care service: acute kidney
injury, eGFR <30/mL/min, rapid progression of CKD (eGFR decline
>5mL/min/1.73 m2/year), severe albuminuria (urine albumin creati-
nine ratio >300mg/g), urinary sediment abnormalities (urine red cell
casts >20), treatment-refractory hypertension, recurrent or exten-
sive nephrolithiasis, and hereditary kidney disease [19]. Screening
for CKD is suggested to be cost-effective in patients with diabetes
or hypertension and in populations with higher incidence of CKD,
such as older adults [20].

estimated glomerular
filtration rate (eGFR)

CKD EPI
. MDRD

eGFR >60
mbL/min/1.73 m?

[uACR >30 mglg
(3 mg/mmol)

[eGFR <60 mL/min/1.73 m? ]

diagnosis of
CKD

FIGURE 1 Diagnosis of chronic

kidney disease. CKD, chronic kidney
disease; CKD EPI, Chronic Kidney Disease
Epidemiology Collaboration; MDRD,
Modification of Diet in Renal Disease.
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Treating CKD and its complications, with a view to
preventing Cl

Anemia and iron deficiency

Anemia is common in CKD and is associated with a greater inci-
dence of stroke and Cl [21]. Cause-and-effect relationships are
difficult to assess, because it is not clear whether anemia affects
cognition directly (perhaps through decreased perfusion/oxygen-
ation) and/or indirectly (by increasing the risk of cerebrovascular
events, including stroke) or whether it is simply a sign of a higher
risk phenotype for comorbid conditions, including Cl. In patients
with CKD, the correction of anemia from low values (<9 g/dL) im-
proves several aspects of quality of life (including breathlessness
and physical performance), which in turn may be beneficial for
cognitive function.

Unfortunately, treatment with erythropoiesis-stimulating
agents (ESAs) appears to be complex and may potentially be harm-
ful (with a greater risk of stroke) if the hemoglobin target thresh-
old is too high (13.5g/dL) [22]. The neuroprotective effect of ESAs
is associated with biological activities (e.g., preservation of the
blood-brain barrier's activity, neurotrophic effects) other than
the hematocrit or blood hemoglobin level per se. This property
was shown to persist in a rodent model treated with a noneryth-
ropoietic cytokine (asialoerythropoietin, a recombinant human
erythropoietin that did not increase the hematocrit) [23]. There
are currently no data to recommend a target level of hemoglobin
for reducing the risk of incident Cl in patients with CKD. KDIGO
estimates that it is reasonable to use ESA therapy to maintain
hemoglobin values of between 10 and 12g/dL; the exact target
value in this range is chosen as a function of the patient's comor-
bidities [24].

Hypoxia-inducible factor prolyl hydroxylase enzyme inhibitors
are a new class of drugs for treating anemia in both nondialysis and
dialysis patients and have already been approved in some coun-
tries (e.g., Japan and China). These inhibitors mimic the human re-
sponse to hypoxia and thus induce the expression of a wide range
of genes. In the central nervous system, neuroprotective hypoxia-
inducible factors are involved in neurogenesis, nerve cell differ-
entiation, neuronal apoptosis, and oxidative stress reduction. The
potential benefits of these drugs on stroke or MClI require further
investigation [25].

Iron deficiency anemia is frequent in patients with CKD.
Symptoms like fatigability, cold intolerance, inability to concentrate,
and effort intolerance are often attributed to anemia or uremia.
However, it is rarely recognized that iron deficiency per se can also
cause these symptoms. Iron has an important role in neurotransmit-
ter synthesis, uptake, and degradation. The results of some stud-
ies have suggested that iron supplementation has an effect on the
improvement of cognitive performance, independently of anemia
correction [26]. Dedicated studies on the link between iron defi-
ciency and cognitive dysfunction in patients with CKD are lacking.
Nevertheless, investigators recently observed that serum levels of

iron storage biomarkers (such as transferrin saturation index and fer-
ritin) are associated with cardiovascular events, all-cause mortality,
and worse health-related quality of life in nondialyzed patients with
CKD (either with or without anemia) [27].

