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Background: Lacunae, brain atrophy, white matter hyperintensity, enlarged perivascular
space and microbleed are magnetic resonance imaging (MRI) markers of cerebral small-vessel
disease (cSVD). Studies have reported that higher blood pressure variability (BPV) predicted
cardiovascular risk in hypertensive patients; however, the association between BPV and the
total MRI burden of ¢cSVD has not been investigated. In this study, we aimed to explore this
relationship between BPV and ¢cSVD MRI burden.

Methods: We prospectively recruited patients who attended our hospital for annual physical
examination. Twenty-four-hour ambulatory BP monitoring was performed using an automated
system. BPV was quantified by SD, weighted SD, and coefficient of variation. One point
was awarded for the presence of each marker, producing a score between 0 and 5. Spearman
correlation and ordinal logistic regression analyses were used to test the relationship between
BPV and total cSVD MRI burden.

Results: A total of 251 subjects with an average age of 68 years were enrolled in this study, and
52.6% were male; 163 (64.94%) had one or more markers of cSVD. Correlation analysis indicated
that higher systolic BP (SBP) levels and BPV metrics of SBP were positively related to higher cSVD
burden. Ordinal logistic regression analyses demonstrated that higher SBP levels and SBP vari-
ability were independent risk factors for cSVD. There were no significant differences in 24-hour,
day and night diastolic BP levels or BPV metrics of diastolic BP among the five subgroups.
Conclusion: Twenty-four-hour, day and night SBP levels and SBP variability were positively related
to cSVD burden. Higher SBP levels and SBP variability were independent risk factors for cSVD.
Keywords: cerebral small-vessel diseases, blood pressure variability, ambulatory blood pres-
sure monitoring, magnetic resonance-imaging burden

Introduction

Cerebral small-vessel disease (cSVD) is caused by a group of pathological processes
involving the perforating cerebral arterioles, capillaries, and venules of the brain.!
Lacunae (small subcortical cerebral spinal fluid-containing cavities, typically >3 mm
and <15 mm in diameter), brain atrophy (lower brain volume not related to a specific
macroscopic focal injury, such as trauma), white-matter hyperintensity (WMH; hyperin-
tense areas on 7T ,-weighted sequences and fluid-attenuated inversion recovery [FLAIR],
isointense or hypointense areas on 7T -weighted sequences with respect to normal
brain), enlarged perivascular space (EPVS; perivascular compartments following the
courses of small penetrating cerebral vessels, similar signal to cerebral spinal fluid), and
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microbleed (small punctate areas of hypointense on 7,*- or
susceptibility-weighted imaging [SWI] that are up to 10 mm
in diameter) are considered magnetic resonance imaging
(MRI) markers of cSVD.?* ¢cSVD is a common vascular factor
in dementia, a major contributor to mixed dementia, and the
cause of about a fifth of all strokes worldwide.? However,
the pathogenesis of cSVD is not completely understood.
Hypertension is a well-known major risk factor for cSVD.*?
Twenty-four-hour ambulatory blood pressure monitoring
(ABPM) has been proven to be a more useful and scientific
method for predicting BP-related brain damage than single
office BP measurement,®’ and 24-hour ABP variability
(ABPV) can be documented by 24-hour ABPM.

