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Abstract

Objective: Hypertension is a risk factor for development of white matter hyperintensities
(WMHEs). However, the relationship between hypertension and WMHSs remains obscure. We
sought to clarify this relationship using clinical data from different regions of China.

Methods: We analyzed the data of 333 patients with WMHs in this study. All included patients
underwent conventional magnetic resonance imaging (MRI) examination. A primary diagnosis of
WMHSs was made according to MRI findings. The volume burden of WMHSs was investigated using
the Fazekas scale, which is widely used to rate the degree of WMHs. We conducted retrospec-
tive clinical analysis of the data in this study.

Results: Our findings showed that WMHs in patients with hypertension were associated with
diabetes, cardiovascular diseases, history of cerebral infarct, and plasma glucose and triglyceride
levels. Fazekas scale scores for WMHs increased with increased blood pressure values in patients
with hypertension.

Conclusion: This analysis indicates that hypertension is an independent contributor to the
prevalence and severity of WMHs.

'Department of Neurology, the Fourth Affiliated Hospital “Chongging Key Laboratory of Neurodegenerative
of Harbin Medical University, Harbin, China Diseases, Chongging, Chonggqing, China
2Depa\rtment of Neurology, Renmin Hospital, Hubei Corresponding author:

University of Medicine, Shiyan Renmin Hospital, Shiyan, Zhiyou Cai, Department of Neurology, Chongqing
Hubei Province, China General Hospital, University of Chinese Academy of
3Department of Neurology, Chongging General Hospital, Sciences, No. 312 Zhongshan First Road, Yuzhong
University of Chinese Academy of Sciences, Chonggqing, District, Chongqing 400013, China.

Chongging, China Email: caizhiyou@ucas.ac.cn

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which
permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is
attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0002-9552-4020
mailto:caizhiyou@ucas.ac.cn
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060519858023
journals.sagepub.com/home/imr

3682

Journal of International Medical Research 47(8)

Keywords

Prevalence, relevance, risk factor, white matter hyperintensities, hypertension, magnetic

resonance imaging

Date received: 6 December 2018; accepted: 28 May 2019

Introduction

White matter hyperintensities (WMHs)
refer to increased hyperintensity signals
detected on T2-weighted magnetic reso-
nance imaging (T2-MRI), fluid-attenuated
inversion recovery (FLAIR), and proton
density MRI sequences. WMHs are often
considered white matter changes or white
matter lesions as they present with hypoin-
tensities on computed tomography in areas
of cerebral white matter. A variety of imag-
ing and clinical studies have shown that
WMHs are closely linked with subtle func-
tional impairment, cognitive impairment,
dementia, and a higher prevalence of neu-
ropsychiatric disorders such as major
depressive disorder, bipolar disorder, and
schizophrenia.' > A close association has
been identified between WMHs and demen-
tia and neurodegenerative diseases, includ-
ing Alzheimer disease and Parkinson
disease.*®

WMHs have a detrimental role in the
onset and development of cognitive impair-
ment and dementia.” The presence of
WMHs prior to mild cognitive impairment
implies an increased risk for dementia.®
Growing evidence has shown that the pres-
ence of WMHs is correlated with high-risk
factors  of  cerebrovascular  diseases
including age,” hypertension,'® diabetes
mellitus,'! hyperhomocysteinemia,'> hyper-
lipidemia,'® hypersensitive C-reactive pro-
tein,'* smoking, and other unhealthy
lifestyle factors.'>'® Age is most closely
related to the onset and development of
WMHs, which are commonly observed in

the brain of elderly individuals and can
also be found in middle-aged individuals.'”
The second strongest risk factor for WMHs
is hypertension. WMHs appear to mediate
the association of hypertension with con-
current cognitive impairment and the mech-
anisms of ischemia, micro-hemorrhages,
cerebral small vessel damage, dysfunction
of the blood—brain barrier, and/or deforma-
tion of the myelin sheath.'® Research results
strongly support a linear relationship
between blood pressure values and the
volume of WMHs. Recent multivariable
regression analyses have shown a significant
relationship between WMH volume and
hypertension, diabetes, smoking, and edu-
cation levels."” However, the relationship
between the volume of WMHs and hyper-
tension remains obscure. Therefore, it is
essential to clarify this relationship using
additional clinical data. In the current
study, we investigated clinical data of
WMHs and the relationship between hyper-
tension and WMHSs, in an analysis of the
association between blood pressure values
in patients with hypertension and the
volume of WMHs.