Hyperparathyroidism and vitamin D deficiency

An inverse correlation between higher serum parathyroid hormone
levels and poorer cognitive function has been observed in the gen-
eral population, although the level of evidence was variable [28].
Secondary hyperparathyroidism can potentially interfere with neu-
rotransmission by increasing calcium levels in the brain; hence, con-
trolling secondary hyperparathyroidism with calcimimetics might
help to improve cognitive function [29]. According to a recent study
that assessed the risk of dementia in older patients (age = 66years)
with secondary hyperparathyroidism (SHPT), it was found that treat-
ment for SHPT was linked to a 42% lower risk of dementia compared
to untreated SHPT patients (adjusted hazard ratio=of 0.58, 95%
confidence interval=0.56-0.59) [30].

Although patients with CKD often have vitamin D deficiency,
supplementation should be initiated with caution and with regard
to parathyroid hormone levels. Vitamin D has neuroprotective and
regulatory activities in the central nervous system. A meta-analysis
by Balion et al. [31] showed that a serum 25-hydroxyvitamin D level
of <20ng/mL is associated with poorer cognitive performance.
However, studies of the putative long-term effects of native vitamin

D supplementation on cognitive function in CKD are lacking.

Dialysis modalities

The dialysis modality has been implicated in the development of
Cl. HD (particularly with a higher blood flow rate) results in rapid
hemodynamic shifts, which in turn are associated with brain injury.
Moreover, HD sessions may be responsible for wide swings in blood
pressure (BP), and intradialytic hypotension might contribute to is-
chemia and cerebral atrophy [32]. Initiation of HD in patients older
than 65years was associated with an average 10% fall in cerebral
blood flow and a decline at every measured site in the brain [33].
Moreover, greater decreases in cerebral blood flow were associ-
ated with worse cognitive function, together with the progression
of white matter disease on magnetic resonance imaging (MRI) [34].
Peritoneal dialysis (PD) supposedly generates gentler fluid shifts
than HD and does not usually require the administration of antico-
agulants. In principle, PD does not expose the patient to recurrent
hypotension and so should be associated with less frequent and less
severe brain damage. However, there are no published data on cer-
ebral blood flow in patients during PD. The hypothesis whereby PD
preserves cognitive function (relative to HD) is supported by obser-
vational studies [35].

Because higher dialysate temperatures, ultrafiltration rates,
and volumes are associated with lower cerebral blood flow [32,
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34], the maintenance of stable cerebral blood flow during dialy-
sis might help to protect cognitive function. Dialysate cooling is
one of the inexpensive, simple, and beneficial interventions for
slowing Cl by partially preventing the decrease in brain blood flow
and repetitive brain injury that occur during HD sessions [32, 34].
Using diffusion tensor MRI, significant brain white matter changes
were observed in a “warmer dialysate” (37°C) group but not in a
“cooler dialysate” group (0.5°C below the core body temperature)
1year after the initiation of dialysis treatment [36]. A randomized
controlled trial (RCT) found that cool dialysate was associated
with less baroreflex variability and less intradialytic hypotension,
and a systematic review and meta-analysis showed that cooling
the dialysate leads to a 70% reduction in intradialytic hypotension,
a reduction that could be improved further by lengthening the
HD session [37]. There is no direct evidence of an improvement
in cognitive function with longer or more frequent HD sessions,
although some studies have observed an improvement in quality
of life and physical performance (especially with nocturnal HD)
[38]. Hence, nocturnal HD or the use of cooled dialysate might be
promising methods for reducing the impact of HD on the patient's

neurocognitive functions and quality of life.

