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ABSTRACT

Background and objective: It remains unclear whether the difference between the estimated glomerular filtration
rate based on cystatin C and creatinine (eGFRdiff) is associated with cerebral small vessel disease (CSVD). We
investigated the correlation of eGFRdiff with SCVD and further evaluated the mediating role of blood pressure.
Methods: This prospective cohort study included 35,590 neurologically healthy participants at baseline (2006
to 2010) from the UK Biobank. eGFRdiff is divided into two indicators: absolute difference (eGFRabdiff) and
ratio (eGFRrediff) based on the calculation between cystatin C and creatinine. CSVD was assessed by calculating
white matter hyperintensity volume (WMHV) from T2-FLAIR brain MRI scans (conducted between 2014 and
2021), with values normalized to intracranial volume and log-transformed. Multiple linear regression models
and mediation analysis was used to evaluate the associations of eGFRdiff with WMHV.

Results: Participants with negative eGFRabdiff had higher WMHV (f = 0.07, 95 % confidence interval [CL] = 0.04
~ 0.10), while participants with positive eGFRabdiff had smaller WMHYV (§ = -0.05, 95 %CL = -0.09 ~ -0.02),
compared to midrange eGFRabdiff group. Meanwhile, participants with eGFRrediff < 0.7 had higher WMHV
compared with participants with eGFRrediff > 0.7 (§ = 0.08, 95 %CL = 0.01~ 0.15) .In addition, hypertension
mediated the associations between eGFRdiff and WMHV (12.6 % ~13.2 %).

Conclusion: eGFRdiff was independently associated with WMHYV. Our findings suggested that monitoring eGFRdiff
has potential benefits in identifying the burden of CSVD in the general population in future.

Clinical Perspective

What was known?

Intraindividual differences between estimated glomerular fil-

The analysis of hypertension as a mediator in the relationship
between eGFRdiff and CSVD burden revealed that it accounted for
13 % of the effect.

tration rate (eGFR) based on cystatin C (eGFRcys) and creatinine
(eGFRcr) have been associated with a range of adverse clinical
outcomes. However, the clinical implications of these differences
(eGFRdiff) for the cerebral small vessel disease (CSVD), a major
contributor to cognitive decline, stroke remains unclear.

What is new?

In this large prospective cohort study comprising 35,590 UK
Biobank participants, we found those with large negative values
of eGFRdiff had a higher burden of CSVD.

3.In the stratified analysis, no significant interactions were ob-
served between the eGFRdiff and other factors, except for race.
This suggests that the effect of the eGFRdiff on the outcome may
be influenced or modified by racial differences, while other factors
do not appear to alter this relationship.

What are the clinical implications?

Our findings highlight that eGFRdiff could be a more depend-
able marker for assessing CSVD burden. In clinical practice, mon-
itoring the intraindividual eGFRdiff may optimize the risk clinical
assessment and management of CSVD, potentially aiding in the
early prevention of stroke and dementia.

* Corresponding author at: Department of Neurology, The Second Affiliated Hospital of Anhui Medical University.

E-mail address: qili md@126.com (Q. Li).

! Zhiming Li, Fei Wang, Jincheng Liu and Benbo Xiong contributed equally to this work.

https://doi.org/10.1016/j.tjpad.2025.100190

Received 4 March 2025; Received in revised form 7 April 2025; Accepted 15 April 2025
2274-5807/© 2025 The Authors. Published by Elsevier Masson SAS on behalf of SERDI Publisher. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)



https://doi.org/10.1016/j.tjpad.2025.100190
http://www.ScienceDirect.com/science/journal/22745807
http://www.elsevier.com/locate/tjpad
mailto:qili_md@126.com
https://doi.org/10.1016/j.tjpad.2025.100190
http://creativecommons.org/licenses/by/4.0/

Z. Li, F. Wang, J. Liu et al.

1. Introduction

Cerebral small vessel disease (CSVD) is a common and significant
pathology associated with aging and a major contributor to cognitive
decline, stroke, and other neurological disorders [1]. White matter hy-
perintensity (WMH) is increasingly being utilized to monitor the pro-
gression of CSVD, as it is a crucial magnetic resonance imaging (MRI)
marker of CSVD [2]. The relationship between systemic vascular health
and CSVD is well-established, with hypertension being one of the most
significant modifiable risk factors contributing to disease progression
[3]. However, the precise mechanisms linking vascular health markers
with CSVD remain incompletely understood, particularly with respect
to renal function markers.

