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Abstract

In ageing populations, chronic kidney disease (CKD) gets an increasing health problem worldwide. While current
therapy of CKD mostly focusses on kidney function and cardiovascular comorbidity, cognition, which crucially
influences adherence to CKD therapy, is often neglected. Prevalence of cognitive impairment is high in CKD,
ranging from 17% to 87%, depending on CKD severity and cognitive domain affected. In contrast to Alzheimer’s
disease patients, which often show impairment in memory function, CKD patients present with a broader spectrum of
cognitive deficits, namely impairment in executive function, information processing, language and visuoconstruction
which is usually mild in early CKD stages but advances with CKD progression and progression of comorbidities.
Mechanisms underlying cognitive impairment in CKD are discussed and conclusions are derived how cognitive
impairment may be prevented in CKD and, if cognitive deficits are present, how cognitive impairment may be taken

into consideration in patient management.
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Introduction

Due to consistently low birth rates and increasing life expectancy
in industrialized countries [1], age-related diseases like chronic kidney
disease (CKD) get an increasing health problem worldwide [2,3]. CKD
is linked to age-related renal function decline which is accelerated
in comorbid conditions like hypertension, diabetes and obesity
[4,5]. Regarding consequences of CKD, most studies concentrate on
cardiovascular morbidity and mortality [6], while cognitive function,
which is an important determinant of adherence to CKD therapy,
is often overlooked [7]. Cognitive impairment in CKD is getting
an increasingly relevant topic for healthcare systems, since CKD
prevalence worldwide is estimated to be about 12% [8] and cognitive
impairment to affect 17% to 87% of CKD patients, depending on CKD
severity [7,9-15].

Prevalence of Chronic Kidney Disease

CKD is diagnosed by indicators of kidney damage as well as
indicators of decreased kidney function. Kidney damage is revealed by
imaging or proteinuria that is mostly assessed by albumin to creatinine
ratio (ACR) while kidney function is evaluated by glomerular filtration
rate (GFR). GFR is usually estimated (eGFR) using serum creatinine
concentrations by means of different equations of which the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [16]
should be preferred over the Modification of Diet in Renal Disease
(MDRD) equation [17] according to current recommendations by
the National Kidney Foundation-Kidney Disease Outcomes Quality
Initiative (NKF-KDOQI) guideline for evaluation, classification, and
stratification of chronic kidney disease [18]. In specific cases, GFR
should additionally be estimated from serum cystatin to confirm CKD
diagnosis [18]. Based on eGFR and ACR, severity of CKD is classified
according to stages [18]. Stratified by stages, global prevalence of CKD is
3.5% for stage 1 (¢GFR>90 ml/min/1.73 m*+ACR>30), 3.9% for stage 2
(eGFR 60-89+ACR>30), 7.6% for stage 3 (eGFR 30-59), 0.4% for stage
4 (eGFR 29-15) and 0.1% for stage 5 (eGFR<15) [8]. Consequently,
healthcare systems are mostly affected by the rather mild CKD stage
3, which due to an increase in CKD prevalence of 0.4% per year from
the age of 30 years [8] is further highly prevalent in elderly people

with about 35% of people over 70 years suffering from CKD stage 3
[19]. Stage 3 represents an important cutoft for CKD patient care since
these patients should be included in a CKD register and monitored
at least once per year [18]. Early stages of CKD like stage 3 are often
asymptomatic and thus not diagnosed early enough for prevention or
delay of progression to more severe stages [5]. Interestingly, patients
with early stages of CKD already show cognitive impairment [20].
Depending on CKD stage, CKD is frequently associated with prevalence
of cognitive impairment in different domains including executive
function, information processing speed, memory and language, which
range from 17% to 87% [7,9-15].