Methods
Study population and design

This retrospective cohort analysis was per-
formed in Renmin Hospital, Hubei
University of Medicine in Shiyan, Hubei
Province, China (serving approximately
80,000 inpatients and 1,000,000 outpatients
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Table I. The Fazekas scale.

Fazekas scale score PVH

DWMH

0 Absent

| Caps or pencil-thin lining around ventricles
2 Smooth halo around ventricles (6—10 mm regular margins)
3

Irregular halo (>10 mm)

Absent

Punctate foci
Beginning confluence
Large confluent areas

PVH: periventricular hyperintensities, DWMH: deep white matter hyperintensities.

per year), and the Examination Center of
Magnetic Resonance Imaging of the
Fourth Affiliated Hospital of Harbin
Medical University (serving approximately
100,000 inpatients and 1,500,000 outpa-
tients per year). WMHs were diagnosed
using MRI examination and evidence of
WMHs on T2-MRI. Controls were patients
with no findings of WMHs on T2-MRI.
Each diagnosis was extracted from hospital
medical records. This retrospective analysis
of clinical data was approved by our insti-
tutional medical ethics committee. The
analysis was executed in accordance with
the relevant guidelines and regulations.
The requirement for informed consent was
waived owing to the retrospective nature of
this analysis.

Data collection

We randomly selected patients with
WMHs and obtained the MRI data of all
patients. Included patients underwent con-
ventional MRI examination, including
T1- and T2-weighted gradient-echo imaging
(GRE), T2-weighted FLAIR, or diffusion-
weighted MRI (DWI) sequences. The fol-
lowing patients were excluded: (1) ethnic
origin other than Han Chinese; (2) WMHs
owing to brain injury; (3) WMHs owing to
brain infectious diseases; (4) WMHs owing
to Dbrain immunological diseases; (5)
WMHs owing to brain congenital diseases;
and (4) WMHs owing to other abnormal
aging processes in the brain. The clinical
and demographic characteristics of all

patients were obtained from the MRI
Examination Centre and Hospital Medical
Records Information Management System,
including age, sex, risk factors, initial vital
signs, symptoms, laboratory findings, and
clinical outcomes.

We investigated the volume burden of
WMHs using the Fazekas scale, which is
widely used to rate the degree of
WMHs.?*?! WMHs are divided into peri-
ventricular hyperintensities (PVH) and deep
white-matter hyperintensities (DWMH).
PVH and DWMH were considered sepa-
rately and rated from 0-3 on a 4-point
scale (Table 1). Each case in this study
had a score of at least 1 for either PVH or
DWMH. The hypertension grades used in
this study were as follows (in mmHg): grade
1: 140-159 (systolic blood pressure, SBP)
and 90-99 (diastolic blood pressure,
DBP), grade 2: 160-179 (SBP) and 100—
109 (DBP), and grade 3: above 180 (SBP)
and above 110 (DBP).

Statistical analysis

Statistical analysis was performed using
GraphPad Prism 5 (GraphPad Software,
San Diego, CA, USA) and Microsoft
Excel spreadsheets (Microsoft Corporation,
Redmond, WA, USA). For parameters
with normal distributions and homoge-
neous variances, significant differences
between the mean values in two groups
were verified using a Student r-test.
A chi-squared test was used to analyze
the associations between two different
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variables. A P-value of less than 0.05 was
taken to indicate statistical significance.

Results

Spatial distribution features of WMHs

We analyzed the data of 333 patients (aged
20 to 86 years) with WMHs in this study.
Features of the spatial distribution of
WMHs are described in Table 2. The most
common location of WMHs in this study
was the frontal lobe, based on the MRI
findings. This was followed by, in descend-
ing order, the basal ganglia, parietal lobe,
semiovale center, pons, temporal lobe, thal-
amus, occipital lobe, corona radiate, brain-
stem, opisthencephalon, and insular lobe.

Evaluation of WMH variables

Among the 333 patients with WMHs, 169
had hypertension and 164 did not have
hypertension. Table 3 demonstrates that
WMHs in patients with hypertension were
associated with the following factors: diabe-
tes, cardiovascular diseases, history of cere-
bral infarct, and plasma glucose and
triglyceride levels.

