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Risk of cardiovascular morbidity and mortality 
increases with progression of CKD

CAD = coronary artery disease; CV = cardiovascular; CVD = cardiovascular disease; LVH = left ventricular hypertrophy; PAD = peripheral artery disease.

Sarnak MJ et al. J Am Coll Cardiol. 2019;74:1823–1838.

• In later CKD stages, 

nonatherosclerotic risk dominates Nonatherosclerotic
Hemorrhagic stroke

LVH
Arrhythmias

Sudden cardiac death
Arterial calcification

Atherosclerotic
Ischemic stroke

CAD
PAD

Risk of fatality after CVD event

CKD stages

Stage G3a Stage G5No CKD

R
is

k
R

is
k



CKD

Cardiovascular 
disease

Cognitive 
dysfunctionStroke

4

EPIDEMIOLOGICAL

CLINICAL DATA

• 36,5% of Cerebrovascular 

disease trials have excluded 

CKD patients 



• Incident ESRD patients: Overall, 8.8% had CVA/TIA, 28.4% 
HF, 20.8% other cardiac disease, 60.6% DM

Stroke is the third cause of 

cardiovascular death in CKD pts

Strong associations between CKD and incidence of stroke

USRDS – annual report 2022

• Stroke incidence in CKD:
- nonD - CKD: 13.4/1000 person- years
- Dialysis: 25.3/1000 person-years (HD>PD)
- KTRs: 6.0/1000 patient-years

Vs General population: 1.04/1000 person-years

Bansal et al. JAMA Cardiol 2017, Findlay et al. Kidney Int Rep 2018
Findlay et al. Clin Transplat 2018, Lee et al, BMJ 2010



Meta-analyses investigating stroke risk in CKD pts

39 studies 
(up to 3/2021), 
>99.281 people  

2010;341:c4249 
doi:10.1136/bmj.c4249 

33 studies (1947-2009), 
>280.000 people
8000 stroke events

16 studies (1966-2014), 
10.534 people  
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Conclusion

Zamberg, I., et al. NDT (2021)

@NDTSocial

Relative frequency of hemorrhagic stroke is increased in patients with ESKD under going dialysis. Among

patients with acute ischemic str oke treated with thrombolysis, presence of CKD is associated with higher

disability, mortality, and bleeding.

Background
Patients with chronic kidney disease (CKD) or

end stage kidney disease (ESKD) ar e at a higher

risk of thrombotic and bleeding complications

The presence of CKD is not taken

into account in current guidelines

for acute stroke management

Systematic review/
meta-analysis

Epidemiology, thrombolytic management, and

outcomes of acute stroke among patients with

chronic kidney disease

Methods Results

Systematic review and meta-analysis

PROSPERO registry: CRD42020160956

Exposure: presence/absence of CKD

Patients with CKD (eGFR < 60) or

ESKD on maintenance dialysis

Outcome: acute stroke

Incidence and stroke type and/or

clinical outcome following

thrombolysis (rtPA)

Study types included:

Randomized-controlled trials

Observational studies

Records identified

N = 8576

Full texts reviewed

N = 71

Included studies

N = 39 (all observational)

Stroke type

N = 22 studies

99 281 patients

Outcomes after rtPA

N = 17 studies 

19 058 patients

Proportion presenting with ischemic stroke

78.3%
(73.3–82.5)

CKD ESKD

Ischemic

stroke
59.8%
(49.4–69.4)

Relative increase in frequency of

hemorrhagic stroke in ESKD

Stroke

type

Outcomes

after rtPA

Risk ratio (95% CI) for clinical outcomes after rtPA

compared to those with preserved kidney function

Disability

1.43
(1.34-1.51)

2.13
(1.78-2.54)

1.39
(1.16-1.65)

Death Major bleeding
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Conclusion

Zamberg, I., et al. NDT (2021)

@NDTSocial

Relative frequency of hemorrhagic stroke is increased in patients with ESKD undergoing dialysis. Among

patients with acute ischemic stroke treated with thrombolysis, presence of CKD is associated with higher

disability, mortality, and bleeding.

