
 

 

 

MRI progression of cerebral small vessel disease and
cognitive decline in patients with hypertension
Citation for published version (APA):

Uiterwijk, R., Staals, J., Huijts, M., de Leeuw, P. W., Kroon, A. A., & van Oostenbrugge, R. J. (2017). MRI
progression of cerebral small vessel disease and cognitive decline in patients with hypertension. Journal
of Hypertension, 35(6), 1263-1270. https://doi.org/10.1097/HJH.0000000000001294

Document status and date:
Published: 01/06/2017

DOI:
10.1097/HJH.0000000000001294

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.1097/HJH.0000000000001294
https://doi.org/10.1097/HJH.0000000000001294
https://cris.maastrichtuniversity.nl/en/publications/7157687e-1cf8-426d-8e9b-d55aab034336


D
ow

nloaded
from

http://journals.lw
w
.com

/jhypertension
by

BhD
M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3i3D

0O
dR

yi7TvSFl4C
f3VC

1y0abggQ
ZXdtw

nfKZBYtw
s=

on
11/05/2021

Downloadedfromhttp://journals.lww.com/jhypertensionbyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3i3D0OdRyi7TvSFl4Cf3VC1y0abggQZXdtwnfKZBYtws=on11/05/2021

 Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

MRI progression of cerebral small vessel disease and
cognitive decline in patients with hypertension

Renske Uiterwijka,b, Julie Staalsa,c, Marjolein Huijtsd, Peter W. de Leeuwc,e,f,
Abraham A. Kroonc,e, and Robert J. van Oostenbruggea,b,c

Objective: Hypertension is associated with cognitive
deficits, probably because it is a major risk factor for the
development of white matter hyperintensities (WMH),
lacunes, and cerebral microbleeds, which are MRI markers
of cerebral small vessel disease. Studies into associations
between presence or progression of these MRI markers
and cognitive decline in hypertensive patients are rare. We
investigated the association of baseline presence and
progression of MRI markers of cerebral small vessel disease
with cognitive decline over 4 years in patients with
hypertension.

Methods: In this longitudinal study, hypertensive patients
underwent neuropsychological assessments and brain MRI
at baseline and after 4 years. Presence and progression of
periventricular and subcortical WMH, lacunes, and cerebral
microbleeds were visually rated.

Results: In total, 128 hypertensive patients (90 patients
with essential hypertension and 38 hypertensive lacunar
stroke patients), mean age: 58.6� 12.2 years, were
included. Progression of periventricular WMH was
associated with cognitive decline in simple regression
analysis (P¼0.001) and in multivariable analysis with
correction for baseline WMH presence and potential
confounders (P¼0.004). In this multivariable analysis, R2 of
progression of periventricular WMH was 5.6%, whereas R2

of baseline presence of periventricular WMH was 0.6%.
We did not find significant associations between baseline
presence or progression of the other MRI markers and
cognitive decline.

Conclusion: In patients with hypertension, progression of
periventricular WMH over 4 years is associated with
cognitive decline, whereas we could not show an
association between baseline periventricular WMH and
cognitive decline. These results emphasize the importance
of preventing progression of WMH in hypertensive
patients.

Keywords: cerebral microbleeds, cognitive decline,
hypertension, lacunes, small vessel disease, white matter
hyperintensities

Abbreviations: cSVD, cerebral small vessel disease; HADS,
Hospital Anxiety and Depression Scale; SCWT, Stroop
Colour Word Test; TMT, Trail Making Test; WAIS-III,
Wechsler Adult Intelligence Scale-III; WMH, white matter
hyperintensities

INTRODUCTION

H
ypertension is a risk factor for cognitive deficits
and vascular dementia, probably because hyper-
tension induces microvascular dysfunction in the

brain [1]. This leads to brain damage, such as white matter
hyperintensities (WMH), lacunes, and cerebral micro-
bleeds. These are MRI markers of cerebral small vessel
disease (cSVD).

