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Brain White Matter Hyperintensity Changes Associated with Vascular
Cognitive Impairment and Dementia, Alzheimer's Dementia and Normal Aging

Vaskiiler Kognitif Bozukluk ve Demans, Alzheimer Demans ve Normal Yaslanma ile Iliskili Beyin

Ayfer ERTEKIN
0000-0002-4313-2826

Beyaz Cevher Hiperintensite Degisiklikleri

ABSTRACT

Aim: The aim of this study was to analyze the relationship between the distribution and grading
of white matter hyperintensity (WMH) obtained by brain magnetic resonance imaging and
cognitive impairment associated with vascular cognitive impairment and dementia (VCID),
Alzheimer's dementia (AD) and normal aging in individuals aged 65 years and older.
Material and Methods: Retrospective analysis was performed on a total of 372 patients, who
met the criteria for AD, VCID and normal aging. The basic clinical criteria of DSM-V and
NIA-AA were considered for AD. The DSM-V and NINDS-AIREN diagnostic criteria were
used for VCID and probable vascular dementia (VVaD). WMHSs were graded according to the
Fazekas criteria.

Results: Normal aging was detected in 58.3% (n=217) of the patients, AD in 24.7% (n=92)
and VCID in 16.9% (n=63). The relationship between WMH and dementia was significant.
(p<0.001). Periventricular hyperintensity was detected as 76.2% (n=70) in AD, 95.2% (n=60)
in VCID, 40.6% (n=88) in normal aging, and deep white matter hyperintensity was detected
as 63.0% (n=58) in AD, 74.5% (n=47) in VCID, 44.2% (n=96) in normal aging. In the VCID
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No relationship was found between the presence of cortical lesion and cognition.
Conclusion: This study is important in terms of showing that it would be better to focus on
markers of brain damage and dementia, such as WMH rather than focusing on clinical
diagnoses with mixed-type pathologies such as Alzheimer's disease or vascular cognitive
impairment.

Keywords: Alzheimer's dementia; vascular cognitive impairment, brain MRI; white matter
hyperintensity.

0z

Amag: Bu ¢alismanin amaci, 65 yas ve iistii bireylerde, beyin manyetik rezonans goriintiileme
(MRG) ile elde edilen beyaz madde hiperintensitesinin (white matter hyperintensity, WMH)
dagilimi ve derecelendirmesi ile vaskiiler kognitif bozukluk ve demans (VCID), Alzheimer
demans (AD) ve normal yaslanma ile iliskili kognitif etkilenme arasindaki iliskiyi analiz
etmektir.

Gereg ve Yontemler: AD, VCID ve normal yaglanma kriterlerine uygun toplam 372 hasta ile
geriye doniik analiz yapildi. AD i¢in DSM-V ve 2011 NIA-AA temel klinik kriterleri dikkate
alindi. VCID ve olasi vaskiiler demans (VaD) i¢cin DSM-V ve NINDS-AIREN tani kriterleri
kullanildi. WMH'ler Fazekas kriterlerine gore derecelendirildi.

Bulgular: Katilimeilarin %58,3’iinde (n=217) normal yaslanma, %24,7’sinde (n=92) AD ve
%16,9’unda (n=63) VCID tespit edildi. WMH ile demans arasindaki iliski anlamli idi
(p<0.001). Periventrikiiler hiperintensite AD’de %76,2 (n=70), VCID’de %95,2 (n=60),
normal yaslanmada %40,6 (n=88) olarak tespit edildi ve derin beyaz madde hiperintensitesi
ise AD’de %63,0 (n=58), VCID’de %74,5 (n=47), normal yaslanmada %44,2 (n=96) olarak
saptandi. VCID grubunda %52,4 (n=33) ile bazal ganglion lezyonlar1 ve %60,3 (n=38) ile
klasik enfarkt alanlari mevcuttu. Kortikal lezyon varligi ile kognisyon arasindaki iligki tespit
edilmedi.

Sonug¢: Bu calisma Alzheimer hastalif1 veya Vaskiiler bilissel bozukluk gibi mix tip patolojileri
olan klinik tanilara odaklanmak yerine, belki de WMH gibi beyin hasari ve demans
belirteglerine odaklanmanin daha iyi olacagini gostermesi agisindan 6nemlidir.