The brain and kidneys share a profound connection, anchored in
their analogous anatomical structures and hemodynamic characteristics
of small vessel [4]. Functional changes in the kidney are associated with
CSVD, particularly in community-based populations with cardiovascular
disease (CVD) [5,6]. Additionally, inflammatory processes, and oxida-
tive stress following changes in kidney function are considered to con-
tribute to the risk of vascular damage and endothelial dysfunction [4].
The estimated glomerular filtration rate (eGFR), usually measured by
serum cystatin C or creatinine, is a commonly used biomarker in clinical
practice to evaluate renal function and microvascular inflammation [7].
However, cystatin C-based eGFR (eGFRcys) and creatinine-based eGFR
(eGFRcr) differs significantly in some individuals (such as the elderly,
sarcopenia, and people with less physical activity), suggesting that the
large differences may serve as markers of health status [8,9]. Previous
studies have shown that eGFRdiff is associated with adverse events such
as CVD, frailty, and mortality, but whether it is associated with CSVD
remains unclear [9-12].

This study aims to address this gap by investigating the association
between the difference in eGFRcys and eGFRcr (eGFRdiff) and CSVD,
measured by white matter hyperintensity volume (WMHYV), in a large
cohort of neurologically healthy individuals from the UK Biobank. We
hypothesize that participants with greater discrepancies between cys-
tatin C and creatinine-based GFR estimates will demonstrate higher
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Fig. 1. Flow diagram describing sample selection.

WMHYV, reflecting a higher burden of CSVD [13]. Furthermore, given
the established role of blood pressure in both renal and cerebral vascu-
lar health, we also evaluate the mediating effect of blood pressure status
on the relationship between eGFRdiff and WMHV.

2. Methods
2.1. Study population

UK Biobank is a large-scale, prospective cohort study that aims to re-
veal the impact of environmental, genetic and lifestyle factors on human
health through extensive collection and analysis of data. This project re-
cruited approximately 500,000 participants aged 40 to 69 from across
the UK between 2006 to and 2010.The design and methods of this study
have been described in detail previously [14]. We initially enrolled
44,994 participants from the UK Biobank MRI program into the study.
Furthermore, we excluded participants with missing baseline data on
serum creatinine and cystatin as well as other covariates. Participants
diagnosed with stroke, dementia, Parkinson’s disease, and or other neu-
rological diseases (including multiple sclerosis, any other chronic de-
generative, neurologic disorder, brain cancer, brain abscess, aneurysm,
cerebral palsy, encephalitis, head or neurologic injury, nervous system
infection, trauma) were further excluded [13]. Finally, 35,590 partici-
pants were included in our analysis. A flowchart outlining the partici-
pant selection process is shown in Fig. 1.

2.2. Main exposure

Serum creatinine and cystatin were measured in the UK Biobank
using the enzymatic analysis and the latex enhanced immunoturbidi-
metric analysis on a Beckman Coulter AU5800 and a Siemens AD-
VIA 1800, respectively. The 2012 Chronic Kidney Disease Epidemiol-
ogy Collaboration (CKD-EPI) cystatin C equation and 2021 race-free
CKD-EPI equations were utilized to compute eGFRcys and eGFRcr, re-
spectively [7,15]. eGFRdiff included the absolute difference between
eGFR (eGFRabdiff) and relative difference between eGFR (eGFRrediff).
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eGFRabdiff was defined as eGFRcys minus eGFRcr, while eGFRrediff de-
fined as eGFRcys/eGFRcr. The eGFRabdiff was further stratified by three
categories: negative eGFRabdiff (< —15 mL/min/1.73 m?), midrange
eGFRabdiff (-15 to 15 mL/min/1.73 m?), and positive eGFRabdiff (>
15 mL/min/1.73 m?), while the eGFRrediff was categorized into two
groups: <0.7, and >0.7 [10,16].

