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Abstract

Background. The relationship between different risk factors and the cognitive impairment of white matter
lesions (WML) remains poorly understood.

Objectives. To investigate the features of cognitive impairment of patients diagnosed with WML accom-
panied by different risk factors of cerebrovascular diseases.

Material and methods. A total of 157 cases of WML patients were divided into no risk factor group
(n=26), hypertension group (n = 35), diabetes mellitus group (n = 27), dyslipidemia group (n = 30), and
mixed factors group (n = 39).

Results. The severity of WML (Fazekas score) in the hypertension and mixed factors groups was higher
than in the non-risk factors group. The Montreal Cognitive Assessment (MoCA) scores in the hypertension
and mixed factors groups were lower than in the non-risk factors group. The scores of MoCA, immediate
memory and delayed recall in the hypertension and mixed factors groups with Fazekas score >3 were lower
than in the peer group with Fazekas score <3. The scores of MoCA and immediate memory in the hyperten-
sion and mixed factors groups with Fazekas score >3 were lower than in the non-risk factors group with
Fazekas score >3.

Conclusions. Hypertension aggravates the severity of WML and cognitive impairment. The severity of WML
is positively correlated with the severity of cognitive impairment accompanied by these risk factors.
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Introduction

White matter lesions (WML), also known as leukoara-
iosis (LA), are common imaging results and are correlated
with the incidence of stroke, cognitive impairment, gait
disorder, falls, depression, and death.? They are associ-
ated with multiple pathologies, which include apoptosis,
edema, widening of perivascular space, demyelination,
axonal damage, gliocyte proliferation, and infarction.
They are also accompanied by changes of the small blood
vessels, such as fibrohyalinosis and venous collagenosis.
The primary cause of WML is thought to be chronic isch-
emia.? Hypertension, diabetes mellitus and hyperlipid-
emia, as well as WML itself, are risk factors for vascular
cognitive impairment (VCI).3* Different risk factors can
cause the formation of cognitive impairment with differ-
ent mechanisms®~7 and may also exert different effects
on cognitive function. However, the relationship between
different risk factors and cognitive impairment of WML re-
mains poorly understood. Therefore, this research focuses
on WML patients presenting different risk factors of cere-
brovascular diseases. Cranial imaging scale of cognitive
function was used to analyze the features of cognitive func-
tional impairment and determine the factors relevant for
identifying and preventing cognitive impairment caused
by WML during the early stage of cognitive impairment.

Material and methods
Patients

The general clinical characteristics of the patients and
the related data of each group are presented in Table 1.
There were no statistical differences in terms of sex ratio,
age, years of education, activities of daily living (ADL) scale,
or Hamilton Depression (HAMD) scale among the differ-
ent risk factor groups.

A total of 157 patients were enrolled, including 57 males
and 100 females, aged 70.4 +9.1 years on average (range:
41-87 years), with a mean education level of 9.8 +4.2 years
(range: 0-16 years), from the Department of Neurology
in the First People’s Hospital of Guiyang, China, from

Table 1. Clinical qualitative characteristics of different risk factor groups
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January 2014 to December 2015. This study was approved
by the Ethics Committee of the First People’s Hospital
of Guiyang. Written informed consents were obtained
from all participants.

Inclusion criteria were as follows: older than 40 years;
magnetic resonance imaging (MRI) of brains indicating
WML (varying degrees); no history of cerebrovascular
diseases (including hemorrhagic and ischemic cerebro-
vascular diseases); and no specific diseases causing central
nervous injury and related medical history, such as tu-
mor, infection, carbon monoxide poisoning, demyelinating
disease of the central nervous system, and degenerative
diseases.

Exclusion criteria were the following: previously con-
firmed cognitive impairment; factors that affect the results
of measuring cognitive function (patients with related neu-
ropsychiatric history or depression, taking antidepressant
drugs, with hypothyroidism, visual and hearing disorder,
and with hemiplegia, hemidysesthesia, aphasia, and other
physical signs of focal central nervous system disorders
and/or cerebral hemorrhage or cerebral infarction verified
with related imaging evidence); other diseases or medical
history causing central nervous injuries; excessive drink-
ing; heart, liver and kidney failure.

