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ABSTRACT

Background. Previous results on the association between the estimated glomerular filtration rate (eGFR) and stroke are
mixed. Most studies derived the eGFR from serum creatinine, which is affected by non-kidney determinants and thus
has possibly biased the association with stroke risk.

Methods. In this cohort study, we included 429 566 UK Biobank participants (94.5% white, 54% women, age 56 + 8 years)
free of stroke at enrollment. The eGFRys and eGFR., were calculated with serum cystatin C and creatinine, respectively.
Outcomes of interest were risk of total stroke and subtypes. We investigated the linear and nonlinear associations using
Cox proportional hazards models and restricted cubic splines, corrected for regression dilution bias.

Results. During an average follow-up of 10.11 years, 4427 incident strokes occurred, among which 3447 were ischemic
and 1163 were hemorrhagic. After adjustment for confounders, the regression dilution-corrected hazard ratios (95%
confidence intervals) for every 10 mL/min/1.73 m? decrement in eGFR.ys were 1.10 (1.05-1.14) for total stroke and 1.11
(1.08-1.15) for ischemic stroke. A similar pattern was observed with eGFR.y, although the association was weaker. When
either type of eGFR was below 75 mL/min/1.73 m?, the risks of total and ischemic stroke increased exponentially as eGFR
decreased. A U-shaped relationship was witnessed if eGFR.r was used instead. There was a null association between
eGFR and hemorrhagic stroke.
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Conclusions. The risks of total stroke and ischemic stroke increased exponentially when the eGFRys fell below

75 mL/min/1.73 mZ2.

LAY SUMMARY

Previous research on the association between estimated glomerular filtration rate (eGFR) and stroke risk has
produced mixed results, partly due to the use of serum creatinine-based eGFR (eGFR.;), which may be influenced by
non-kidney determinants and therefore introduce bias. To address this issue, we investigated the linear and
nonlinear associations of cystatin C-based eGFR (eGFR.ys) with the incidence of total stroke, ischemic stroke, and
hemorrhagic stroke in 429 566 community-dwelling UK Biobank participants. Our analysis revealed that eGFRys
below 75 mL/min/1.73 m? was associated with an increased risk of stroke, specifically ischemic stroke. Notably, the
association between stroke and eGFR.; was weaker than that with eGFR.ys. Our findings highlight the importance of
not underestimating stroke risk when an individual’s eGFR is below 75 mL/min/1.73 m? in routine tests and suggest
that eGFRys is a superior marker for identifying those at increased risk of stroke.
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Cystatin C-based estimated glomerular filtration rate and risk

of stroke in the general population: a prospective cohort study

Previous results on the association between estimated glomerular filtration rate (eGFR) and stroke are mixed. Most studies derived the
eGFR from serum creatinine, which is affected by nonkidney determinants and thus has possibly biased the association with stroke risk.
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Conclusion: The risks of total stroke and ischemic stroke increased exponentially

when the eGFR_, fell below 75 ml/min/1.73 m2.
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INTRODUCTION

Worldwide, stroke is the third leading cause of death and dis-
ability combined [1]. Many stroke survivors experience a range
of disabilities, including physiological or psychological sequelae,
which often affect their quality of life [2]. Stroke places an im-
mense economic and social burden on public health; therefore,
it is important to reduce the burden of stroke through primary
prevention [1].

The decline in kidney function may contribute to the de-
velopment of stroke by impairing cerebral autoregulation, re-

modeling the cerebral vasculature and reducing cerebral blood
flow [3]. A meta-analysis of 33 prospective cohort studies pro-
posed that a baseline estimated glomerular filtration rate (eGFR)
<60 mL/min/1.73 m? (also known as chronic kidney disease
stage 3 to 5) was independently related to a higher risk of
stroke [4]. Later, a subsequent meta-analysis including 63 co-
hort studies and 20 randomized controlled trials identified a
linear relationship between eGFR and incident stroke [5]. How-
ever, in the Chronic Renal Insufficiency Cohort Study [6] and
in a post hoc analysis of the Prospective Study of Pravastatin
in the Elderly at Risk (PROSPER) trial [7], the eGFR was not



associated with an increased risk of stroke after adjustment for
confounders. In most previous reports, it is worth noting that
the eGFR was calculated using creatinine-based formulas. How-
ever, serum creatinine measurement does not provide an ac-
curate eGFR, particularly in those with preserved kidney func-
tion [8]. Serum cystatin C, the use of which has become preva-
lent in the last decade, superiorly captures the level of kid-
ney function independent of age and muscle mass [9]. In ad-
dition, most studies relied on a single evaluation of the expo-
sure at baseline and thus neglected the random measurement
error and variability of the eGFR [10], leading to an underesti-
mation of the underlying association due to regression dilution
bias [11-13]. As such, the inaccuracy of creatinine and regression
dilution bias altogether might have flawed prior reports of this
kind.

