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Abstract

Background: Kidney function has been related to the pres-
ence of individual markers of cerebral small vessel disease
(CSVD), as lacunes, white matter hyperintensities (WMH) or
microbleeds. We aimed at studying the relationship of kid-
ney dysfunction with the combination of several markers of
CSVD. Methods: Subjects are those included in the ISSYS co-
hort (Investigating Silent Strokes in hypertensives: a mag-
netic resonance imaging study). A scale ranging from 0 to 4
points was applied based on the presence (one point each)
of lacunes, deep microbleeds, moderate to extensive basal
ganglia enlarged perivascular spaces (EPVS), and periven-
tricular or deep WMH. We determined the creatinine-based
glomerular filtration rate and the urinary albumin-to-creati-
nine ratio (UACR) as markers of kidney function and studied
their association with the scale of CSVD in univariate and or-
dinal logistic regression analyses. Results: Among the 975

patients included, 28.2% presented one or more CSVD mark-
ers, being the most prevalent marker (either alone orin com-
bination) basal ganglia EPVS. The UACR was elevated at in-
creasing the scores of the CSVD scale and remained as inde-
pendent predictor of the combination of markers (common
OR per natural log unit increase in UACR: 1.23, 1.07-1.41) af-
ter controlling per age, gender, cardiovascular risk, antihy-
pertensive treatment and hypertension duration. In con-
trast, no associations were found between the CSVD scores
and the creatinine-based estimated glomerular filtration
rate. Conclusions: A significant proportion of stroke-free hy-
pertensives present at least one imaging marker of CSVD.
UACR but not creatinine-based glomerular filtration rate is
associated with the combination of markers of CSVD.

© 2016 S. Karger AG, Basel

Introduction
Hypertension (HTN) is one of the most relevant

modifiable risk factors of cerebral small vessel disease
(CSVD), a term used to describe a set of clinical, cogni-
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tive, neuroimaging and neuropathological findings that
emerge from disease affecting the perforating cerebral
arterioles, capillaries and venules in the brain [1]. Neu-
roimaging manifestations of CSVD reflect damage in
the white and deep grey matter and include acute lacu-
nar (or small subcortical) infarcts or haemorrhages, la-
cunes (fluid-filled cavities thought to reflect old in-
farcts), white matter hyperintensities (WMH), brain at-
rophy and enlarged perivascular spaces (EPVS) [2].
Previous studies have shown associations between the
renal function and the presence of these markers of
CSVD in population-based studies and hypertensive co-
horts, involving different ethnic groups [3-9]. Although
there are some inconsistencies, overall, they suggest that
impaired kidney function could be a risk factor for
CSVD.

Nevertheless, while kidney function has been related
with the presence of different individual small vessel dis-
ease markers, whether renal function also relates to their
combination has been less studied. This might be impor-
tant, considering that these imaging markers of CSVD
often occur simultaneously within the same individuals.
In this sense, in 2013, a simple scale that combines the
presence of 4 different imaging markers of CSVD (lacu-
nes, periventricular or deep WMH, deep microbleeds and
basal ganglia EPVS) was described in hypertensives and
subjects with first-ever lacunar stroke [10, 11]. This scale
recognizes that different CSVD markers of arterioloscle-
rotic origin tend to coexist or accumulate over time with-
in subjects and allows the study of their combination
rather than focusing in only one specific marker.

Also, this scale combinesischemic (i.e. lacunes, WMH)
and haemorrhagic manifestations of CSVD and after its
first description, has been further validated in 2 indepen-
dent cohorts. Staals et al. [12] found the score related to
lacunar strokes as compared to cortical strokes, suggest-
ing that it is actually a measure of CSVD, and more re-
cently, Xiao et al. [13] applied this scale to a cohort of
individuals with first-ever lacunar stroke, where the in-
creasing number of CSVD markers was found associated
with worsening kidney function. To our knowledge, no
previous studies have described an association between
kidney function and the combination of several different
CSVD markers in hypertensive individuals with no prior
stroke.

This study aimed at measuring the combination of dif-
ferent CSVD markers by applying a predefined scale in a
large cohort of asymptomatic hypertensive subjects and
to investigate its relationship with kidney function pa-
rameters.