Previous studies have shown that increased 24-hour
ABPV is associated with increased target-organ damage,
including cardiovascular and cerebrovascular events.® '
Recent studies have demonstrated that higher 24-hour ABPV
is associated with WMH, lacunar infarction, cSVD progres-
sion, and cognitive decline.!'* In addition, some studies have
found that higher 24-hour ABP levels are related to WMH,
EPVS, and new cerebral microbleeds.!** However, these
studies mostly focused separately on different MRI markers
of cSVD. A “total cSVD score” was introduced to combine
all single MRI markers of cSVD into one measure, which
aimed to evaluate the total brain damage from cSVD.!®!”
Age, hypertension, higher ABP levels, and other risk factors
for cSVD have been found to be associated with total cSVD
score.'®!” The previous “total cSVD score” did not take brain
atrophy into consideration. Imaging studies have reported
that the presence and severity of cSVD are associated with
brain atrophy.'®'"” Additionally, brain atrophy has been con-
sidered an important imaging measure in several studies that
aimed to assess vascular damage to the brain, and it is thought
to mediate, at least partially, the effects of vascular lesions
on cognition.>?*?! A scientific statement for cSVD from the
American Heart Association/American Stroke Association
also included brain atrophy as an MRI marker of ¢cSVD.?
Therefore, in our opinion, brain atrophy should be included in
the total cSVD score. To the best of our knowledge, no study
has explored the relationship between 24-hour ABPV and
total MRI burden of cSVD, including lacunae, brain atrophy,
WMH, EPVS, and microbleeds. Therefore, in this study, we
aimed to investigate the association between 24-hour ABPV
and total MRI ¢SVD burden.

Methods

Subjects
We conducted this as a cross-sectional study. Inpatients
for physical examinations in the Neurology Department of

Beijing Chaoyang Hospital, affiliated with Capital Medical
University, were prospectively identified from June 15, 2016,
to June 31, 2017. They were screened according to our
inclusion and exclusion criteria. Inclusion criteria were that
the patient underwent both brain MRI scans and 24-hour
ABPM within 1 month, agreed to participate in our study, and
provided signed informed consent. To reduce the influence
of confounding factors, such as inaccurate assessments on
cSVD, patients were excluded on the basis of severe trau-
matic, toxic, or infectious brain injury or brain tumor; history
of dementia, severe ischemic stroke (largest diameter of
infarct >20 mm on diffusion-weighted imaging and FLAIR),
or hemorrhagic stroke, because of difficult and inaccurate
assessments on MRI markers of cSVD; possible cardioembo-
lic risk factors (most commonly atrial fibrillation or valvular
prosthesis) or large-vessel cerebrovascular diseases, defined
as internal carotid, middle cerebral, or basilar intracranial
artery stenosis >50%; invalid 24-hour ABPM data (24-hour
ABPM data considered invalid if measurement <<70%, less
than one measurement per hour during daytime and fewer
than six measurements in total during nighttime); and recent
myocardial infarction or angina pectoris disorders, other
severe heart diseases, severe infections, severe nephrosis
or liver diseases, thrombotic diseases, or tumors. The study
was approved by the ethics committee of Beijing Chaoyang
Hospital and performed in accordance with the Declaration of
Helsinki. All subjects provided written informed consent.

MRI protocol and assessments
MRI was performed using a 3.0 T scanner (Siemens, Berlin,
Germany) in the Radiology Department of our hospital.
Sequences included diffusion-weighted, T,-weighted, and
T,-weighted imaging; FLAIR; and SWI. Imaging markers and
burden of ¢SVD are defined in the following paragraphs.
Lacunae, brain atrophy, WMH, EPVS, and microbleed
were defined as described previously.? We distinguished
lacunae from EPVS by their size (>3 mm), spheroid
shape, location, and surrounding hyperintensity on FLAIR
and T,-weighted imaging.’ Brain atrophy was evaluated
according to the visual rating scale of Pasquier et al.** In
mild brain atrophy, there is a peripheral sulcal opening,
moderate atrophy is characterized by widening along the
length of the sulci, and severe atrophy is defined by gyral
thinning. WMH was rated using the Fazekas scale on FLAIR
images.” The number of EPVSs at the basal ganglia was
rated on 7,-weighted images: grade 1, <5; grade 2, 5-10;
grade 3, >10 but still countable; grade 4, innumerable.?*?
We counted only EPVSs at the basal ganglia, because those
at the basal ganglia are considered a marker of cSVD.?%
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The definition and rating method of total cSVD score
have been described previously.'*!'” However, we added brain
atrophy as an item, because it is considered an MRI marker
of cSVD. An ordinal score of 0—5 was constructed to reflect
the total cSVD burden. One point was awarded for each of
moderate—extensive brain atrophy; one or more lacunae;
periventricular WMH Fazekas score of 3 or deep WMH
Fazekas score of 2 or 3; one or more deep or infratentorial
microbleeds (deep or infratentorial microbleeds are related
to cSVD, whereas lobar microbleeds are related to cerebral
amyloid angiopathy);?’*® and moderate—extensive (more than
ten) EPVSs in the basal ganglia.