In this study, we hypothesized that eGFR was independently
associated with the risk of stroke in the general population.
Herein, we investigated the linear and nonlinear associations of
the cystatin C-based eGFR (eGFReys) with the risk of total stroke
and its subtypes in UK Biobank participants. Furthermore, we
used repeated eGFRys measurements to attenuate regression di-
lution bias. For comparison, we performed the analyses in par-
allel using the creatinine-based eGFR (eGFR).

MATERIALS AND METHODS
Study design and participants

This was a prospective cohort study of participants from
the UK Biobank. Details of the UK Biobank appear in the
Supplementary Methods. We included participants who pro-
vided written informed consent to the UK Biobank and had not
withdrawn from the study by 9 August 2021; had no history of
stroke at baseline; and had undergone serum cystatin C mea-
surement. We excluded participants with incomplete data for
the calculation of the eGFR.ys, e.g. age or sex; those with ma-
lignant tumor or end-stage kidney disease prior to recruitment;
and those who were diagnosed with acute kidney injury within
90 days prior to enrollment.

Exposures

All participants provided serum and random spot urine samples
at baseline (2006-10), and a subsample of 15 245 participants
provided additional samples as the repeated assessments be-
tween 2012 and 2013 (https://biobank.ctsu.ox.ac.uk/~bbdatan/
Repeat_assessment_doc_v1.0.pdf). In the main analysis, the GFR
was estimated from cystatin C using the Chronic Kidney Dis-
ease Epidemiology Collaboration (CKD-EPI) equations [8]. In ad-
dition, we also examined the equations based on creatinine
(eGFRr) as well as a combination of both creatinine and cystatin
C (eGFRcr.ys) [8]. Details of the measurement and calculation of
the exposures, as well as covariates considered in this study, ap-
pear in the Supplementary Methods.

Outcomes

The primary outcome was any first incident stroke between
baseline and 31 March 2019. The secondary outcomes were the
risk of stroke subtypes, including ischemic and hemorrhagic
strokes. Stroke events were ascertained from algorithmically de-
fined outcomes obtained through algorithmic combinations of
coded information from the UK Biobank’s baseline assessment
data collection (which included data from participants on their
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self-reported medical conditions, operations and medications)
and data from hospital admissions (diagnoses and procedures)
and death registries. Those who were lost to follow-up, died,
dropped out or had no stroke on 31 March 2019 were censored.

Statistical analysis

First, we conducted a descriptive analysis by eGFRys categories
(>105, 90-105, 75-<90, 60-<75, <60 mL/min/1.73 m?, in accor-
dance with previous studies) [14-17]. In addition, we visualized
histograms of eGFR.ys and eGFR., and Kaplan-Meier curves of
survival probability according to the categories of eGFR¢ys and
eGFR.y. We also calculated the incidence rate per 100 000 person-
years of stroke and its two subtypes by both eGFR.ys and eGFR,
categories.

Next, we explored the associations between eGFRys and out-
comes. Considering the large sample size of the UK Biobank, we
did not perform data imputation before modeling. We used the
Cox proportional hazards models as the main analysis to esti-
mate hazard ratios (HRs) and 95% confidence intervals (95% ClIs)
for eGFRys with the outcomes. Simultaneously, we repeated the
analyses with eGFR.; to read the disparity with eGFRcys.

The eGFR.s and eGFR. were entered into the model in
three forms: a continuous form (per 10 mL/min/1.73 m? decre-
ment, no conversion); a binary form (<60 mL/min/1.73 m?
vs >60 mL/min/1.73 m?); and a multicategorical form (with
the 90-105 mL/min/1.73 m? category as the reference). The
nonlinear association of eGFR.ys and eGFR.; on a continuous
scale with the outcomes were assessed by restricted cubic
splines.