Prevalence of Cognitive Impairment in Chronic Kidney
Disease

Cross-sectional studiesareable to evaluate the prevalence of cognitive
impairment in CKD. However, it is also of high clinical relevance to
understand mutual links between CKD and cognitive impairment to
develop strategies that allow us to prevent or delay cognitive decline.
For that purpose, longitudinal studies are needed. So far, the majority
of longitudinal studies reported decline in cognitive performance in
CKD patients [21]. Unfortunately, in most of the previously published
longitudinal studies, the association between CKD and cognitive
performance over time was not the primary focus, thus participants
were recruited outside hospital environments and only partly suffered
from CKD. Further, mostly short screening tools like the Mini-Mental
State Examination (MMSE) test or telephone interviews were used to
assess cognitive performance which does not allow evaluating mild
cognitive deficits and different domains. In addition, there is a problem
with the selection of an adequate control group to evaluate cognitive
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performance in CKD because most studies used healthy control subjects
or norm values from healthy subjects published in literature. Since
CKD patients often suffer from comorbidities like hypertension and
diabetes [4,5], this procedure could overestimate cognitive impairment
caused by CKD due to the confounding influence of CKD-associated
risk factors and comorbidities on cognition. To overcome this problem,
the New Tools for the Prevention of Cardiovascular Disease in Chronic
Kidney Disease (NT“') study compared well-controlled CKD patients
recruited in a dedicated university department of nephrology with
control patients without CKD but with similar vascular risk profile in
cognitive performance assessed with a standardized comprehensive
test battery comprising 10 neuropsychological tests at baseline and
two-year follow-up [22]. In the cross-sectional analysis based on 119
CKD patients stages 3-5 (including 35 on hemodialysis) and 54 control
patients, 19% of CKD patients showed impairment in memory, 26% in
information processing, 38% in executive functions, 35% in language
and 39% in visuoconstruction, defined by test scores more than one
standard deviation below the mean of the control group. Patients on
hemodialysis only showed significantly poorer results than CKD
patients without hemodialysis in the language domain. In the summary
score of all tests, about one third of all CKD patients showed impaired
performance. Based on published norm values (T-scores), the summary
score of CKD patients was only about half a standard deviation below
that of the control group. This difference reached significance for both
CKD patients with and without hemodialysis but demonstrates that
cognitive impairment in CKD is rather mild. Multivariable regression
analyses showed that high patient age, high HbA1lc and high fibrinogen
in blood were associated with cognitive impairment, suggesting an
influence of disturbed glucose control and inflammation [20]. In the
longitudinal course, cognitive performance remained rather stable in
CKD patients with only higher age predicting cognitive decline. Also
markers of kidney function and vascular risk remained stable during
the two-year follow-up in CKD patients and controls, indicating that
dedicated medical care with tight risk factor control might prevent
cognitive decline in CKD patients [22].

In line with this, Davey et al. [23] could not show an association
between baseline eGFR as indicator of kidney function and
change in cognitive function also assessed with a comprehensive
neuropsychological test battery at baseline and 5-years follow-up, but
between decreases in eGFR and decreases in cognitive performance,
with about 37% of CKD patients experiencing a clinically relevant
deterioration of eGFR defined by >3 mL/min/1.73 m?*/year, which was
twice the frequency observed in the NT<V? cohort. Also in accordance
with this finding of high relevance of tight control of kidney function
and CKD-associated risk factors and diseases for the prevention of
progression of cognitive deficits is the positive effect of dialysis and
transplantation therapy on cognition [24]. For hemodialysis patients it
is important to consider the timing of neuropsychological examination.
In general it has been shown that patients with hemodialysis show more
severe cognitive deficits than patients without hemodialysis [11], but
there are high inter- and intra-hemodialysis session fluctuations [25,26].
Williams et al. [25] for example examined cognition 1, 24 and 67 h after
the last hemodialysis session in 20 CKD patients receiving hemodialysis
three times a week and in 10 patients on continuous ambulatory
peritoneal dialysis (CAPD) and observed greatest impairment 67 h
post-dialysis in hemodialysis patients while performance remained
stable in CAPD patients, which the authors attributed to increasing
accumulation of toxic uremic metabolites in the period between the
hemodialysis sessions [25]. Within one session, there was a significant
improvement from immediately before dialysis to upon completion

time in hemodialysis patients while there was no significant change in
the CAPD group [26]. However, kidney transplantation is the therapy
of choice in end-stage renal disease and should usually be preferred
over hemodialysis because cognition mostly improves after successful
kidney transplantation compared with previous adequate hemodialysis
[24]. In the increasing number of elderly patients desiring kidney
transplantation, the benefits of improved cognitive outcomes after
transplantation due to partly reversion of underlying mechanisms have
to be traded off against the risk of surgery as well as side-effects or
complications of immunosuppressive medication [27].

Mechanisms of Cognitive Impairment in Chronic
Kidney Diseases

Although the exact pathomechanisms of cognitive impairment
in CKD are still not completely clear, mixed cerebrovascular disease
including overt ischemic or hemorrhagic stroke [28], as well as
subclinical alterations like cerebral microbleeds [29], white matter
lesions, and atrophy [30] has been suggested to play an important
role [31]. In patients receiving hemodialysis, additional mechanisms
contributing to cerebrovascular disease have been put forward
including rapid changes in blood pressure, microembolization and
dialysis disequilibrium [32]. In a recent review, van Sandwijk et al.
[27] developed a comprehensive model of pathophysiolocial pathways
contributing to cognitive impairment in CKD. According to this
model, uremic toxins, hyperparathyroidism and Klotho deficiency
lead to chronic inflammation, endothelial dysfunction and vascular
calcification, which results in cerebrovascular disease. In addition to
vascular pathology, also Alzheimer pathology should not be neglected.
Various vascular risk factors which are highly prevalent in CKD like
hypertension are not only associated with vascular dementia, but also
Alzheimer’s disease [33]. Furthermore, it has already been shown that
cystatin C, which co-localizes with B-amyloid in brains of Alzheimer’s
disease patients, was associated with cognitive impairment and cognitive
decline in a large elderly community-dwelling cohort as well as in a
CKD cohort [34,35]. Since CKD prevalence and cognitive impairment
increase with age, but often are not diagnosed in the early stages, the
above-mentioned NTVP study also analyzed the association between
plasma B-amyloid and cognitive impairment as well as cognitive
decline during two-year follow-up in CKD patients with different CKD
stages and controls matched for vascular risk factors based on the idea
that successful AP elimination, which is compromised in Alzheimer’s
disease [36], requires not only A efflux from the brain into the blood,
but also peripheral Ap clearance from the blood e.g. via kidneys [37]. In
line with previous findings, plasma levels of Ap40 and AP42 increased
with increasing stage of CKD at baseline [38] and total plasma baseline
plasma AP showed a tendency towards significant association with
baseline cognition when adjusted for age while it was significantly
associated with cognitive decline from baseline to the two-year follow-
up [39].