MRI assessments were performed by two experienced
neurologists who were blinded to the clinical information.
Intrarater agreement for cSVD rating was assessed with a
random sample of 50 individuals with a month-long interval
between the first and second readings. Random scans of 50
individuals were independently examined by two experienced
neurologists who were blinded to each other’s readings.
The k-values of intrarater and interrater agreement were
=0.7, which indicated good reliability. Disagreements were
resolved by discussion with coauthors.

24-Hour ABPM and definitions of
24-hour ABPV

Twenty-four-hour ABPM was performed using an auto-
mated system (TM-2430; A&D, Tokyo, Japan), which has
been validated according to the protocols of the British
Hypertension Society.” The automated system recorded
BP using the oscillometric method. ABPM recordings were
carried out during participants’ hospital stay, and they were
asked to conduct their usual activities as much as possible,
but to refrain from physical exercise and avoid excessive
movement of their nondominant arm during measurements.
BP was measured every 30 minutes during the day (8 am
to 11 pm) and every 60 minutes during the night (11 pm to
8 am). The definition of daytime and nighttime adopted the
standard time windows according to the automated system.
We excluded a 2-hour transition period (first and last hours
of the standard time) to ensure that actual waking and sleep
periods were within this standard period. Mean systolic BP
(SBP), diastolic BP (DBP), coefficient of variation (CV),
and SD of SBP and DBP were collected over 24 hours.
CV values were defined as the ratio between the SD and
mean SBP or DBP at the same period. Weighted SD values
of SBP and DBP were defined as means of day and night
SD values corrected for the number of hours included in
each of these periods.!'*° SD, weighted SD, and CV were
considered metrics of 24-hour ABPV in this study. Patients

continued their previous medications, and we noted the use
of antihypertensive drugs.

Statistical analysis

Continuous variables are presented as mean £ SD for nor-
mally distributed variables and medians (interquartile range)
for abnormally distributed variables. Analysis of variance
was used for comparison of continuous variables with both
normal distribution and homogeneity of variance; otherwise,
the Kruskal-Wallis test was used. Categorical variables are
presented as absolute numbers and percentages, and y>-tests
were used for comparison of categorical variables. Spear-
man correlation analysis was used to test the correlation of
24-hour ABPV with total burden of ¢cSVD. The proportional
odds assumption was met; therefore, ordinal logistic regres-
sion analysis was performed to determine whether indices of
24-hour ABPV were independent risk factors for cSVD after
adjusting for demographic confounders, including age, sex,
current smoking, current alcohol, diabetes mellitus, hyper-
lipidemia, body-mass index, use of antihypertensive drugs,
and mean SBP during the same period. Results are based on
valid data. Analyses were performed with SPSS version 21.0
and statistical significance set at P<<0.05.

Results

Participant characteristics

A total of 274 patients met the inclusion criteria in the
Neurology Department of our hospital from June 15, 2016,
to March 31, 2017. Nine patients were excluded because of
their history of severe or hemorrhagic stroke, five excluded
because of a history of tumors, and nine excluded because
of invalid ABPM data, leaving 251 patients enrolled in the
present study. The mean age was 68 years, and 52.6% of
patients were male. Table 1 shows the characteristics of all
enrolled subjects.

With regard to cSVD burden, 88 (35.06%) patients had no
markers of cSVD, 67 (26.69%) had one marker, 33 (13.15%)
had two markers, 30 (11.95%) had three markers, 29 (11.55%)
had four markers, and four (1.59%) had all the markers.
Figure 1 shows the composition of the different cSVD cat-
egories. We combined four markers and five markers into
one group for statistical analysis, because there were only
four patients with all five markers. As such, we classified all
subjects into five groups based on MRI markers of cSVD.
Table 1 presents the characteristics of the patients in the
five groups.