Background
Patients with chronic kidney disease (CKD) or

end stage kidney disease (ESKD) are at a higher

risk of thrombotic and bleeding complications

The presence of CKD is not taken

into account in current guidelines

for acute stroke management

Systematic review/
meta-analysis

Epidemiology, thrombolytic management, and

outcomes of acute stroke among patients with

chronic kidney disease
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Randomized-controlled trials

Observational studies

Records identified

N = 8576

Full texts reviewed
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N = 39 (all observational)

Stroke type

N = 22 studies

99 281 patients

Outcomes after rtPA
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eGFR <60 ml/min/1.73 m2 was an 
independent risk of future stroke, 

43% greater vs normal eGFR 

For every 10 mL/min/1.73m2

decrease in GFR the risk of having 
a stroke increases by 7%

(RR: 1.07, 95% CI: 1.04–1.09)

Ischaemic stroke remains the most 
common type of stroke among pts with 
nonD-CKD, and haemorrhagic stroke in 

dialysis ESKD pts



Proteinuria might be a better predictor of stroke risk in CKD 
than eGFR, possibly as an indicator of microvascular disease

Participants (general pop / DM) with 
proteinuria had a 71% greater risk of 
stroke vs those without proteinuria 

(95%CI, 1.39- 2.10) 
eGFR -NA

In pts with eGFR <60 ml/min/1.73m2, 
the presence of albuminuria increased 

the risk of stroke 
(RR 1.75, 95%CI 1.10-2.87 p<0.2 vs 

2.20, 95%CI 1.45-3.33 p<0.001)

A 25 mg/mmol increase in ACR was 
associated with a 10% increased risk of 

stroke (RR: 1.10, 95% CI: 1.01–1.20). 
The effect of albuminuria was 

independent of GFR. 

2010;341:c4249 
doi:10.1136/bmj.c4249 33 studies (1947-2009), 

>280.000 people
8000 stroke events

Nephrol Dial Transplant (2015) 30: 1162–1169 doi: 10.1093/ndt/gfv009

63 cohort studies 
(2.085.225 participants) 
and 20 RCTs 
(168.516 participants) 
30.392 strokes 

10 studies 
140.231 participants  
3,266 strokes 



CKD is associated with worse stroke outcomes, 
greater likelihood of institutionalization, dialysis initiation 

and higher short- and long-term mortality 

Accelerated time to death or dialysis initiation in 
patients with advanced CKD after ischemic stroke

Increased adjusted relative risk for mortality of 

1.5 to 2.1 in CKD patients compared to non-CKD 
patients with stroke

MacWalter et al, Stroke 2002 Wetmore et al, Am J Kidney Dis. 2020

CKD STAGE 5ND
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Epidemiological and 

observational clinical data trying 

to connect kidney function 

markers (eGFR/albuminuria) in 

CKD patients with cognitive 

dysfunction risk have been MIXED



Neurocognitive Disorders – DSM-5

Neurocognitive 
disorders

Delirium
Mild neurocognitive 

dis(NCD)
Major NCD or 

DEMENTIA

Etiological subtypes of 
major & mild NCD

Perminder S. Sachdev et al. Harv Rev Psychiatry. 2015, Viggiano et al, Nat Rev Nephrol. 2020, Viggiano et al, Nephrol Dial Transplant 2020

Mild Cognitive 
Impairment (MCI)
• memory impairment
• language difficulties
• attention deficit
• disorientation
• altered visuospatial skills

➢ MCI is only a risk state for dementia

➢ MCI prevalence increases with CKD stage and possibly 

also with the time spent at each stage 

➢ 5–10% of patients with MCI will eventually progress to 

clinical dementia 



Epidemiology of dementia in ESKD patients and KTRs

Dementia incidence in ESKD:
- 10.7 cases/1,000 patient-years vs 1.4 cases/1,000 patient-years in 

non-CKD 

Dementia prevalence: 
- HD: 8-37% 
- PD: 4–33%
- KTRs: 7-22%

vs 5% in general population

Dementia 10years risk:  
- HD: 20% (at 65 years)

- KTRs: 5% (at 55 years)

Viggiano et al, Nat Rev Nephrol. 2020, Pepin M et al. CONNECT project, NDT 2021

?? In the early CKD stages a direct link and 

the time point of cognitive dysfunction 

initiation is not clear cut ??