Clinical Implications of Cognitive Impairment in
Chronic Kidney Disease

To date, diagnosis of early stages of cognitive impairment in
CKD is often missed by nephrologists and primary care physicians
[31] because they mainly focus on optimizing cardiovascular and
metabolic parameters. To overcome this problem and prevent or delay
the development of more advanced stages of cognitive impairment in
CKD, standardized screening protocols should be developed. The Mini-
Mental State Examination (MMSE) test is currently the most widely
used screening tool for cognitive impairment in the general population,
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however it is not able to detect mild cognitive impairment and especially
not impairment in executive function which is highly prevalent in CKD
[40]. For the CKD context, further the Cognitive Capacity Screening
Examination (CCSE) has been suggested to complement MMSE to
evaluate cognitive function and the Kidney Disease Quality of Life
(KDQOL) self-report instrument including a cognitive function
subscale (KDQOL-CF) to additionally assess health-related quality
of life [12]. To complement cognitive screening, magnetic resonance
imaging could be useful to detect cerebrovascular disease as important
determinant of cognitive impairment in CKD.

To date, the clinical relevance of cognitive impairment still remains
to be determined but cognitive impairment could impact compliance
with diet, fluid restriction, adherence to medication and dialysis
schedules, ability to make complex decisions, and self-care behaviours
[25]. Based on this idea, it was suggested to pitch patient education
materials at a level of around the 5% grade (age 10-11 years), which
however so far mostly is not realized [41]. Further testing is needed
to determine adequate levels of patient information provided by
caregivers.

Suggestions to prevent or delay the development of cognitive
deficits in CKD concentrate on adequate management of CKD
itself and vascular and nonvascular CKD-related risk factors like
hypertension, diabetes, hypercholesterolemia, smoking, cardiovascular
disease, hyperhomocysteinemia, inflammation, anemia and
hyperparathyroidism as well as procedure-related risk factors [12,18].
As to procedure-related risks for cognitive impairment in CKD,
different types of dialysis have been compared. Since hemodialysis is an
intermittent treatment mostly applied 3 times a week in end-stage renal
disease, fluid and uremic toxins have to be removed at a high rate leading
to intradialytic hypotension and rapid osmotic changes. It has already
been shown that dialysate cooling can reduce blood flow variability
and partly protect against development of white matter lesions [42].
More frequent hemodialysis to avoid rapid fluid and osmotic changes
however could not consistently show benefits for cognitive function
[43,44], but peritoneal dialysis was in some studies associated with
better cognitive outcomes compared to hemodialysis although selection
bias has to be taken into account here [45]. The effect of diet (limiting
phosphate intake, taking phosphate binders, limiting sodium and
fluid intake) to avoid fluid and osmotic changes [18] on cognition in
CKD has to our knowledge so far not systematically been investigated
and also the effect of exercise still needs further investigation even
though exercise is recommended in CKD patients [18,46]. For vitamin
D supplementation, which is important for cognition [47] and bone
mineral density [18], evidenceis so far insufficient for a recommendation
in CKD patients with vitamin D deficiency on a regular basis, either
for skeletal or non-skeletal health outcomes [48, 49]. While vitamin D
deficiency is a well-known risk factor for cognitive impairment in the
general population and it has been hypothesized that this association
is even stronger in CKD patients, studies in CKD patients are sparse
[50]. So far, two studies reported an association of low vitamin D
levels with cognitive impairment, one study recruiting hemodialysis
patients [51] and the other peritoneal dialysis patients [52]. The only
study which included patients with and without dialysis observed no
significant association between vitamin D levels and cognitive function
in multivariable models [53]. Special attention in the management of
cognition in CKD is also paid to anemia, in hemodialysis as well as in
predialysis stages of CKD. Anemia has been associated with cognitive
impairment in CKD patients in some studies [54,55], and correction
of anemia with erythropoietin treatment has been shown to improve
cognition [56]. However, according to current guidelines for anemia

management it has to be considered that diagnosis of iron deficiency
anemia can be difficult using standard markers due to a complex
inflammatory situation in CKD and that some patients fail to respond
to erythropoietin treatment [57].