We constructed two types of models for each outcome:
the crude model and the adjusted model. Covariates in the
adjusted models included demographics, including age, sex,
ethnicity, education and economic status (Townsend depri-
vation index); lifestyle factors, including smoking status,
alcohol consumption and metabolic equivalents; physical
measurements, including body mass index (BMI), systolic blood
pressure, diastolic blood pressure; laboratory measurements,
including glycated hemoglobin Alc, low-density lipoprotein,
high-density lipoprotein, triglycerides, C-reactive protein
and urine albumin-to-creatinine ratio; comorbid conditions,
including hypertension, diabetes, cardiovascular diseases;
and medications, including antihypertensive medications,
hypoglycemic agents, lipid-lowering drugs and antiplatelet
drugs.

Within-person variability and laboratory measurement er-
rors (known as regression dilution bias) [11] of the exposure
always lead to risk underestimation if the exposure was mea-
sured only once. Therefore, we used the McMahon-Peto method
[18, 19] to correct the association estimates using the repeated
cystatin C and creatinine measurements after 4.3 years (SD
0.9 years) since recruitment. We calculated the regression dilu-
tion ratios (RDRs) by dividing the difference in the mean eGFReys
and eGFR.; between the 5th and 1st quintiles in the repeat mea-
surements by the equivalent mean differences in the baseline
measurements. We divided the log HRs and standard errors in
the crude and covariate-adjusted models by RDRs to obtain the
corrected estimates.

We applied a series of sensitivity analyses to further test the
robustness of the results. First, we considered any deaths prior
to first stroke from baseline to 31 March 2019, as competing risks.
As such, we confirmed all the analyses of eGFRys with the Fine
and Gray approach (subdistribution hazards models) as a sub-
stitute to manage the competing risks [20]. Second, to examine
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UK Biobank participants
(N =502,462)

Excluded based on inclusion criteria (N = 40,155):

1. Participants withdrew from the study before 9 August 2021 (n = 2)
2. Participants had stroke at baseline (n = 7,779)

3. Participants did not have cystatin C data (n = 32,944)

Included samples
(N = 462,307)

Excluded based on exclusion criteria (N = 32,741):

1. Participants with incomplete data for eGFRcys calculation (n = 0)

2. Participants had malignant tumor at baseline (n = 32,230)

3. Participants had ESKD at baseline (n = 516)

4. Participants was diagnosed with acute or unspecified renal failure
within 90 days prior to baseline (n = 88)

Final samples for analysis
(N =429,566)

Figure 1: Flowchart of inclusion and exclusion. eGFR.ys, estimated glomerular filtration rate based on serum cystatin C calculated with the Chronic Kidney Disease

Epidemiology Collaboration equation.

a particularly healthy subset, we assessed the association be-
tween the eGFR¢ys and the outcomes by excluding the partic-
ipants who took certain medications or were diagnosed with
cardiovascular diseases at baseline. Third, to minimize reverse
causality, we excluded participants who developed stroke within
2 years after recruitment. Fourth, we confirmed the results by
using eGFRe.¢ys as the exposure [8]. Fifth, to further understand
the relation between BMI and GFR., we excluded underweight
participants with a BMI <18.5 kg/m?. Finally, we performed pre-
planned subgroup analyses to assess potential effect modifica-
tions between the eGFR.ys and baseline characteristics.

All analyses were performed with R Statistical Software,
version 4.0.3. All P-values were two-sided, and a P-value of
<.05 was considered to indicate statistical significance. More
information on the statistical analyses is provided in the
Supplementary data.

RESULTS
Baseline characteristics

Of the 502 462 participants recruited, we included 462 307 partic-
ipants meeting the inclusion criteria and further excluded 32 741
participants meeting the exclusion criteria. Thus, the study sam-
ple comprised 429 566 participants (Fig. 1). The distributions of
eGFR¢ys and eGFR; are depicted in Supplementary data, Fig. S1.
Table 1 shows the baseline characteristics of participants in the
five eGFR.ys categories. The majority (94.5%) were of white eth-
nicity, and nearly half (54%) were women. The average age of
the participants was 56 (SD 8) years. Overall, people with a lower
eGFR¢ys level were older, with low education levels and unfa-
vorable economic status. They were more likely to be smokers,
physically inactive and obese, and also presented with more co-
morbid conditions.