Anahtar kelimeler: Alzheimer demans; vaskiiler kognitif bozulma, beyin MRG; white matter
hiperintensite.
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INTRODUCTION

In cross-sectional and dimensional studies, there is strong
evidence that white matter hyperintensities (WMHSs) are
clinically important markers of risk of stroke, dementia,
death, depression, gait disturbance, and limitation of
movement. In 22-dimensional meta-analysis studies, it has
been reported that WMH is associated with a 2-fold
increase in the risk of progressive cognitive impairment,
dementia, and 3-fold increase in the risk of stroke (1). In
the general population, the proportion of WMHs range
from 11% to 21% in 64-year-old adults and rises to 94%
by the age of 82. Female tend to have a higher number of
WMH than male (2). In the study of Sachdev et al. (2), it
was determined that 87% of the participants aged 60-70
had subcortical, 68% had periventricular WMHs, 100% of
the participants aged 80-90 had subcortical and 95% had
periventricular WMHs.

WMHs occur in many forms, each with a different
combination of pathologies. Punctate WMHs, for
example, are associated with myelin destruction, gliosis,
and increased perivascular spaces, whereas large and
confluent WMHSs show some degree of myelin loss, axonal
disruption, and more advanced pathological changes,
including astrogliosis (3,4). Kim et al. (5) have suggested
that fiber tract damage distribution pattern is more
associated with cognitive and motor impairment when
evaluated with total WMH load.

The risk of dementia is greater when vascular comorbid
conditions occur. The study of Bejot et al. (6) showed that
the prevalence of vascular risk factors such as
hypertension (HT), diabetes, atrial fibrillation, previous
myocardial infarction, and transient ischemic attack
history is higher in patients with post-stroke dementia.
Available data show that cerebrovascular disease (CVD)
significantly increases the risk of developing dementia
disorders such as Alzheimer's dementia (AD) and vascular
cognitive impairment and dementia (VCID) (7).

In this study, we analyzed both the hypothesis that WMHs
are associated with cognitive impairment and its severity
in older individuals with AD and VCID and the
distribution of WMH in individuals with normal aging
without middle-to-old age cognitive impairment. In the
mild cognitively impaired and/or normal aging group, the
prediction was made that 'WMHs may constitute a
potentially useful marker for the identification of new risk
factors for dementia’. This will provide important
opportunities to recognize the early stages that lead to the
development of WMH, prevent (or even reverse) brain
damage in the early stages, and improve cognitive,
physical, stroke, and dementia outcomes.

MATERIAL AND METHODS

Study Design and Participants

This study was conducted on the data obtained from the
hospital data recording system and the ministry of health
e-nabiz application, by retrospectively scanning a total of
372 patients aged 65 and over, who applied to the
neurology outpatient clinic of Siirt Private Life Hospital
between 2019 and 2021, who were eligible for AD, VCID
and normal aging criteria. Consent was obtained for the
study with the decision no0:2021/02.04 dated 12.03.2021
and numbered 6264, at the meeting of the ethics committee
of Siirt University non-interventional clinical research.

White Matter Hyperintensity in Types of Dementia

The patients’ registered and diagnosed sociodemographic
information, systemic diseases, HT, diabetes, chronic
ischemic heart disease, atrial fibrillation, hyperlipidemia,
history of stroke >12 weeks were analyzed through the
system.

Detailed biochemical blood parameters of the patients,
especially B12, TSH, fT3, fT4, hemogram, liver and,
kidney function tests, were examined. Diseases that may
cause secondary cognitive impairment such as
hypothyroidism, B12 deficiency, acute vascular damage,
electrolyte imbalance (hyponatremia or hypernatremia,
hypomagnesemia, hypercalcemia and hypocalcemia,
hypoglycemia or hyperglycemia, anemia, uremia, and
hepatic dysfunction), chronic systemic inflammatory
diseases or diagnosed autoimmune disease and psychiatric
disorders such as schizophrenia with neoplastic processes
and which may cause cognitive impairment were excluded
from the study. Anamnesis, physical and detailed
neurological examination, electroencephalography (EEG),
neuropsychological test results, neuroimaging details,
and radiology comments were examined in detail.
Cognitive evaluation is made in our clinic by applying
the Mini-Mental State Examination (MMSE) test and
Blessed Orientation-Memory-Concentration (BOMC) test
performed by a specialist psychologist. In cognitive
fields, a neuropsychological test battery was used,
including memory functions (short and long-term
memory), abstract thinking, judgment, aphasia, apraxia,
agnosia and structural difficulty, visuospatial and
structural functions.

