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Chronic kidney disease (CKD) is an increasingly recognized public health problem. With 

a worldwide prevalence approaching 10%,1 CKD is a major risk factor for cardiovascular 

disease.2 Though CKD is a putative risk factor for stroke,3 the mechanisms by which CKD 

impacts stroke risk have proven difficult to elucidate, as many risk factors for CKD are also 

risk factors for stroke. Understanding the impact of CKD on outcomes after stroke poses 

similar challenges.

The Kidney Disease Improving Global Outcomes guidelines define CKD as an estimated 

glomerular filtration rate (eGFR) <60 ml/min/1.73 m2 and/or proteinuria ≥1+ on urine 

dipstick.4 These two variables, eGFR and proteinuria, represent the two separate but related 

aspects of CKD pathophysiology: kidney dysfunction and kidney damage, respectively. Prior 

studies have produced mixed results regarding the association between CKD and stroke 

recurrence, including studies that assessed both kidney dysfunction and kidney damage.5,6 

Clarifying the independent and joint contributions of kidney dysfunction and damage to 

stroke outcomes is a necessary step in the effort to better understand interorgan relationships 

in neurology.

Ueki and coauthors investigated the association of CKD with stroke recurrence and all-cause 

mortality in a prospective longitudinal cohort of Japanese patients with ischemic stroke.7 In 

their analyses, they critically included both eGFR and proteinuria as predictor variables, 

investigating kidney dysfunction and kidney damage as simultaneous but independent 

determinants of stroke recurrence and mortality. Importantly, the authors had the foresight 

to evaluate the independent effects of eGFR and proteinuria while additionally assessing 

for synergistic effect modification by these factors. Their analysis was based on 12,576 

Japanese patients with stroke, among whom 20% had recurrent stroke and 32% died over 

a median follow-up of 4 years. Ueki and colleagues found that worse eGFR and higher 

proteinuria were both independently associated with a higher risk of recurrent stroke and 
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all-cause mortality. In other words, each factor was associated with stroke recurrence and 

death independent of the other factor. However, there were subtle differences; whereas 

worse eGFR was associated with an increased risk of recurrent stroke across the continuum 

of eGFR, only the highest level of proteinuria was associated with an increased risk of 

recurrent stroke. In their primary analysis, eGFR did not act synergistically with proteinuria 

to influence the risk of stroke recurrence or death by formal statistical criteria. But, close 

examination of their data reveals apparent synergy; patients with poor eGFR and high 

proteinuria had the highest adjusted risks of recurrent stroke and mortality.

One important limitation of this study is the exclusion of patients requiring renal 

replacement therapy, for whom anuria precluded proteinuria assessment. The authors 

addressed this limitation by performing a sensitivity analysis that included patients on renal 

replacement therapy, in which results were largely unchanged. However, patients requiring 

renal replacement therapy are a unique subset of patients with CKD,8 so understanding the 

impact of CKD on stroke outcomes in such patients may require investigating factors not 

reflected by eGFR and proteinuria. Other limitations include an ethnically homogeneous 

study population and the lack of repeated measures of eGFR and proteinuria, but these 

limitations are counterbalanced by the study’s other notable strengths, which include its 

large sample size, prospective data collection, and long follow-up period.

Limitations notwithstanding, this study is a valuable contribution to the literature. 

Specifically, as relates to CKD, this work establishes that kidney dysfunction and kidney 

damage both have significant and independent associations with stroke recurrence and 

post-stroke mortality. These data do not clarify whether kidney dysfunction and kidney 

damage, as opposed to upstream factors such as hypertension, are causally linked to post-

stroke outcomes. However, the findings do justify asking whether different aspects of CKD 

pathophysiology may be targeted to improve stroke outcomes. While the authors’ findings 

do not have immediate, direct clinical implications, it is noteworthy that when treating 

conditions linked with CKD, such as hypertension and diabetes, treatment options include 

drugs with nephroprotective properties. Whether such drugs should be used preferentially to 

improve post-stroke outcomes should be investigated.

Broadly, the authors should be commended for providing a model for the rigorous 

investigation of interorgan relationships. The authors’ approach of analyzing individual and 

joint effects of multiple biomarkers that reflect different constituent processes underlying 

CKD may be generalized to other complex problems. For example, the burgeoning 

investigation of the liver-brain axis9 would benefit from employing a similar approach 

that comprehensively evaluates the various biomarkers of liver function and liver injury. 