Increased WMH volume with increased
blood pressure values in patients with
hypertension

Table 4 presents the distribution of Fazekas
scale scores. Figure 1 shows that scores on
the Fazekas scale increased with blood pres-
sure values in patients with hypertension,
including systolic, diastolic, and pulse pres-
sure (P <0.0001). The same results were
found using a chi-squared test (Tables 5
and 6). The data in the tables show
that Fazekas scale scores were significantly
different in each hypertension grade,
indicating that the volume of WMHs is
related to blood pressure in patients with
hypertension.

Table 2. Spatial distribution features of white
matter hyperintensities.

Cases Percentage

Imaging features (n=333) (%)

Frontal lobe 188 56.46
Basal ganglia 146 43.84
Parietal lobe 125 37.54
Semiovale center 41 12.31
Pons 31 9.31
Temporal lobe 24 7.21
Thalamus 22 6.6l
Occipital lobe I 3.30
Corona radiata 10 3.00
Brainstem 5 1.50
Opisthencephalon 4 1.20
Insular lobe 2 0.60

Discussion

WMHs refer to a hyperintense signal on
T2-MRI, FLAIR, or proton density MRI
sequences in cerebral white matter. There
are numerous existing studies suggesting
that the occurrence and development of
WMHs are associated with many risk
factors, such as age, hypertension, obesity,
diabetes, hyperhomocysteinemia cardiovas-
cular diseases, and unhealthy life-
style.!®?>2 The findings of the present
clinical retrospective analysis suggested
that the severity of WMHSs, according to
volume burden measured using the
Fazekas scale, increases with increased
blood pressure values in patients with
hypertension.

WMHs were previously known as leu-
koaraiosis.”*** Leukoaraiosis is derived
from “araiosis” or rarefaction of white
matter. However, the current ability to iden-
tify or assign weights to specific causes and
pathologies was previously lacking. There
are many knowledge gaps in the understand-
ing of this radiological finding, although
some authors have used the label “ischemic
leukoaraiosis”. Hypertension enhances brain
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Table 3. Variables of patients with white matter hyperintensities.

Without With

hypertension  hypertension
Variables All (n=333) (n=164) (n=169) P-value
Age (y), mean+SD 63.00+11.85 62.00+12.23 6396+11.42 0670
Men, n (%) 159 (47.75) 80 (48.78) 79 (46.75) 0.710
Smoking, n (%) 75 (22.52) 34 (20.73) 41 (24.26) 0.441
Drinking, n (%) 110 (33.03) 58 (35.37) 52 (30.77) 0.373
Hyperlipidemia, n (%) 14 (4.20) 9 (5.49) 5 (2.96) 0.25
Diabetes mellitus, n (%) 48 (14.41) 12 (7.32) 36 (21.30) <0.05
Cardiovascular diseases, n (%) 88 (26.43) 25 (15.24) 63 (37.28) <0.05
History of cerebral infarct, n (%) 70 (21.02) 22 (13.41) 48 (28.40) <0.05
SBP (mmHg), mean £ SD 147.77 £30.83 123.00+9.87 177.88+19.79 <0.05
DBP (mmHg), mean +SD 87.53 £ 1591 76.46 +8.49 101.18£11.77 <0.05
Pulse pressure (mmHg), mean =+ SD 64.10+:2047 47.62+929 7692+1739  <0.05
Fasting plasma glucose (mmol/L), mean+SD  5.82+2.05 5.57 £ 1.69 6.05+2.32 <0.05
LDL-C (mmol/L), mean & SD 2.4540.80 2.45+0.72 2.45+0.87 0.960
HDL-C (mmol/L), mean +SD 1.30+£0.38 1.34+£0.37 1.27 £0.31 0.118
Total cholesterol (mmol/L), mean & SD 4.11+1.07 4.11£0.89 4.11£1.21 0.963
Triglyceride (mmol/L), mean + SD 1.46 +1.08 1.38£0.87 4.09+0.23 <0.05

SBP: systolic blood pressure, DBP: diastolic blood pressure, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-

density lipoprotein cholesterol.

Table 4. Distribution of Fazekas scale scores.

