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Purpose: To study the variation tendency of cerebral small vessel disease (CSVD) imaging markers and total burden with aging and
to research the relationship between aging, CSVD markers and cognitive function.

Methods: Participants in local urban communities were recruited for neuropsychological and magnetic resonance imaging assess-
ments. Montreal Cognitive Assessment (MoCA), Mini-mental State Examination (MMSE), Number Connection Test A (NCT-A) and
Digital Symbol Test (DST) were adopted as neuropsychological scale. Age was stratified at 5-year intervals, and the variation tendency
of imaging markers and variables of neuropsychological scales in different age groups was studied. We further studied the relationship
between aging, image markers and neuropsychological scales by multi-linear regression.

Results: Finally, a total of 401 stroke-free participants (age, 54.83+7.74y; 45.9% were male) were included in the present analysis.
With the increase of age, the incidence of imaging markers of CSVD were increased with aging except cerebral microbleeds. The
performance results of NCT-A and DST were significant difference in 6 age groups (P < 0.001). In addition, linear decline of the
neuropsychological function reflected by NCT-A and DST variables was observed. Linear regression found that age was an
independent factor affecting the neuropsychological function reflected by NCT-A and DST variables, and the standard correction
coefficients among different age groups increased gradually with age. In addition, brain atrophy is an independent factor affecting
neuropsychological variables (odds ratio: —2.929, 95% CI: [-5.094 to —0.765]). There was no correlation between the number of
neuroimaging markers and neuropsychological variables after full adjustment.

Conclusion: There are many CVSD markers even in younger people, the incidence rate and CVSD marker numbers increase with
age. Aging and CSVD may eventually affect cognitive function through brain atrophy.
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Introduction

Cerebral small vessel disease (CSVD) is a disorder induced by intracranial small vessel lesions, which manifests as
a series of changes in neuropathology, cognitive function, sphincter dysfunctions and gait disorder, etc.' CSVD is used to
describe a series of imaging changes in the white matter and subcortical grey matter, including recent small subcortical
infarct (SBI), lacunar infarct (LI), white matter hyperintensities (WMHs), enlargement perivascular spaces (EPVSs),
cerebral microbleeds (CMBs) and brain atrophy (BA). CSVD accounts for 25% of the etiology of ischemic stroke and
doubles the risk of recurrence of stroke.’
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Studies have previously verified that age is an accepted independent risk factor for CSVD.> ™ It was also reported that
the severity and progression of CSVD increased with aging, and more severe CSVD was observed in individuals aged
over 75 years.” Yu et al found that among physical examinees with one or more vascular disease risk factors, age was
independently related to the severity of WMH, and the incidence of WMH in people over 50 years old increased
significantly.® CSVD is common in the elderly and stroke patients, but its incidence in young people or young patients
with ischemic stroke is unclear. In recent years, the proportion of ischemic stroke in young people has gradually
increased.” Another study reported that the prevalence of CMBs in CSVD gradually increased with aging, and the
prevalence of CMBs increased by 6.5% among people aged 45 to 50 years in 3979 participants.® Fan et al studied 400
patients aged 18~49 years with first ischemic stroke and found that the incidence of SBI and WMH increased with age,
among young stroke patients aged 40~45, more than half of them had SBI, WMH or both.’

In several studies, the variation tendency of CSVD imaging makers among different age groups were studied by
different age stratification.>'*'" The reported prevalence of CSVD imaging makers in elderly populations varies greatly
across different studies.'? Prevalence of CMBs was 11.5%, 16.8%, 28.9% and 35.7%, respectively, in 50-80 years people
grouped at 10 years interval.® Incidence rate of LI was 4.8%, 6.8%, 9.7% and 17.3%, respectively, in over 65 years old
people plotted against 5 years strata.'' In a Chinese cross-sectional study based on the community population aged 35—
80, Han et al reported that the incidence rate of SBI, LI, WMH and CMB gradually increases with age.'® At present, the
distribution and the variation tendency of CSVD markers and CSVD total burden with aging between different age
groups needs further validation.

The majority of previous studies had incorporate age as an overall independent variable rather than age stratification
into statistics models in CSVD study. The lack of incorporating age stratification into the design of statistics models
ignore the fact that the epidemiology of CSVD is not consistent among different age groups. In addition, mechanistic
determinants of CSVD including genetics, inflammation, and oxidative stress often change with aging. The cognitive
dysfunction can be caused not only by the progression of brain damage due to CSVD but also by the aging-related
neurodegeneration. But the relationship between aging, CSVD marker (single imaging marker and total load) and
cognitive function is currently blurred.

Therefore, we conducted a cross-sectional study in urban community-based people. Age was stratified at 5-year
intervals, and the distribution and changing tendency of CSVD imaging markers with aging were studied. Variables of
cognition and their changing tendency among different age group were also studied. We further studied the relationship
between aging, image markers and neuropsychological scales by regression analysis.

Materials and Methods
Study Population and Study Sample

A community-based cross-sectional study was conducted at Nanxishan Hospital of Guangxi Zhuang Autonomous
Region. From May 2020 to June 2021, 427 participants ranged from 40 to 70 years were recruited with the following
exclusion criteria: (1) Severe medical or mental illness. (2) Neurological diseases other than CSVD (eg, hydrocephalus,
brain tumors, cerebrovascular malformations, etc.). (3) History of psychotropic medication use or alcohol abuse. (4)
Liver, kidney or other important organ dysfunction; (5) History of craniocerebral operation; (6) Unable to cooperate with
neuropsychological tests.