Importantly, patients with CKD progression are suggested to be
treated in a multidisciplinary care setting including dietary counseling,
advice about different renal replacement therapies and cardiovascular
risks as well as psychological and social support [18]. In view of the
high percentage of cognitive impairment, reduced quality of life and
depression even in stable CKD patients [22,58], psychological screening
should probably get integrated in clinical routine for CKD treatment.

Conclusion

Cognitive impairment in CKD is still widely neglected in clinical
diagnostics and therapy despite its increasing prevalence in ageing
populations. The prevalence of cognitive impairment in CKD is high
and increases with increasing CKD severity. Adequate screening
procedures able to detect early signs of cognitive impairment will have
to be established and pathomechanisms of cognitive impairment will
further have to be clarified, e.g., by brain imaging, blood and urinary
assessments. Current clinical recommendations that largely focus on
the control of CKD and its cardiovascular comorbidities should more
systematically evaluate cognitive deficits and adapt patient counseling
to cognitive function.

References
1. Eurostat (2016) Population strucure and ageing.

2. Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, et al. (2007) Prevalence of
chronic kidney disease in the United States. JAMA 298: 2038-2047.

3. Eckardt KU, Coresh J, Devuyst O, Johnson RJ, Kottgen A, et al. (2013)
Evolving importance of kidney disease: From subspecialty to global health
burden. Lancet 382:158-169.

4. Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink HJ,
et al. (2013) Chronic kidney disease and cardiovascular risk: Epidemiology,
mechanisms, and prevention. Lancet 382: 339-352.

5. National Clinical Guideline Centre (UK) (2014) Chronic kidney disease (Partial
Update): Early identification and management of chronic kidney disease in
adults in primary and secondary care. National Institute for Health and Care
Excellence: Clinical Guidelines.

6. Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, et al.
(2010) Association of estimated glomerular filtration rate and albuminuria
with all-cause and cardiovascular mortality in general population cohorts: A
collaborative meta-analysis. Lancet 375: 2073-2081.

7. Hermann DM, Kribben A, Bruck H (2014) Cognitive impairment in chronic
kidney disease: Clinical findings, risk factors and consequences for patient
care. J Neural Transm (Vienna) 121: 627-632.

8. Hill NR, Fatoba ST, Oke JL, Hirst JA, O'Callaghan CA, et al. (2016) Global
prevalence of chronic kidney disease - A Systematic review and meta-analysis.
PloS One 11: e0158765.

9. Abdel-Kader K, Dew MA, Bhatnagar M, Argyropoulos C, Karpov |, et al. (2010)
Numeracy skills in CKD: Correlates and outcomes. Clin J Am Soc Nephrol 5:
1566-1573.

10. Koushik NS, McArthur SF, Baird AD (2010) Adult chronic kidney disease:
Neurocognition in chronic renal failure. Neuropsychol Rev 20: 33-51.

11. Kurella M, Chertow GM, Luan J, Yaffe K (2004) Cognitive impairment in chronic
kidney disease. J Am Geriatr Soc 52: 1863-1869.

12. Madero M, Gul A, Sarnak MJ (2008) Cognitive function in chronic kidney
disease. Semin Dial 21: 29-37.

13. Murray AM, Tupper DE, Knopman DS, Gilbertson DT, Pederson SL, et al.
(2006) Cognitive impairment in hemodialysis patients is common. Neurology
67: 216-223.

J Alzheimers Dis Parkinsonism, an open access journal
ISSN: 2161-0460

Volume 7 Issue 3 + 1000331


http://ec.europa.eu/eurostat/statistics-explained/index.php/Population_structure_and_ageing_(accessed_April_18_2017).
http://dx.doi.org/10.1001/jama.298.17.2038
http://dx.doi.org/10.1001/jama.298.17.2038
http://dx.doi.org/10.1016/S0140-6736(13)60439-0
http://dx.doi.org/10.1016/S0140-6736(13)60439-0
http://dx.doi.org/10.1016/S0140-6736(13)60439-0
http://dx.doi.org/10.1016/S0140-6736(13)60595-4
http://dx.doi.org/10.1016/S0140-6736(13)60595-4
http://dx.doi.org/10.1016/S0140-6736(13)60595-4
http://dx.doi.org/10.1016/S0140-6736(10)60674-5
http://dx.doi.org/10.1016/S0140-6736(10)60674-5
http://dx.doi.org/10.1016/S0140-6736(10)60674-5
http://dx.doi.org/10.1016/S0140-6736(10)60674-5
http://dx.doi.org/10.1007/s00702-014-1160-z
http://dx.doi.org/10.1007/s00702-014-1160-z
http://dx.doi.org/10.1007/s00702-014-1160-z
http://dx.doi.org/10.1371/journal.pone.0158765
http://dx.doi.org/10.1371/journal.pone.0158765
http://dx.doi.org/10.1371/journal.pone.0158765
http://dx.doi.org/10.2215/CJN.08121109
http://dx.doi.org/10.2215/CJN.08121109
http://dx.doi.org/10.2215/CJN.08121109
http://dx.doi.org/10.1007/s11065-009-9110-5
http://dx.doi.org/10.1007/s11065-009-9110-5
http://dx.doi.org/10.1111/j.1532-5415.2004.52508.x
http://dx.doi.org/10.1111/j.1532-5415.2004.52508.x
http://dx.doi.org/10.1111/j.1525-139X.2007.00384.x
http://dx.doi.org/10.1111/j.1525-139X.2007.00384.x
http://dx.doi.org/10.1212/01.wnl.0000225182.15532.40
http://dx.doi.org/10.1212/01.wnl.0000225182.15532.40
http://dx.doi.org/10.1212/01.wnl.0000225182.15532.40