Among the five groups, age differed significantly, with
higher ages in groups with greater numbers of markers
(58.24+13.4 years, 67.0+12.4 years, 71.6+13.2 years,
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Table | General characteristics of all subjects and groups according to ¢cSVD burden

Characteristics cSVD 0 cSVD | cSVD 2 cSVD 3 cSVD =4 P-value
n 88 67 33 30 33 -
Age, years®® 58.2+134 67 (56-78) 73 (58-83.5) 77.7+9.2 81.8+8.0 <0.001
Sex (male), n (%) 48 (54.5) 32 (47.8) 18 (54.5) 17 (56.7) 17 (51.5) 0.906
Current smoking, n (%) 26 (29.5) 15 (22.4) 6 (18.2) 3 (10) 6 (18.2) 0.204
Current alcohol, n (%) 20 (22.7) 13 (19.4) 4(12.1) 6 (20.0) 2 (6.1) 0.242
Hypertension, n (%) 53 (60.2) 42 (62.7) 24 (72.7) 23 (76.7) 26 (78.8) 0.184
Diabetes mellitus, n (%) 20 (22.7) 26 (38.8) 13 (39.4) 13 (43.3) 14 (42.4) 0.082
Hyperlipidemia, n (%) 36 (40.9) 26 (33.8) I1(33.3) 13 (43.3) 16 (48.5) 0.780
Body-mass index,* kg/m? 25.143.6 25.1+2.8 25.443.9 25.2+3.4 25.3+2.5 0.957
Using of antihypertensive drugs, n (%) 43 (48.9) 40 (59.7) 21 (63.6) 22 (75.9) 23 (69.7) 0.086
Class of antihypertensive drugs
Dihydropyridine CCB, n (%) 26 (29.5) 26 (38.8) 12 (36.4) 16 (53.3) 16 (48.5) 0.124
ARB, n (%) 23 (26.1) 19 (28.4) 15 (45.5) 7 (23.3) 10 (30.3) 0.275
ACEI, n (%) 7 (8.0) 2 (3.0) 39.1) 3(10.0) 1 (3.0 0.502
B-Blocker, n (%) 9 (10.2) 14 (20.9) 5(15.2) 5(16.7) 7(21.2) 0.395
Nonloop diuretics, n (%) 7 (8.0) 5(7.5) 39.1) I 3.3) 2 (6.1) 0910
Total cholesterol,” mmol/L 2.2 (1.4-42) 1.7 (0.9-3.8) 1.9 (1.04.1) 1.8 (1.1-3.6) 1.6 (1.1-3.4) 0.583
Triglycerides,» mmol/L 3717 34t14 3.3+1.8 2.9+1.6 3.0£1.5 0.08
High-density lipoprotein,” mmol/L 1.1 (0.9-1.4) 1.0 (0.9-1.3) 1.1 (0.9-1.4) 1.2 (1.0-1.3) 1.0 (0.9-1.1) 0.217
Low-density lipoprotein,*® mmol/L 2.9 (2.0-3.4) 2.3 (2.0-2.8) 2.610.9 2.4 (1.9-3.3) 2.3+0.96 0.003
HbA > % 5.8 (5.5-6.4) 6.0 (5.6-6.6) 6.0 (5.6-7.2) 5.8 (5.5-6.8) 5.9 (5.6-6.6) 0.276
Creatinine,*® umol/L 63 (54-73) 65 (56-74) 67 (60-80) 87.8+43.1 81.0+31.4 <0.001
Combinations of markers of cSVD
Lacuna, n (%) - 15 (22.4) I1(33.3) 15 (50) 25 (75.8) -
White matter hyperintensity, n (%) - 20 (29.9) 21 (63.6) 26 (86.7) 32 (97.0) -
Microbleed, n (%) - 6 (9.0 10 (30.3) 10 (33.3) 32 (97.0) -
Enlarged perivascular spaces, n (%) - 18 (26.9) 15 (45.5) 20 (66.7) 32 (97.0) -
Brain atrophy, n (%) - 8(11.9) 9 (27.3) 19 (63.3) 25 (75.8) -

Notes: :Mean + SD; "median (interquartile range).