Grouping

All WML patients included were grouped according
to different risk factors and divided into 5 groups: a no
risk factor group, a hypertension group, a diabetes mellitus
group, a dyslipidemia group, and a mixed factor group
(including 2 or more types of the above risk factors). Hyper-
tension referred to the patients who currently took orally
antihypertensive drugs or whose multiple blood pressure
values were higher than 140/90 mm Hg, but they were not
taking medication; diabetes mellitus referred to the pa-
tients who had been diagnosed previously and/or who were
currently taking insulin or oral hypoglycemic drugs for
treatment; dyslipidemia referred to the patients whose total
cholesterol was higher than 5.7 mmol/L, low-density lipo-
protein (LDL) was higher than 3.12 mmol/L, high-density
lipoprotein was lower than 1.20 mmol/L, and triglyceride
was higher than 1.88 mmol/L.

Variables No risk factor group Hypertension group
Cases, n 26 35
Male/female 10/16 13/22
Age [years] 69.73 (12.58) 72.03 (6.95)
Education [years] 9.31(4.35) 10.86 (3.66)
ADL [points] 2112 (3.39) 21.83(3.27)
HAMD [points] 4.09 (1.64) 494 (1.19)

Diabetes group Dyslipidemia group Mixed factors group
27 30 39
10/17 10/20 14/25
63.55 (6.15) 70.33 (8.88) 71.36 (8.337)
11.82 (3.25) 9.53 (4.23) 8.85 (4.68)
20.63 (1.03) 20.70 (1.32) 2141 (3.24)
5.09 (1.38) 5.30(1.47) 5.15(1.25)

ADL - activities of daily living scale; HAMD — Hamilton Depression scale.
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Imaging evaluation

The degree of WML could be quantified and evaluated
using MRI adopting the Fazekas scale (the lowest total
score is 0, the highest — 6).8 The changes of periventricular
and deep cerebral white matter were evaluated and the to-
tal scores was obtained through generalizing the scores
of the 2 parts. The respective scores meant for periventric-
ular white matter hyperintense signals: 0 — absence; 1 — cap
shape or pencil-thin lining; 2 — smooth halo; 3 — irregular
periventricular hyperintense signals spreading into deep
white matter. For deep white matter hyperintense signals
the scores meant: 0 — absence; 1 — point-like foci; 2 — start-
ing confluence of point-like foci; 3 — large confluent areas.
Cranial MRI was jointly judged by clinical neurologists
and radiologists.

Neuropsychological assessment

The Montreal Cognitive Assessment (MoCA) scale and
auditory verbal memory test (including immediate word
recall, delayed word recall and word recognition) were used
to evaluate the cognitive function. Blind operation and
judgment of results were carried out by well-trained neu-
rologists. The ADL scale was used to evaluate the general
conditions of patients, while the HAMD scale was used
for exclusion of patients with depression.

Blood biochemical test

Fasting venous blood was collected from the patients
(fast for 8 h) for analysis of liver function, renal function,
blood lipids, blood glucose, uric acid, and thyroid function
to monitor the general conditions of the patients.

Statistical analysis

Data analysis was performed using SPSS v. 18.0 soft-
ware (SPSS Inc., Chicago, USA). The data was presented
as mean * standard deviation (SD). Enumeration data was
compared with a x? test. The comparison for quantitative
data among multiple groups was assessed with one-way
analysis of variance (ANOVA) followed by the post-hoc
Bonferroni test. A p-value of less than 0.05 was considered
as statistical significance.

Results

Comparison of WML and cognition
in different risk factor groups

White matter lesions severity (Fazekas score) in the hy-
pertension and mixed factors groups was higher than that
in the no risk factor group (p = 0.022; Fig. 1A); there was no
statistical difference among other groups. The MoCA scores
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of the hypertension group and mixed factors group were
lower than in the no risk factor group (p = 0.018; Fig. 1B)
without statistical difference among the other groups.
In addition, there were no statistical differences regarding
the comparisons of immediate word recall, delayed word
recall and word recognition among all groups (Fig. 1C-E).