Standard clinical examinations were performed for each participant. In addition, all participants were asked to
undergo brain MRI examination. Each participant signed an informed consent form. All protocols of the study were
approved by the Ethics Committee of our hospital (2020NXSYEC-006).

MRI Protocol and Image Analysis

All MRI examinations were performed using a 3.0T MRI system (Ingenia 3.0CX; Philips Healthcare, Best, The Netherlands)
and 32-channel coils of the head were used to perform MRI scans. Scan sequence: D T1-weighted fast field echo, repetition
time (TR) =6.4ms, echo time (TE) =3.0ms, Field of vision (FOV)=240mmx240mmx180mm, Reconstruction voxel =
1.1x1.1x1.1, Reconstruction matrix = 512x512, Slice thickness = 1.1mm; 3D fluid-attenuated inversion recovery (FLAIR),
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TR =4800ms, TE = 244ms, FOV = 240 mmx240mmx173mm, Reconstruction voxel = 1.1x1.1x1.1, Reconstruction matrix =
384%384, Slice thickness = 1.2 mm; DWI, TR = 2462ms, TE = 63ms, FOV = 230mmx230mmx143mm, Reconstruction
matrix = 192x192, Slice thickness = Smm, gap = 1, Reconstruction voxel = 1.5x2.2x5 NSA = 1, axial slices =24. SWI: TR =
29ms, TE = 7.2ms, FOV = 230mmx189mmx130mm, Reconstruction matrix = 768x768, Slice thickness = 2mm, gap=1I1,
Reconstruction voxel = 0.6x06x2, NSA = 1, axial slices = 130. Each subject underwent the above MRI scan regimen, which
took about 30 minutes.

The acquired images were transferred to the post-processing workstation of “IntelliSpace Portal” version 8 (Philips
Healthcare, The Netherlands) for further processing. Two radiologists were blinded to any patient’s clinical data to
mitigate potential cognitive biases. MRI findings related to CSVD were classified according to standard published
criteria.'® LI were defined as hyperintense lesions on T2-weighted images with corresponding hypointense lesions with
a hyperintense rim on FLAIR-weighted image. WMH were graded according to Fazekas’ scale."* CMBs were defined as
punctate (<10mm) homogeneous foci of low signal intensity on SWI-weighted images.'> EPVS were defined as round,
oval, or linear-shaped lesions with a smooth margin, absence of mass effect and with signal intensity equal to
cerebrospinal fluid on T2-weighted images and hypointense on FLAIR images without hyperintense rim to distinguish

them from silent LL'®

BA included both deep and superficial BA, and regions assessed included bilateral frontal,
temporal (including hippocampal regions), parietal occipital, as well as whole-brain cortex. For this study, the regions
were scored according to Kippss/Dacies score, MTA-scale, Koedam score, and GCA-scale, which ranged from 0 to 3
points for each region: 0-normal volume/no ventricular enlargement, 1-opening of sulci/mild ventricular enlargement,
2-volume loss of gyri/moderate ventricular enlargement, 3-“knife blade” atrophy/severe ventricular enlargement.!” We
labeled patients with a deep or superficial score >2 points as having BA because mild degenerative pathologies can also
manifest as a score of 1 point in normal elderly patients.

Patients were divided into groups 1 to 5 based on the number of CSVD marker types present. The prevalence of these
5 CSVD markers and marker number groups was plotted against 5-year age strata. Patients with fazekas] WMH and
EPVS were divided into four groups according to the quartile. To prevent result bias due to small sample sizes, we
combined the cases of 4 and 5 markers into one group for statistical analysis.

Collection of Demographic and Clinical Data

Clinical data of all patients were collected, including general demographic data such as gender, age, educational
experience, and vascular risk factors. Height, weight, and body mass index (BMI, kg/m2) were measured. The systolic
blood pressure (SBP) and diastolic blood pressure (DBP) were measured three times with a blood pressure monitor, and
the pulse pressure difference and mean arterial pressure were calculated. Pulse pressure difference = systolic-diastolic
pressure. Mean arterial pressure (MAP) = diastolic + 1/3 (systolic - diastolic).

Neuropsychological Assessment

Subjects underwent cognitive domain neuropsychological tests after MRI examination. The Beijing version of Montreal
Cognitive Assessment (MoCA) and Mini-mental State Examination (MMSE) scale were used to test multiple cognitive
domains. For those with less than 12 years of education, the total score was added by 1 point (the full score was no more
than 30 points). Number Connection Tests A (NCT-A) and Digital Symbol Test (DST) were used to test for psychomotor
function, attention and processing speed. The scale was assessed by a neurologist trained in neuropsychological
assessment.