Uremic toxin removal

Uremic toxins are harmful compounds that accumulate in the body
as kidney function declines. Some toxins (such as indoxyl sulfate)
appear to be linked to the higher prevalence of cerebrovascular
manifestations in patients with CKD. The putative effect of drugs
that modulate uremic toxin concentrations (e.g., the administra-
tion of intestinal chelators) on neurological outcomes has yet to
be assessed in robust, well-designed clinical trials [39]. Hence,
it remains to be seen whether new dialysis techniques or better
methods for removing protein-bound uremic toxins might reduce
the neurologic signs and symptoms that frequently affect patients
on HD [39].

Electrolyte abnormalities and acid-base metabolism

Electrolyte disturbances (especially hyponatremia) are more frequent
in patients with CKD than in the general population. Hyponatremia
is independently associated with cognitive performance in CKD pa-
tients on PD [40]. The plasma sodium level was also found to be
associated with depressive symptoms and Cl in HD patients [41].
Moreover, it is possible that the metabolic acidosis that character-
izes patients with CKD has an effect on cognitive ability, although
there are currently few studies on this subject [42]. What is surpris-
ing, however, is the lack of correlation between the prevalence of
MCI and that of metabolic acidosis, especially in the later stages of
CKD [43]. The central nervous system might therefore operate an
effective buffering system that prevents large changes in pH and
mitigates the latter's cellular effects.

Sleep disturbances and depression

Sleep disturbances and/or depression are frequent in patients with
CKD. Both of these conditions have negative effects on cognitive
performance [44]. Sleep-disordered breathing, commonly known as
sleep apnea, is widely prevalent among individuals with CKD and has
been observed to impact cognitive testing in CKD patients, leading
to detrimental effects on cognitive functioning [45, 46]. The glym-
phatic (paravascular) pathway clears waste from the central nervous
system. The glymphatic clearance of waste products occurs primar-
ily during sleep and is altered by depression and neuroinflamma-
tion [47]. Given the endothelial dysfunction and the relatively high
incidence of sleep alterations and depression observed in CKD, it
is likely that glymphatic fluid transport is suppressed and that po-
tentially neurotoxic waste products accumulate in the brain [47].
The evidence base for improving sleep quality and related outcomes
using medications such as benzodiazepines, melatonin, and dopa-
minergic agonists for adults with CKD is sparse. Most of the trials
included in a recent Cochrane review reported no difference in sleep
quality among the comparison groups. Similarly, pharmacological in-
terventions for depression in CKD or ESKD patients did not show
convincing efficacy in reducing depressive symptoms [48]. However,
psychological interventions such as cognitive-behavioral therapy
are more promising [49].

Therapeutic strategies for preventing Cl associated
with vascular factors

Patients with CKD have an increased risk of poor cerebrovascular
outcomes (including ischemic and hemorrhagic stroke, vascular ClI,
and dementia) and are also more susceptible to common cardiovas-
cular and cerebrovascular risk factors (such as hypertension, diabe-
tes mellitus, atrial fibrillation, uremia, oxidative stress, and mineral
and bone disorders). However, it is important to note that antiplate-
let treatment or oral anticoagulation is not recommended with the
sole objective of preventing cognitive decline in patients with CKD.
There is a lack of RCTs specifically focused on preventing cerebro-
vascular complications in CKD populations, and most of the avail-
able data on drug treatments are derived from post hoc or subgroup
analyses conducted within studies that primarily examined other
endpoints.