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; cSVD, cerebral small-vessel disease; CCB, calcium-channel blocker;

HbA, , hemoglobin A, .

77.71£9.2 years, and 81.8%8.0 years, respectively, p=0.575;
P<0.001). The ordinal logistic regression analysis dem-
onstrated that age was a determining factor for developing
cSVD (OR 1.09, 95% CI 1.07-1.12; P<<0.001). There were
statistical differences in low-density lipoprotein (LDL) and
creatinine levels among the five groups (P<<0.05). LDL level
was negatively correlated with cSVD burden (p=—0.195,
P=0.002) and creatinine level positively correlated with
cSVD burden (p=0.290, P<<0.001). The ordinal logistic
regression analysis showed that LDL and creatinine levels
were not an independent risk factor for cSVD after adjusting
for age and hypertension (P>0.05). Sex, smoking, alcohol,
use of antihypertensive drugs, and type of antihypertensive
drugs did not differ significantly among the groups (P>0.05).
Notably, the proportion of patients with hypertension and
diabetes mellitus increased with an increasing cSVD burden;
however, the differences were not statistically significant
(P>0.05). There were no significant differences in body mass
index or levels of total cholesterol, triglycerides, high-density
lipoprotein, and HbA | among the groups.

Association between 24-hour ABP levels

and total burden of cSVD
Table 2 presents 24-hour ABP levels of the five subgroups
stratified by total cSVD burden. SBP levels increased with
increasing ¢cSVD burden (P<<0.01) over 24 hours, daytime,
and nighttime. Spearman correlation analysis indicated that
higher SBP levels were positively correlated with higher
c¢SVD burden (24-hour SBP, p=0.251, P<<0.001; day SBP,
p=0.217, P=0.001; night SBP, p=0.331, P=0.001). These cor-
relations were unchanged after controlling for age. Ordinal
logistic regression analysis demonstrated that higher SBP
was an independent risk factor for cSVD after controlling
for age and other confounders (Table 3). There were no sig-
nificant differences in DBP levels among the five subgroups
for 24 hours, daytime, or nighttime. Spearman correlation
analysis indicated that DBP levels were not significantly
related to the burden of cSVD in this study (24-hour DBP:
=—0.027, P=0.666; day DBP: p=—0.070, P=0.271; night
DBP: p=0.066, P=0.301).
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Figure | Composition of the different categories of the cSVD severity scale.
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Notes: (A) One marker of cSVD; (B) two markers of cSVD; (C) three markers of cSVD; (D) four markers of cSVD. cSVD of 0 and 5 are not shown because no and all

markers, respectively, were present in all patients in these categories.

Abbreviations: cSVD, cerebral small-vessel disease; BA, brain atrophy; CMB, cerebral microbleed; EPVS, enlarged perivascular space; WMH, white-matter hyperintensity.

Association between 24-hour ABPV

and total burden of c¢SVD

The 24-hour ABPV metrics, including SD, weighted SD,
and CV, of the five groups divided by total cSVD burden are
presented in Table 2. We found that there were statistical dif-
ferences in variability metrics of SBP among the five groups
during all periods, which increased as the burden of cSVD