Statistical Analysis

SPSS21.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis. Bilateral P < 0.05 indicates that the difference is
statistically significant. Intraclass correlation coefficients (ICC) were calculated for the measurements of the two radiologists
(ICC=>0.75, excellent; 0.60 <ICC < 0.75, good; 0.40 <ICC < 0.60, fair; and ICC < 0.40, poor).18 All parameters were finally
averaged over the measurements made by the two physicians. The normal distribution of the data was tested by Kolmogorov
Smirnov method. Data are presented as mean with standard deviation (SD), median with interquartile range, or number with
percentage, where appropriate. The differences of demographic characteristics, risk factors and neuropsychological scales
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among different age groups (40—45y to 66—70y) were analyzed by one-way ANOVA, Kruskal Wallis test and chi square test
(or Fish exact probability method). The relationship between image marker numbers (CSVD total load), aging and
neuropsychological scale score was analyzed by multi-linear regression, the image marker numbers and aging were used
as independent variable, and the continuous neuropsychological scale score was used as result variable; the relationship
between single image marker, aging and neuropsychological scale score was analyzed by multi-linear regression, the single
image marker and aging were used as independent variable, and the continuous neuropsychological scale score was used as
result variable. B Value (95% confidence interval) and P value were calculated. Based on previous knowledge of potentially
important confounders, all analyses were adjusted for age, gender, educational level, blood pressure, and history of
cardiovascular disease (diabetes, coronary heart disease, and atherosclerosis).

Results

Consistency Test and Patient Demographics

The data measured by the two observers had excellent consistency. The ICC was 0.970, 0.961, 0.965, 0.977, 0.970
between the two neuroradiologists for the diagnosis of the five CSVD imaging markers LI, WMH, EPVS, CMBs, BA,
respectively.

Five patients with severe hearing impairment failed to complete valid scale collection. Fourteen patients refused to
participate or had absolute contraindications to MRI imaging. Seven patients were excluded from the analysis because of
data distortion due to motion artifacts. Finally, a total of 401 stroke-free participants were included in the present
analysis. The mean+SD age was 54.83+7.74 years (range, 40—70 years), and 45.9% were male. The baseline character-
istics of the study population are listed in Table 1.

Distribution Frequency of Neuroimaging Markers in Different Age Strata

The data were divided into 6 groups according to age at 5-year interval. The general information of each group is shown
in Table 2. The incidence of LI was 8.7% (35 cases), CMB was 11.7% (47 cases) among 401 enrolled participants. The
incidence of WMH was 82.5% (331 cases), of which 18.7% in 1-5 group, 12.9% in 6—12 group, 15.9% in 13-26 group,
14.4% in >26 group, 14.7% in Fazekas 2 group and 5.7% in Fazekas 3 group, respectively. The incidence of EPVS was
74.8%, of which 22.4% in 1-3 group, 17.9% in 46 group, 17.7% in 7-13 group, and 16.7% in >13 group, respectively.
The incidence of BA was 56.2%, of which 56.2% in whole brain, 41.9% in temporal lobe and hippocampus, 40.2% in
parietal lobe, and 47.4% in frontal and temporal lobes, respectively. The incidence of CMB did not show a regular pattern
in each age group.

Even in the younger age group (40-50y), there are also many CVSD markers, of which mainly WMH, EPVS and BA,
with incidence rates of 69.6%, 60.7% and 33.9%, respectively (Table 2 and Figure 1). With the increase of age, the
incidence of LI, BA, WMH and EPVS increased continuously. The incidence of WMH and EPVS reached a peak and
tended to be stable around 60 years of age, with the incidence of 91.0% and 87.5% in 60—65y. The incidence of BA
increased continuously with age (Table 2 and Figure 1).

The incidence of the mild WMH (1-5 and 6-12) decreased with age, while the incidence of Fazekas grade 2 and 3
increased with age (Table 2). The same tendency occurred in EPVS. The proportion of the group of (1-3) in EPVS
decreases with age, while that of the group of (>13) in EPVS increases with age (Table 2). With respect to the number of
CVSD markers, the presence of 1 and 2 markers gradually declines with increasing of age, the presence of 3 and 4
markers gradually increases with age. The prevalence of 1 marker is 30.4% in 40—45 age group and descend to 4.4% in
65-70 age group, by contrary, the prevalence of 4 markers is 5.4% in 40—45 age group and increased to 20% in 65-70
age group. The incidence of 3 CSVD imaging markers was the highest (38.4%) among 5 imaging numbers, which was
stable at about 50% in people over 60 years old (Table 2 and Figure 2).

Associations Between Age, Neuroimaging Markers and Psychometric Tests
The average scores of the four psychometric tests stratified by age are shown in Table 1. The study shows coincident results in
MoCA and MMSE, the same outcome appears in NCT-A and DST. The performance results of NCT-A and DST are significant
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Table | Baseline Characteristics of the Study Participants