Cross-sectional studies have shown that the MRI markers
of cSVD are associated with lower cognitive functioning [2–
6]. The implications of these MRI markers on future cog-
nitive decline have been investigated less extensively, but a
number of studies have shown that the presence of MRI
markers predicts cognitive decline [7–9]. Only a few studies
have investigated the increase or progression of MRI
markers in relation to cognitive decline longitudinally.
Associations between WMH progression and cognitive
decline have been shown [10–13]. However, most of the
studies did not differentiate between periventricular and
subcortical/deep WMH, despite the fact that cross-sectional
data showed that location of WMH might influence the
impact on cognition [2,14,15]. In addition, only very few
studies have shown associations between new lacunes
[10,16,17] or microbleeds [18] and cognitive decline. Finally,
it is unclear whether the progression of SVD is more
predictive of cognitive decline than the presence of SVD
at baseline.

Most of these earlier studies were population studies.
The association between progression of SVD and cognitive
decline has not been assessed before specifically in hyper-
tensive patients, even though it is known that high blood
pressure (BP) is associated with an increased risk for
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developing SVD [19] and with progression of MRI markers
[20]. More insight into predictors of cognitive decline in this
population at risk is needed. Therefore, the aim of the
present study was to investigate the association of both
baseline presence and progression of MRI markers of cSVD
with cognitive decline over 4 years in patients with hyper-
tension.

METHODS

Study population
To have a wide range of severity of cSVD on MRI, we
included both uncomplicated hypertensive patients, and
hypertensive patients who had suffered a lacunar stroke
because of cSVD. Patients were selected from two larger
studies: uncomplicated hypertensive patients from the
hypertension and brain damage study (HYBRiD) [21] and
hypertensive lacunar stroke patients from the cognitive
function in small vessel stroke study [22].

In the HYBRiD study, essential hypertensive patients
were recruited from the hypertension outpatient clinic of
the Department of Internal Medicine of Maastricht Univer-
sity Medical Centre, the Netherlands. Hypertension was
defined as an off medication, office measured conventional
BP of at least 140 mmHg SBP and/or at least 90mmHg DBP.
Exclusion criteria were a history of symptomatic cardio or
cerebrovascular disease or contraindications for MRI.
Details about the HYBRiD study have been described
before [21]. A total of 218 patients were included in the
HYBRiD study and they were asked to participate in the
present follow-up study.

In the cognitive function in small vessel stroke study,
first-ever lacunar stroke patients were recruited from the
Neurology Department of the Maastricht University Medical
Centre between February 2009 and July 2012. Lacunar
stroke was defined as an acute stroke syndrome with a
small (<20mm) noncortical ischemic lesion on acute brain
MRI, compatible with the occlusion of a single perforating
small artery. If no such lesion was visible, we used estab-
lished clinical criteria for lacunar stroke [23]. Patients with
severe comorbidity, either neurological or psychiatric, were
excluded. Furthermore, patients with possible other causes
for the lacunar stroke than cerebral SVD (cardiac embolic
source, cerebral large vessel disease, or carotid stenosis),
were also excluded [22]. A total of 77 patients were included
in the small vessel stroke study, and those who had hyper-
tension (defined as the use of antihypertensive medication
or a history of hypertension) were selected for the present
study and asked for follow-up.

All patients underwent a brain MRI scan and a neuro-
psychological assessment, which were repeated after 4
years. For hypertensive lacunar stroke patients, the baseline
neuropsychological assessment was performed 3 months
after stroke to exclude acute phase effects. Registration of
educational level was based on the Dutch classification
system ‘Verhage’ (in which level 1, 2, 3, and 4 are con-
sidered as low education, level 5 is considered as middle
education, and level 6 and 7 are considered as high edu-
cation) [24]. Information about vascular risk factors [BMI,
smoking, and the presence of diabetes mellitus or hyper-
cholesterolemia (defined as the use of lipid-lowering drugs

and/or a known total cholesterol level >5.0 mmol/l for
lacunar stroke patients or >6.5 mmol/l for uncomplicated
hypertensive patients)] was obtained. At follow-up, three
automatic, oscillometric office BP measurements were
taken in sitting position, after 10min of rest and with
5min between each measurement. Mean SBP and DBP
was calculated by averaging the second and third measure-
ments.