Outcomes during follow-up

Of all the participants, 1101 (0.26%) were lost to follow-up or
dropped out. During 10.11 years of mean follow-up, a total of

4427 (1.03%) incident strokes occurred, including 3447 (0.80%)
ischemic and 1163 (0.27%) hemorrhagic cases. The incidence
rates were 103.5, 80.6 and 27.1 per 100 000 person-years for to-
tal stroke, ischemic stroke and hemorrhagic stroke, respectively
(Table 2).

Association between eGFR and risk of stroke

As shown in Fig. 2, Kaplan-Meier curves indicate that people in
the lower eGFR.ys or eGFR, categories were more likely to de-
velop incident stroke, with the risks being obvious for total and
ischemic strokes (Fig. 2A-D) but largely diminishing for hemor-
rhagic stroke (Fig. 2E and F). Differences in stroke risks appeared
more noticeable when the participants were divided according
to the eGFRcys.

Table 2 shows that a lower eGFR.ys was independently as-
sociated with an increased risk of total stroke and ischemic
stroke but not with hemorrhagic stroke after adjustment for
potential confounders. When subsequently corrected for RDRs,
the associations became slightly stronger. Such relationships
generally held for all three forms of eGFRys entered. For each
10 mL/min/1.73 m? decrement in the eGFRys, the risk increased
by 10% (adjusted HR 1.10, 95% CI 1.05-1.14) and 11% (adjusted
HR 1.11, 95% CI 1.08-1.15) for total stroke and ischemic stroke,
respectively. However, the risk was not significantly increased
for hemorrhagic stroke (adjusted HR 1.03, 95% CI 0.97-1.10). The
binary analyses confirmed the same relationships. The multi-
category analyses coupled with restricted cubic spline (Fig. 3A)
suggested a cubic relationship between the eGFRys and the
risk of total stroke might exist, although not statistically sig-
nificant (P for nonlinearity = 0.057). When eGFR.y was be-
low 75 mL/min/1.73 m?, stroke risk increased almost exponen-
tially as eGFRcys decreased. However, when eGFR.ys was above
75 mL/min/1.73 m?, the risk did not significantly differ but seem-
ingly decreased as the eGFRys exceeded 105 mL/min/1.73 m2. A
similar mode of association was visualized for ischemic stroke
(Fig. 3C) but not for hemorrhagic stroke (Fig. 3E).

As shown in Table 3, the continuous analyses indicated that
the associations of eGFR., with total stroke (adjusted HR 1.05,
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Figure 2: Kaplan-Meier curves of survival probability by eGFR categories. Survival probability for primary (A and B for total stroke) and secondary outcomes (C and D
for ischemic stroke; E and F for hemorrhagic stroke) according to the categories of eGFRcys and eGFR.;. The median follow-up period for total stroke was 10.11 (IQR 9.39-
10.81) years, that for ischemic stroke was 10.11 (IQR 9.40-10.81) years and for hemorrhagic stroke was 10.11 (IQR 9.40-10.82) years. In the participants who experienced
stroke, the median follow-up periods were 5.01 (IQR 2.98-6.62), 5.04 (IQR 3.01-6.66) and 4.92 (IQR 2.90-6.55) years for total stroke, ischemic stroke and hemorrhagic
stroke, respectively. The median follow-up period for participants who did not develop stroke was 10.17 (IQR 9.48-10.84) years. eGFR,;, estimated glomerular filtration
rate based on serum creatinine calculated with the Chronic Kidney Disease Epidemiology Collaboration equation; eGFR.ys, estimated glomerular filtration rate based
on serum cystatin C calculated with the Chronic Kidney Disease Epidemiology Collaboration equation; IQR, interquartile range.
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Figure 3: Restricted cubic splines for total stroke, ischemic stroke and hemorrhagic stroke. The adjusted restricted cubic splines were defined with five knots at the Sth,
27.5th, 50th, 72.5th and 95th percentiles, conditional on the median values of the covariates. HRs were adjusted for age, sex, ethnicity, education, Townsend depriva-
tion index, smoking status, alcohol consumption, metabolic equivalents, BMI, systolic blood pressure, diastolic blood pressure, glycated hemoglobin Alc, low-density
lipoprotein, high-density lipoprotein, triglycerides, C-reactive protein, urine albumin-to-creatinine ratio, hypertension, diabetes, cardiovascular diseases, antihyper-
tensive medications, hypoglycemic agents, lipid-lowering drugs and antiplatelet drugs, and additionally corrected for regression dilution bias of the estimates. The
regression dilution ratio was 0.91. The 95% ClIs were derived by bootstrap resampling, the times of which were equal to the numbers of observations. Each point on the
curve is the pointwise average HR. Shaded areas represent 95% Cls. The horizontal dashed line indicates an HR of 1. eGFR., estimated glomerular filtration rate based
on serum creatinine calculated with the Chronic Kidney Disease Epidemiology Collaboration equation; eGFReys, estimated glomerular filtration rate based on serum
cystatin C calculated with the Chronic Kidney Disease Epidemiology Collaboration equation.