Antiplatelet agents

An RCT on patients with stage 3b-5 CKD did not find a significant
benefit (with regard to stroke) of taking 75mg acetylsalicylic acid
daily. However, subgroup analyses showed that cardiovascular
events (including stroke) were significantly less frequent in patients
with an eGFR < 45mL/min/1.73m? treated with acetylsalicylic acid
[50]. A meta-analysis of trials evaluating the efficacy of antiplate-
let therapy on the cardiovascular risk in high-risk patients (including
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those with ESKD) showed that acetylsalicylic acid reduced the in-
cidence of major cardiovascular events (including nonfatal stroke)
in HD patients by 41% (risk ratio=0.59, 95% confidence inter-
val=0.40-0.89), although this benefit was outweighed by the risk
of additional major bleeding [51]. The bleeding risk associated with
antithrombotic agents increases as kidney function decreases, es-
pecially when the antiplatelet agents are combined with oral anti-
coagulants [52]. The recently published results of the ASPREE trial
(comparing 100mg of enteric-coated acetylsalicylic acid daily with
placebo for the prevention of dementia, persistent physical disabil-
ity, or death in community-dwelling older adults in Australia and the
United States) were disappointing and showed no benefit in the com-
posite endpoint in CKD and non-CKD groups [53]. Treatment with
clopidogrel (as an add-on to acetylsalicylic acid) has no clear benefit
in CKD; this is probably due to the high prevalence of clopidogrel
resistance (up to 50%-80% in patients with ESKD). RCTs and large
cohort studies of CKD populations have failed to show a beneficial
effect of clopidogrel on stroke risk [54]. In Europe and the United
States, the guidelines issued by KDIGO, the UK National Institute for
Health and Care Excellence, and the American Heart Association/
American Stroke Association recommend the use of acetylsalicylic
acid only for the secondary prevention of stroke in CKD [55]. Recent
published data suggested a beneficial effect of acetylsalicylic acid in
primary prevention of cardiovascular disease in people with moder-
ate to advanced stage CKD [56].

Oral anticoagulants

Use of oral anticoagulation is beneficial for stroke prevention in indi-
viduals with atrial fibrillation, in either the general population or pa-
tients with moderate CKD. However, high-quality randomized data
in patients with advanced CKD or ESKD are lacking. Observational
studies of patients on dialysis have shown that the risk of stroke or
systemic embolism is lower in individuals receiving warfarin than
in individuals not receiving antithrombotic drugs. In ESKD, the in-
cidence of major bleeding was lower for patients on apixaban than
for patients on warfarin. However, these observational studies had
some major limitations, such as selection bias and confounding by in-
dication. Ameta-analysis that included observational studies showed
that the incidence of major bleeding was higher in dialysis patients
on oral anticoagulants than in patients not taking anticoagulants
[57]. Warfarin is also associated with calciphylaxis, a vascular cal-
cification syndrome probably due to a warfarin-induced deficiency
in vitamin K-dependent calcification inhibitors. Use of warfarin in
this setting may thus be hard to justify for most patients with KD.
Direct oral anticoagulants (DOACs) appear to have more favorable
safety and efficacy profiles in CKD, relative to vitamin K antagonists.
A meta-analysis of 11 trials demonstrated the superiority of high-
dose DOACs over vitamin K antagonists with regard to stroke and
all-cause mortality in patients with CKD and a creatinine clearance
rate > 25mL/min [58]. However, a recent report on the international
CKDopps cohort found a low prescription rate for DOACs (relative

to warfarin) in CKD stage 3-5 patients [59]. The use of DOACs also
appears to be effective and safe (with fewer bleeding complications)
in patients with ESKD [60, 61]. It should nevertheless be noted that
(i) the various DOACs differ with regard to their renal elimination,
(i) dose adjustment is probably necessary, and (iii) DOACs are often
compared with warfarin only. In a recently published observational
study, apixaban was not associated with a lower incidence of stroke
in dialysis patients (relative to no anticoagulation) but was associated
with a higher incidence of fatal or intracranial bleeding [62]. KDIGO
does not recommend the routine initiation of anticoagulation for
protection against embolism in patients with ESKD [63]. A new ver-
sion of these guidelines is currently open to public discussion.