The Medical Ethics Committee of the Maastricht Univer-
sity Medical Centre approved this study and all participants
gave written informed consent.

MRI data
All uncomplicated hypertensive patients were scanned
twice on a 1.5T MRI scanner, whereas the lacunar stroke
patients were scanned twice using a 1.5T or a 3T scanner
(both scanners: Philips Medical Systems, Best, the Nether-
lands). Patients were scanned at the same scanner at base-
line and at follow-up. On brain MRI scans (standard axial
T2-weighted, FLAIR, and T2� gradient echo sequences) two
experienced vascular neurologists rated baseline MRI
markers and one rated progression of markers, after reach-
ing satisfactory interrater agreements. The interrater agree-
ment statistics have been previously reported [22]. Baseline
WMH was assessed according to the Fazekas scale [25].
Extensive periventricular WMH was defined as periventric-
ular WMH Fazekas score 3 (irregular hyperintensities
extending into the deep matter) and extensive subcorti-
cal/deep WMH was defined as deep WMH Fazekas score 2
or 3 (confluent hyperintensities). Lacunes and cerebral
microbleeds were counted according to international con-
sensus definition [26]. In lacunar stroke patients, the symp-
tomatic lacunar infarct was not counted as lacune.

Progression of periventricular and subcortical WMH
were scored according to the WMH change scale as
proposed by Prins et al. [27]. Progression of periventricular
WMH was scored in three regions (frontal caps, lateral
band, and occipital caps) and progression of subcortical
WMH is scored in four regions (frontal, parietal, temporal,
and occipital). New lesions or increase of existing
lesions was scored in each region as þ1 and disappeared
lesions or decrease of existing lesions was scored as �1.
This adds up to a progression score ranging from �3 to þ3
for periventricular WMH and �4 to þ4 for subcortical
WMH. We defined progression of periventricular or
subcortical WMH as a score of at least 1. Progression of
lacunes or microbleeds was defined as any new lacune
or microbleed.

Neuropsychological assessment
Cognitive performance was measured with a comprehen-
sive neuropsychological assessment at baseline and after
4 years of follow-up, as has been described before [28].
Both patient groups received identical test protocols. Exec-
utive function domain was measured with the Stroop
Colour Word Test [29] (SCWT) interference score (time
of part 3�mean time of parts 1 and 2), Trail Making Test
[30] (TMT) interference score (time of part B�time of part
A), category (animals and professions) [31] and letter [32]
verbal fluency, letter-number sequencing [subtest of
Wechsler Adult Intelligence Scale (WAIS)-III] [33], and digit
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span backward (subtest of WAIS-III). Information process-
ing speed domain was measured with the symbol substi-
tution coding (subtest of WAIS-III), TMT part A, and SCWT
parts 1 and 2. Memory domain was measured with the Rey
Auditory Verbal Learning Test [34] (immediate recall,
delayed recall, and delayed recognition) and the digit span
forward (subtest of WAIS-III). Parallel versions were used
for baseline and follow-up assessment for the Rey Auditory
Verbal Learning Test and the letter fluency test.

For each patient, raw test scores at follow-up were
subtracted from test scores at baseline. Standardized values
(Z scores) were created by dividing the difference between
the individual raw score and the overall group sample mean
by the overall group sample SD. Z scores of all tests within
one domain were averaged to obtain cognitive decline
compound scores of each domain. Next, the overall cog-
nitive decline compound score was calculated by averaging
the three domain compound scores. Higher compound
scores indicated more decline. Z scores of tests with higher
scores representing worse performance (e.g. SCWT and
TMT) were inverted before computing the compound
scores.

To determine the presence of possible dementia, the
Rotterdam–Cambridge Cognitive Examination was used, in
which a cut-off score of less than 34 was applied [35]. The
Hospital Anxiety and Depression Scale (HADS) total score
(range 0–42) was used to determine symptoms of depres-
sion and anxiety. As symptoms possibly caused by physical
problems (e.g. insomnia or weight loss) are not included in
the HADS, the scale is considered to be suitable to use in
somatic populations [36].