Characteristics | 2 3 4 5 6 Overall F value p value
(56) (66) 99 (79) (56) (45) (401)
Sex male, n(%) 22 (39.3) 26 (39.6) 48 (48.5) 33 (41.8) 29 (51.8) 26 (57.8) 184 (45.9) 6.258 0.282
Age (years), Mean (SD) 42.86 (1.52) 48.32 (1.54) 53.14 (1.44) 57.51 (1.20) 63.25 (1.39) 67.79 (1.28) 54.83 (7.74) 2369.18 <0.001
BMI (Kg/m?), mean (SD) 2425 (2.69) 24.50 (2.58) 24.87 (3.45) 24.39 (3.07) 24.68 (2.93) 23.56 (3.01) 24.45 (3.02) 1.291 0.267
Education (years), mean (SD) 13.20 (5.03) 10.50 (4.74) I1.16 (4.25) 11.55 (3.48) 10.68 (3.29) 8.71 (3.69) 11.07 (4.28) 6.456 <0.001
MAP (mmHg), mean (SD) 98.05 (14.19) 99.43 (12.94) 102.96 (13.43) | 103.45 (13.55) | 101.83 (12.69) | 106.01 (13.34) | 103.71 (16.47) 2.564 0.027
Smoking, n(%) 11 (19.6) 12 (18.2) 27 (27.3) 22 (27.8) 19 (33.9) 19 (42.2) 110 (27.4) 10.684 0.058
Hypertension, n(%) 4(7.1) 14 (21.2) 28 (28.3) 21 (26.6) 21 (37.5) 21 (46.7) 109 (27.2) 24.268 <0.001
Drinking, n(%) 8 (14.3) 7 (10.6) 23 (23.2) 14 (17.7) 7 (12.5) 11 (24.4) 70 (17.5) 7316 0.198
Diabetes mellitus, n(%) 0 (0.0 2 (3.0 6 (6.1) 5(6.3) 6 (10.7) 8(17.8) 27 (6.7) 15.730 0.008
Coronary heart disease, n(%) 0 (0.0 I (1.5) 2 (2.0) I (1.3) 5(8.9) 4 (8.9) 13 (3.2) 14.306 0.014
Carotid atherosclerosis, n(%) 0 (0.0 7 (10.6) 13 (13.1) 23 (29.1) 19 (33.9) 14 (31.3) 76 (19.0) 36.090 <0.001
Respiratory function (Snoring), n(%) 36 (64.3) 45 (68.2) 78 (78.2) 59 (74.7) 44 (78.6) 33 (73.3) 295 (73.6) 5.626 0.344
MoCA, mean (SD) 24.6 (3.6) 24.4 (4.0) 234 (4.2) 23.0 (4.1) 22.0 (3.8) 21.5 (4.5) 232 (4.2) 28.852 <0.001
MMSE, mean (SD) 272 (22) 26.6 (2.5) 26.2 (3.0) 259 (2.9) 25.5 (2.9) 252 (3.8) 26.1 (3.0) 15.889 0.007
DST, mean (SD) 55.7 (13.2) 49.6 (14.9) 43.2 (13.3) 39.8 (10.3) 334 (9.3) 29.0 (10.9) 423 (14.7) 123.024 <0.001
NCT-A, mean (SD) 41.4 (12.6) 44.1 (15.5) 50.0 (27.3) 523 (17.1) 54.7 (25.2) 66.6 (30.5) 50.8 (23.3) 45.065 <0.001

Note: Bold figure represent significant values.
Abbreviations: SD, standard deviation; MAP, mean arterial pressure; MOCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; NCT-A, Number Connection Test A; DST, Digit Symbol Test.
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Table 2 Presence of SVD Markers in Different Age Strata

CSVD Markers 1 (56), 2 (66), 3 (99), 4 (79), 5 (56), 6 (45), Overall F value | p value
n (%) n (%) n (%) n (%) n (%) n (%) (401)

LI 2 (3.5) 2 (3.0 8 (8.0) 5(6.3) 10 (17.8) 8 (17.7) 35(8.7) 14.108 0.011

WMHS 39 (69.6) 48 (72.7) 81 (81.8) 71 (89.8) 51 (91.0) 41 (9L.1) 331 (82.5) 18.982 0.002

Fazekas | (I~5) 18 (32.1) 13 (19.6) 21 (21.2) 13 (16.4) 7 (12.5) 3 (6.6) 75 (18.7)

Fazekas | (6~12) 7 (12.5) 13 (19.6) 12 (12.1) 12 (15.1) 7 (12.5) 1 (2.2) 52 (12.9)

Fazekas | (13~26) 6 (10.7) 8 (l2.1) 20 (20.2) 18 (22.7) 6 (10.7) 6 (13.3) 64 (15.9)

Fazekas | (>26) 7 (12.5) 7 (10.6) 14 (14.1) 12 (15.1) Il (19.6) 7 (15.5) 58 (14.4)

Fazekas 2 1 (1.7) 7 (10.6) 12 (12.1) 15 (18.9) 13 (23.2) 11 (24.4) 59 (14.7)

Fazekas 3 0 (0.0 0 (0.0 2 (2.0) 1 (1.2) 7 (12.5) 13 (28.8) 23 (5.7)

EPVSs 34 (60.7) 41 (62.1) 75 (75.7) 64 (81.0) 49 (87.5) 37 (82.8) 300 (74.8) 19.302 0.002

-3 11 (19.6) 19 (28.7) 27 (27.2) 17 (21.5) 11 (19.6) 5(IL1) 90 (22.4)

4-6 11 (19.6) 11 (16.6) 16 (16.1) 15 (18.9) 9 (16.0) 10 (22.2) 72 (17.9)

7-13 8 (14.2) 7 (10.6) 23 (23.2) 11 (13.9) 14 (25.0) 8 (17.7) 71 (17.7)

>13 4(7.1) 4 (6.0) 9 (9.0 21 (26.5) 15 (26.7) 14 (31.1) 61 (16.7)