Intima-Media Thickness (IMT) and Carotid Doppler
Ultrasonography (USG) Evaluation

Detailed carotid Doppler USG reports of all patients
participating in the study were examined. The standard
position applied by the radiologist of our hospital was
as follows; distant and proximal walls of arterial
segments (common carotids, bifurcation and internal
carotid arteries) are evaluated with Doppler ultrasound
(7.5-10.0 MHz probe, Toshiba Aplio 300) device with
patients in supine position, head turned and neck
motionless. A standardized protocol is used for image
analysis in B mode. The measurement of IMT measured in
B-mode is from a plaque-free region with a clearly defined
double line pattern. For carotid IMT measurement, a 1 cm
segment is determined within the first 2 cm proximal
region from the common carotid artery bulb. In this
plaque-free region, measurements are made between the
luminal and media-adventitia interfaces of the carotid
artery, and the measurements are reported. In
measurements made from bilateral common carotid
arteries, an IMT value >1 mm is considered pathological.
IMT >1.5 mm and above is considered as plaque. The
degree of stenosis determined by gray scale and color
Doppler USG is categorized as normal (no stenosis) <50%
stenosis, 50-69% as stenosis, and >70% stenosis, total or
near occlusion and thrombus.

Diagnostic Criteria for Alzheimer's Dementia (AD) and
Vascular Cognitive Impairment and Dementia (VCID)
Patients were classified into three groups: AD, VCID
(including multi-infarct dementia, strategic infarct
dementia, and subcortical vascular encephalopathy), and
normal aging.
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Dementia diagnosis according to 2013 Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition
(DSM-V) criteria; as evidence of significant decline from
the previous level of performance in one or more cognitive
domains (complex attention, executive function, learning,
and memory, language, motor or social cognitive domain);
A. A significant decline in cognitive function of the
individual that a knowledgeable informant or clinician
notices.

B.1. Cognitive performance deteriorates significantly, it is
documented by another quantitative clinical assessment,
preferably in the presence standardized neuropsychological
tests or absence of them.

B.2. Cognitive impairments prevent independence in daily
activities (need help in functional activities of daily life)
B.3. Cognitive impairments do not occur solely in the
context of delirium.

B.4. Cognitive impairments are not better explained by
another mental disorder. Specify:

* Without behavioral disorder: The cognitive disturbance
is not accompanied by any clinically significant behavioral
disturbances.

* With behavioral disorder (specify the disorder): If the
cognitive disorder is accompanied by a clinically
significant behavioral disorder (for example, psychotic
symptoms, aggression, apathy, or other behavioral
symptoms). For example, basic clinical criteria of major
depressive disorder or schizophrenia (8).

Alzheimer's Dementia (AD)

AD criteria for DSM-V and 2011 National Institute on
Aging and Alzheimer's Association (NIA-AA) and basic
clinical criteria for probable AD were considered (9).
According to DSM-V, for the diagnosis of major
neurocognitive disorder due to AD, impairment in at least
two cognitive domains, one of which is learning and
memory is required. For mild neurocognitive impairment
due to AD, insidious onset and progressive progression, as
well as learning and memory deficits, are sufficient for
diagnosis.

Vascular Cognitive Impairment and Dementia (VCID)
DSM-V and National Institute of Neurological Disorders
and Stroke - Association Internationale pour la Recherche
et I'Enseignement en Neurosciences (NINDS-AIREN)
diagnostic criteria were used for VCID and probable
vascular dementia (VaD). After diagnosis of mild and major
neurocognitive disorder according to DSM-V diagnostic
criteria, DSM-V should focus on CVD for VCID.

There should be evidence of damage supporting small
vessel disease (SVD), including clinical features,
significant impairment in frontal-executive function, and
physical signs consistent with stroke or SVD, such as
hemiparesis, pseudobulbar palsy, and visual field defects;
neuroimaging evidence such as multiple lacunar
infarctions or large and confluent white matter lesions. The
NINDS-AIREN criteria must include at least one of the
following focal neurologic symptoms: hemianopia, central
facial weakness, dysarthria, motor or sensory hemisyndrome,
hemiplegic gait or positive Babinski sign (10).