Statistical analysis
Associations between baseline MRI markers and pro-
gression of MRI markers of SVD, and cognitive decline in
overall cognition were investigated using simple linear
regression analyses (model 1). Next, the associations of
baseline MRI markers and progression of MRI markers with
cognitive decline, independent of each other, were
examined in a multivariable regression analyses (model
2). Model 2 was repeated for the two patient groups
(uncomplicated hypertensive patient or hypertensive lacu-
nar stroke patient) separately to examine if associations
were similar in each group. Lastly, the associations were
corrected for age, sex, educational level, HADS total score,
patient group, baseline cognitive performance, and poten-
tial confounding vascular risk factors (BMI, smoking, the
presence of diabetes mellitus or hypercholesterolemia, and
SBP and DBP; model 3). To avoid overfitting, we only
included those vascular risk factors that were associated
with cognitive decline with P< 0.10 in a simple regression
model. In all models, besides the unstandardized regression
coefficient, 95% confidence interval (CI) and significance
level, the R2 was calculated to show the proportion of
variance in cognitive decline explained by either the base-
line MRI marker or the progression of MRI marker. The full
multivariable regression model including all covariates
(model 3) was repeated for the cognitive domains of
executive functioning, information processing speed
and memory.

IBM SPSS Statistics for Windows software (Version 22.0,
IBM Corp., Armonk, New York, USA) was used for all
analyses. Results were considered significant at P< 0.05.

Hypertensive lacunar stroke
patients included at baseline: n = 62 

Dropout (n = 22):
- Not interested, n = 10
- Contraindications for MRI, n = 4
- Neuropsychological assessment not
   possible, n = 3
- Unreachable, n = 4
- Other, n = 1 

Dropout (n = 15):
- Insufficient MRI quality, n = 1
- No hypertension, n = 14

Included at 4-year follow-up: n = 90

Flow of participants

Dropout (n = 106):
- No consent or not interested, n = 89
- Cerebrovascular event during follow-
  up, n = 7
- Death, n = 4
- Pre-existent cognitive problems, n = 3
- Other, n = 3

HYBRiD study patients, n = 218

Uncomplicated hypertensive
patients included at baseline: n = 112

Lacunar stroke patients, n = 77

Included at 4-year follow-up: n = 38

Dropout (n = 24):
- Not interested, n = 10
- Unreachable, n = 2
- Death, n = 3
- Other, n = 7
- Deviant score on neuropsychological
   assessment, n = 1
- Contraindications for MRI, n = 1

Hypertensive patients at risk for cSVD, with baseline MRI and baseline
and follow-up neuropsychological assessment: n = 128

FIGURE 1 Participant flow diagram. cSVD, cerebral small vessel disease; HYBRiD, hypertension and brain damage study.

Small vessel disease progression and cognitive decline
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RESULTS

Participants
Flow of participants is shown in Fig. 1. We included 112
uncomplicated hypertensive patients and 62 hypertensive
lacunar stroke patients in the present study at baseline. Of
these, 90 uncomplicated hypertensive patients and 38 lacu-
nar stroke patients completed neuropsychological assess-
ment and brain MRI at 4-year follow-up, which adds up to
128 patients in this study. The mean follow-up period was
4.04 years (SD¼ 0.10). Included patients (n¼ 128) did not
differ from the excluded patients (n¼ 167) in age or sex.
Patients who completed follow-up (n¼ 128) did not differ
from patients who only completed baseline (n¼ 46)
regarding sex (male 58.6% versus 56.5%, respectively,
P¼ 0.81), but they were younger (58.6� 12.2 versus
65.1� 13.5, respectively, P¼ 0.003) and had better overall
cognition at baseline (P¼ 0.014). Baseline characteristics
for the overall group and separately for uncomplicated
hypertensive patients and lacunar stroke patients are
shown in Table 1. Decline in overall cognition was not
different between these two patient groups (P¼ 0.720).

The number of patients with baseline presence and
progression of each MRI marker of SVD are shown in
Table 2. Three lacunar stroke patients had a recurrent stroke
during follow-up, whereas none of the uncomplicated
hypertensive patients had a stroke during follow-up.