CMB 3(5.3) 9 (13.6) () 10 (12.6) 9 (16.0) 5(IL1) 47 (11.7) 3.569 0.618

BA 19 (33.9) 25 (37.8) 45 (45.4) 45 (56.9) 39 (69.6) 38 (84.4) 211 (52.6) 41.026 | <0.001

GCA-scale (whole brain) 12 (21.4) 23 (34.8) 39 (39.3) 12 (21.4) 37 (66.1) 36 (80.0) 185 (46.2)

MTA-scale (temporal lobe, hippocampus) 12 (21.4) 17 (25.7) 36 (36.3) 38 (48.0) 30 (53.6) 36 (80.0) 168 (41.9)

Koedam score (parietal lobe) 10 (17.8) 18 (27.2) 35 (35.3) 37 (46.7) 30 (53.6) 31 (68.9) 161 (40.2)

Kippss/Dacies score (frontal and temporal lobes) 15 (26.7) 19 (28.7) 38 (38.3) 42 (53.2) 38 (67.9) 38 (84.5) 190 (47.4)

| marker number 17 (30.3) 18 (27.2) 17 (17.1) 10 (12.6) 4(7.1) 2 (4.4) 68 (16.9) 2.438 0.815

2 marker number 16 (28.5) 21 (31.8) 35 (35.3) 20 (25.3) 9 (16.0) 7 (15.5) 108 (26.9) 4.362 0.497

3 markers number 12 (21.4) 19 (28.7) 32 (323) 40 (50.6) 27 (48.2) 24 (53.3) 154 (38.4) 12.855 0.018

4 markers number 3(5.3) 2 (3.0 8 (8.0 5(6.3) 10 (17.8) 9 (20.0) 37 (9.2) 11.831 0.033

5 markers number 0 (0.0 0 (0.0 I (1.0) 1 (1.2) 3(53) 1 (22) 6 (1.4) 72.58 0.100

Note: Bold figure represent significant values.

Abbreviations: LI, lacunar infarcts; WMH, white matter hyperintensities; EPVS, Enlarged perivascular spaces; CMBs, cerebral microbleeds; BA, Brain atrophy.
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microbleeds; BA, brain atrophy.

Imaging marker number groups

60 oI
O O » °>
03
40 0
- . . ®5

20 o Age (years)

1.00

L
@ o4

°
2028
a vV @

3 4 5 6 7
Age (years)

Prevalance of Imaging Numbers (%)

°a
2

0 1

Figure 2 Distribution of different imaging markers in different age groups.

difference in 6 age groups, in addition, linear decline of the neuropsychological function reflected by NCT-A and DST was
observed (Figure 3). We next tested associations between age, neuroimaging markers and NCT-A (DST) variables using a linear
regression model (LRM), and fully adjusted LRM results indicated that age was more associated with NCT-A (DST) variables as
compared to neuroimaging numbers (Table 3 and Figure 4). The standard correction coefficients between different age groups
increased with age. After controlling for imaging CSVD marker numbers, gender, education, and risk factors for CSVD, the
score of the neuropsychological scale, especially the DST scale, standard correction coefficients was estimated from —7.975.41
(—11.285 t0-4.665) to —16.532 (—20.804 to —12.261) from 51 ~ 55 to 66 ~ 70 years old. Before adjustment, 3 and 4 marker groups
were associated with DST (—9.250 [-14.962 to —3.538] and —14.125 [-20.877 to —7.373]), they were associated with NCT-A
(12.3950 [3.1832 to 21.607] and 17.311 [6.422 to 28.200]), and no association between neuroimaging markers numbers and
NCT-A (DST) variables was found after full adjustment. Table 4 and Figure 5 shows that after controlling for imaging markers,
gender, education and risk factors of cerebrovascular diseases, the Odds ratio (95% CI) of DST scale from 51-55 to 6670 years
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Figure 3 Line chart of the scores of different neuropsychological scales in different age groups.
Abbreviations: MoCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; NCT-A, Number Connection Test A; DST, Digit Symbol Test.

ranges from —8.223 (- 11.504 to —4.942) to —16.188 (- 20.456 to —11.920). Linear regression analysis of CSVD imaging marker
showed that BA was an independent risk factor associated with NCT-A (DST) variables (- 2.929 [-5.094 to —0.765]).

Discussion

This study found that there are more CVSD imaging markers even in people under 50 years old. The neuropsychological
function reflected by NCT-A (DST) variables linear decline with aging. Linear regression found that age was an
important factor affecting NCT-A (DST) variables, and the standard correction coefficients among different age groups
increased gradually with age. In addition, BA is an independent factor affecting NCT-A (DST) variables.