Normal Aging

In normal aging, individuals often retain long-standing
personality traits and interests, including levels of
initiative, motivation, sociability, empathy, influence, and
behavior.

White Matter Hyperintensity in Types of Dementia

Vascular cognitive impairment (\VCI) covers all cognitive
impairments associated with CVD, from mild cognitive
impairment to dementia. Simply put, VCI is a syndrome
with clinical signs of a stroke or subclinical vascular brain
injury and cognitive impairment affecting at least one
cognitive domain. The most severe form of VClI is VaD.
Brain Magnetic Resonance Imaging (MRI) / Magnetic
Resonance (MR) Angiography Evaluation and White
Matter  Hyperintensities (WMHs) FAZEKAS
Classification

Brain MRI, MR angiography, and diffusion MRI were
performed in a unit with 1.5 Tesla field strength. White
matter lesions were evaluated on T2-weighted or
Flair MR images. Classification was made for
periventricular hyperintensity (PVH) and deep white
matter hyperintensity (DWMH) according to the following
criteria (11,12).

PVH was graded from 0 to 3 (11):

Grade 0, no lesion (Figure 1a); grade 1, in the form of a
line or a cap (Figure 1b); grade 2, irregular hyperintensity
and/or smooth halo (Figure 1c); and grade 3 lesion
spreading to the periventricular region and deep white
matter (Figure 1d).

DWMH was also graded from 0 to 3 (12):

Grade 0, no lesion (Figure 2a); grade 1, in the form of
punctate (Figure 2b); grade 2, punctate hyperintensity
prone to fusion (Figure 2c); grade 3, large confluent and
enlarged punctate hyperintensity (Figure 2d).

White matter lesions were considered periventricular if the
lesions were orginated from a location directly adjacent to
the ventricules. If the lesions had no direct connection to
the ventricules, or secondarily connected to the ventricles,
they were considered to be located in the deep white matter
lesions.

Grade O ) Grade 1 Grade 2

(s N/

Figure 1. Periventricular hyperintensity (PVH) grading of
magnetic resonance images (11), a) grade 0, no lesion,
b) grade 1, in the form of a line or a cap, ¢) grade 2, irregular
hyperintensity and/or smooth halo, d) grade 3, lesion
spreading to the periventricular region and deep white matter

Grade O Gradeo 2 Grado 3

Figure 2. Deep white matter hyperintensity (DWMH)
grading of magnetic resonance images (12), a) grade 0, no
lesion, b) grade 1, in the form of punctate, ¢) grade 2,
punctate hyperintensity prone to fusion, d) grade 3, large
confluent and enlarged punctate hyperintensity
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Radiological examinations were performed on
retrospective radiology reports and images. Our hospital
radiology reports are systematically transferred to the
system by the radiologist on a daily basis. Brain
neuroimaging reports are reported in detail such as
periventricular and/or deep white matter lesions,
subcortical lesions, basal ganglia lesions, incidental
findings, encephalomalacia area, lacunae infarct in our
radiology clinic. In our study, periventicular and deep
white matter lesions were differentiated by reference to the
radiology reports registered in the system, and brain MR
images were opened one by one with the hospital picture
archiving and communication system (PACS) and
examined. WMH lesions were graded by the neurologist
(author) according to references (11,12).

Statistical Analysis

Statistical analyzes of the study were performed using
Statistical Package for Social Sciences for Windows (IBM
SPSS version 25.0, Armonk, NY, USA) software. The
normality assumption of continuous variables was tested
with Kolmogorov-Smirnov and Shapiro-Wilk tests. The
descriptive statistics of the variables were given as
meanzstandard deviation, median (25th~75th percentile),
and n (%), according to the variable type and the normality
assumption. Chi-square tests, Fisher-Freeman-Halton
exact test, and Mann-Whitney U, One-Way Analysis of
Variance (ANOVA) tests were used for univariate
analyzes of the variables in the study. Duncan multiple
comparison test was used to compare the groups with a
statistical difference as a result of analysis of variance.
Cases with a p value below 0.05 in all statistical analyzes
were interpreted as statistically significant.

RESULTS

A total of 372 patients took part in the research. Females
made up 53.8% (n=200) of the participants, while males
made up 46.2% (n=172). The participants' mean age was
76.02+7.87 years. The normal aging group has 58.3%
(n=217) of the participants, 24.7% (n=92) have AD, and
16.9% (n=63) have VCID. Table 1 shows the correlations
and explanatory statistics between the groups and factors
that are the focus of the study.