For two patients, one baseline neuropsychological test
score in the domain of executive function was missing.
Therefore, for these patients the executive function decline
score was composed of the remaining five tests in this
domain. For three patients, the baseline Rey Auditory
Verbal Learning Test was missing. As this test determines
three out of four test scores of the memory domain, no
reliable memory decline score could be formed for these
two patients and consequently the overall cognition decline
score was also missing. Brain MRI of two patients was of
insufficient quality to determine progression of WMH. In
addition, in one of these patients incident microbleeds
could not be determined, because of insufficient quality
of the T2� gradient echo image. As a result of these missing
neuropsychological tests and missing MRI data, the number
of patients in each analysis slightly differed.

At baseline three patients had a Rotterdam–Cambridge
Cognitive Examination score less than 34, indicating
possible dementia. At follow-up, besides these three
patients, six other patients had a score less than 34.

MRI markers and cognitive decline
In simple linear regression analyses, baseline periventric-
ular WMH presence was not associated with cognitive
decline, but the association between periventricular
WMH progression and cognitive decline was significant
(model 1; Table 3).

TABLE 1. Patients’ characteristics for uncomplicated hypertensive patients and hypertensive lacunar stroke patients

Baseline characteristic
All patients

(n¼128)
Uncomplicated hypertensive

patients (n¼90)
Hypertensive lacunar stroke

patients (n¼38)

Age, mean (SD), (years) 58.6 (12.2) 56.2 (11.9) 64.1 (11.2)

Male sex, No. (%) 75 (58.6) 52 (57.8) 23 (60.5)

Educational level, No. (%)
Low 40 (31.3) 22 (24.4) 18 (47.4)

Average 42 (32.8) 33 (36.7) 9 (23.7)

High 46 (35.9) 35 (38.9) 11 (28.9)

HADS total score, median (IQR) 8 (4–13) 7 (4–12) 8.5 (4–14)

Diabetes mellitus, no. (%) 2 (1.6) 1 (1.1) 1 (2.6)

Hypercholesterolemia, no. (%)a 55 (44.0) 30 (34.1) 25 (67.6)

Current smoking, no. (%) 26 (20.3) 14 (15.6) 12 (31.6)

BMI, mean SD, (kg/m2) 27.3 (4.2) 27.4 (4.2) 27.0 (4.1)

SBP, mean (SD), (mmHg) 145.5 (17.9) 145.4 (16.4) 145.7 (21.4)

DBP, mean (SD), (mmHg) 84.2 (11.7) 84.9 (10.4) 82.4 (14.3)

HADS, Hospital Anxiety and Depression Scale; IQR, interquartile range.
aInformation about hypercholesterolemia was missing for three patients (two uncomplicated hypertensive patients and one hypertensive lacunar stroke patient).

TABLE 2. Baseline presence and progression of MRI markers of cerebral small vessel disease

MRI marker
All patients
(n¼128)

Uncomplicated hypertensive
patients (n¼90)

Hypertensive lacunar
stroke patients (n¼38)

Baseline presence of cSVD
Extensive periventricular WMH, No. (%) 17 (13.3) 10 (11.1) 7 (18.4)

Extensive deep WMH, No. (%) 13 (10.2) 6 (6.7) 7 (18.4)

Microbleeds, No. (%) 25 (19.5) 15 (16.7) 10 (26.3)

Asymptomatic lacunes, No. (%) 40 (31.3) 21 (23.3) 19 (50.0)

Progression of cSVD
Progression of periventricular WMH, No. (%)a 37 (29.4) 22 (24.7) 15 (40.5)

Progression of subcortical WMH, No. (%)a 56 (44.4) 34 (38.2) 22 (59.5)

Incident microbleeds, No. (%)a 14 (11.0) 5 (5.6) 9 (24.3)

Incident lacunes, No. (%) 14 (10.9) 5 (5.6) 9 (23.7)

cSVD, cerebral small vessel disease; WMH, white matter hyperintensities.
aInformation about progression of periventricular and subcortical WMH was missing for two patients (one in each patient subgroup) and information about incident microbleeds was
missing for one lacunar stroke patient.
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In multivariable regression analyses, periventricular
WMH progression remained significantly associated with
cognitive decline, independent of baseline WMH presence
(model 2; Table 3) and also additionally independent of
age, sex, educational level, HADS total score, patient group,
and baseline cognition (model 3; Table 3). There were no
vascular risk factors included in the final model because
there were no associations with P< 0.10 between any of the
vascular risk factors and overall cognitive decline in simple
linear regression analyses. In this final multivariable model
3, baseline periventricular WMH only explained 0.6% of
variance in cognitive decline, whereas progression of peri-
ventricular WMH explained 5.6%.