Fazekas Cases Proportion
scale score (n=333) (%)

| 98 29.43

2 8l 24.32

3 60 18.02

4 39 11.71

5 30 9.01

6 25 7.51

WMH changes in which demyelination and
axonal degeneration predominate, in addi-
tion to changes in neurotransmitter systems,
corticosteroids, the microvascular environ-
ment, and calcium homeostasis in the late
stages of age-related diseases.”?® In particu-
lar, early changes in interstitial fluid and
water content in patients with hypertension
have been investigated,””*® conditions that
may finally lead to demyelination, axonal
damage, and even atrophy.

There is strong evidence that hyperten-
sion is an independent risk factor for the
occurrence and development of
WMHs.'®? Subtle hemodynamic abnor-
malities and reduced blood flow appear to
occur in cerebral white matter during the
early stages of hypertension.” Studies
have shown that a higher WMH burden
in individuals with hypertension is associat-
ed with lower perfusion in areas with
WMHs.*'? Some findings suggest that
microstructural white matter alterations
develop over the course of hypertension
and may persist, despite adequate treat-
ment.**** Our investigation further con-
firmed that hypertension is an independent
contributor to the prevalence and progres-
sion of WMHSs in Chinese patients. These
clinical results revealed that hypertension,
together with other vascular risk factors,
promotes the occurrence of WMHs. It is
important to note that these results are gen-
erally consistent with the research data on
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Figure |. Fazekas scale scores for white matter hyperintensities (WMHs) increase with blood
pressure values.

Table 5. Relationship between Fazekas scale score and hypertension grade.

Fazekas scale score

Hypertension grade n I 2 3 4 5 6

I 92 77 9 3 2 | |
2 117 35 28 26 16 8 4
3 124 14 20 31 33 16 10
Chi-squared 134.7

P-value <0.0001

Table 6. Comparison of different hypertension grades according to Fazekas scale score.

Fazekas scale score

Hypertension grade n I 2 3 4 5 6

I 92 77 9 3 2 | |
2 117 35 28 26 16 8 4
Chi-squared 59.92

P-value <0.0001

2 117 35 28 26 16 8 4
3 124 14 20 31 33 16 10
Chi-squared 21.72

P-value 0.0006

I 92 77 9 3 2 | I
3 124 14 20 31 33 16 10
Chi-squared 116.9

P-value <0.0001
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the relationship between hypertension and
WMHs.* Taken together, these results sug-
gest that the prevention and management of
hypertension may be vital to preserving
brain health in aging, as well as slowing
down the progression of WMHs.**

WMHs may be regarded as an inflamma-
tory microvascular encephalopathy that is
associated with major degenerative factors
including hypertension, diabetes, ischemia,
stroke, dementia, and loss of cognitive func-
tion.***” The presence of WMHs also dou-
bles the risk of dementia and triples the risk
of stroke, highlighting the public health
importance of the research findings.”>’
WMHs are linked with vascular risk fac-
tors, including smoking, diabetes, and
higher levels of homocysteine. The clinical
status of individuals with different risk fac-
tors could explain much of the heterogene-
ity in WMHs and clinical syndromes.*” The
SPRINT MIND study reported that inten-
sive lowering of blood pressure could pre-
vent mild cognitive impairment, in concert
with slower progression of WMHs.*®
Therefore, it is important to lower risk fac-
tors in general, for the prevention and man-
agement of WMHs at population level, in
addition to intensive lowering of blood
pressure in appropriate groups.

Overall, the findings of this investigation
supported that hypertension is an indepen-
dent contributor to the prevalence and
severity of WMHs. The present analysis
indicates that the prevention and manage-
ment of hypertension will be of great
importance in preserving brain health
during aging and in slowing the progression
of WMHs. Lowering hypertension as well
as other risk factors will generally yield sig-
nificant benefits in the prevention and man-
agement of WMHs at population level.
However, longitudinal studies, such as a
prospective multicenter randomized con-
trolled trial, are needed to confirm these
findings. Because this study was not a ran-
domized controlled trial, there may be bias

present in participant selection and stratifi-
cation. This was a retrospective analysis
with a small sample size; therefore, the
results cannot be extrapolated to all
patients with hypertension. Further studies
using longitudinal data are needed to con-
firm the temporal sequence of events and
the present conclusions to clarify the exact
association between WMH volume and
blood pressure values in patients with
hypertension.
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