High variation in prevalence 

Risk increases linearly with age



Kurella-Tamura et al, Am J Kidney Dis. 2008

REGARDS Study

(REasons for Geographic And Racial Differences in Stroke)

23,405 participants, 6 item cognitive screening examination 

In CKD patients, each 10ml/min/1.73m2

decrease in eGFR (<60 ml/min/1.73m2) was 
associated with an 11% increased prevalence 

of impairment (OR 1.11, 95% CI 1.04, 1.19)

CKD (eGFR<60 ml/min/1.73m2) was 
associated with an increased prevalence 

of cognitive impairment, 
independent of confounding factors



Kurella Tamura, JASN 2020

8563 participants >50 y, median FU 5.1y 
Incident dementia in 3.8% (325) and  MCI in 7.6% (640)

- Baseline eGFR<60 ml/min/1.73m2 and 
ACR>30mg/g were not associated with risk of 
dementia or MCI. 
- Incident eGFR <60 ml/min/1.73 m2 and eGFR 
decline >30% and were associated with a higher 
risk of dementia and MCI . 
- Decline in eGFR occurred more frequently in 
the intensive treatment group, but did not 
modify the beneficial effect of intensive 
treatment on cognitive function. 



Lower kidney function & steeper kidney function decline are 
associated with higher risk of incident dementia 

Xu et al, Neurology. 2021

SCREAM - health care cohort (Stockholm 
Creatinine Measurements, 2006–2011) 
205,622 residents , >65y old
18,983 incident cases of dementia (5.8%)-
median FU 5y 

- Lower eGFR 30–59 mL/min associated 
with higher dementia risk (HR 1.71, 95% 
CI 1.54–1.91) vs eGFR >90mL/min. 
- eGFR decline >2 mL/min/1.73m2/y 
associated with higher dementia risk.  
- Risk magnitudes were stronger for 
vascular dementia vs Alzheimer dementia. 
- 10% of dementia cases could be 
attributed to eGFR <60 mL/min/1.73m2.



• Lower eGFR based on cystatin-C or B2M, not creatinine associated with 
dementia.

• Albuminuria consistently associated with dementia incidence.

Scheppach et al, Am J Kidney Dis. 2020

Setting & Participants—
2 baselines ARIC Study: 
Visit 4 (1996–1998) - 9967 participants, 
54–74 years old
Visit 5 (2011–2013) 4626 participants, 
70–90 years old
Participants were followed until 2017 
Outcome: incident dementia 



• 6256 participants - prospective

• Cumulative all-cause incidence of dementia was 8.2% (510 participants) within 17 years FU
(incidence rate, 5.5/1000 person-years) 

• Reduced kidney function was associated with increased levels of dementia-related blood biomarkers 
(NfL, p-tau181, GFAP ) but NOT increased dementia risk after adjustment for confounders

• Kidney function might influence the accuracy of dementia-related blood biomarkers

Stocker et al, JAMA Network Open. 2023



Discrepancy between 
studies regarding MCI 
and dementia in CKD

• differences in study design

screening vs health care extraction
stage of CKD, screening test etc

• differences in outcome 
ascertainment

neuropsychologist performance vs

ICD diagnoses/drug dispensations

• detection bias

• survival bias

• misclassification bias



CONNECT PROJECT

1. nephrology clinicians

2. neurology clinicians

3. pre-clinical kidney science

4. pre-clinical neuroscience

5. bioinformatics experts

Specific aim to consider all factors that 

may influence brain function and to shed 

light on those that impact the progression 

of MCI in CKD



Stroke is associated with an increased 
risk of subsequent dementia

• Dementia incidence is nearly 50 
times higher in the year after a 
major stroke compared with that 
in the general population

• 10% of patients had dementia 
before 1st stroke

• 10% of patients developed new 
dementia soon after 1st stroke

• More than 1/3 of patients had 
dementia after recurrent stroke

CKD

DEMENTIASTROKE

Pendlebury et al, Lancet Neurol 2009, Pendlebury et al, Lancet Neurol 2019 – Oxford Vascular Study 

Pooled cumulative incidence of post-stroke 
dementia excluding pre-stroke dementia in hospital-

based cohorts

Prevalence of any dementia in patients 1 
year after TIA or stroke and in the UK 

general population



Kelly DM, et al. Associations of Chronic Kidney Disease With Dementia Before and After TIA and 
Stroke: Population-Based Cohort Study. Neurology. 2022 Feb 15;98(7):e711–20. 