In terms of the age variable, there was a statistically
significant difference between the groups (p<0.001). The
mean age of the patients in the AD group (79.66+8.43) was
higher than the other groups. Gender and groups have a
statistically significant relationship (p=0.011). The
proportion of female in the normal aging and VVCID groups
was higher than that of male, while the proportion of male
in the AD group was higher than that of female. In patients
with CVD >12 weeks, the relationship between cognitive
impairment and the VCID group was statistically
significant (p<0.001). While 89.9% (n=195) of patients in
the normal aging group and 78.3% (n=72) of AD patients
had no previous history of CVD, 61.9% (n=39) with VCID
had a previous history of CVD >12 weeks. 69.8% (n=44)
of those in the VCID group had HT, while 30.2% (n=19)
did not (p=0.064). There was no relationship between
atrial fibrillation and cognitive impairment in this study. A
significant relationship was found between IMT and the
groups (p=0.001). In normal aging 32.7% (n=71), 15.2%
(n=14) in AD, and 15.9% (n=10) in VCID, IMT <1 mm,
while 84.8% (n=78) of AD patients and 84.1% (n=53) of

White Matter Hyperintensity in Types of Dementia

VCID patients, IMT >1 mm. The relationship between
plaque and its sub formations over 1.5 mm with normal
aging and cognitive impairment was not found to be
statistically significant (p=0.139). The relationship
between left internal carotid artery (ICA) stenosis and
groups was statistically significant (p=0.009). 18.9%
(n=41) in normal aging, 31.5% (n=29) in AD, and 33.3%
(n=21) in VCID group had left ICA stenosis <50%. No
significant correlation was found with right ICA stenosis.
PVH and the groups had a statistically significant
relationship (p<0.001). PVH grade 0 was found in 59.4%
(n=129) with normal aging, 23.9% (n=22) of patients with
AD, and 4.8% (n=3) with VCID. DWMH and the groups
had a statistically significant relationship (p<0.001). While
PVH was found in 76.2% (n=70) of AD patients and
95.2% (n=60) of VCID patients, DWMH was found in
63.0% (n=58) of AD patients and 74.5% (n=47) of VCID
patients. PVH 40.6% (n=88) and DWMH 44.2% (n=96)
were present in normal aging, but PVH 59.4% (n=129) and
DWMH 55.8% (n=121) were absent. In brain MRI scans,
the number of patients with classical infarcts matching a
specific arterial irrigation area was lowest in the normal
aging (4.6%, n=10) group and highest in the VCID
(60.3%, n=38) group (p<0.001). The relationship between
the absence of cortical lesions and the groups was
statistically significant (p<0.001). The proportion of
patients without cortical lesions in the normal aging group
was 91.7% (n=199), 71.4% (n=45) in the VCID group, and
89.1% (n=82) in the AD group. The relationship between
basal ganglia lesion and the groups were statistically
significant (p<0.001). While the rate of those without basal
ganglia lesions in the normal aging group was 94.0%
(n=204), this rate was 47.6% (n=30) in the VCID group.
Basal ganglia lesions were prominent in the VCID group
with a rate of 52.4% (n=33). The difference between the
groups in terms of B12 values was not statistically
significant (p=0.707).

A significant proportion of Alzheimer's patients had
periventricular (44.6%, n=41) extensive or irregular
hyperintensity (grade 2) when compared with the normal
aging group (13.8%, n=30), when VCID (46.0%, n=29)
was compared with the normal aging (2.3%, n=5) group,
extensive PVH (grade 3) was found. Furthermore, 10.6%
(n=23) DWMH was found in normal aging, 21.7% (n=20)
in AD, 31.7% (n=20) grade 2 DWMH in the VVCID group,
and 19.0% (n=12) grade 3 DWMH in the VVCID group.

DISCUSSION

White matter hyperintensities found on brain MRI were
higher in AD and VCID patients than in the normal aging
group, although periventricular and deep WMHs were
significantly higher in the normal aging group, according
to this study. Furthermore, the fact that the incidence of
PVH and DWMH in brain MRI was similar in both groups
suggested that periventricular and deep WMH could be
part of the same disease. Moreover, contrary to what is
known, the presence of white matter lesions in AD patients
created a prediction for the question of what is the effect
of white matter lesions on the background of AD classical
neuropathology.