Citation: Gronewold J, Hermann DM (2017) Cognitive Impairment in Chronic Kidney Disease-Prevalence, Mechanisms and Consequences. J Alzheimers

Dis Parkinsonism 7: 331. doi: 10.4172/2161-0460.1000331

Page 4 of 4

2

o

2

=

22.

23.

24.

2

[

26.

27

2

oo

29.

30.

3

=

32.

33.

34.

35.

36.

.Nulsen RS, Yaqoob MM, Mahon A, Stoby-Fields M, Kelly M, et al. (2008)

Prevalence of cognitive impairment in patients attending pre-dialysis clinic. J
Ren Care 34: 121-126.

. Thornton WL, Shapiro RJ, Deria S, Gelb S, Hill A (2007) Differential impact of

age on verbal memory and executive functioning in chronic kidney disease. J
Int Neuropsychol Soc 13: 344-353.

. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, et al. (2009) A new

equation to estimate glomerular filtration rate. Ann Intern Med 150: 604-612.

.Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, et al. (1999) A more

accurate method to estimate glomerular filtration rate from serum creatinine: a
new prediction equation. Modification of diet in renal disease study group. Ann
Intern Med 130: 461-470.

.Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, et al. (2014) KDOQI US

commentary on the 2012 KDIGO clinical practice guideline for the evaluation
and management of CKD. Am J Kidney Dis 63: 713-735.

. O'Callaghan CA, Shine B, Lasserson DS (2011) Chronic kidney disease: A

large-scale population-based study of the effects of introducing the CKD-EPI
formula for eGFR reporting. BMJ Open 1: e000308.

. Seidel UK, Gronewold J, Volsek M, Todica O, Kribben A, et al. (2014) The

prevalence, severity, and association with HbA1c and fibrinogen of cognitive
impairment in chronic kidney disease. Kidney Int 85: 693-702.

.Etgen T (2015) Kidney disease as a determinant of cognitive decline and

dementia. Alzheimers Res Ther 7: 29.

Gronewold J, Todica O, Seidel UK, Volsek M, Kribben A, et al. (2016) Cognitive
performance is highly stable over a 2-Year-Follow-Up in chronic kidney disease
patients in a dedicated medical environment. PloS One 11: e0166530.

Davey A, Elias MF, Robbins MA, Seliger SL, Dore GA (2013) Decline in renal
functioning is associated with longitudinal decline in global cognitive functioning,
abstract reasoning and verbal memory. Nephrol Dial Transplant 28: 1810-1819.

Radic J, Ljutic D, Radic M, Kovacic V, Dodig-Curkovic K, et al. (2011) Kidney
transplantation improves cognitive and psychomotor functions in adult
hemodialysis patients. Am J Nephrol 34: 399-406.

. Williams MA, Sklar AH, Burright RG, Donovick PJ (2004) Temporal effects of

dialysis on cognitive functioning in patients with ESRD. Am J Kidney Dis 43:
705-711.

Cukor D, Ver Halen N, Rosenthal Asher D, Goldberg MA, Slyker J, et al. (2013)
A pilot investigation of cognitive improvement across a single hemodialysis
treatment. J Nephrol 26: 323-330.

. Van Sandwijk MS, Ten Berge 1J, Majoie CB, Caan MW, De Sonneville LM, et al.

(2016) Cognitive changes in chronic kidney disease and after transplantation.
Transplantation 100: 734-742.

. Collins AJ, Foley RN, Herzog C, Chavers B, Gilbertson D, et al. (2011) US renal

data system 2010 annual data report. Am J Kidney Dis 57: A8, e1-526.

Shima H, Ishimura E, Naganuma T, Yamazaki T, Kobayashi I, et al. (2010)
Cerebral microbleeds in predialysis patients with chronic kidney disease.
Nephrol Dial Transplant 25: 1554-1559.

Vogels SC, Emmelot-Vonk MH, Verhaar HJ, Koek HL (2012) The association
of chronic kidney disease with brain lesions on MRI or CT: A systematic review.
Maturitas 71: 331-336.