2.3. Outcome

In our study, we used total white matter hyperintensity volume
(WMHV) as a biomarker of total burden of CSVD [13]. Participants un-
derwent 3T MRI scanning at the UK Biobank Imaging Centre. The stan-
dardized scanning protocol includes multimodal imaging sequences to
provide comprehensive brain structural and functional data [17]. Brain
Intensity Abnormality Classification Algorithm (BIANCA) was used to
calculate the WMHYV from images on T1 and T2-FLAIR sequences [17].
Intracranial volume was calculated using the image processing pipeline
developed by UK Biobank. To correct for differences in intracranial vol-
ume among different individuals, WMHV was normalized by intracra-
nial volume (WMHVnorm).

2.4. Covariates

In the UK Biobank, information on demographic characteristics and
lifestyle was obtained using a touch screen questionnaire. Demographic
characteristic includes age, sex, ethnicity and Townsend deprivation in-
dex (TDI). To protect the privacy of participants, we categorized race
into white and non-white in this study. TDI was calculated based on the
proportions of unemployment, non-car ownership, non-house owner-
ship and household overcrowding among all participants. Alcohol and
drinking history were categorized as never and ever. Anthropometric
measurements (height, weight, and body composition) and blood pres-
sure were measured by a trained nurse. In addition, serum lipid profile
and high-sensitivity C-reactive protein (hs-CRP) were also quantitatively
measured at baseline. BMI>30 was defined as obesity. Hypertension was
defined as Systolic blood pressure (SBP) >140mmbhg or diastolic blood
pressure (DBP) >90mmbhg. Hyperlipidemia was defined as Triglycerides
> 6.2mmol/L. Diabetes was self-reported during a verbal interview with
a trained nurse at the assessment center.

2.5. Statistical analysis

The baseline characteristics were described according to categories
of eGFRabdiff and eGFRrediff. Continuous variables were presented as
mean and standard deviation, while categorical variables were pre-
sented as numbers and percentages. The differences between the groups
were compared using the Kruskal-Wallis rank sum test and Wilcoxon
rank sum test for categorical variables and the Pearson’s Chi-squared
test for continuous variables. We performed the Anderson-Darling test
to check the normal distribution of continuous variables. We log-
transformed WMHVnorm to correct its positively skewed distribution.
To reduce the influence of potential confounding factors, we constructed
several multivariate linear regression models to accurately investigate
the effect of eGFRdiff on WMHVnorm. Model 1 was unadjusted. Model
2 was adjusted for age, sex, ethnicity and TDI. Model 3 was further ad-
justed for diabetes, hypertension, hyperlipidemia, obesity, smoking his-
tory, drinking history, hs-CRP, HDL-cholesterol (HDL-C), total choles-
terol (TC) and eGFRcys.

To investigate the dose-response relationship between eGFRdiff and
WMHVnorm, we used a restricted cubic spline (RCS) regression model
with 3 knots at the 10th, 50th, and 90th percentiles of the eGFRdiff
distribution and nonlinearity was tested with the likelihood ratio test.
We further performed mediation analysis to determine whether and to
what extent the relationship between eGFRdiff and WMHVnorm was
mediated by BP.
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We performed several sensitivity analyses to validate these find-
ings. First, we performed subgroup analyses to explore the impacts of
eGFRabdiff and eGFRrediff on WMHVnorm in different populations.
Subgroup analyses were stratified by age, sex, ethnicity, drinking his-
tory, alcohol history, hypertension, diabetes and hyperlipidemia. Sec-
ond, we further adjusted for muscle mass for statistical analysis. Third,
we repeated the statistical analysis by replacing eGFRcr and eGFRcr-
cys with eGFRcr respectively. Fourth, we defined the eGFRrediff repli-
cation statistics in different ways to verify stability. In addition, we
also excluded individuals with baseline chronic kidney disease and con-
ducted statistical analysis. Finally, we explored the correlation between
eGFRdiff and WMHVnorm at different time periods. All statistical analy-
ses were performed using R software (version 4.3.1). All statistical tests
were two sided, and the critical level of significance was set at 0.05.