For both baseline and progression of subcortical WMH,
no significant associations were found in any of the stat-
istical models. Although nonsignificant, proportions of
explained variance of cognitive decline were higher for
baseline subcortical WMH presence than for WMH pro-
gression (Table 3). For baseline as well as progression of
microbleeds or lacunes, none of the associations were
significant and R2’s were comparable for baseline presence
and progression of the marker (Table 4).

When performing model 2 for both patient groups
separately, results were similar to the results in the
total group. The association between progression of

periventricular WMH and cognitive decline was significant
for both uncomplicated hypertensive patients and lacunar
stroke patients [B (95% CI)¼ 0.24 (0.03 to 0.44), P¼ 0.026,
and B (95% CI)¼ 0.36 (0.08 to 0.65), P¼ 0.015, respect-
ively], whereas the associations between baseline periven-
tricular WMH and cognitive decline were not significant in
both patient groups. Associations between cognitive
decline and the other MRI markers (subcortical WMH,
microbleeds, and lacunes), both baseline and progression,
were all nonsignificant in both patient groups.

MRI markers and decline in separate cognitive
domains
In simple linear regression analyses between each of the
vascular risk factors and cognitive decline, associations with
P< 0.10 were found between BMI and decline in executive
function and between smoking and decline in information
processing speed. These factors were included in the
respective multivariable regression analyses.

Multivariable regression analyses, with correction for
age, sex, educational level, HADS total score, patient group,
baseline cognition of the corresponding cognitive domain,
and vascular risk factors (as explained above), showed
significant associations between executive functioning
and progression of periventricular WMH, baseline presence

TABLE 3. Associations between white matter hyperintensities and overall cognitive decline

Periventricular WMH Subcortical WMH

B 95% CI P R2 change B 95% CI P R2 change

Model 1a. Simple regression analysis: baseline WMH 0.15 �0.07 to 0.38 0.185 1.4% 0.23 �0.02 to 0.48 0.066 2.7%

Model 1b. Simple regression analysis: progression WMH 0.27 0.11–0.43 0.001 8.5% 0.06 �0.09 to 0.21 0.426 0.5%

Model 2. Multivariable analysis a b

Baseline WMH 0.08 �0.15 to 0.30 0.491 0.4% 0.22 �0.04 to 0.48 0.097 2.3%

Progression WMH 0.26 0.10–0.42 0.002 7.4% 0.03 �0.13 to 0.18 0.735 0.1%

Model 3. Multivariable analysis including covariatese c d

Baseline WMH 0.10 �0.12 to 0.32 0.364 0.6% 0.26 �0.001 to 0.52 0.051 2.7%

Progression WMH 0.24 0.08–0.40 0.004 5.6% �0.009 �0.16 to 0.14 0.910 0.0%

B, unstandardized regression coefficient; CI, confidence interval; R2, coefficient of determination; WMH, white matter hyperintensities.
aTotal R2 of the model¼8.9%.
bTotal R2 of the model¼ 2.8%.
cTotal R2 of the model¼ 25.1%.
dTotal R2 of the model¼ 21.0%.
eIncluding age, sex, educational level, HADS total score, patient group, baseline cognition.