BP-lowering treatments

Several studies of the general population have shown that antihy-
pertensive therapies and BP control are effective in reducing the
incidence and/or delaying the progression of cognitive decline [64].
However, data on the effect of BP-lowering drugs on cognition in
patients with CKD are scarce. The KDIGO 2021 Clinical Practice
Guideline on the Management of Blood Pressure in CKD has rec-
ommended a systolic BP target of <120mmHg in CKD for primary
and secondary prevention (when tolerated), using standardized of-
fice BP measurements. This recommendation was influenced by a
subgroup analysis of the results of SPRINT (Systolic Blood Pressure
Intervention Trial), in which targeting a systolic BP of <120mmHg
(compared with <140mmHg) was associated with lower rates of
major cardiovascular events and all-cause death in patients with
CKD [65]. The optimum BP target in ESKD has not been determined,
and it remains to be seen whether some classes of antihypertensive
drugs are more beneficial than others for cognitive outcomes. In a
recently published retrospective cohort study of 21,208 patients
in the Taiwan nationwide database with 11years of follow-up, an-
giotensin receptor blockers exerted a significant protective effect
(hazard ratio=0.578, 95% confidence interval=0.520-0.643) on
the incidence of dementia in hypertensive patients with CKD [66].
Angiotensin-converting enzyme (ACE) inhibitors and angiotensin re-
ceptor blockers might help to limit cognitive decline through BP con-
trol, albuminuria reduction, or other beneficial effects on vascular
health [4, 14]. The controversial issue here is that brain ACE also cat-
abolizes cognition-enhancing brain peptides and amyloid peptides;
for example, it converts toxic Ap42 into less toxic AB40. Therefore,
an association between ACE inhibitors and a greater long-term Ap42

brain burden cannot be ruled out [67].

Lipid-lowering drugs

The efficacy of statin therapy for the primary prevention of stroke
in patients with CKD was demonstrated in the SHARP (Study
of Heart and Renal Protection) trial; the risk of ischemic stroke
was 25% lower in CKD patients treated with a combination of
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simvastatin and ezetimibe [68]. However, statins have little or
no beneficial effect on stroke or other cardiovascular events in
dialysis patients, despite the observation of a clinically relevant
reduction in serum cholesterol levels [69]. KDIGO recommends
statin/ezetimibe treatments in adults 250years old with an eGFR
<60mL/min per 1.73m? without renal replacement therapy; it is
also suggested in dialysis patients if initiated before dialysis start
and in kidney transplant recipients if well tolerated [70]. The
statins' impact on cognitive functions has not been clearly deter-
mined, and the results of RCTs and well-conducted observational
studies do not support a causal effect of late-life statin use on
the prevention of cognitive decline [71]. Studies with a focus on
CKD are scarce, and the few such studies had small sample sizes. A
monoclonal anti-PCSK9 antibody (evolocumab) was found to have
no effect on cognition in the EBBINGHAUS study, an ancillary
study to the FOURIER trial that included approximately 16% of the
total number of patients with an eGFR <60 mL/min/1.73m? [72].

Antidiabetic agents

In people with diabetes, the pathophysiology of cognitive decline
can involve several interrelated factors. Both hyperglycemia and
hypoglycemia have detrimental effects on cognition [73]. There
are few data on a putative beneficial effect on cognition of gly-
cemia control, even though some interventions are known to
improve kidney-related outcomes (e.g., albuminuria). The results
of preclinical studies of antidiabetic agents have suggested that
these drugs have neuroprotective effects, although the clinical
results on cognition are conflicting. SGLT-2 inhibitors were associ-
ated with a lower risk of major adverse cardiac events (particularly
heart failure) in diabetic or nondiabetic patients with CKD but not
with a lower risk of stroke [74]. There are other examples for an-
tidiabetic drugs with pleiotropic effects that may confer benefits
in cognition. Among them, pioglitazone, a synthetic ligand of per-
oxisome proliferator-activated receptors, and liraglutide, a GLP-1
receptor agonist, have shown neuroprotective effects by dimin-
ishing the cognitive decline in experimental and observational
studies in humans [75, 76]. Future clinical studies of antidiabetic
agents and cognitive function might benefit from measuring albu-
minuria and kidney function [73].

Nonpharmacological interventions

Lifestyle modifications may help to prevent Cl in both the gen-
eral population and patients with CKD. These modifications might
be easier to achieve and safer in late-stage CKD, when compared
with the already high drug burden and elevated risk of adverse drug
reactions in these patients. To date, several nonpharmacological
approaches have demonstrated their potential to reduce CI or mini-
mize its effects on daily functioning and well-being in patients with
chronic diseases.