3. Result
3.1. Baseline characteristics

Table 1 shows baseline characteristics of participants in our study.
Among the 35,590 participants we included, the mean age was
54.98 + 7.53, and 18,671(52 %)were women. Among all participants,
6530(18 %) had negative eGFRabdiff, 26,467(74 %) had midrange
eGFRabdiff, and 2593(7.3 %) had positive eGFRabdiff. There were
762(2.1 %) participants with eGFRrediff < 0.7, and 34,828(98 %) partic-
ipants with eGFRrediff > 0.7. The mean eGFRabdiff and mean eGFRred-
iff were -4 + 13 and 0.97 + 0.15 mL/min/1.73 m? at baseline. Par-
ticipants with a large negative eGFR difference (both eGFRabdiff and
eGFRrediff) had a higher proportion of females, as well as a greater
prevalence of obesity, smoking history, diabetes, hypertension, and hy-
perlipidemia (p < 0.05). Additionally, these participants exhibited a
poorer metabolic profile, characterized by elevated total cholesterol
(TC), higher C-reactive protein (CRP) levels, and lower high-density
lipoprotein cholesterol (HDL-C).

3.1.1. eGFRdiff and the burden of CSVD

Lower eGFRdiff was associated with WMHVnorm in all multi-
variate analyses adjusted for confounders. Compared to participants
with midrange eGFRabdiff, participants with negative eGFRabdiff
showed a dangerous effect on WMHVnorm in the final adjusted model
(#=0.07,95 %CL=0.04~0.10) while participants with positive eGFRab-
diff showed a protective effect on the WMHVnorm (#=-0.05, 95 %CL=
—0.09~—0.02) (Table 2). RCS analysis demonstrated a linear dose-
response relationship between eGFRrediff and white matter hyperinten-
sity volume (overall P < 0.001 ; P for non-linear=0.069) (Fig. 2).

Compared to participants with eGFRrediff>0.7, participants with
eGFRrediff <0.7 was associated with higher WMHVnorm ($=0.08,
95 %CL=0.01~0.15) (Table 2). RCS analysis further indicated a non-
linear dose-response relationship between eGFRrediff and white matter
hyperintensity volume (overall P < 0.0001; P for non-linear =0.0014)
(Fig. 2).

3.2. Mediation analysis

In our results, BP mediates the effect of eGFRdiff on WMHVnorm
(Fig. 3). Specifically, we observed that the association of eGFRabdiff
with WMHVnorm was significantly mediated by DBP, hypertension,
and the indirect effect (IE) was —0.0053 (—0.0061~-0.0001), —0.0048
(—0.0056~—0.0001), with a proportion mediated of 4.7% and 13.2 %.
In addition, our results showed that the association of eGFRrediff with
WMHVnorm was also significantly mediated by SBP, DBP and hyperten-
sion, and the IE was —0.5384 (—0.6102~—0.4701), —0.5466 (—0.6200
~—0.4723), —0.5041 (-0.5767~-0.4422), with a proportion mediated
of 6.8 %, 5.2 %, and 12.6 %.
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Table 1
Baseline characteristics of participants by category of eGFRdiff in UK Biobank.
eGFRabdiff (ml/min/1.73m?) eGFRrediff
Overall, < =15, —15~15, >15, <0.7, >0.7,
Characteristic N =35,590(100 %)! N=6530(18%)' N =26,467(74%)' N=2593(7.3%)' P-Value’ N =762(2.1%)" N=34,828(98%)' P-Value®
Age (years) 54.98 +7.53 55.84 +7.31 54.94 + 7.56 53.27 +7.51 <0.001 57.46 + 6.85 54.93 + 7.54 <0.001
Gender (%) <0.001 <0.001

Female 18,671(52 %) 4700(72 %) 13,076(49 %) 895(35 %) 603(79 %) 18,068(52 %)

Male 16,919(48 %) 1830(28 %) 13,391(51 %) 1698(65 %) 159(21 %) 16,760(48 %)
Race/ethnicity (%) <0.001 0.7

Others 1003(2.8 %) 195(3.0 %) 675(2.6 %) 133(5.1 %) 20(2.6 %) 983(2.8 %)

White 34,587(97 %) 6335(97 %) 25,792(97 %) 2460(95 %) 742(97 %) 33,845(97 %)

TDI -1.89 + 2.72 -1.59 + 2.86 -1.95 + 2.68 -2.05 + 2.63 <0.001 -1.39 + 2.96 -1.90 + 2.71 <0.001
Serum Creatinine 72+ 14 64 +11 73 +13 88 +12 <0.001 64 +11 72 + 14 <0.001
(umol/L)