The present study found that the incidence of WMH is highest among 5 imaging markers, followed by EPVS and
BA, which was similar to the results of Shunyi cohort based on Chinese community.'® Previous study has
demonstrated that age was a determining factor for CSVD progression.'® This study found that the incidence of
severe EPVS (the group of >13) and WMH (Fazekas 2, 3) increased with age. Kynast et al reported that the
prevalence of WMH increases exponentially with age, with 11-21% of adults in their mid-60s, and more than 90%
of the healthy elderly older than 80 years are affected.?’ Charidimou et al reported that age was the only significant
independent predictor of increasing EPVS severity in the centrum semiovale, for every 10 years increase in age, the
odds of having an increase in centrum semiovale EPVS was 1.5.%' In contrast, we not only stretched the age width
of the enrolled population, but also stratified the age and the severity of WMH and EPVS in the order of increasing
degree. Our study also found that the incidence of LI increased with age, and there was a node with a sudden
increase in the 60—65 age group. It has been reported that LI correspond to more severe small vessel changes,
mortality, and poor cognitive function of CVSD,?* and may be an important predictor of future cognitive decline in
CVSD patients.> The appearance of LI may be a warning signal that CSVD has developed to a severe period, and it
is also a consequence of the disease deterioration. Previous studies have suggested that CMBs frequency increased
with age, reported in 17.8% of those aged 60 to 69 years and 38.3% of those aged 80 to 99 years,”* but we did not
find any regularity in the incidence of CMBs in our age stratified study. Another intriguing aspect of our study is
that BA rate 35.7% in 40-45 age group, and appeared to progress linearly with aging in all age strata. It had been
reported that the decrease of brain volume with aging may start between age 30 and 40 years.””> Another study
suggests that, while gray matter volume decreases linearly from the second decade, white matter volume follows
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Table 3 Association of Age and Number of CSVD with NCT-A (DST) Variables
Model DST NCT-A
Risk Factors B (95% CI) B p value B (95% CI) B p value
| Age (46-50) —6.121 (~10.505 to —1.737) | —0.155 0.006 | 2663 (-5.299 to 10.625) | 0.043 0511
Age (51-55) —12.505 (—16.53 to —8.47) —0.368 <0.001 8.536 (1.208 to 15.863) 0.159 0.023
Age (56-60) —15.937 (-20.152 to —11.722) —0.432 <0.001 10.901 (3.246 to 18.557) 0.187 0.005
Age (61-65) —22.446 (—27.007 to —17.886) | —0.531 | <0.001 | 13.269 (4.950 to 21.589) | 0.197 0.002
Age (66-70) —26.741 (-31.572t0 —21.91) | —0.576 | <0.001 | 25.149 (16375 t0 33.922) | 0342 <0.001
Il | Imaging number —1.299 (-7.529 to 4.931) —0.033 0.682 2.495 (-7.573 to 12.564) 0.04 0.626
2 Imaging numbers —4.781 (—10.683 to 1.121) —0.144 0.112 6.641 (—2.877 to 16.16) 0.127 0.171
3 Imaging numbers | —9.250 (—14.962 to —3.538) | —0.307 0.002 | 12.395 (3.183 to 21.607) 0.26 0.008
24 |maging numbers | —14.125 (—20.877 to —7.373) —0.298 <0.001 17.311 (6.422 to 28.200) 0.231 0.002
1] Age (46-50) —5.932 (—10.318 to —1.546) —0.15 0.008 2211 (-=5.740 to 10.163) 0.035 0.585
Age (51-55) —11.857 (—15.934 to —7.781) —0.349 <0.001 7.176 (-0.214 to 14.567) 0.133 0.057
Age (56-60) —15.059 (—19.373 to —10.745) —0.408 <0.001 8.826 (1.005 to 16.648) 0.151 0.027
Age (61-65) —21.070(—25.789 to —16.350) —0.498 <0.001 10.197 (1.581 to 18.813) 0.151 0.020
Age (66-70) ~25.268 (-30.278 to —20.257) | —0.544 | <0.001 | 21.907 (12.820 to 30.994) | 0.298 <0.001
| Imaging number —1.876 (—7.279 to 3.528) —0.048 0.495 3.188 (—6.631 to 13.008) 0.052 0.524
2 Imaging numbers —3.183 (—8.327 to 1.961) —0.096 0.225 5.629 (—3.696 to 14.955) 0.107 0.236
3 Imaging numbers —3.999 (—9.039 to 1.041) —0.133 0.120 8.751 (—0.386 to 17.889) 0.183 0.060
24 Imaging numbers —6.508 (—12.497 to —0.519) —-0.137 0.033 11911 (1.051 to 22.772) 0.159 0.032
vt Age (46-50) ~0.943 (—4.490 to 2.605) -0.024 0602 | —4.532 (~11.823 to 2.760) | —0.072 0222
Age (51-55) —7.975 (—11.285 to-4.665) —0.235 <0.001 1.383 (-5.421 to 8.187) 0.026 0.690
Age (56-60) —11.934 (—15.489 to —8.379) —0.324 <0.001 3.996 (—3.313 to 11.305) 0.068 0.283
Age (61-65) ~16.102 (-20.024 to —12.179) | —0.381 | <0.001 | 3.037 (-5.079 to 11.154) | 0.045 0.462
Age (66-70) ~16.532 (-20.804 to —12.261) | —0.356 | <0.001 | 8.987 (0.205 to 17.769) 0.122 0.045
| Imaging number —0.113 (—4.491 to 4.265) —0.003 0.960 2.657 (—6.358 to 11.672) 0.043 0.563
2 Imaging numbers ~2.229 (~6.398 to 1.940) ~0.067 0294 | 5371 (-3.198 to 13.940) | 0.102 0219
3 Imaging numbers —3.149 (~7.198 to 0.900) —0.104 0.127 8.191 (-0.132 to 16.515) 0.172 0.054
24 Imaging numbers —4.562 (—9.436 to 0.312) —0.096 0.067 9.717 (-0.303 to 19.738) 0.13 0.057
Notes: TAdjusted for age, sex, education, hypertension, diabetes, coronary heart disease and carotid atherosclerosis. Age (40 ~ 45) was the control group. Bold figure
represent significant values.
Abbreviations: , nonstandardized coefficients; B, standardized coefficient.
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Figure 4 (A) Assosiation of age and numbers of cerebral vessel disease markers with DST variables; (B) Association of age and numbers of cerebral vessel disease markers
with NCT-A variables. Model |, relationship between age and NCT-A (DST) executive function; Model Il, relationship between imaging numbers and NCT-A (DST) executive
function; Model lll, correlation between age as well as imaging numbers and NCT-A (DST) execution; Model IV, adjusted for age, sex, education, hypertension, diabetes,
Coronary heart disease and carotid atherosclerosis for Model IIl.
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Table 4 Association of Age and CSVD Markers with NCT-A (DST) Variables