The effect of WML degree on cognition

According to Fazekas scoring, WML severity can be
divided into a Fazekas score <3 group and the stud-
ied population. Comparing the association of different
WML severities with cognitive impairment in all groups,
we found that the MoCA score, immediate word recall
score and delayed word recall score of patients with
a Fazekas score 23 in the hypertension group and mixed
factor group were lower than of those with a Fazekas
score <3 in the same groups (p = 0.031; Table 2). In addi-
tion, we found that the MoCA score and immediate word
recall score of patients with a Fazekas score >3 in the hy-
pertension group and mixed factor group were lower than
of those with a Fazekas score >3 in the no risk factor group
(p = 0.022; Table 2). There were no statistical significances
for the comparison of the MoCA score, immediate word

Fazekas score
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Fig. 1. Comparison of WML and cognitive scores among different risk
factor groups. A. Fazekas score indicated that the WML severity of the
hypertension group and mixed factors group was higher than that

of the no risk factor group, and there was no statistical difference among
other groups. B. MoCA scores of the hypertension group and mixed factor
group were lower than that of the no risk factor group, without statistical
difference among other groups. C-E. There were no statistical differences
in terms of the comparisons of immediate word recall, delayed word recall
and word recognition among these groups

*p < 0.05 - statistical significance.
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Table 2. Quantitative comparisons of different WML severities on cognition in each risk factor group

Fazekas Cases (%) Immediate word Delayed word ordnecoaniten
score recall recall

<3 20 (76.9) 24.05 (4.26) 19.64 (7.09) 10.88 (6.96) 10.77 (2.37)
No risk factor group

>3 6(23.1) 2230 (7.53) 18.10 (4.00) 5.50(1.73) 8.25(3.59)

<3 15 (42.9) 23.26 (4.38) 1948 (6.62) 12.94 (8.06) 10.74 (3.32)
Hypertension group

>3 20 (57.1) 18.50 (3.48)*" 14.67 (5.10)* 517 (2.69)* 842 (3.32)

<3 13 (48.1) 22.63 (475) 18.50 (5.32) 11.56 (6.42) 10.25 (2.31)
Diabetes group

>3 14.(51.9) 22.67 (4.04) 18.67 (5.67) 7.00 (2.00) 10.67 (5.13)

<3 18 (60.0) 22.05 (3.64) 1942 (6.25) 11.67 (7.68) 942 (3.39)
Dyslipidemia group

>3 12 (40.0) 19.64 (6.39) 1718 (4.54) 6.00 (2.00) 991 (3.21)

<3 18 (46.1) 23.05 (4.26) 18.55 (5.59) 10.68 (5.83) 10.09 (2.86)
Mixed factor group

>3 21(539) 17.00 (7.00)*# 14.59 (3.08)** 5.00 (2.34)* 9.18 (1.81)

* MoCA score, immediate word recall score and delayed word recall score in the hypertension group and mixed factor group with Fazekas >3 are lower
than those in the same groups with Fazekas score <3, p < 0.05.

#MoCA score and immediate word recall score of the hypertension group and mixed factor group with Fazekas score >3 are lower than those of the no risk
factor group with Fazekas score >3, p < 0.05. There was no statistical significance on the comparisons of MoCA, immediate word recall, delayed word recall,

and word recognition among all risk factor groups with Fazekas score <3.

recall score, delayed word recall score, and word recogni-
tion score among all risk factor groups when patients with
Fazekas score <3 were concerned (Table 2).