It was only recently discovered that neuroimaging-
identified WMHs are associated with Alzheimer's disease.
WNMH affects the majority of adults over the age of 70 who
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Table 1. Explanatory statistics and comparisons of the groups

White Matter Hyperintensity in Types of Dementia

Normal Aging (n=217) AD (n=92) VCID (n=63) p

Age (year), mean+SD 74.34+7.41 79.66+8.43 76.48+6.82 <0.001
Gender, n (%)

Female 126 (58.1) 37 (40.2) 37 (58.7) 0.011

Male 91 (41.9) 55 (59.8) 26 (41.3) :
Hypertension, n (%) 119 (54.8) 48 (52.2) 44 (69.8) 0.064
Diabetes, n (%) 55 (25.3) 23 (25.0) 25 (39.7) 0.065
Coronary Artery Disease, n (%) 58 (26.7) 31 (33.7) 13 (20.6) 0.189
Hyperlipidemia, n (%) 61 (28.1) 25 (27.2) 13 (20.6) 0.492
Past stroke (=12 weeks), n (%) 22 (10.1) 20 (21.7) 39 (61.9) <0.001
Atrial fibrillation, n (%) 31 (14.3) 24 (26.1) 14 (22.2) 0.036
Intima-media thickness, n (%)

Normal 71 (32.7) 14 (15.2) 10 (15.9) 0.001

Pathological 146 (67.3) 78 (84.8) 53 (84.1) '
Right ICA stenosis, n (%)

None 148 (68.2) 62 (67.4) 39 (61.9)

<50 56 (25.8) 20 (21.7) 16 (25.4)

50-69 9(4.1) 7 (7.6) 6 (9.5) 0.305

>70 3(14) 1(1.1) 1(1.6) :

Total/near occlusion 1(0.5) 0 (0.0) 1(0.3)

Thrombus 0(0.0) 2(2.2) 0 (0.0)
Left ICA stenosis, n (%)

None 160 (73.7) 56 (60.9) 37 (58.7)

<50 41 (18.9) 29 (31.5) 21(33.3)

50-69 11 (5.1) 6 (6.5) 1(1.6) 0.009

>70 5(2.3) 0 (0.0 3(4.8)

Total/near occlusion 0 (0.0 1(1.1) 1(1.6)
Plaque structure, n (%)

None 85 (39.2) 22 (23.9) 16 (25.4)

Hypoechoic soft 15 (6.9) 7 (7.6) 5(7.9) 0139

Heterogeneous hypoechoic 27 (12.4) 15 (16.3) 8 (12.7) '

Heterogeneous calcific/calcific 90 (41.5) 48 (52.2) 34 (54.0)
PVH, n (%)

Grade 0 129 (59.4) 22 (23.9) 3(4.8)

Grade 1 53 (24.4) 10 (10.9) 6 (9.5) <0.001

Grade 2 30 (13.8) 41 (44.6) 25(39.7) ’

Grade 3 5(2.3) 19 (20.7) 29 (46.0)
DWMH, n (%)

Grade 0 121 (55.8) 34 (37.0) 16 (25.4)

Grade 1 66 (30.4) 31 (33.7) 15 (23.8) <0.001

Grade 2 23 (10.6) 20 (21.7) 20 (31.7) ’

Grade 3 7(3.2) 7 (7.6) 12 (19.0)
Classical infarcts, n (%) 10 (4.6) 11 (12.0) 38 (60.3) <0.001
Basal ganglia lesions, n (%) 13 (6.0) 16 (17.4) 33 (52.4) <0.001
Cortical lesion, n (%) 18 (8.3) 10 (10.9) 18 (28.6) <0.001

B12, median (25th~75th percentile) 304.0 (222.0~384.5)

283.0 (196.2~382.0)

310.0 (200.0~494.0) 0.707

AD: Alzheimer's dementia, VCID: vascular cognitive impairment and dementia, ICA: internal carotid artery, PVH: periventricular hyperintensity, DWMH: deep white matter

hyperintensity, SD: standard deviation

have been diagnosed with Alzheimer's disease (13).
Alzheimer's disease is commonly referred to as a gray
matter disease of the brain. However, recent neuroimaging
studies have highlighted micro-and macrostructural
abnormalities in white matter in the risk and progression
of Alzheimer's disease, indicating that, in addition to
neuronal loss, white matter degeneration and
demyelination may be important pathophysiological
features of the disease (14-16).