TABLE 4. Associations between microbleeds and lacunes and overall cognitive decline

Microbleeds Lacunes

B 95% CI P R2 change B 95% CI P R2 change

Model 1a. Simple regression analysis: baseline marker 0.13 �0.05 to 0.32 0.160 1.6% 0.13 �0.03 to 0.29 0.109 2.1%

Model 1b. Simple regression analysis: progression marker 0.15 �0.10 to 0.41 0.229 1.2% 0.18 �0.05 to 0.41 0.126 1.9%

Model 2. Multivariable analysis a b

Baseline marker 0.12 �0.08 to 0.31 0.251 1.1% 0.12 �0.04 to 0.28 0.139 1.8%

Progression marker 0.11 �0.15 to 0.37 0.390 0.6% 0.17 �0.07 to 0.40 0.161 1.6%

Model 3. Multivariable analysis including covariatese c d

Baseline marker 0.14 �0.06 to 0.33 0.168 1.3% 0.10 �0.06 to 0.26 0.222 1.0%

Progression marker 0.08 �0.18 to 0.34 0.541 0.3% 0.17 �0.06 to 0.40 0.152 1.4%

B, unstandardized regression coefficient; CI, confidence interval; R2, coefficient of determination.
aTotal R2 of the model¼2.3%.
bTotal R2 of the model¼ 3.6%.
cTotal R2 of the model¼ 20.1%.
dTotal R2 of the model¼ 20.4%.
eIncluding age, sex, educational level, HADS total score, patient group, baseline cognition.

Small vessel disease progression and cognitive decline
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of subcortical WMH, and baseline presence of lacunes. No
significant associations were found between information
processing speed or memory and any of the MRI markers.
For tables with results, please see supplemental digital
content, http://links.lww.com/HJH/A738.

DISCUSSION
Our results show that progression of periventricular WMH
over 4 years is associated with cognitive decline, especially
in the domain of executive functioning, in patients with
hypertension. Furthermore, progression is more important
in predicting cognitive decline than periventricular WMH
already present at baseline. We could not show associations
between progression of subcortical WMH, microbleeds, or
lacunes and overall cognitive decline.

Other studies also showed that progression of periven-
tricular WMH is associated with cognitive decline. Van den
Heuvel et al. [11]. showed periventricular WMH progression
to be related with decline in executive functioning in a
nondemented elderly population and Van Dijk et al. [10].
showed it to be related with decline in general cognitive
function and information processing speed in a population-
based cohort study. In agreement with our study, both
studies also found no associations between progression
of subcortical WMH and cognitive decline. Most other
studies that showed progression of WMH to be related
with cognitive decline did not differentiate between peri-
ventricular and subcortical WMH [12,13]. In a cross-sec-
tional study, De Groot et al. [2]. found that the degree of
periventricular WMH was associated with cognitive impair-
ment, whereas the degree of subcortical WMH was not.
They suggested that subcortical WMH probably disrupt
short cortico–cortical connections, while periventricular
WMH are more likely to disrupt long associating tracts that
connect more distant cortical areas. As the performance on
neuropsychological tests is more likely to depend on the
connection between many cortical areas, this could explain
the reported difference between periventricular and sub-
cortical WMH in associations with cognition.

We showed that progression of periventricular WMH
explained 5.6% of variance in cognitive decline, whereas
baseline periventricular WMH only explained 0.6% of var-
iance. All other covariates in the model, including age,
together explained 18.3%. Therefore, we think that pre-
venting progression of periventricular WMH can make a
relevant difference in the prevention of cognitive decline.
However, most of the variance in cognitive decline is
unexplained, so there are still many more factors predicting
cognitive decline.

We could not find significant associations between
occurrence of new microbleeds or lacunes and cognitive
decline. A few other studies have shown associations
between incident lacunes and cognitive decline
[10,16,17]. These studies not only had a larger sample size,
but also a higher percentage of patients with incident
lacunes, ranging from 12 to 18.6%. In addition, these studies
were performed in other populations. For example, one
study took the presence of WMH as an inclusion criterion.
As this is a predictor of future progression of SVD, this may
explain the different results [16]. Regarding incident

microbleeds, we could only find one other study which
addressed its association with cognitive decline [18]. This
study examined patients with cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephal-
opathy and showed that an increase in number of micro-
bleeds over 7 years was associated with cognitive decline.
However, the number of microbleeds (mean number 3.5,
range 0–40) in these patients is much higher than in our
population, which might explain the different results. Also,
whether results found in patients with a genetic variant of
cSVD, known for its progressive nature and strong associ-
ation with cognitive decline, can be generalized to popu-
lations with common types of cSVD is questionable.