.LiL, Fisher M, Lau WL, Moradi H, Cheung A, et al. (2015) Cerebral microbleeds

and cognitive decline in a hemodialysis patient: Case report and review of
literature. Hemodial Int 19: E1-7.

Madero M, Sarnak MJ (2011) Does hemodialysis hurt the brain? Semin Dial
24: 266-268.

Duron E, Hanon O (2008) Vascular risk factors, cognitive decline, and dementia.
Vasc Health Risk Manag 4: 363-381.

Yaffe K, Lindquist K, Shlipak MG, Simonsick E, Fried L, et al. (2008) Cystatin C
as a marker of cognitive function in elders: Findings from the health ABC study.
Ann Neurol 63: 798-802.

Yaffe K, Kurella-Tamura M, Ackerson L, Hoang TD, Anderson AH, et al. (2014)
Higher levels of cystatin C are associated with worse cognitive function in
older adults with chronic kidney disease: The chronic renal insufficiency cohort
cognitive study. J Am Geriatr Soc 62: 1623-1629.

Tarasoff-Conway JM, Carare RO, Osorio RS, Glodzik L, Butler T, et al. (2015)

37.

3

[ee]

3

o

40.

4

-

42.

43.

44,

4

46.

47.

48.

49.

50.

5

puy

52.

53.

54.

55.

56.

5

S

5

oo

o

Clearance systems in the brain-implications for Alzheimer disease. Nat Rev
Neurol 11: 457-470.

Liu YH, Wang YR, Xiang Y, Zhou HD, Giunta B, et al. (2015) Clearance of
amyloid-beta in Alzheimer's disease: Shifting the action site from center to
periphery. Mol Neurobiol 51: 1-7.

. Gronewold J, Klafki HW, Baldelli E, Kaltwasser B, Seidel UK, et al. (2016)

Factors responsible for plasma beta-amyloid accumulation in chronic kidney
disease. Mol Neurobiol 53: 3136-3145.

. Gronewold J, Todica O, Klafki HW, Seidel UK, Kaltwasser B, et al. (2016)

Association of plasma beta-amyloid with cognitive performance and decline in
chronic kidney disease. Mol Neurobiol Epub ahead of print.

Yaffe K, Ackerson L, Kurella Tamura M, Le Blanc P, et al. (2010) Chronic kidney
disease and cognitive function in older adults: Findings from the chronic renal
insufficiency cohort cognitive study. J Am Geriatr Soc 58: 338-345.

. Morony S, Flynn M, McCaffery KJ, Jansen J, Webster AC (2015) Readability

of written materials for CKD patients: A systematic review. Am J Kidney Dis 65:
842-850.

Eldehni MT, Odudu A, Mcintyre CW (2015) Randomized clinical trial of dialysate
cooling and effects on brain white matter. J Am Soc Nephrol 26: 957-965.

Chertow GM, Levin NW, Beck GJ, Depner TA, Eggers PW, et al. (2010) In-
center hemodialysis six times per week versus three times per week. New Engl
J Med 363: 2287-2300.

Jassal SV, Devins GM, Chan CT, Bozanovic R, Rourke S (2006) Improvements
in cognition in patients converting from thrice weekly hemodialysis to nocturnal
hemodialysis: A longitudinal pilot study. Kidney Int 70: 956-962.

Radic J, Ljutic D, Radic M, Kovacic V, Sain M, et al. (2010) The possible impact
of dialysis modality on cognitive function in chronic dialysis patients. Neth J
Med 68: 153-157.

Kaltsatou A, Grigoriou SS, Karatzaferi C, Giannaki CD, Stefanidis |, et al. (2015)
Cognitive function and exercise training for chronic renal disease patients: A
literature review. J Bodyw Mov Ther 19: 509-515.

Balion C, Griffith LE, Strifler L, Henderson M, Patterson C, et al. (2012) Vitamin
D, cognition, and dementia: A systematic review and meta-analysis. Neurology
79: 1397-1405.

Jean G, Souberbielle JC, Chazot C (2017) Vitamin D in chronic kidney disease
and dialysis patients. Nutrients 9: E328.

Prasad-Reddy L, lIsaacs D, Kantorovich A (2017) Considerations and
controversies in managing chronic kidney disease: An update. Am J Health
Syst Pharm 74: 795-810.

Cheng Z, Lin J, Qian Q (2016) Role of vitamin D in cognitive function in chronic
kidney disease. Nutrients 8: E291.

. Shaffi K, Tighiouart H, Scott T, Lou K, Drew D, et al. (2013) Low

25-hydroxyvitamin D levels and cognitive impairment in hemodialysis patients.
Clin J Am Soc Nephrol 8: 979-986.

Liu GL, Pi HC, Hao L, Li DD, Wu YG, et al.(2015) Vitamin D status is an
independent risk factor for global cognitive impairment in peritoneal dialysis
patients. PLoS ONE 10: e0143782.