The Alzheimer's disease neuroimaging initiative cohort
found a relationship between B-amyloid and WMHSs in the
brain in a recent study (16). The volume of WMH begins

to increase 20 years before cognitive symptoms in patients
with dominant AD mutations as f-amyloid and tau levels
in the cerebrospinal fluid fluctuate (17). These findings
further suggest that AD pathology may be related to
vascular and/or nonvascular processes that result in
WMHs, given that vascular disease is uncommon in
patients with this young mutation (18,19). In the other
hand, cerebral amyloid angiopathy (CAA) in AD is a
common age-related SVD characterized by amyloid-f
deposition in the walls of cortical arterioles and
leptomeningeal vessels (18,19). The majority of AD brains
contain histological CAA to some degree. WMHSs are
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caused by microvascular processes such as impaired
perivascular clearance, plasma extravasation,
inflammation, hypoperfusion, and endothelial dysfunction
(18). In the brains of patients diagnosed with Alzheimer's
disease, WMH severity was related to microinfarcts and a
high burden of amyloid plaques (20). More likely, AD
pathology (common in older people) and WMHs of
vascular origin (even more common in older people) are
often common, as noted in multiple autopsy-based studies
of mixed pathologies (13). Depending on AD pathology, it
is considered that some white matter lesions, especially in
the late stages of the disease, occur secondary to Wallerian
degeneration triggered by cortical neurodegenerative
pathology (21).

Hypertension, insulin resistance, diabetes, obesity,
hyperhomocysteinemia, and hyperlipidemia are all
prevalent vascular risk factors in VCID and AD (22).
Subclinical vascular brain injury and stroke cause VaD,
which is the most severe form of VCI (7). Post-stroke
dementia risk is evaluated together with age and stroke
lesion burden/location (severity, previous/recurrent stroke,
dysphasia), pre-morbid markers of brain
susceptibility/reserve  (education level, pre-morbid
addiction, leukoaraiosis severity), and basic cognitive
score (23,24).

There is strong evidence that middle age HT has a
detrimental effect on cognitive function in old age, but the
impact of old age HT on cognitive function is less clear.
Observational studies have shown a cumulative effect of
HT on cerebrovascular injury, but evidence from clinical
trials that antihypertensive therapy improves cognitive
function is inconclusive (25).

The number of patients with AD+/HT- in our study was
similar to the number of patients without AD+/HT+ (single
and/or dual antihypertensive drugs were used). Patients
with VCID+/HT+, on the other hand, had a significantly
higher rate (69.8%) than those with VCID+/HT-.

In people over the age of 65, type two diabetes
mellitus (DM) is also a risk factor for cognitive
impairment and dementia. Insulin resistance accelerates
AD pathology (26). In a study by Abner et al. (27), it was
found that DM increases brain infarctions, especially the
number of lacunae, not on Alzheimer's pathology, that
diabetes and infarction coexist with high levels of
neuropathological changes in Alzheimer's disease
compared to infarction and/or diabetes alone, and it is
reported that it was associated with low MMTE scores. In
our study, the incidence of DM was similar in normal
aging, AD, and VVCID groups, and no significant difference
was found between the groups.

Increased carotid intima-media thickness (CIMT)
measured by USG is a surrogate marker of atherosclerosis
and a strong predictor of future vascular events. This
noninvasive and simply applicable marker has been
reported to be associated with cognitive impairment.
Moon et al. (28) suggest that the elderly individuals with a
larger CIMT have a higher future risk of progression to
MCI or dementia; therefore, they might require a more
intensive monitoring for the earlier detection of
cognitive dysfunction. On the other hand, carotid artery
stenosis, which causes an increase in the carotid
pulse-flow rate, is a major risk factor for cerebral white
matter disease (29,30). It's associated with cognitive
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impairment and white matter damage (31). If global
cerebral perfusion and heart disease induced by carotid
artery stenosis/occlusion decrease below a critical
threshold, they can impair cognitive function
independently of brain lesions (32). This deterioration
occurs with a 40-50% decrease in cerebral blood flow
and suppression of brain activity and cognitive
dysfunction (32). In our study, 61.9% of VCID patients
had a history of stroke (>12 weeks). In the VCID and AD
patient groups, the common carotid artery IMT was
significant over 1 mm, but no correlation was found
between the structural formation of the plaque and
cognitive impairment. It was observed that carotid stenosis
was more common in AD and VCID patients compared to
normal aging patients, and left carotid stenosis was more
common in the AD and VCID groups, as a localization
finding, compared to the right.