Microalbuminuria and CSVD

Methods

Study Population

This study was conducted within the ISSYS cohort (Investi-
gating Silent Strokes in hypertensives: a magnetic resonance im-
aging study). Our detailed study protocol has been published
elsewhere [14]. Briefly, this study included randomly selected in-
dividuals diagnosed with primary HTN routinely treated by gen-
eral practitioners in an urban area of Barcelona that has Vall
d’Hebron Hospital as reference centre. Inclusion criteria com-
prised (a) age between 50 and 70 years at the time of inclusion;
(b) primary HTN diagnosed at least 1 year earlier; (c) no previ-
ous history of stroke or dementia (ascertained by clinical records
and interview with the patients); (d) able to undergo a brain
MRI. We enrolled 1,037 subjects in this study and from them,
976 (94.1%) completed all baseline procedures, including a brain
MRI scan.

This study was approved by our local institutional review Eth-
ics Committee, and all subjects gave their informed consent to par-
ticipate prior to the inclusion.

Clinical Covariates and Kidney Function Parameters

On the baseline visit, data on demographics and clinical his-
tory were collected. Apart from traditional vascular risk factors
(diabetes, dyslipidaemia, current smoking habit, alcohol abuse and
obesity), we calculated the global cardiovascular risk (which is the
10-year risk of having a coronary event) by applying the Framing-
ham-calibrated Registre Gironi del Cor (REGICOR) equation. Ac-
cording to REGICOR, participants are classified as low risk (<5%),
moderate risk (5-9.9%), high risk (10-14.9%) and very high risk
(>15%) [15].

As parameters of kidney function, we used the estimated glo-
merular filtration rate (eGFR) and the urine albumin-to-creati-
nine ratio (UACR). The Chronic Kidney Disease Epidemiology
Collaboration formula [16] was used to estimate eGFR based on
serum creatinine levels obtained after overnight-fasting condi-
tions in all patients. Patients were dichotomized using the cut-off
value of 60 ml/min/1.73 m? to classify those with chronic kidney
disease (CKD). To avoid the inclusion of end-stage renal disease,
one subject was excluded for the present analysis because eGFR
was <15 ml/min/1.73 m% UACR was assessed in a single-spot
urine sample collected on the same day of the baseline visit and
sent to central laboratory for determination. As UACR was not
normally distributed in our population, the natural log transfor-
mation of this variable was used for the analysis as a continuous
variable. Additionally, we performed the analysis also considering
the presence or absence of microalbuminuria (defined as
albumin:creatinine ratio >21 mg/g in men and >30 in women)
[17].

Brain MRI and the Combination of CSVD Markers

A brain MRI was performed within the next month after study
entry. All examinations were obtained with the same 1.5 tesla MR
(Signa HDx 1.5, General Electrics, Waukeska, Wisc., USA), in-
cluding axial T1, T2 and fluid-attenuated inversion recovery
(FLAIR) weighted images. Details on our data acquisition proto-
col have been published elsewhere [14]. We identified several
markers of CSVD and applied a CSVD ordinal scale that has been
detailed elsewhere [10, 13]. Briefly, one point was awarded for the
presence of each of the following 4 lesions (fig. 1): (1) 21 lacunes
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Fig. 1. Representative images for compo-
nents of the CSVD scale. At the top row are
displayed FLAIR MRI, extensive periven-
tricular and subcortical WMH (a) and a
right caudate lacune (b). Extensive basal
ganglia EPVS (circles in ¢) and one micro-
bleed in the left striatum (arrow in d) are
displayed at the bottom panel.

(identified as lesions with cerebrospinal fluid-like signal charac-
teristics in all pulse sequences and with the presence of a hyperin-
tense rim surrounding the lesion in FLAIR, located in the terri-
tory of a perforating arteriole, with a maximum diameter com-
prised between 3 and 15 mm); (2) WMH rated at FLAIR
sequences and scoring 3 points at periventricular areas or
2-3 points in the deep WM, according to the Fazekas scale [18];
(3) moderate to extensive (>10) basal ganglia EPVS assessed on
T2-weighted MRI; and (4) 21 deep brain microbleeds (rounded
hypointense lesions on T2-weighted gradient echo images, with a
diameter of <10 mm and located in the basal ganglia, thalamus
and internal or external capsules). All lesions were defined based
on the STRIVE criteria [19].