20

• A prospective study in 2305 predialysis CKD patients with TIA or stroke

The prevalence of pre- or post-event dementia was twice as 
high in CKD patients, but CKD was not independently 

associated with dementia after adjustment for co-founders 
(age, gender, education, DM etc)
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The kidney and brain share anatomical and functional 
characteristics making them vulnerable to 

similar vascular risk factors

✓ Require: continuous, stable high blood 
flow in a low vascular resistance system

✓ Depend on: short, small perforating 
arterioles which autoregulate perfusion
pressure

✓ Are: susceptible to traditional 
arteriosclerotic risk factors

Lau et al, Transl. Stroke Res 2017



Bobot M. et al. NDT 2023, Miglinas M et al. Front. Cardiovasc. 2020,   

Traditional and specific risk factors/markers 
of brain damage in CKD

Neuropeptide Y?



Hénaut et al, Sci Rep 2019

Cellular and molecular mechanisms 
associated with ischemic stroke severity 
in female mice with CKD 

Transient middle cerebral artery occlusion in female CKD mice 
compared to control mice :

✓ worsened cerebral infarct volume size and functional recovery

✓ amplified stroke-induced apoptosis and neuronal loss

✓ impaired M2- and accentuated M1-polarization of the 
microglia/macrophages in the ischemic brain

✓ decrease of AMP kinase phosphorylation in ischemic brain

✓ amplified astrogliosis within the ischemic penumbra



Uremic toxins associated with brain dysfunction

Clinical data on the impact of uremic 
toxins on cognitive functions are scarce

Liabeuf et al, Nephrol Dial Transplant 2021

✓ Direct harmful effects
✓ Indirect harmful effects  

✓ endothelial dysfunction
✓ inflammation
✓ oxidative stress
✓ vascular calcification
✓ coagulation disorders

patients without CKD. The eGFR is inversely correlated with

overall cognitive function in patients with CKD [14]. The esti-

mated prevalence of cognitive impairment in this population

rangesfrom 30%to 60%, dependingon thedefinition of cogni-

tiveimpairment that variesbetween studies[15].

As in the general population, quantifying neurological im-

pairment isparticularly difficult to evaluate, indeed themethod

used to assesscognitiveimpairment in patientswith CKD hasa

major influenceon theoutcome. Thevariousscreening testsdo

not havethesamedegreeof accuracy—especially in patientson

HD [16]. Neuropsychological assessments must be standard-

ized and comprehensive, since impairments can develop early

in CKD and the various skills do not decline at the same rate

[17]. However, comprehensiveneurological assessmentscan be

long and tiring, and cognitive performance fluctuates in

patientson HD over thecourseof adialysissession [15, 16]. In

astudy of asmall number of patientson HD (n¼28), cognitive

performancewasworst during thedialysissession itself (proba-

bly due to haemodynamic effects) and best shortly before the

session or on theday after dialysis[18]. Somedataobserved an

improvement of cognitive performance after an HD session

compared with before [19]. Neuropsychological and electro-

physiological performance seems to be more stable (and close

to normal values) in patientson continuousambulatory peri-

toneal dialysis (PD) than in patients on HD [20]. However,

Drew et al.’s [21] study of 40 patients did not find a

difference in cognitiveperformancebetween thehour before

the HD session and the first hour of the session, suggesting

that cognitive assessment during an HD session is still rele-

vant to screen cognitive disorders in those patients.

Executive functionsaremost frequently impaired in patients

with CKD [16]. Sleep disordersand depression frequently af-

fect patients with CKD and are able to interfere with cogni-

tive assessments [22]. The interpretation of cognitive

Specific
to

CK
D

Non-specific to CKD

Neurological disorder

O

OH
O

O
S

NH

Uraemic

toxicities

Calcification

Dialysis

Hyperglycaemia

Hypertension

Age

Dyslipidaemia

Lifestyle risk factors

(smoking, poor diet,

poor sleep)

FI GURE 1: Thecomplicated puzzle of risk factors associated with neurological disorders in patients with CKD. Along with traditional

cardiovascular risk factors (such asdiabetes, hypertension and dyslipidaemia), non-traditional risk factors related to kidney damage(such

asuraemic toxicities) may predispose patientswith CKD to neurological disorders.