Discussion

With the continuous development of neuroimaging
technology, the detection rate of WML is significantly
improved. The imaging description of WML is manifest-
ed with symmetricly speckled or patchy changes of peri-
ventricular and centrum ovale white matter. Magnetic
resonance T2-weighted image shows high signal intensity,
whereas T1-weighted image reveals equal or low signal
intensity. In clinical practice, WML is a prevalent disease
associated with multiple neurologic disorders,! especially
with cognitive impairment.>!° Some risk factors of cere-
brovascular diseases, such as hypertension and diabetes
mellitus, can lead to the development of WML.>~7 How-
ever, the relationship between the different risk factors and
cognitive impairment in consequence of WML remains
unclear. This study aimed to investigate the cognitive im-
pairment features of WML accompanied with different
risk factors of cerebrovascular diseases.

The influence of severity of WML
on cognition

Scott et al.? found that in aged people with normal cog-
nition, WML is widely thought to be the sign of cerebral
small vessel disease, which is associated with vascular injury
caused by vascular risk factors, including hypertension, high
cholesterol and diabetes mellitus. Medical history of hyper-
tension is independently associated with WML capacity. Our
study has also found that the WML (measured with Fazekas
scoring) in the hypertension and mixed factor groups is more

severe than in the no risk factor group. Some scholars have
found that MoCA is more sensitive than Mini-Mental State
Examination (MMSE) in detecting the cognitive impair-
ment in WML patients.!! Therefore, we evaluated the pa-
tients’ congnition by using MoCA scale and auditory verbal
memory, and found that MoCA scores in the hypertension
and mixed factor groups were lower than in the no risk factor
group, and there was no statistical significance in immediate
word recall, delayed word recall and word recognition among
all groups. Sierra'? found that hypertensive patients are more
prone to WML than normotensive people, and that arterio-
sclerosis of the cerebral perforator vessel is the primary cause
of ischemic WML. In patients with declining cognition and
dementia, chronic ischemia of white matter is associated
with arteriosclerosis and/or the lipohyalinosis of small per-
forating artery hypertension, and antihypertensive treatment
can reduce the risk of dementia.!® In the elderly populations,
excessive variation of self-measured systolic blood pressure
aggravates the progress of cognitive functional impairment
and WML." The study of Peng et al.!® found that systol-
ic blood pressure controlled within 140-160 mm Hg and
systolic blood pressure reduced by 15-35 mm Hg are ben-
eficial in delaying the progression of cognitive impairment
and WML. Our study found that the severity of WML and
MoCA score in the hypertension and mixed factor groups
were statistically different from those in the no risk factor
group, and there were no statistical differences between
the diabetes mellitus group/dyslipidemia group and no risk
factor group. However, some scholars have found that diabe-
tes mellitus and dyslipidemia were associated with WML,*1
leading to declined cognition'” and increased risk of vascu-
lar dementia.® Considering the effect of diabetes mellitus
and dyslipidemia in the mixed factor group, the sample size
should be increased to further investigate the independent
effect of diabetes mellitus and dyslipidemia on WML and
cognition in subsequent research.
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Fazekas score and severe WML

The MoCA score, immediate word recall score and de-
layed word recall score of patients from the hypertension
group and mixed factor group with Fazekas score >3 were
lower than of those from the same groups with Fazekas
score <3. The MoCA score and immediate word recall score
of patients from the hypertension group and mixed factor
group with Fazekas score >3 were lower than of those from
the no risk factor group with Fazekas score >3, but there
were no statistical differences in the comparisons of those
from all risk factor groups with Fazekas score <3. There-
fore, we speculate that the severity of WML in the hy-
pertension group and mixed factors group is positively
correlated with cognitive functional impairment, and that
the cognitive impairment in WML with risk factors is more
severe than that in WML with no risk factors. Defrancesco
et al.!® have found that patients with mild cognitive im-
pairment (MCI) converting to Alzheimer’s disease (AD)
obtain higher periventricular Fazekas scores and pres-
ent more severe WML. Periventricular WML is associ-
ated with low cognitive function of MCI patients, which
is consistent with the findings of our study. The severity
of WML accelerates the progression of MCIL!® Maillard
et al.? found that increased WML is obviously related
to the decline of episodic memory and executive func-
tion, and the progression of WML is related to cognition.
Some studies have shown that the more severe the damage
to periventricular white matter is, the higher the risk of de-
mentia,?! and cognitive impairment of WML is associated
with the severity of WML.?2 The white matter is mainly
supplied by the vertical short branch of the terminal artery
with less anastomotic branches and poor collateral cir-
culation.!® Therefore, the blood flow volume in the white
matter is lower than in the grey matter. In addition, the risk
factors of cerebrovascular diseases cause damage in small
cerebral blood vessels, so less cerebral blood flow and in-
sufficient cerebral perfusion will lead to ischemic injury
in the white matter. Therefore, the cognitive impairment
of WML accompanied with the risk factors of cerebro-
vascular diseases may be more severe than in WML with
no risk factors.