Serum Cystatin C 0.87 +0.13 0.97 +0.13 0.85 + 0.12 0.79 + 0.09 <0.001 1.12+0.17 0.87 +0.12 <0.001
(mg/L)

eGFRer 96 + 14 102 + 11 96 + 13 81 +11 <0.001 101 £ 12 96 + 14 <0.001
(ml/min/1.73m?)

eGFRcys 92 + 14 80 + 12 94 +13 103 +11 <0.001 66 + 9 93 +14 <0.001
(ml/min/1.73m?)

eGFRer-cys 109 + 15 110 + 15 110 £ 16 101 £ 12 <0.001 103 + 16 109 + 15 <0.001
(ml/min/1.73m2)

eGFRabdiff -4 +13 -23+7 -2+8 22+7 <0.001 -35+7 -3+12 <0.001
eGFRrediff 0.97 + 0.15 0.78 + 0.06 0.98 + 0.08 1.29 + 0.13 <0.001 0.65 + 0.05 0.98 +0.14 <0.001
TC (mmol/1) 5.73 £ 1.07 5.86 + 1.12 5.71 £ 1.06 5.62 + 1.04 <0.001 5.83 +1.18 5.73 £ 1.07 0.041
HDL-C(mmol/1) 1.48 + 0.38 1.44 + 0.37 1.48 + 0.38 1.49 + 0.37 <0.001 1.38 + 0.37 1.48 + 0.38 <0.001
CRP (mg/1) 2.06 + 3.58 3.02 + 4.55 1.88 + 3.35 1.50 + 2.52 <0.001 4.43 + 5.74 2.01 + 3.50 <0.001
HbAlc (%) 5.35+ 0.46 5.41 +0.49 5.34 + 0.46 5.33 +0.42 <0.001 5.48 + 0.51 5.35 + 0.46 <0.001
Obesity (%) <0.001 <0.001

Yes 6475(18 %) 2035(31 %) 4141(16 %) 299(12 %) 341(45 %) 6134(18 %)

No 29,115(82 %) 4495(69 %) 22,326(84 %) 2294(84 %) 421(55 %) 28,694(83 %)

Smoking Status (%) <0.001 <0.001

No Smoking 21,735(61 %) 3746(57 %) 16,322(62 %) 1667(64 %) 391(51 %) 21,344(61 %)

Smoking 13,855(39 %) 2784(43 %) 10,145(38 %) 926(36 %) 371(49 %) 13,484(39 %)

Drinking Status (%) <0.001 <0.001

No Drinking 863(2.4 %) 228(3.5 %) 579(2.2 %) 56(2.2 %) 35(4.6 %) 828(2.4 %)

Drinking 34,727(98 %) 6302(97 %) 25,888(98 %) 2537(98 %) 727(95 %) 34,000(98 %)

Diabetes (%) <0.001 <0.001

No 34,582(97 %) 6287(96 %) 25,761(97 %) 2534(98 %) 714(94 %) 33,868(97 %)

Yes 1008(2.8 %) 243(3.7 %) 706(2.7 %) 59(2.3 %) 48(6.3 %) 960(2.8 %)

Hypertension (%) <0.001 <0.001

No 28,225(79 %) 4924(75 %) 21,176(80 %) 2125(82 %) 485(64 %) 27,740(80 %)

Yes 7365(21 %) 1606(25 %) 5291(20 %) 468(18 %) 277(36 %) 7088(20 %)
Hypercholesterolemia (%) <0.001 <0.001

No 8484(24 %) 1294(20 %) 6473(24 %) 717(28 %) 142(19 %) 8342(24 %)

Yes 27,106(76 %) 5236(80 %) 19,994(76 %) 1876(72 %) 620(81 %) 26,486(76 %)

WMHV (mm?) 5177 + 6855 5883 + 7752 5085 + 6670 4337 + 6126 <0.001 6930 + 8961 5138 + 6797 <0.001
Normalized WMHV 0.004 + 0.005 0.004 + 0.005 0.003 + 0.005 0.003 + 0.004 <0.001 0.005 + 0.006 0.004 + 0.005 <0.001
Logit normalized WMHV ~ -6.18 + 1.03 —6.06 + 1.04 —6.20 + 1.03 —6.36 + 1.00 <0.001 -5.86 +1.01 -6.19 + 1.03 <0.001

1 mean (IQR) for continuous; n (%) for categorical.
2 Kruskal-Wallis rank sum test; Pearson’s Chi-squared test.
3 Wilcoxon rank sum test; Pearson’s Chi-squared test.