Model DST NCT-A

Risk Factors B (95% CI) B p value B (95% CI) B p value

| LI —4.709 (—9.635 to 0.216) —0.093 0.061 8.324 (0.365 to 16.283) 0.104 0.037

WMH —4.900 (—8.866 to —0.933) —-0.118 0.016 6.835 (0.421 to 13.249) 0.104 0.241

EPVS 0.213 (—3.362 to 3.789) 0.006 0.907 3.459 (—2.338 to 9.255) 0.062 0.636

CMBs —0.725 (—5.014 to 3.565) —0.016 0.740 1.670 (—8.603 to 5.263) —0.024 0.008

BA —7.353 (—10.381 to —4.325) —0.25 <0.001 6.666 (1.770 to 11.561) 0.143 0.040

Il LI —2.351 (—6.681 to 1.980) —0.046 0.287 6.673 (—1.179 to 14.525) 0.083 0.096
WMH —1.812 (—5.322 to 1.689) —0.044 0.311 4.910 (—1.455 to 11.275) 0.075 0.130

EPVS 1.923 (—1.277 to 5.074) 0.055 0.231 2.784 (—2.953 to 8.522) 0.05 0.341

CMBs 0.150 (—3.600 to 3.900) 0.003 0.937 —1.988 (—8.788 to 4.813) —0.028 0.566

BA —3.695 (—6.426 to —0.964) —0.125 0.008 3.736 (1.220 to 8.692) 0.08 0.139

Age (46-50) —6.011 (—10.378 to —1.644) —0.152 0.007 2.781 (—5.136 to 10.698) 0.044 0.490

Age (51-55) —12.028 (—16.078 to —7.977) —0.354 <0.001 7.005 (—0.338 to 14.349) 0.13 0.061

Age (56-60) | —15.153 (—19.434 to —10.872) —0.411 <0.001 8.678 (0.916 to 16.439) 0.149 0.029

Age (61-65) | —20.935 (—25.659 to —16.211) —0.495 <0.001 9.260 (0.634 to 17.886) 0.137 0.035

Age (66-70) | —24.589 (—29.606 to —19.571) —0.529 <0.001 20.950 (11.852 to 30.049) 0.285 <0.001

lrt LI —2.839 (—6.357 to 0.680) —0.056 0.114 6.770 (—0.454 to 13.996) 0.084 0.066
WMH —0.471 (—3.253 to 2.313) —0.011 0.740 2.902 (—2.815 to 8.618) 0.044 0.319

EPVS 0.1 (—2.480 to 2.629) 0.003 0.931 4.333 (—0.856 to 9.522) 0.078 0.101

CMBs 1.212 (—1.809 to 4.234) 0.027 0.431 —3.589 (—9.795 to 2.617) —0.051 0.256

BA —2.929 (—5.094 to —0.765) —0.099 0.008 2.578 (—1.871 to 7.027) 0.055 0.255

Age (46-50) —1.179 (—4.709 to 2.351) —0.030 0.512 —3.745 (—10.993 to 3.503) —0.060 0.310

Age (51-55) —8.223 (—11.504 to —4.942) —0.242 <0.001 1.526 (-5.211 to 8.263) 0.028 0.656

Age (56-60) —12.291 (—15.815 to —8.767) —0.333 <0.001 4.455 (-2.782 to 11.692) 0.076 0.227

Age (61-65) | —16.065 (—19.991 to —12.139) —0.380 <0.001 2.558 (—5.557 to 10.673) 0.038 0.536

Age (66-70) | —16.188 (—20.456 to —11.920) —0.348 <0.001 8.698 (—0.066 to 17.462) 0.118 0.052

Notes: TAdjusted for age, sex, education, hypertension, diabetes, coronary heart disease and carotid atherosclerosis. Age (40 ~ 45) was the control group. Bold figure

represent

significant values.