increased. There were no statistical differences in variability
metrics of DBP among the five groups. Spearman correlation
analysis also indicated that higher variability metrics of SBP
were positively correlated with higher cSVD burden (p>0,
P<0.05). Ordinal logistic regression analysis demonstrated
that higher SBPV was a risk factor for cSVD after adjusting
for age and other confounding factors (Table 3).
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Table 2 Ambulatory blood pressure levels and variability in different subgroups
Blood pressure metrics cSVD 0 cSVD | cSVD 2 cSVD 3 cSVD =4 P-value
n 88 67 33 30 33 -
24-hour
SBP, mmHg 129.0+15.7 131.0+16.4 133.0£15.4 135.0+17.2 147.0+20.8 <0.001
DBP, mmHg 76.0£10.6 74.0£9.5 75.0x10.2 74.016.2 76.0:8.4 0.650
SBP SD, mmHg 16.9+4.9 16.9+4.4 18.2+4.5 19.9+6.4 20.9+7.3 0.010
DBP SD, mmHg 11.6+3.2 11.943.2 12.2+3.6 13.14£3.5 13.4+4.2 0.147
Weighted SBP SD, mmHg 15.444.1 15.9+4.1 16.9£3.2 18.5£5.7 19.7£5.8 <0.001
Weighted DBP SD, mmHg 10.7+2.9 11.3£3.1 11.5£3.2 12.4+3.4 12.7£3.9 0.062
SBP CV, % 11.7£3.8 13.0£3.5 13.7£3.3 14.0£5.0 14.4£5.0 0.005
DBP CV, % 15.4+4.4 16.3+4.2 16.6+5.4 17.9£5.2 17.8£5.9 0.112
Daytime
SBP, mmHg 131.0+16.3 132.0+16.7 135.0£17.2 136.0£15.9 147.0+20.9 0.002
DBP, mmHg 77.0£11.3 75.0£9.7 76.0+10.8 74.0£5.5 76.018.2 0.366
SBP SD, mmHg 16.4%5.3 16.4+4.9 17.7+4.3 20.047.1 20.6x7.9 0.007
DBP SD, mmHg 11.543.7 11.943.6 12.1+3.9 13.3+4.0 13.0+4.6 0.276
SBP CV, % 12.614.1 12.5£3.7 13.2£3.5 15.1£5.3 15.0£5.2 0.033
DBP CV, % 15.0£5.0 16.0+4.6 16.146.0 18.1£5.8 17.21+6.4 0.089
Nighttime
SBP, mmHg 120.0+20.8 129.0+18.0 130.0%15.1 137.0+23.4 143.0+25.4 <0.001
DBP, mmHg 72.0+10.5 72.0£10.0 72.0£11.1 73.019.3 74.0£11.5 0.785
SBP SD, mmHg 13.1+4.4 14.7£5.8 14.9£5.5 15.2£5.2 17.7+7.6 0.019
DBP SD, mmHg 8.8+3.7 9.743.5 10.1+4.6 10.2+4.4 12.0£6.6 0.075
SBP CV, % 10.7£3.6 12.4+5.0 12.7+4.5 13.3£3.7 12.0£6.2 0.025
DBP CV, % 12.3£5.0 13.1£5.1 12.94+6.2 14.0£5.7 14.2+8.6 0.473

Abbreviations: cSVD, cerebral small vessel disease; CV, coefficient of variation; DBP, diastolic blood pressure; SBP, systolic BP.

Discussion

In this study, we explored associations among 24-hour
ABP levels, 24-hour ABPV, and total cSVD MRI burden
in patients who underwent physical examinations in our
hospital. We found that SBP levels and 24-hour SBPV
increased with the MRI burden of ¢cSVD in 24 hours

and during daytime and nighttime. The results of ordinal
logistic regression analysis showed that SBP levels and
24-hour SBPV were independent risk factors for cSVD
after controlling for confounders. There was no significant
association between DBP levels and 24-hour DBPV or MRI
burden of ¢cSVD. To the best of our knowledge, this is the

Table 3 Systolic blood pressure levels and variability in relation to total burden of cSVD by ordinal logistic regression analysis