Such an approach could enrich work across the spectrum of neurological disorders, ranging 

from cerebrovascular conditions such as cerebral amyloid angiopathy to neurodegenerative 

conditions such as Alzheimer’s disease.

Ueki and colleagues have made it clear that going beyond serum creatinine is necessary to 

more fully understand the impact of CKD on stroke outcomes. Evolving beyond reductionist 

approaches that isolate individual disease biomarkers will allow our field to develop a more 

comprehensive, and thus actionable, understanding of interorgan relationships in stroke.
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Non-standard Abbreviations and Acronyms

CKD chronic kidney disease

eGFR estimated glomerular filtration rate

References

1. Bikbov B, Purcell C, A.S. L, Smith M, Abdoli A, Abebe M, Adebayo OM, Afarideh M, 
Agarwal SK, Agudelo-Botero M, et al. Global, regional, and national burden of chronic kidney 
disease, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet. 
2020;395:709–733. doi: 10.1016/S0140-6736(20)30045-3 [PubMed: 32061315] 

2. Jankowski J, Floege J, Fliser D, Bohm M, Marx N. Cardiovascular Disease in Chronic Kidney 
Disease: Pathophysiological Insights and Therapeutic Options. Circulation. 2021;143:1157–1172. 
doi: 10.1161/CIRCULATIONAHA.120.050686 [PubMed: 33720773] 

3. Matsushita K, Coresh J, Sang Y, Chalmers J, Fox C, Guallar E, Jafar T, Jassal SK, Landman 
GW, Muntner P, et al. Estimated glomerular filtration rate and albuminuria for prediction of 
cardiovascular outcomes: a collaborative meta-analysis of individual participant data. Lancet 
Diabetes Endocrinol. 2015;3:514–525. doi: 10.1016/S2213-8587(15)00040-6 [PubMed: 26028594] 

4. Levey AS, de Jong PE, Coresh J, El Nahas M, Astor BC, Matsushita K, Gansevoort RT, Kasiske 
BL, Eckardt KU. The definition, classification, and prognosis of chronic kidney disease: a KDIGO 
Controversies Conference report. Kidney Int. 2011;80:17–28. doi: 10.1038/ki.2010.483 [PubMed: 
21150873] 

5. Lee SJ, Lee DG. Relationship between Kidney Dysfunction and Ischemic Stroke Outcomes: 
Albuminuria, but Not Estimated Glomerular Filtration Rate, Is Associated with the Risk of 
Further Vascular Events and Mortality after Stroke. PLoS One. 2016;11:e0155939. doi: 10.1371/
journal.pone.0155939 [PubMed: 27213281] 

6. Lima HN, Cabral NL, Goncalves AR, Hauser A, Pecoits-Filho R. Association between albuminuria, 
glomerular filtration rate and mortality or recurrence in stroke patients. Nephron Clin Pract. 
2011;117:c246–252. doi: 10.1159/000320342 [PubMed: 20805698] 

7. Ueki K, Matsuo R, Kuwashiro T, Irie F, Yoshinobu A, Kamouchi M, Kitazono T. Decreased eGFR 
and proteinuria and long-term outcomes after ischemic stroke: a longitudinal observational cohort 
study. Stroke. 2022.

8. Kelly DM, Ademi Z, Doehner W, Lip GYH, Mark P, Toyoda K, Wong CX, Sarnak M, Cheung 
M, Herzog CA, et al. Chronic Kidney Disease and Cerebrovascular Disease: Consensus and 
Guidance From a KDIGO Controversies Conference. Stroke. 2021;52:e328–e346. doi: 10.1161/
STROKEAHA.120.029680 [PubMed: 34078109] 

9. Khanna S, Parikh NS, VanWagner LB. Fatty liver and cerebrovascular disease: plausible 
association and possible mechanisms. Curr Opin Lipidol. 2022;33:31–38. doi: 10.1097/
MOL.0000000000000799 [PubMed: 34799486] 

Bruce and Parikh Page 3

Stroke. Author manuscript; available in PMC 2024 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	References