All MRI were assessed by 2 neuroradiologists and an experi-
enced stroke neurologist and disagreements were solved by con-
sensus. Intrarater agreement was calculated for each reader in a
training set before undertaking the present reading and ranged
from 0.60 to 0.75. The main source of disagreements came from
the differentiation of lacunes from EPVS; therefore, lesions located
in areas with high prevalence of EPVS such as the lower part of
basal ganglia, were not considered lacunes.
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Statistical Methods

Normality for continuous variables was assessed with the Kol-
mogorov-Smirnov test. Significance for intergroup differences
was assessed by the x? or Fisher’s exact test for categorical variables
and by the Student t test, analysis of variance, Mann-Whitney U
and Kruskal-Wallis test for continuous variables. The correlation
between continuous variables was determined with Spearman’s or
Pearson’s coefficients, as appropriate.

We studied the relationship between the presence of vascular
risk factors, duration of HTN, treatment with BP-lowering drugs
and kidney function (assessed by the creatine-based eGFR and the
UACR) with the score on this CSVD scale in univariate analyses.
Since the number of participants scoring 3 (n = 13) and 4 (n = 4)
points in the scale was low, we joined them in one group (3-4
markers).

Next, we performed multivariable ordinal regression analyses
considering the CSVD score as the outcome and kidney function
as predictor and controlling for all covariates showing an associa-
tion with the CSVD score (p < 0.10) in the univariate analysis.

In secondary analyses, we performed the same models consid-
ering all markers comprised in the scale separately. All analyses

Vilar-Bergua et al.



Table 1. Factors associated with the combination of markers of CSVD

Characteristics No marker One marker 2 markers 3—-4 markers
(n =700) (n=192) (n =66) (n=17)
Age, years 63 (58-67) 65 (61-68) 66 (63-68) 66 (63-70)**
Gender, male, % 47.3 51 57.6 82.4%*
Active smoker, % 14.9 16.1 16.7 11.8
Alcohol abuse, % 6.1 10 2.6 0
Dyslipidemia, % 72.3 68.4 77.3 64.7
Diabetes, % 22.1 26.6 27.3 23.5
BMI, kg/m? 30 (27.1-33.2)  30.2 (27.8-33.3) 29.4 (26.8-33.9) 28.3 (26.1-31.1)
Global vascular risk, %
Low risk 25.5 24.6 9.2 5.9%*
Moderate risk 46.3 42.9 40 47.1
High risk 12.5 16.8 20 23.5
Very high risk 15.7 15.7 30.8 2355
Previous CV disease, % 11.4 12 22.7 5.9
Office SBP, mm Hg 142 (133-152) 142 (129-155) 144 (131-156) 146 (135-174)
Office DBP, mm Hg 78 (71-84) 79 (71-84) 79 (72-84) 84 (73-88)
HTN duration, years 8.3 (5.2-12.2) 8.2(5.2-12.4) 10.2 (7.6-15.8) 9.3 (4.7-14.4)*
Number of BP lowering drugs, %
None 5.4 3.6 0 0**
Monotherapy 42.1 36.5 33.3 29.4
2 or more 52.4 59.9 66.7 70.6
SBP control, poor, % 53.9 51.8 58.5 64.7
DBP control, poor, % 8.3 11 12.3 17.6
Treatment adherence, % 549 53.6 54.7 41.2
Ln UACR 2.0£1.1 2.2+1.2 2.3+1.4 2.9+1.4**
eGFR, ml/min/1.73 m? 90 (78-96) 88 (73-96) 87 (75-93) 87 (71-93)
Microalbuminuria, yes, % 12 15.8 21 52.9%*
eGFR <60 ml/min/1.73 m?, % 5.3 10.4 9.8 6.7

Variables are expressed as percentage or median (interquartile range) as appropriate.
BMI = Body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; Ln UACR = natu-

ral logarithmic transformation of UACR.
* p value <0.1, ** p value <0.05.

were performed with SPSS 17.0 statistical package (Chicago, IlL.,
USA). Two-tailed p values <0.05 were considered to indicate sta-
tistical significance.