Model | Model 2 Model 3
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
24 hours
SBP, mmHg 1.260 (1.093-1.452) 0.001 1.249 (1.079-1.445) 0.003 - -
SBP SD, mmHg 1.456 (1.170-1.813) 0.001 1.493 (1.194-1.866) <0.001 1.432 (1.140-1.797) 0.002
Weighted SBP SD, mmHg 1.110 (1.053—1.168) <0.001 1.765 (1.354-2.303) <0.001 1.697 (1.297-2.221) <0.001
SBP CV, % 1.659 (1.239-2.221) 0.001 1.728 (1.279-2.333) <0.001 2.010 (1.471-2.746) <0.001
Daytime
SBP, mmHg 1.228 (1.068-1.411) 0.004 1.214 (1.051-1.401) 0.008 - -
SBP SD, mmHg 1.408 (1.151-1.721) 0.001 1.436 (1.170-1.763) 0.001 1.380 (1.119-1.702) 0.003
SBP CV, % 1.477 (1.123-1.941) 0.005 1.527 (1.153-2.020) 0.003 1.650 (1.241-2.195) 0.001
Nighttime
SBP, mmHg 1.235 (1.089-1.399) 0.001 1.228 (1.082-1.392) 0.001 - -
SBP SD, mmHg 1.381 (1.119-1.707) 0.003 1.435 (1.155-1.782) 0.001 1411 (1.133-1.756) 0.002
CV of SBP, % 1.351 (1.048-1.744) 0.020 1.422 (1.093-1.850) 0.009 1.706 (1.289-2.257) <0.001

Notes: Model |, adjusted for age and sex; model 2, model | + current smoking, current alcohol, diabetes mellitus, hyperlipidemia, body mass index, using antihypertensive
drugs; model 3, model 2 + mean SBP during the same period. Results of the ordinal logistic regression analysis were presented as OR per |0 mmHg increase in SBP, 5 mmHg

increase in SD, or 5% increase in CV.

Abbreviations: cSVD, cerebral small-vessel disease; CV, coefficient of variation; DBP, diastolic blood pressure; SBP, systolic BP.
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first study to demonstrate that 24-hour SBPV is associated
with the MRI burden of ¢SVD in a population of patients
receiving physical examinations.

Several studies have investigated the relationship between
individual cSVD markers and ABP levels or 24-hour ABPV
by 24-hour ABPM.%"1315 However, the results were not
exactly the same. In our opinion, it is necessary to investi-
gate the relationship between the combined effect of cSVD
and ABP levels, as well as 24-hour ABPV, because cSVD
markers may occur simultaneously in a patient and share
common pathogeneses. Klarenbeek et al investigated the
association between ABP levels and total cSVD MRI burden
in patients who had had their first lacunar stroke.'® However,
they did not include brain atrophy in their total cSVD-burden
score. They found that higher SBP and DBP over 24 hours
and during day and night were all significantly associated
with increased cSVD MRI burden, which is different from
our results. The different results may partially be attributed
to the different study populations and different scoring
methods. Previous studies have not investigated the associa-
tion of 24-hour ABPV and total cSVD MRI burden. In this
study, we found that 24-hour SBPV increased with increas-
ing cSVD MRI burden, which expands upon the findings of
previous studies.

Brain atrophy is considered a marker of cSVD and thought
to mediate the effects of vascular lesions on cognition.>2%!
Several studies have demonstrated that hypertension is an
independent risk factor for brain atrophy.>'3 Therefore,
our scale included brain atrophy in the total cSVD burden.
There are several different rating scales for brain atrophy
assessment, including medial temporal lobe atrophy,**
posterior atrophy,® and global cortical atrophy.?> We used
global cortical atrophy assessment in this study, because
hypertension affects the whole brain, rather than only part
of the brain.