Table 2
Association between eGFR difference and Cerebral Small Vessel Disease.
Group
Modell Model2 Model3
Characteristic =~ Beta 95 %CI! p-value  Beta 95 %CI! p-value  Beta 95 %CI' p-value
eGFRabdiff
-15~15 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
<-15 0.14 0.11, 0.17 <0.001 0.11 0.08, 0.13 <0.001 0.07 0.04, 0.10 <0.001
>15 -0.16 -0.20, -0.12 <0.001 —0.06 —-0.10, —0.03 0.003 —0.05 —0.09, —0.02 0.003
eGFRrediff
>0.7 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
<0.7 0.32 0.25, 0.40 <0.001 0.18 0.11, 0.24 <0.001 0.08 0.01, 0.15 0.018

1 CI = Confidence IntervalAbbreviations: eGFRabdiff, absolute difference between cystatin- and creatinine-based estimated glomeru-
lar filtration rate; eGFRrediff, relativedifference between cystatin- and creatinine-based estimated glomerular filtration rate.Model 1:
non-adjusted model.Model 2: adjusted for age, gender, race and TDI.Model 3: Model 2 plus obesity, smoking status, drinking status,
diabetes, hypertension, hypercholesterolemia, TC, HDL-C, CRP and eGFRcys.
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Fig. 2. Dose-response relationship of eGFRabdiff (A) and eGFRrediff (B) with the burden of CSVD. Restricted cubic spline was used to explore nonlinear
associations, with three knots fifixed at the 10th, 50th, and 90th percentiles for all smooth curves.The beta was derived using linear regression, which controlled for
adjusted for age, gender, race and TDI, obesity, smoking status, drinking status, diabetes, hypertension, hypercholesterolemia, TC, HDL-C, CRP and eGFRcys.
Abbreviations: eGFRabdiff, absolute difference between estimated glomerular filtration rate based on cystatin C and creatinine; eGFRrediff, ratio difference between
estimated glomerular filtration rate based on cystatin C and creatinine; CSVD, Cerebral Small Vessel Disease; CI, confidence interval.
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and eGFRcys. P for interaction <0.05.

3.3. Sensitivity analysis

Subgroup analysis was performed according to age, gender, BMI,
smoking, alcohol consumption, race, blood lipids, and blood glucose
status to identify potential influencing factors, but no significant in-
teractions were found (Fig. 4). However, among individuals without
hypertension, a greater positive eGFRabdif was significantly associ-
ated with lower WMHVnorm,; this protective association was dimin-
ished in individuals with hypertension.When further adjusting for mus-
cle mass, eGFRcr, and eGFRcr-cys, we found that the association be-
tween eGFRdiff and WMHVnorm remained significant, except for the
association between eGFRdiff and WMHVnorm, which lost statistical