Abbreviations: LI, lacunar infarcts; WMH, white matter hyperintensities; EPVS, Enlarged perivascular spaces; CMBs, cerebral microbleeds; BA, brain atrophy; f,
nonstandardized coefficients; B, standardized coefficient.

a quadratic pattern with a peak value around age 40 years.’® The atrophy rate is moderate at 40 years an estimated

about 0.2% per year, and it accelerates progressively with aging reaching after 70 years of age about 0.5%

per year.”’
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Figure 5 (A) Assosiation of age and cerebral vessel disease markers with DST variables; (B) Association of age and cerebral vessel disease markers with NCT-A variables..
Model |, relationship between CSVD markers and NCT-A (DST) variables; Model Il, correlation between age as well as CSVD markers and NCT-A (DST) execution; Model
1ll, adjusted for age, sex, education, hypertension, diabetes, coronary heart disease and carotid atherosclerosis for Model II.
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Previous studies have noted the possibility of overlaps of image markers and cumulative or synergistic effects.’ In
recent years, it has been advocated to study CSVD with total load as a variable,?® or even to consider CSVD as a whole
brain disease.”” We studied the number of image markers by age stratification and found that there were also individuals
with multiple markers even in young people. The incidence of 3 or 4 markers increased with age, while that of single or 2
markers decreased with age.

All in all, the imaging marker shows a certain progression regularity with the increase of age, but it cannot be ignored
that there is a high incidence of CSVD even in people aged 40-45 years. Although mild WMH and EPVS are
predominant, LI, CMB, and BA have all appeared in this age group, and even four or five markers coexist. Therefore,
CSVD is not just an elder-related disease. Its prevention and treatment needs to be stretched to an earlier age.

Another result of our studies shows that NCT-A (DST) is more sensitive than MoCA (MMSE) in detecting brain
dysfunction at an early stage and mild CSVD. MoCA (MMSE) tests multiple cognitive domains, NCT-A (DST) tests
for psychomotor function, attention and processing speed, they tend to be very sensitive and are an early indicator.*”
Our study shows that the results of NCT-A (DST) are significant difference in 6 age strata, in addition, linear decline
with time of the neuropsychological function reflected by NCT-A (DST) was observed. Age is a recognized influen-
cing factor for CSVD, and the incidence of BA increases with age, BA appear not only a key marker of CSVD but
also a key marker of aging.>> They can both cause cognitive impairments; therefore, we conducted a linear regression
study of the effects and inter-dependency of age, image markers, and number of markers on neuropsychological
function. Interestingly, we found that the number of image markers (equivalent to total load) was not associated with
NCT-A (DST) variables after full adjustment. Several studies have previously reported that CSVD marker numbers or
total load of CSVD impacts multiple cognitive domains and increases the risk of dementia and cognitive decline.' **
Most of these studies were in older or specific populations (eg, stroke, hypertension people et al.). Before adjustment,
we did find 3 image markers and 4 marker group associated with NCT-A (DST) variables, after age adjustment, only 4
marker group remained statistically significant. After full adjustment, the statistical difference of the 4 marker group
disappeared. The results show that only when the CSVD is severe enough does a certain statistical abnormality appear,
which also indicates that methods based solely on the number of markers are not necessarily highly sensitive because
the weights of neuropsychological abnormalities caused by each image marker are not equipotent. Regression analysis
of individual image marker revealed that only BA and WMH were associated with NCT-A (DST) variables. After full
adjustment, only BA was found to be an important influencing factor for NCT-A (DST) variables. Age was also an
important influencing factor for NCT-A (DST) variables, and the standard correction coefficients between different
age groups increased with aging, and the incidence of BA increased linearly with the same tendency. Age, as a time
factor, may not directly affect the decline of brain function and can be detected by neuropsychological scales. Age
may represent a cumulative time course of aging-induced neurodegenerative diseases and persistent white matter
damage caused by CVSD. BA may be an outcome variable for these chronic injurious processes. Previous studies
have noted that the progression and speed of global, cortical, and subcortical brain atrophy in non-dementia patients
are associated with cognitive deterioration and conversion to Alzheimer’s disease.>>*® Cognitive impairment due to
aging neurodegeneration and cognitive impairment due to CSVD have traditionally been recognized as independent
clinical and pathophysiological entities. However, there is increasing evidence that there is overlap between the
pathways that cause cognitive decline in CSVD and neurodegenerative processes.’’~* Several studies have observed
an association between WMH and progression of BA,** ™! suggesting that CSVD may cause cognitive impairment
through BA. Pathophysiological processes vary from cause to cause. Patients with symptomatic CSVD, silent vascular
lesions, or imaging-negative ischemia have a different course of brain volume loss and cerebrovascular lesion
development.** But this does not preclude the fact that BA would be their common outcome. Therefore, BA outper-
forms all other lesions in predicting cognitive outcome and disability in CSVD.?> Thus, measurement of BA may
capture all these pathological processes observed in elderly people related to cognitive and motor decline developing
with aging.

There are still some limitation. First, it is a cross-sectional study, which is less effective than longitudinal follow-up
studies, and the sample size is relatively insufficient, but we deliberately paid attention to sex and age matching between
different age groups during participant recruitment, potentially partially reducing this bias. Neuropsychological scales
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used in present study only reflected the multiple cognitive domains, psychomotor function, attention and processing
speed, and no scale battery was used.

Conclusion

In conclusion, there are many CVSD markers even in young adults, and the incidence and number of CVSD imaging
markers increase with age. Age is an independent factor affecting the NCT-A and DST variables, aging and CSVD may
ultimately affect cognitive function through BA.
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