The composition of the groups stratified by cSVD burden
in our study was different from that in previous studies.
In Yang et al®*® and Klarenbeek et al,'® 28.6% and 14.6% of
patients, respectively, did not exhibit MRI markers of cSVD.
In our study, 35.06% of patients had no markers of cSVD,
which was higher than results from previous studies. In our
opinion, this discrepancy might have been caused by dif-
ferences in the study populations. The subjects of previous
studies were all patients who had had lacunar stroke. Lacunar
stroke usually occurs simultaneously with other markers
of ¢cSVD in patients. Our study subjects were patients who
underwent physical examinations. In addition, different
MRI scanners and parameters may influence the SVD score

and comparability with other studies. We used SWI to rate
microbleeds. The increased signal contrast and higher spatial
resolution of SWI increased the confidence of raters that the
hypointensity in question and faint nonlinear hypointensity
on gradient-recalled echo 7,*-weighted imaging indeed rep-
resented a true cerebral microbleed. SWI is more sensitive
and reliable than gradient-echo 7,*-weighted imaging.

The potential pathophysiological mechanisms underly-
ing the association between BP levels and ¢cSVD burden
are complex and still not completely understood. Increased
permeability of the small-vessel walls and blood—brain
barrier has been demonstrated to contribute to the develop-
ment of ¢cSVD and has been reported to be associated with
microvascular endothelial-cell and tight-junction damage.'*’
Higher BP levels and ABPV would lead to more mechanical
stress on the vessel wall, which leads to endothelial injury
and arterial stiffness.?®*° Therefore, it is reasonable to assume
that higher BP and ABPV contribute to the development of
c¢SVD via endothelial-cell damage. In addition, ischemic
hypoperfusion is thought to be involved in the pathogenesis
of ¢cSVD.! Higher ABPV with a sudden decrease in BP might
result in cerebral hypoperfusion and the development of
c¢SVD. Meanwhile, cSVD could be a cause of higher 24-hour
ABPV. Kario et al reported that silent cerebral infarcts were
significantly associated with exaggerated morning BP surges
in elderly hypertensive patients.*’ The adrenergic vasocon-
strictor response of small resistance vessels contributes to the
degree of morning BP surge, which may be closely related to
small-vessel remodeling. Our results showed that SBP and
SBP variability, but not DBP or of DBP variability, were
associated with cSVD burden; however, the present study
could not explain the phenomenon. This might be caused by
the greater impact of SBP than DBP on vascular diseases.*!

The associations between vascular risk factors and cSVD
are still not completely understood. Studies have found that
smoking, diabetes mellitus, and obesity are associated with
increased arterial stiffness, which is known to predict future
cardiovascular and cerebrovascular events and previously
found associated with ¢cSVD.** In our study, although
there were no statistical differences in the presence of current
smoking, diabetes mellitus, or body mass index among the
groups, the proportion of patients with diabetes mellitus
and high body mass index increased with increasing cSVD
burden. Our results were also in accordance with those of
previous studies.

There are some limitations in our study. First, our study
population was based on hospital patients who underwent
physical examinations in a single center, and there might
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have been selection bias associated with the exclusion of
patients with large vessel disease, as well as other variables.
Therefore, the cohort may not represent the general popula-
tion. Second, this was a cross-sectional study, and causal
relationships between 24-hour ABPV and cSVD could not
be established. Third, all participants underwent ABPM in
a hospital that could not vouch for their usual activities.
In addition, this is the first attempt to provide an overall
score for total cSVD burden, including brain atrophy as an
aspecific sign of cSVD. However, additional studies are
required to test and modify the scale. Finally, the results in
this study should be interpreted with caution, because the
subjects enrolled were part of a heterogeneous population that
underwent physical examinations in a hospital. Despite these
limitations, to the best of our knowledge, our study is the first
to demonstrate that 24-hour SBPV is associated with cSVD
MRI burden, and the results may provide some information
to clinicians about the clinical value of 24-hour ABPV.

Conclusion

We found that SBP levels and 24-hour SBPV over 24 hours
and during daytime and nighttime were positively associ-
ated with ¢cSVD burden. Moreover, increased SBP levels
and SBPV were independent risk factors for cSVD. Further
longitudinal studies are required to confirm the causal rela-
tionship between 24-hour ABPV and cSVD, and the clinical
value of 24-hour ABPV should be assessed in depth with a
larger sample in future studies.
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