Jovanovich AJ, Chonchol M, Brady CB, Kaufman JD, Kendrick J, et al. (2014)
25-vitamin D, 1,25-vitamin D, parathyroid hormone, fibroblast growth factor-23
and cognitive function in men with advanced CKD: A veteran population. Clin
Nephrol 82: 296-303.

Kurella Tamura M, Vittinghoff E, Yang J, Go AS, Seliger SL, et al. (2016) Anemia
and risk for cognitive decline in chronic kidney disease. BMC Nephrol 17: 13.

Kurella Tamura M, Xie D, Yaffe K, Cohen DL, Teal V, et al. (2011) Vascular risk
factors and cognitive impairment in chronic kidney disease: The chronic renal
insufficiency cohort (CRIC) study. Clin J Am Soc Nephrol 6: 248-256.

Singh NP, Sahni V, Wadhwa A, Garg S, Bajaj SK, et al. (2006) Effect of
improvement in anemia on electroneurophysiological markers (P300) of
cognitive dysfunction in chronic kidney disease. Hemodial Int 10: 267-273.

.National Clinical Guideline Centre (UK) (2015) Anaemia management in

chronic kidney disease: partial update 2015 [Internet]. National Institute for
Health and Care Excellence: Clinical Guidelines.

. Seidel UK, Gronewold J, Volsek M, Todica O, Kribben A, et al. (2014) Physical,

cognitive and emotional factors contributing to quality of life, functional health
and participation in community dwelling in chronic kidney disease. PloS One
9: €91176.