Results

Nine hundred seventy five subjects were included in
this study. The mean age was 64 (59-67) and 49.3% were
men. Among them, 275 subjects (28.2%) presented at
least one CSVD marker (19.7% one, 6.8% two, 1.3% three
and 0.4% all 4 markers). From those with one marker, the
most common was the presence of moderate to extensive
basal ganglia EPVS (77.1%), followed by the presence of
one or more lacunes (12.5%), WMHs (7.3%) and deep
brain microbleeds (3.1%). Regarding combinations, any

Microalbuminuria and CSVD

possible combination was found, being the most frequent
marker included in any combination, the presence of
EPVS.

Clinical Characteristics Related to the Combination of

CSVD Markers

Next, we studied which clinical factors were associated
with the combination of CSVD markers (table 1). We
found that increasing age (p < 0.001) and male gender
(p = 0.004) were associated with the increasing number
of different CSVD markers. No associations were found
between any individual cardiovascular risk factor (i.e. di-
abetes, dyslipidaemia, smoking) and the combination of
CSVD markers; however, the estimated CV risk assessed
by the REGICOR score was significantly associated with
increasing CSVD scores (p < 0.001). Almost all partici-
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Table 2. Associations of UACR and eGFR with CSVD

Kidney function parameters

Score of CSVD, OR (95% CI)

model 1

model 2 model 3

Ln UACR

Microalbuminuria (yes/no)

eGFR, ml/min/1.73 m?

eGFR (<60 vs. >60), ml/min/1.73 m?

1.24 (1.10-1.40), p < 0.001
2.02 (1.37-2.97), p < 0.001
0.99 (0.98-1.01), p = 0.37
1.64 (0.91-2.98), p = 0.10

1.23 (1.07-1.41), p=0.003  1.27 (1.09-1.49), p = 0.003
2.19(1.40-3.42),p < 0.001  2.40 (1.44-3.98), p = 0.001
0.99 (0.98-1.01), p =0.30 -
1.52 (0.78-2.96), p = 0.22 -

Ln UACR = Natural logarithmic transformation of UACR.

Model 1 is adjusted by age and gender; model 2 is additionally adjusted by: CV risk (REGICOR) score, hypertension duration,
number of BP-lowering drugs and diastolic BP control; model 3 is additionally adjusted by eGFR. REGICOR score variable was used
in the logistic regression model taking the first category (low risk) as reference.

pants in this cohort (95.4%) were treated with BP-lower-
ing drugs; a significant and positive relationship was
found between the number of BP-lowering drugs taken
by the patient and the score of CSVD (p = 0.001). Also
those with longer duration of HTN (p < 0.05) and poorer
diastolic BP control (p = 0.06) were more represented at
the highest scores as compared to those well controlled or
more recently diagnosed.

Kidney Function and the Combination of CSVD

Markers

Median eGFR in this sample was 88.6 ml/min/1.73 m?
and 6.6% of subjects were classified as having CKD. Re-
garding the UACR, 13.5% had microalbuminuria. We
found increasing proportions of subjects with microalbu-
minuria (or higher log transformed UACR) with increas-
ing number of markers of CSVD (p < 0.001 and p = 0.004,
respectively).

Considering the patients with CKD (eGFR <60 ml/
min/1.73 m?), they were more represented in those with
atleast 1 point than in those with zero markers (p = 0.08),
but a linear decrease in eGFR at increasing CSVD scores
was not found (p = 0.15).

In order to assess whether these kidney function
parameters were related with the combination of
CSVD markers independently of age, gender and vas-
cular risk factors or BP-lowering treatments, we per-
formed multivariate ordinal regression analyses and
results are presented in table 2. Only the UACR (or
microalbuminuria) was independently associated with
the score of CSVD, whereas no significant associations
were found regarding eGFR. Microalbuminuria (but
not eGFR) remained as an independent predictor for
the markers assessed with the CSVD scale considered
separately, except for the presence of deep micro-

70 Cerebrovasc Dis 2016;42:66-72
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bleeds that were not associated (online suppl. material;
for all online suppl. material, see www.karger.com/
doi/10.1159/000445168).

Discussion

In this study, we showed that a significant proportion
of asymptomatic hypertensive subjects (almost 30%)
present at least one marker of CSVD, the presence of
moderate to extensive EPVS, being the most frequent of
them (alone or in combination). Furthermore, we showed
that the UACR was independently associated with the
presence of an increasing number of different CSVD
markers, whereas kidney function measured by the creat-
inine-estimated GFR was not.