In recent years, the study of the causes of brain aging and
dementia has shifted to cerebral white matter. Through
vascular alterations such as arteriolar tortuous, reduced
blood vessel fluidity, and venous collagenous, the white
matter microvascular network contributes to the
pathogenesis of WMH. A network of vessels "from the
outside in" feeds the brain. The pial arteries, which branch
off the main cerebral arteries on the brain's surface and
penetrate the brain parenchyma (penetrating arteries),
constitute a highly anastomotic network. The basal ganglia
are supplied by penetrating vessels that originate directly
from Willis and the proximal branches at the base of the
brain. Unlike pial vessels and capillaries, penetrating
vessels have several collateral branches, so the occlusion
of a single vessel is sufficient to cause small ischemic
lesions (lacuna infarctions) (33). In addition, deep
subcortical white matter supplied by long penetrating
arteries, whose perfusion pressure is predicted to be low,
is considered to be particularly wvulnerable to
hemodynamic failure (34).

WMHs occur in many forms, each with a different
combination of pathologies (3,4). The disruption of
oligodendrocyte precursor cells (35) or an impaired
perivascular ("glymphatic") space are two possible
explanations. Punctate WMHs, for example, are
associated with myelin destruction, gliosis, and
increased perivascular spaces, whereas large and confluent
WMHs show some degree of myelin loss, axonal
disruption, and more advanced pathological changes,
including astrogliosis (3,4). The parietal, temporal, and
occipital lobes may be affected first, followed by the
frontal lobe (36).

Dementia is associated with different vascular
diseases (37). The neuropathology of VCID is
heterogeneous and complex (38). The SVD occurs in the
basal ganglia arteries and spreads to the peripheral white
matter and leptomeningeal arteries, as well as the thalamic,
cerebellar, and brainstem vessels, however, the neocortical
vessels usually survive (39). Furthermore, pathogenic
factors linked to oxidative stress and inflammation in
cerebral vessels are considered to relate SVD pathology to
neurovascular dysfunction and VCID (40). The number
and size of macroscopic infarctions or large vessel disease
appear to be related to an increased risk of dementia in
clinical-pathological studies (41). As previously stated,
studies in WMH have concentrated on demyelination
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and axonal loss, and the changes have been termed
"ischemic" (42,43). When demyelination and axonal
destruction occur, the changes are permanent. Despite
the fact that certain studies differentiate PVH from
DWMH (3,44), imaging studies show that periventricular
and deep WMH are probably mostly part of a continuous
disease (44,45). A recent very large study in 2699 patients
with stroke at 11 stroke centers in China created statistical
maps of the WMH distribution and showed that
periventricular and deep WMH is a continuation of a
continuous pathology, and any significant difference in the
distribution in some patients only reflects an earlier stage
of disease (46). WMHs in brain MRI were shown to be
considerably higher in the AD and VCID groups than in
the normal aging group and were associated with cognitive
impairment in this research. We found that periventricular
and deep white matter lesions in brain MRI were seen at
similar rates in dementia subtypes, and there was no
significant difference in WMH distribution between VCID
and AD groups. As in the literature example mentioned
above (46), our study results suggested that PVH could not
be evaluated differently from DWMH, and perhaps they
could be lesions of different stages, intertwined with each
other. We found that especially infarct areas matching the
irrigation area of the great artery and strategically located
lacunae and infarct areas with basal ganglia involvement
were more common in VCID, and there was no
relationship between cortical lesions and WMH and
cognitive impairment. This study provides strong evidence
that WMHs predict dementia risk and reveals vascular risk
factors in their intrinsic dynamic.

CONCLUSION

Clinical investigations suggest that instead of focusing on
mixed-type diseases like Alzheimer's disease or VCI it
could be better to concentrate on markers that induce brain
damage and dementia, like WMH. Currently, considering
WMHs that are predicted to be of vascular origin and
associated risk factors, it is certain that targeting vascular
health throughout the life course as a prevention strategy
will be effective in minimizing cognitive impairment in the
middle and older age group and preventing and/or slowing
the progression to dementia in the normal aging group.
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