significance when adjusting for eGFRcr and eGFRcr-cys (Supplemen-
tary Table 1 and 2). Furthermore, the association of eGFRrediff with
WMHVnorm defined according to different classifications remained
significant (Supplementary Table 3). We further excluded patients
with chronic kidney disease at baseline and found that the association
between eGFRdiff and WMHVnorm remained significant, except that
eGFRrediff lost statistical significance when adjusting for model 3 (Sup-
plementary Table 4). Additionally, we explored the associations be-
tween eGFRdiff over different time intervals and WMHVnorm. We found
that the association between eGFRdiff and WMHVnorm remained sig-
nificant; however, the protective effect associated with greater positive
values of eGFRabdiff was no longer present (Supplementary Table 5).
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A subgroup eGFRabdiff <-15 eGFRabdiff >15 P for i B subgroup eGFRrediff <0.7 P for interaction
Age(years) 0.959 Age(years) 0.9598
<60 -0.06(-0.09,-0.02)  -0.02(-0.06,0.03) <60 -0.13(-0.22,-0.04)
60+ 0.05(0.00,0.09) -0.06(-0.14,0.01) 60+ 0.07(-0.03,0.18)
Gender 0.451 Gender 0.0610
Male 0.10(0.05,0.15)  -0.07(-0.12,:0.02) Male 0.26(0.12,0.41)
Female 0.06(0.03,0.10)  -0.02(-0.08,0.03) Female 0.04(-0.03,0.11)
Race 0.055 Race 0.0569
White 0.07(0.04,0.10)  -0.07(-0.1,:0.03) White 0.07(0.01,0.14)
Othes 0.16(0.02,0.31)  0.15(-0.01,0.30) Othes 0.30(-0.07,0.67)
BMI 0.958 BMI 05679
Obesity 0.12(0.06,0.17)  -0.02(-0.13,0.08) Obesity 0.12(0.01,0.22)
NoObesity 0.06(0.03,0.10)  -0.06(-0.09,-0.02) NoObesity 0.09(0.00,0.17)
Smoking Status 0.985 Smoking Status 0.4274
Smoking 0.09(0.04,0.13) -0.07(-0.12,-0.01) Smoking 0.12(0.02,0.21)
Never Smoking 0.06(0.02,0.10) -0.05(-0.09,0.00) Never Smoking 0.04(-0.05,0.14)
Drinking Status 0.757 Drinking Status 0.1008
Drinking 0.07(0.05,0.10)  -0.05(-0.09,-0.02) Drinking 0.07(0.00,0.14)
Never Drinking 0.02(-0.14,0.18)  -0.08(-0.34,0.18) Never Drinking 0.29(-0.04,0.63)
Diabetes. 0826 Diabetes 0.2961
No 0.07(0.04,0.10)  -0.05(-0.09,:0.02) No 0.07(0.00,0.13)
Yes 0.14(-0.01,0.30)  -0.07(:0.31,0.17) Yes -0.02(-0.30,0.27)
Hypertension 0.017 Hypertension 0.9798
No 0.07(0.04,0.10) -0.08(-0.12,-0.04) No 0.08(0.00,0.16)
Yes 0.06(0.00,0.12)  0.05(-0.04,0.14) Yes 0.08(-0.04,0.19)
Hypercholesterolemia 0921 Hypercholesterolemia 0.8737
No 0.07(0.01,0.13)  -0.07(-0.14,0.00) No 0.02(-0.13,0.17)
Yes 0.07(0.04,0.10)  -0.05(-0.09,:0.01) Yes 0.09(0.02,0.16)
Q4 03 02 o1 0 0.1 02 o3 04 04 03 02 01 0 01 02 03 04

eGFRabdiff <157 >15

Fig. 4. Mediation efrects of blood pressure on the association between eGFRdiff and the burden of CSVD.

4, Discussion

In this study, we investigated the relationship between eGFRdiff and
CSVD in a large scale prospective cohort of neurologically healthy pop-
ulation. We observed a negative correlation between baseline eGFRdiff
and WMHYV, significantly mediated by blood pressure levels. This rela-
tionship was further influenced by race, with the association between
eGFRdiff and WMHV being more pronounced among white individu-
als. These findings highlight the importance of monitoring eGFRdiff as
part of a comprehensive risk stratification strategy for patients at risk of
CSVD.

WMHYV is a neuroimaging biomarker used to evaluate cerebrovascu-
lar health and is widely recognized to be associated with an increased
risk of dementia and stroke [1,2]. Although WMHYV is currently pri-
marily attributed to ischemic injury, the precise neurovascular mech-
anisms underlying its development remain unclear [18]. Considering
the anatomical and hemodynamic similarities between renal and cere-
bral vasculature, inflammation and oxidative stress resulting from renal
dysfunction may concurrently impair endothelial function in both re-
nal and cerebral vessels and ultimately resulting in a greater burden
of WMH [4]. To date, several studies have revealed a significant asso-
ciation between renal function and WMHYV in different specific popula-
tions. Among 2526 middle-aged and older participants in the Rotterdam
Study, lower eGFRcr and lower eGFRcys were both positively associated
with higher white matter lesion volume [4,19]. Other studies have also
shown that both renal dysfunction and cystatin C levels are risk factors
for white matter damage [20]. However, there may be significant differ-
ences between eGFRcys and eGFRcr in the same individual, reflecting
various aspects of health status, such as muscle and fat mass, activity
levels, and chronic inflammation [8,9].