Table 1. Uraemic toxins that might influencebrain function

Small water-soluble

compounds

Protein-bound

compounds

Middle

molecules

ADMA

SDMA

TMAO

Uric acid

Urea

Methylguanidineguanidine

Indoles
• IS
• Indoxyl glucuronide
• IAA
• Kynurenine

Cresols
• pCS
• p-cresyl glucuronide

Hippurates
• HA
• CMPF

B2M

IL-6

PTH

ADMA, asymmetric dimethylarginine; SDMA, symmetric dimethylarginine; TMAO,

trimethylamine N-oxide; CMPF, 3-carboxy-4-methyl-5-propyl-2-furanpropanoic acid.

Chronic kidney disease and neurological disorders ii35

Neuropeptide Y?



Uremic toxins can have direct toxic effects on neurons

pyknotic
neuronal 
cell bodies

Watanabe et al, Heliyon 7 2021

• Indol sulphate (IS) and indole acetic acid (IAA) in a rat model of adenine-induced CKD

✓ diminished viability of hippocampal neuronal cells

✓ accentuated oxidative stress pathways (↓GSH, ↑Nrf2, ↑p47phox) 

✓ promoted neuroinflammation (↑IL6)



Mechanisms of uremic toxin transport in the brain

• Uraemic toxins enter the brain via the BBB and 
blood–cerebrospinal fluid barrier and leave the 
brain via the glymphatic system

• Uraemic neurotoxins might interfere with 
various functions of endogenous neural 
progenitor cells, including neurogenesis and 
homeostasis, and thereby further contribute to 
perturbation of brain functions in CKD.

Viggiano et al, Nature reviews. Nephrology 2020



BBB dysfunction is associated with cognitive impairment in 
neurodegenerative diseases and chronic systemic diseases like 

hypertension, diabetes mellitus and CKD

• Potential mechanisms 
of endothelial barrier dysfunction 
in CKD

➢ disruption of the actin cytoskeleton

➢ decreased tight junction proteins 
area

Lau et al, Translational Stroke Research2020, Katsi et al, J Hum Hypertens 2020, Nation et al, Nat Med. 2019, Mazumder et al, Life Sci. 2016

CTL mouse CTL + LPS mouse
adenine-CKD + 
LPS mouse

coronal brain sections



Rost et al, Circulation Research. 2023, Wardlaw et al, JAHA 2015
Makin et al, Cerebrovasc Dis. 2015, Xiao et al, Stroke. 2015

There is a strong association between cerebral small vessel disease and CKD

✓ white matter hyperintesities
(leukoaraiosis)

✓ silent cerebral infarctions (SCI)

✓ perivascular spaces​

✓ cerebral microbleeds



Scheppach JB et al. Am J Kidney Dis. 2023

Brain imaging studies in CKD patients have identified 
associations between kidney biomarkers and the structural brain changes 

underlying cognitive impairment in uremia

Only higher UACR associated with ↑ odds of cortical and 
lacunar brain infarcts and micro-hemorrhages.

Vemuri et al, J Alzheimers Dis. 2017

Albuminuria may be better at capturing endothelial and microvascular damage



• Impaired cerebral autoregulation in patients with ESKD on HD

• Increased susceptibility to cerebral ischemia during HD hemodynamic stress

✓ inflammation
✓ vascular calcification
✓ comorbidities (diabetes, hypertension, atherosclerosis and older age)

ESKD patients on hemodialysis are at risk for global and regional 
cerebral hypoperfusion and subsequent cognitive impairment

10%
CBF measured by 
[15O]H2O PET-CT

Sharp ↑in incident cerebral ischemia 
with MAP < 60 mmHg

Polinder-Boss et al, J Am Soc Nephrol 2018 Mac-Ewen et al, J Am Soc Nephrol 2018



Summary - Future perspectives

• CKD is an important risk factor for cerebrovascular disease. 

• CKD complicates routine stroke risk prediction, diagnosis, management, and 
prevention.