Studies have shown that active BP lowering might stop
or delay the progression of WMH in patients with and
without cerebrovascular disease [37,38]. In addition, a
previous study has shown that BP is most strongly associ-
ated with periventricular WMH compared with subcortical
WMH [39]. As our results show that progression of peri-
ventricular WMH is associated with cognitive decline, it
suggests the importance of good BP control in patients with
hypertension to prevent its progression. In our study, we
did not have specific information about BP control during
the 4 years of follow-up, so we could not examine its effect
on progression of WMH. This is an important limitation of
our study.

Another limitation of the study is the use of variable MRI
field strength. In total, 107 of 128 patients (83.6%) were
scanned at a 1.5T MRI scanner and 21 (16.4%) patients, all
lacunar stroke patients, at a 3T MRI. In all patients, the same
scanner was used for baseline and follow-up. However,
rating of progression in patients scanned at 3T might be
overestimated compared with 1.5T. We repeated the multi-
variable regression analyses in only those patients scanned
at 1.5T. The association between progression of periven-
tricular WMH and cognitive decline did not change. The
second limitation is the mixed hypertensive population. To
reach a relatively large sample with a substantial pro-
gression of cerebral SVD, we included both hypertensive
patients with and without small vessel stroke. However, by
including patient group as a confounder we corrected for
the presence of a symptomatic stroke in medical history. In
addition, we showed that results were similar in separate
analyses for each patient group. Three lacunar stroke
patients had a recurrent stroke during follow-up, which
might have influenced cognitive decline. However, results
did not change when we excluded these three patients from
analyses (results not shown). Third, a visual scalewasused to
assess WMH presence and progression. The use of volumet-
ric techniques might have been more sensitive. This could
have led to an underestimation of the R2 of presence or
progression of WMH in the association with cognitive
decline. In addition, an underestimation of cognitive decline
might be caused by the higher dropout rate of older and
cognitively worse patients. Despite these limitations, a major
strength is the longitudinal design of our study with a 4-year
follow-up period. In addition, all patients received extensive
neuropsychological assessments, which included multiple
tests in three cognitive domains.

In conclusion, we found that progression of periven-
tricular WMH over 4 years is associated with cognitive

Uiterwijk et al.

1268 www.jhypertension.com Volume 35 � Number 6 � June 2017

http://links.lww.com/HJH/A738


 Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

decline in hypertensive patients, whereas we could not
show an association between baseline periventricular
WMH and cognitive decline. Therefore, these results show
the importance of preventing progression of WMH in
patients with hypertension. As studies have shown that
active BP lowering might stop or delay the progression
of WMH, future studies are needed to investigate if optimal
BP control that minimizes progression of WMH in patients
with hypertension, can also prevent cognitive decline. In
our study, we could not show significant associations
between progression of other MRI markers of SVD and
overall cognitive decline over 4 years. As the proportion of
patients with hypertension who developed new lacunes or
microbleeds over time was relatively small, larger studies
with a long follow-up period are needed to further inves-
tigate this.
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Reviewers’ Summary Evaluations

Referee 1
This is a tidy study that adds to the growing body of
evidence for an association of middle-aged hypertension
and cognitive decline. In a relatively small (n¼ 174) clinic
population of two mildly hypertensive patient groups, with
and without minor lacunar stroke, the authors report that
progression of periventricular white matter lesions is
related to cognitive decline over 4 years. The study also
highlights the complexities of such analysis, uncertainty
over clinical significance of small changes in continuous

neuropsychological measures, and the pressing need for
randomized clinical endpoint studies in this area.

Referee 2
This longitudinal study provides an important piece of
information about the association between periventricular
white matter hyperintensities (WMH) and cognitive decline
in hypertensive patients with previous lacunar stroke. Base-
line periventricular WMH were not significantly associated
with cognitive decline, but progression of periventricular
WMH was associated with cognitive decline during the 4
years of follow-up.
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