Our study firstly reported that baseline eGFRdiff (both eGFRrediff
and eGFRabdiff) was inversely correlated to WMHV. The associations
remained robust even after adjusting for common risk factors and con-
founders, which suggested that a significantly negative eGFRdiff might
serve as a unique predictor for unique predictor for burden of WMHV.
Our findings were consistent with previous studies linking eGFRdiff to
adverse cardiovascular events. In the Systolic Blood Pressure Interven-
tion Trial (SPRINT), negative eGFRdiff was found to be associated with a
higher risk of frailty, major adverse cardiovascular events (MACE), and

mortality [9]. Another study reported a significant association between
negative eGFRdiff and an increased risk of diabetic microvascular com-
plications (DMCs) [10]. Additionally, other large cohort studies have
also demonstrated that large negative eGFRdiff is significantly linked to
an increased risk of atrial fibrillation and heart failure [11,21]. Addi-
tionally, analogical dose-response relationship patterns were observed
between baseline eGFRdiff and the future burden of WMHV. More im-
portantly, in our study, even after adjusting for eGFRcr or eGFRcys, the
associations between eGFRdiff and WMHYV remained robust, which sug-
gested that these associations may be explained by non-GFR determi-
nants rather than by a more accurate measurement of renal function.
Building on previous research, effective screening of eGFRdiff in popu-
lations may provide valuable information for risk stratification and early
intervention.

Subgroup analysis of this study showed that there was an interaction
between eGFRabdiff and blood pressure status (PP < 0.05), indicating
that blood pressure status and eGFRabdiff jointly affected WMHV. Our
findings are consistent with previous studies, in which hypertensive pop-
ulation appear to have a higher burden of WMHV [22,23]. However,
subgroup analyses adjusted for age, sex, BMI, smoking, hypertension,
and diabetes were conducted to identify potential influencing factors,
but no significant interactions were observed.

The potential mechanisms underlying the association between
eGFRdiff and WMHV burden remain unclear. Consistent with previ-
ous studies, our results showed that participants with larger negative
eGFRdiff were more likely to be obese, smokers, and have higher preva-
lence rates of hypertension and diabetes [24,25]. These are all widely
recognized risk factors for WMH. Considering that some studies also sup-
port that antihypertensive treatment can delay the progression of WMH,
this study further explored and confirmed the mediating role of blood
pressure status between eGFRdiff and WMHYV burden [26]. In addition,
in the absence of extrarenal factors affecting cystatin C or creatinine,
eGFRcys less than 60 % or 70 % of eGFRcr is defined as Shrunken pore
syndrome [16]. Recent studies have shown that certain proteins associ-
ated with atherosclerosis, inflammation, and endothelial damage, such
as interleukin-6, MCP-3, and osteoprotegerin, accumulate in patients
with pore shrinkage syndrome, which may lead to an increased burden
of WMHYV [16,27]. Elevated levels of related inflammatory proteins in
patients with atrophic foramen syndrome may also contribute to the
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development of hypertension, and these findings provide mechanistic
insights from an epidemiological perspective. Further investigation of
the possible pathophysiological mechanisms linking eGFRdiff to WMHV
burden is warranted.

This study has several strengths. First, this is a large prospective co-
hort study which has approximately 36,000 participates. Second, we
performed statistical adjustments for various covariates and a series of
sensitivity analyses to ensure the robustness of the results. Third, we also
explored for the first time the mediating role of systolic blood pressure,
diastolic blood pressure and hypertension in the association between
eGFRdiff and WMHV.

Our study has certain limitations. First, the prospective cohort of
UK Biobank mainly consisted of white people who were more likely
to have higher socioeconomic status and health consciousness. In addi-
tion, the small sample size in non-white groups led to unstable effect
estimates, which made the association results in non-white groups less
precise.Second, although adjusting for potential confounders, we can’t
completely rule out residual confounding factors. Third, this study is
limited by the narrow age range of participants (40-69 years), and fur-
ther studies covering a broader age range are warranted.

5. Conclusion

Lower eGFR difference (eGFRdiff) was independently associated
with increased white matter hyperintensity (WMHV). Our findings sug-
gest that monitoring eGFRdiff could offer valuable insights for identify-
ing the burden of cerebral small vessel disease in the general population,
with potential implications for future clinical practice.
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