Physical activity

In healthy subjects, neuronal plasticity is accentuated by physical ac-
tivity (PA) via various phenomena: (i) neurotrophic signaling through
an increase in the production of brain-derived neurotrophic factors;
(ii) neurogenesis, as animal studies have demonstrated that PA in-
creases neurogenesis in the dentate gyrus of the hippocampus; and
(iii) a reduction in levels of proinflammatory/pro-oxidant factors.

The literature data emphasize that PA is one of the most appro-
priate nonpharmacological tools for preventing cognitive decline.
The key role of PA has been demonstrated by several meta-analyses
in which exercise improved attention, processing speed, memory,
working memory, and executive function and protected against cog-
nitive decline [77, 78]. Approaches such as aerobic exercise training
and resistance training were associated with better cognitive perfor-
mance and related outcomes in adults with MCI, stroke, traumatic
brain injury, or other neurological disorders [79, 80]. However, some
of these research studies were limited by poor methodological qual-
ity and a high risk of various types of bias, and so well-designed,
larger studies are now needed to accurately determine the effec-
tiveness of the aforementioned interventions [80].

The impact of exercise on cognitive function in patients with
CKD remains uncertain, and there is a scarcity of published data
in this area. In a small-scale, nonrandomized study of a population
of dialysis patients, exercise training was associated with better
cognitive function (as judged by the Modified Mini-Mental State
Examination score) [81]. Similarly, a small pilot RCT in HD patients
showed that intradialytic aerobic training three times per week for
4 months led to significant improvements in cognitive function and
basilar blood flow velocity [82]. Preliminary findings from another
pilot RCT indicated that cognitive decline in psychomotor speed and
executive function (as assessed with the Modified Mini-Mental State
Examination and the Trail Making Test) might be prevented by intra-
dialytic cognitive and exercise training [83]. Another 6-month, ran-
domized, multicenter trial looked at whether a simple, home-based,
personalized walking exercise program could improve functional
status in adult patients on dialysis; the self-reported cognitive func-
tion and quality of social interaction scores were dramatically higher
in the exercise arm than in the control arm [84]. In contrast, a recent
RCT designed to probe the possible effects of a home-based exer-
cise program on physical functioning and health-related quality of
life in PD patients did not find any significant differences in cognitive
function between the exercise group and the standard of care group
[85]. In a study of a small number of nondialyzed patients with CKD
stage 3-4, a 24-week exercise program was associated with better

memory function in older adults [86].
Cognitive stimulation
Cognitive training is another promising nonpharmacological inter-

vention for slowing the decline in executive function. Attention

process training and computerized cognitive training are efficacious
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in improving performance in neurocognitive tests in the labora-
tory; however, the interventions' effects on real-world functioning
are less clear [87]. Cognitive rehabilitation interventions (including
problem-solving training and memory notebook training) have given
positive results in diverse clinical populations, such as people with
AD, MCI, acquired brain injury, and other chronic medical conditions
affecting cognitive function [87, 88]. In the FINGER RCT, a multid-
omain intervention that included cognitive training showed a benefi-
cial effect on cognitive functioning at 2years [89].

Interventions that combine cognitive and physical stimulation
are promising for preserving cognition in patients with ESKD. An
RCT is currently looking at whether intradialytic combined cogni-
tive and exercise training can efficaciously preserve cognitive health
[90]. One can assume that stimulation of this type improves cogni-
tive performance by reducing depressive symptoms and improving
quality of life [44].

Although several nonpharmacological approaches are available,
it is unfortunate that very few studies have focused on or reported
on cognitive outcomes in patients with CKD. Further research is
needed to evaluate the potential benefits of nonpharmacological
interventions, such as healthy diet (i.e., Mediterranean diet) [91] and
dietary interventions like low-protein diets, on gut-derived uremic
toxins in CKD patients [92].