J Alzheimers Dis Parkinsonism, an open access journal
ISSN: 2161-0460

Volume 7 Issue 3 + 1000331


http://dx.doi.org/10.1111/j.1755-6686.2008.00028.x
http://dx.doi.org/10.1111/j.1755-6686.2008.00028.x
http://dx.doi.org/10.1111/j.1755-6686.2008.00028.x
http://dx.doi.org/10.1017/S1355617707070361
http://dx.doi.org/10.1017/S1355617707070361
http://dx.doi.org/10.1017/S1355617707070361
http://annals.org/aim/article/744469/new-equation-estimate-glomerular-filtration-rate
http://annals.org/aim/article/744469/new-equation-estimate-glomerular-filtration-rate
http://annals.org/aim/article/712617/more-accurate-method-estimate-glomerular-filtration-rate-from-serum-creatinine
http://annals.org/aim/article/712617/more-accurate-method-estimate-glomerular-filtration-rate-from-serum-creatinine
http://annals.org/aim/article/712617/more-accurate-method-estimate-glomerular-filtration-rate-from-serum-creatinine
http://annals.org/aim/article/712617/more-accurate-method-estimate-glomerular-filtration-rate-from-serum-creatinine
http://dx.doi.org/10.1053/j.ajkd.2014.01.416
http://dx.doi.org/10.1053/j.ajkd.2014.01.416
http://dx.doi.org/10.1053/j.ajkd.2014.01.416
http://dx.doi.org/10.1136/bmjopen-2011-000308
http://dx.doi.org/10.1136/bmjopen-2011-000308
http://dx.doi.org/10.1136/bmjopen-2011-000308
http://dx.doi.org/10.1038/ki.2013.366
http://dx.doi.org/10.1038/ki.2013.366
http://dx.doi.org/10.1038/ki.2013.366
http://dx.doi.org/10.1186/s13195-015-0115-4
http://dx.doi.org/10.1186/s13195-015-0115-4
http://dx.doi.org/10.1371/journal.pone.0166530
http://dx.doi.org/10.1371/journal.pone.0166530
http://dx.doi.org/10.1371/journal.pone.0166530
http://dx.doi.org/10.1093/ndt/gfs470
http://dx.doi.org/10.1093/ndt/gfs470
http://dx.doi.org/10.1093/ndt/gfs470
http://dx.doi.org/10.1159/000330849
http://dx.doi.org/10.1159/000330849
http://dx.doi.org/10.1159/000330849
https://linkinghub.elsevier.com/retrieve/pii/S0272638604000149
https://linkinghub.elsevier.com/retrieve/pii/S0272638604000149
https://linkinghub.elsevier.com/retrieve/pii/S0272638604000149
http://dx.doi.org/10.5301/jn.5000148
http://dx.doi.org/10.5301/jn.5000148
http://dx.doi.org/10.5301/jn.5000148
http://dx.doi.org/10.1097/TP.0000000000000968
http://dx.doi.org/10.1097/TP.0000000000000968
http://dx.doi.org/10.1097/TP.0000000000000968
http://dx.doi.org/10.1053/j.ajkd.2010.10.007
http://dx.doi.org/10.1053/j.ajkd.2010.10.007
http://dx.doi.org/10.1093/ndt/gfp694
http://dx.doi.org/10.1093/ndt/gfp694
http://dx.doi.org/10.1093/ndt/gfp694
http://dx.doi.org/10.1016/j.maturitas.2012.01.008
http://dx.doi.org/10.1016/j.maturitas.2012.01.008
http://dx.doi.org/10.1016/j.maturitas.2012.01.008
http://dx.doi.org/10.1111/hdi.12210
http://dx.doi.org/10.1111/hdi.12210
http://dx.doi.org/10.1111/hdi.12210
http://dx.doi.org/10.1111/j.1525-139X.2011.00857.x
http://dx.doi.org/10.1111/j.1525-139X.2011.00857.x
http://dx.doi.org/10.2147/VHRM.S1839
http://dx.doi.org/10.2147/VHRM.S1839
http://dx.doi.org/10.1002/ana.21383
http://dx.doi.org/10.1002/ana.21383
http://dx.doi.org/10.1002/ana.21383
http://dx.doi.org/10.1111/jgs.12986
http://dx.doi.org/10.1111/jgs.12986
http://dx.doi.org/10.1111/jgs.12986
http://dx.doi.org/10.1111/jgs.12986
http://dx.doi.org/10.1038/nrneurol.2015.119
http://dx.doi.org/10.1038/nrneurol.2015.119
http://dx.doi.org/10.1038/nrneurol.2015.119
http://dx.doi.org/10.1007/s12035-014-8694-9
http://dx.doi.org/10.1007/s12035-014-8694-9
http://dx.doi.org/10.1007/s12035-014-8694-9
http://dx.doi.org/10.1007/s12035-015-9218-y
http://dx.doi.org/10.1007/s12035-015-9218-y
http://dx.doi.org/10.1007/s12035-015-9218-y
http://dx.doi.org/10.1111/j.1532-5415.2009.02670.x
http://dx.doi.org/10.1111/j.1532-5415.2009.02670.x
http://dx.doi.org/10.1111/j.1532-5415.2009.02670.x
http://dx.doi.org/10.1053/j.ajkd.2014.11.025
http://dx.doi.org/10.1053/j.ajkd.2014.11.025
http://dx.doi.org/10.1053/j.ajkd.2014.11.025
http://dx.doi.org/10.1681/ASN.2013101086
http://dx.doi.org/10.1681/ASN.2013101086
http://dx.doi.org/10.1056/NEJMoa1001593
http://dx.doi.org/10.1056/NEJMoa1001593
http://dx.doi.org/10.1056/NEJMoa1001593
http://dx.doi.org/10.1038/sj.ki.5001691
http://dx.doi.org/10.1038/sj.ki.5001691
http://dx.doi.org/10.1038/sj.ki.5001691
http://www.njmonline.nl/getpdf.php?id=910
http://www.njmonline.nl/getpdf.php?id=910
http://www.njmonline.nl/getpdf.php?id=910
http://dx.doi.org/10.1016/j.jbmt.2015.04.006
http://dx.doi.org/10.1016/j.jbmt.2015.04.006
http://dx.doi.org/10.1016/j.jbmt.2015.04.006
http://dx.doi.org/10.1212/WNL.0b013e31826c197f
http://dx.doi.org/10.1212/WNL.0b013e31826c197f
http://dx.doi.org/10.1212/WNL.0b013e31826c197f
http://dx.doi.org/10.3390/nu8050291
http://dx.doi.org/10.3390/nu8050291
http://dx.doi.org/10.2215/CJN.10651012
http://dx.doi.org/10.2215/CJN.10651012
http://dx.doi.org/10.2215/CJN.10651012
http://dx.doi.org/10.1371/journal.pone.0143782
http://dx.doi.org/10.1371/journal.pone.0143782
http://dx.doi.org/10.1371/journal.pone.0143782
http://dx.doi.org/10.5414/CN108365
http://dx.doi.org/10.5414/CN108365
http://dx.doi.org/10.5414/CN108365
http://dx.doi.org/10.5414/CN108365
http://dx.doi.org/10.1186/s12882-016-0226-6
http://dx.doi.org/10.1186/s12882-016-0226-6
http://dx.doi.org/10.2215/CJN.02660310
http://dx.doi.org/10.2215/CJN.02660310
http://dx.doi.org/10.2215/CJN.02660310
http://dx.doi.org/10.1111/j.1542-4758.2006.00107.x
http://dx.doi.org/10.1111/j.1542-4758.2006.00107.x
http://dx.doi.org/10.1111/j.1542-4758.2006.00107.x
http://dx.doi.org/10.1371/journal.pone.0091176
http://dx.doi.org/10.1371/journal.pone.0091176
http://dx.doi.org/10.1371/journal.pone.0091176
http://dx.doi.org/10.1371/journal.pone.0091176

	Title
	Corresponding Author
	Abstract
	Keywords
	Introduction
	Prevalence of Chronic Kidney Disease  
	Prevalence of Cognitive Impairment in Chronic Kidney Disease 
	Mechanisms of Cognitive Impairment in Chronic Kidney Diseases 
	Clinical Implications of Cognitive Impairment in Chronic Kidney Disease 
	Conclusion
	References