95% CI 1.01-1.10) and ischemic stroke (adjusted HR 1.06, 95% Sensitivity analyses and subgroup analyses
CI 1.01-1.11) were weaker than those of eGFR.y. Contrary to
the results of eGFRys, the multicategory analyses revealed that
compared with the reference group, participants in the highest
eGFR, category (>105 mL/min/1.73 m?) paradoxically exhibited
an increased risk of stroke: adjusted HRs (95% Cls) were 1.20
(0.98-1.50) for total stroke, 1.29 (1.00-1.67) for ischemic stroke
and 1.09 (0.73-1.60) for hemorrhagic stroke, respectively. A U-
shaped relationship was observed in the restricted cubic splines
(Fig. 3B, D and F).

All the sensitivity analyses revealed consistent results with the
main analysis. When the Fine and Gray approach was applied
to account for competing risks, the results were altered little
(Supplementary data, Table S1). Similarly, the findings remained
constant to a large extent in the diverse scenarios that we tested
(Supplementary data, Tables S2 and S3). In the subgroup analy-
ses (Supplementary data, Fig. S2), we found no significant dif-
ferences in the associations of eGFR.ys with risk of total stroke


https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad188#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad188#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad188#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad188#supplementary-data
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across the prespecified strata, accompanied by null interaction
between eGFRys and all the stratified factors.

DISCUSSION

In this large cohort study, we observed a cubic relationship be-
tween the eGFRys and the risk of total and ischemic strokes. The
associations were generally stronger after the calibration of re-
gression dilution bias and remained consistent in various sen-
sitivity and subgroup analyses. However, when the eGFR., was
used as a proxy of kidney function, the mode of the associations
appeared to be U-shaped. We found null association between
eGFR¢ys and hemorrhagic stroke.

The robust nature of our results is apparent from the overall
consistency of the results achieved using multiple approaches.
Remarkably, in a community-based population, we found that
the risk of stroke started to increase exponentially as the eGFR
was below 75 mL/min/1.73 m?, which is significantly higher than
the literature reported threshold of 60 mL/min/1.73 m? [4]. As
the relationship between a reduced eGFR and stroke risk is still
debated, our results strengthen the evidence from several previ-
ous studies, including two systematic reviews [4, 5]. One meta-
analysis including 284 672 participants and 7863 stroke events
showed that the stroke risk increased among participants with
an eGFR.; <60 mL/min/1.73 m? (relative risk 1.43, 95% CI 1.31-
1.57) [4]. Another meta-analysis including 2 156 147 participants
with 30 392 stroke events revealed that each 10 mL/min/1.73 m?
decrement in eGFR, increased the risk of stroke by 7% (relative
risk 1.07, 95% CI 1.04-1.09) [5]. In contrast, another pooled anal-
ysis of four community-based studies reported null associa-
tion between a low eGFR. and stroke [21]. It is worth noting
that in many publications, a single eGFR evaluated at baseline
was merely entered into the models as a dichotomous variable
(<60 mL/min/1.73 m? vs >60 mL/min/1.73 m?) or as a contin-
uous variable. In this regard, neither a potential nonlinear re-
lationship nor the correction for regression dilution bias could
be addressed. Our results indeed support the nonlinearity of
the association between kidney function and stroke risk. Thus,
the simplistic analysis strategy may have underestimated the
true association.