To our knowledge, only one prior study has investi-
gated the relationship between different parameters of
kidney function and the combination of imaging markers
of CSVD [13]. They applied the same scale to a cohort of
subjects with first-ever lacunar stroke and found that
both proteinuria and low eGFR were associated with the
co-occurrence of CSVD markers. Some differences be-
tween our study and Liao’s cohort should be noticed be-
sides the study population (asymptomatic hypertensive
cohort vs. first-ever lacunar stroke). In particular, our
proportion of subjects scoring 3 or 4 points in the CSVD
scale was smaller than in Liao’s and collaborators study.
Certainly, this fact might have limited our statistical pow-
er to show associations with eGFR. However, previous
studies have failed to show a relationship between mild
forms of CKD (considering eGFR between 60 and 90 ml/
min/1.73 m?) and CSVD markers as WMH, whereas a
clear association was present in subjects with moderate to
severe forms of CKD (<60 ml/min/1.73 m?). This sug-
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gests that the relationship between eGFR and CSVD is
not as clear in the context of mild CKD as for moderate
to severe CKD [5]. On the contrary, associations were still
present for the UACR or microalbuminuria, which was
more prevalent in our sample.

The association between individual markers of CSVD
(i.e. lacunes, WMH and cerebral microbleeds) and kid-
ney function has been extensively studied before [3-9,
20]. We found that associations with microalbuminuria
were present for lacunes, WMH and basal ganglia EPVS
(the most frequent marker in our study). Based on our
results, WMH and basal ganglia EPVS were the most
strongly associated markers in relation with microalbu-
minuria.

Since the vasculature of brain and kidney display sim-
ilar anatomical and hemodynamic characteristics [21]
(i.e. both are exposed to high pressure fluctuations and
low resistance to flow), vascular disease in both organs is
thought to represent different manifestations of a sys-
temic small vessel disease, associated with shared risk fac-
tors, inflammation and endothelial dysfunction, among
other mechanisms [22]. The discrepant associations be-
tween CSVD markers and microalbuminuria or eGFR
might be related to the fact that microalbuminuria is a
marker of glomerular endothelial dysfunction that might
be occurring simultaneously in the brain in the context
of a CSVD.

In our study, almost 30% of subjects presented at least
1 CSVD marker; this proportion is lower than in a previ-
ous report from hypertensives (39.3%) [11] and largely
different from a lacunar stroke cohort (85%) [10]. How-
ever, consistently with those reports, EPVS were the most
prevalent lesion. Some authors have suggested that EPVS
may appear early in the course of CSVD [23] and this
would explain their relatively higher prevalence as com-
pared to other markers of CSVD. Future prospective
studies with longitudinal MRI assessment would be need-
ed to confirm these assumptions.

Our study has both strengths and limitations. As
strength, it has been performed in a large cohort of
asymptomatic hypertensives recruited randomly from a
general population, avoiding selection biases in more
specialized units. We provided associations between a
global assessment of CSVD and kidney function (con-
sidering possible linear associations and clinically de-
fined thresholds) and also considering the markers sep-
arately.

Also we have limitations; although the scale of CSVD
applied in this study combines the presence of different
imaging markers, it does not take into account the actual

Microalbuminuria and CSVD

burden of each marker and gives an equal weightage to all
of them. Although the clinical consequences of the indi-
vidual markers comprised in the scale may be rather dif-
ferent, overall, the scores are directly associated with am-
bulatory blood pressure measurements [10] and inverse-
ly correlated with the cognitive function [11]. This might
be clinically relevant.

Finally, microalbuminuria was measured in this study
in a single-spot urine sample, and not confirmed with
multiple testing, although we provided a quantitative
measurement relative to urine creatinine.

Conclusions

In this study, we showed that almost 30% of asymp-
tomatic hypertensive individuals present at least one
marker of CSVD. Furthermore, our data suggest that mi-
croalbuminuria may constitute a surrogate marker for
the combination of markers of CSVD. This observation
might be clinically relevant if we consider that CSVD is a
condition characterized not only by the accumulation of
imaging markers but by the occurrence of progressive
vascular cognitive impairment and stroke. Future studies
with simultaneous assessment of UACR and CSVD over
time are warranted.
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