Pharmacological interventions

The use of certain drugs may have an (indirect) adverse effect on
cognitive function in patients with CKD. The latter have a substantial
comorbidity burden, which often results in polypharmacy [93]. Some
drugs frequently taken by patients with CKD (such as antidepressants,
benzodiazepines, opiates, and drugs with anticholinergic properties)
are known to aggravate cognitive disorders or to induce dizziness, se-
dation, confusion, and delirium. Specific risk scales have been devel-
oped for assessment of the anticholinergic medication burden in older
adults [94]. A post hoc analysis of the ASPREE study (which included
25% of patients with CKD) observed that anticholinergic burden was
associated with cognitive decline during 5years of follow-up [95].
Drugs indicated in cases of AD dementia (or for some drugs in
cases of Parkinson disease dementia or Lewy body dementia) include
cholinesterase inhibitors (ChEis; donepezil, galantamine, and rivastig-
mine) and an N-methyl-D-aspartate receptor antagonist (memantine;
Table 1). All of the ChEis were efficacious (vs. placebo) for cognitive
performance and activities of daily living in patients with AD [96]. In
vascular Cl, these drugs are not recommended, because the effects
were modest and severe adverse events were observed [97]. Data
from the Swedish Dementia registry onlong-term effects of ChEi treat-
ment showed that the associated cognitive benefits were modest but
persisted over time and were associated with a lower mortality rate.
Another study in Sweden found that ChEi use was associated with a
lower risk of myocardial infarction and death in a nationwide cohort
of people diagnosed with AD [98]. Unfortunately, these studies did
not provide specific information on kidney function. A causal effect

of ChEis remains to be demonstrated, especially because cardiac ad-
verse events are associated with the use of ChEis and memantine [99,
100]. The choice of a drug is more difficult in patients with impaired
renal function, because few studies have addressed the issue of dose
adjustment (Table 1). In the absence of studies in a CKD setting, the
drug treatment should be selected on a patient-by-patient basis, and
according to the most likely underlying etiology (in that sense, fluid or
imaging biomarkers of amyloidosis and neurodegeneration might help
for a more accurate diagnosis and treatment). CKD is another reason
for improving the safety of drug dispensation (by a close relative or
a nurse), because patients with CKD are presumably more likely to
experience severe adverse events. Inflammation and autonomic dys-
function are prevalent in CKD and ESKD and contribute to a markedly
greater risk of death. The cholinergic anti-inflammatory pathway is a
vagal neuroimmune circuit that maintains the homoeostatic balance
of inflammatory activity [101]. Ex vivo experiments have shown that
the cholinergic anti-inflammatory pathway is still functional in dialysis
patients with inflammation and autonomic dysfunction. Controlling
inflammation by neuroimmune modulation (including ChEi use and
vagus nerve stimulation) might lead to new treatment options and
might decrease underlying chronic inflammation and thus neuronal
stress in both CKD and dementia [101, 102].

CONCLUSIONS

Patients with CKD have an elevated risk of cognitive decline. We
suggest that kidney function tests should be included in a compre-
hensive assessment of patients presenting Cl, especially in older
individuals. The modification of cardiovascular risk factors and
the correction of complications of CKD (such as anemia, hyperpar-
athyroidism, and the accumulation of uremic toxins) are reasonable
measures that might limit cognitive deterioration. Promoting PA
and cognitive stimulation is a low-risk strategy for slowing cognitive
decline, although evidence of efficacy in patients with CKD is lack-
ing. Future studies should be conducted to examine the relationship
between exercise and cognitive function in individuals with CKD,
while also providing detailed information on the specific cognitive
domains that may be improved. Likewise, robust data on the efficacy
and safety of pharmacological interventions for dementia among pa-
tients with CKD are scarce. The use of drugs with anticholinergic
activity must be carefully evaluated, because these compounds are
associated with an elevated risk of cognitive decline. New dialysis
methods and stimulation of the cholinergic anti-inflammatory path-
way by pharmacological or nonpharmacological means might help to
reduce the cognitive burden in patients with ESKD, although further
research is needed to confirm the potential benefits.
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