Creatinine is not sufficiently sensitive to detect mild to mod-
erate kidney function impairment (40-70 mL/min/1.73 m?) [9].
This possibly leads to misclassification as the reference group
in the eGFR. analysis. Earlier studies in the general popula-
tion have been inevitably limited by these unpredictable pit-
falls related to creatinine. Moreover, an apparently higher eGFR.,
was related to stroke risks, a clinically counterintuitive phe-
nomenon being presented for all three outcomes in our analysis.
We observed distinct results between eGFRcys (or €GFRys.cr) and
eGFR.; mainly in the highest category (above 105 mL/min/1.73
m?), which likely reflects differences in the accuracy of the two
measures of kidney function. Both the accuracy and precision
of eGFR,, are compromised compared with those of eGFR¢ys and
eGFRcys.cr, especially when kidney function is relatively normal
[8]. Pseudo-elevated eGFR.; may mirror the loss of lean muscle
mass and poor nutrition [22], all of which are associated with
adverse outcomes [23].

Evidence for the association of impaired kidney function
with hemorrhagic stroke risk is conflicting. We did not find a
detrimental association between a lower eGFR and hemorrhagic
stroke risk. In line with our results, a pooled analysis of four
studies showed that a low eGFR.cys Was significantly associated
with an increased risk of ischemic stroke but not hemorrhagic
stroke [17]. Recently, a nationwide cohort study in South Korea
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also reported null association between eGFR., and the risk of
hemorrhagic stroke [24]. The opposite result was reported in the
Rotterdam Study using eGFR,, calculated by the Cockcroft-Gault
equation [25]. Dissimilarities in these findings may be attributed
to the case mix, the spectrum of kidney function, and the equa-
tions employed [26, 27]. Nevertheless, the relationship between
kidney function and the risk of hemorrhagic stroke appears less
clear than that for ischemic stroke and thus warrants further
elucidation.

The kidneys and the brain vasculature have many mutual
anatomical and functional properties [28] and share similar risk
factors [29]. The putative homeostatic mechanisms of a lower
eGFR and stroke include cerebral autoregulation, blood flow and
vessel remodeling [3]. Impaired kidney function can lead to in-
stability in the regulation of cerebral blood flow, which relies on
a constant and adequate supply [30].

From a public health point of view, both stroke and kid-
ney disease are noncommunicable diseases. The current study
strengthened the evidence for the relationship between kid-
ney function and stroke risks, and it was shown that screen-
ing for kidney function with serum cystatin C may help risk
stratification for stroke in the general population. Moreover, our
findings highlight that when individuals have an eGFR below
75 mL/min/1.73 m? in routine laboratory tests, the risk of stroke
should not be underestimated. With the Kidney Disease: Im-
proving Global Outcomes (KDIGO) guideline promoting the mea-
surement of cystatin C [31], more widespread use of cystatin C
could expectedly reduce the bias of eGFR in studying adverse
outcomes [32, 33].

This study has several limitations that should be considered.
First, given the nature of observational studies, we can only
suggest an association but cannot ascertain causality. Second,
the participants who volunteered were mainly whites aged 40-
69 years; therefore, the generalizability of our findings to other
ethnic and age groups may be limited. Third, our estimated
GFR relied on serum biomarkers rather than the gold standard
method of measured GFR [34], which may introduce some un-
certainty. Although cystatin C testing is available in many labo-
ratories, it is more expensive than creatinine testing due to the
cost of reagents [35] and may be influenced by non-kidney fac-
tors such as thyroid function [36, 37] or glucocorticoid use [38].
We were unable to adjust for these confounding factors. The in-
clusion of participants with such conditions may have overesti-
mated the impact of eGFR¢ys on outcomes. Fourth, because GFR
is estimated using a single measure of cystatin C or creatinine at
baseline, we cannot provide GFR values at the time of the stroke
or information on GFR progression over time. Finally, due to the
lack of data on the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) classification in the UK Biobank [39], we were unable to
specify the relationship between eGFR and etiological types of
stroke and thereby provide mechanistic insights [40].

In conclusion, we observed a nonlinear relationship be-
tween eGFR.ys and the risk of total and ischemic strokes in this
population-based study. The risks of stroke progressively in-
creased as eGFR¢ys decreased below 75 mL/min/1.73 m?. In con-
trast, the eGFR.,-related results were likely to be biased. Our find-
ings emphasize the importance of monitoring kidney function
in patients and suggest that eGFR.ys should be considered the
preferred marker for assessing stroke risk.
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