• CKD associates with worse stroke severity and outcomes

• Τhe link between CKD and cognitive dysfunction remains challenging 

• Elucidation of pathogenesis of cognitive impairment in CKD is necessary 

• From an epidemiological point of view is crucial to discern independently causal 
associations from intermediate mediators, confounders, and epiphenomena

• Large epidemiological prospective studies with CKD and healthy participants, 
with appropriate screening tests, imaging studies and novel CKD and 
neurodegenerative disease biomarkers are required so as to to investigate the 
progression of brain changes and the relationship between kidney and brain 
function



Thank you for your attention

Ioannina the city of legends 
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Neuropeptide Y
neuroprotective peptide

✓ facilitates neurogenesis
✓ has trophic effects on the nervous system
✓ inhibits neuroinflammation

6 times higher in hemodialysis 
patients than in healthy individuals

• Role of increased NPY levels in CKD 
for cognitive dysfunction and 
dementia remains to be elucidated

Zoccali et al, Nephrol Dial Transplant. 2018
Zoccali et al, J Hypertens. 2019

NPY protects kidney from AKI by inactivating 
M1 macrophages via the Y1R-NF-κB-Mincle-
dependent mechanism

NPY is an immunomodulatory factor

Tan et al, Int J Biol Sci. 2023

Zoccali et al, Nephrol Dial Transplant 2022

✓ NPY associates with proteinuria and 
faster CKD progression

✓ NPY predicts cardiovascular events 
in predialysis CKD patients



BBB permeability assessed by brain content 
of 99mTc-DTPA cerebral scintigraphy

Bobot et al, JASN 2020

AhR activation involved in indoxyl sulfate-
induced BBB disruption and cognitive 
impairment in mice

• Cognitive impairment in uremic rats correlated with serum levels of indoxyl sulfate and BBB 
disruption as detected by SPECT/CT imaging

• non-CKD AhR-/- knockout mice were protected against indoxyl sulfate–induced BBB disruption  
showing similar relative brain content of 99mTc-DTPA regardless of IS administration 



The Aryl Hydrocarbon Receptor (AHR) pathway 
activation in CNS: a mediator of toxicity of 
indolic-solutes in vascular-, cardio-, neuro-

damage in CKD

• AHR is a cytosolic ligand-activated transcription factor 
with impact on neuronal proliferation, differentiation, 
and survival.

• Indolic solutes enhance thrombogenicity of the uremic 
milieu through AHR signaling which promotes tissue 
factor (TF) expression in the vessel wall and triggers 
thrombosis. 

• Both clinical and experimental studies indicated a 
prominent role of  indoxyl sulphate-AHR axis activation 
in the uremic brain, including the endothelial cells of 
cerebral microvasculature.

Figures	and	Tables

Figure	1.

Uremic	thrombosis	axis	(uremic	solutes-AHR-TF)	in	humans.	Working	hypothesis	of	the	uremic	thrombosis	axis:

Tryptophan	degraded	to	indole	by	intestinal	bacteria	undergoes	conversion	to	indolic	solutes	such	as	IS	in	the	liver.

Tryptophan	absorbed	through	the	portal	circulation	also	undergoes	metabolism	in	the	liver	to	Kyn.	IS	and	Kyn	are	re-

tained	in	patients	with	CKD	and	their	elevated	levels	activate	the	AHR	pathway	to	increase	TF	levels	in	the	vessel	wall

to	enhance	thrombosis.	The	uremic	solutes–AHR–TF	axis	is	a	novel	and	CKD-speci ic	thrombotic	signaling	pathway.

Juricek et al, Int J Mol Sci 2018
Kolachalama et al, J Am Soc Nephrol 2018, Walker et al, Kidney Int. 2020



Screening for MCI and dementia in CKD patients

Need of early screening in the course of CKD
Prospective , repeated assessment of cognitive function in ESKD 
Variety of screening tools 

Viggiano et al, Nat Rev Nephrol. 2020, Pepin M et al. CONNECT project, NDT 2021
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Α summary of the epidemiology, pathophysiology, 
diagnosis, and treatment of cerebrovascular disease in 

CKD from the KDIGO Controversies Conference on central 
and peripheral arterial disease with a focus on knowledge 

gaps, areas of controversy, and priorities for research. 