Effect of risk factors on severity of WML

The MoCA scale includes the detection of multiple as-
pects of cognitive impairment such as memory, execution,
language, attention, and orientation. Auditory verbal mem-
ory is an extension of the memory test. Our study found
that MoCA, immediate word recall and delayed word recall
were influenced by the WML severity in the hypertension
group and mixed factor group, and MoCA and immediate
word recall in the hypertension group and mixed factor
group were statistically different than in no risk factor
group, suggesting that WML had comprehensive effects
on cognition. Te et al.?® believed that WML patients with
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MCI obviously presented the declining of memory and
attention, damage of executive function and close con-
nection with dementia in the early days. Zi et al.?* found
out that a cognitive test for patients with periventricular
high signal lesion shows obvious declining of word fluency
and executive function. In addition, Vasquez et al.?> found
that the processing speed and executive function in VCI
are poorer. White matter lesions are an early predictive
index of dementia risk, but this association is dependent
on cognitive reserve, age and spatial distribution of the le-
sions.?® Some studies have shown that the brain white
matter of the elderly was obviously less smaller in volume
than that of a middle-aged group, and the brain white mat-
ter of the middle-aged was obviously less smaller in vol-
ume than that of a youth group.” A low education level
group (<8 years of education) presented increased risk
of severe WML developing into MCI and dementia, but
there were no such risks in a high education level group
(>8 years of education).?” In our study, there were no sig-
nificant differences in age and years of education among all
the groups, and the effect of these factors upon the study
results was not considered.

Effect of WML on automatic activity

Severe WML results in a more than twofold increase
of the risk of transition from automatic activities to activ-
ity dependence. White matter lesions are associated with
a decline of cognitive and athletic ability, depressive symp-
toms related to aging and vascular diseases, dysfunction
of the urinary system, and various abnormities of the ner-
vous system.?® Such lesions are the primary cause of falls.?*3
Al-Mashhadi et al.?! found that the dysfunction of WML
is not confined to lesions, and that the normal white matter
is also damaged. In view of the perniciousness of WML,
we need to identify and impede the risk factors, aiming
to prevent the progression and improve cognitive progno-
sis. A study found that L-carnitine can improve WML and
prevent cognitive impairment of a chronic hypo-perfusion
model,? and another study found that supplementation
of 6-g L-arginine in diet is beneficial to improving the cog-
nition and preventing gait disorders of WML patients.??

Study limitation

In this study, the interaction between variables was not
considered and analyzed, which might affect the statistical
results. We will consider and analyze this point in further
investigation.

Conclusions

Hypertension and multiple risk factors of cerebrovascu-
lar diseases will aggravate the severity of WML and cogni-
tive impairment, and the severity of WML accompanied
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with these risk factors is positively correlated with the de-
gree of cognitive impairment. However, the damage of cog-
nitive domains of WML affected with WML accompanied
by different risk factors of cerebrovascular diseases may
be different. Therefore, we plan to expand the sample size
to compare execution, attention, language, orientation, and
other cognitive domains in the future. We need to further
investigate the cognitive features of WML accompanied
by diabetes mellitus and dyslipidemia, aiming to compre-
hensively understand the features of cognitive impairment
in WML accompanied by different risk factors of cerebro-
vascular diseases.
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