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The relationship between magnetic resonance imaging (MRI)-visible enlarged perivascular spaces (EPVS)
and Ab and tau deposition is poorly investigated in cognitively normal older population. In our study, a
total of 106 cognitively normal older subjects from the Alzheimer's Disease Neuroimaging Initiative
database were included. All the subjects underwent brain MRI, florbetapir positron emission tomography
(PET), and flortaucipir PET examinations. EPVS were rated on MRI using a 5-point scale in the basal
ganglia (BG-EPVS) and the centrum semiovale (CSO-EPVS). Our study revealed that 43 subjects had high-
degree BG-EPVS (degree >1) and 58 subjects had high-degree CSO-EPVS (degree >1). In logistic
regression, high degree of BG-EPVS was associated with age (odds ratio [OR]: 1.08, 95% confidence in-
terval [CI]: 1.01e1.16) and severe deep white matter hyperintensity (OR: 2.67, 95% CI: 1.12e6.35). High
degree of CSO-EPVS was associated with flortaucipir PET positivity (OR: 2.24, 95% CI: 1.02e4.93). In
conclusion, high degree of CSO-EPVS was associated with tau deposition in the brain, whereas high
degree of BG-EPVS was associated with age and severe deep white matter hyperintensity, a marker of
small vessel disease.

� 2020 Elsevier Inc. All rights reserved.
1. Introduction

Perivascular spaces (PVS) are fluid-filled spaces surrounding
small perforating blood vessels in the brain (Wardlaw et al., 2020).
When PVS are enlarged, they could be seen on magnetic resonance
imaging (MRI) (Kwee and Kwee, 2007). Enlarged PVS (EPVS) have
historically been considered as incidental findings, frequently
observed in normal healthy people. However, increasing evidence
suggests that EPVS are key imagingmarkers of cerebral small vessel
disease (Francis et al., 2019; Wardlaw et al., 2013). Further studies
revealed that high-degree centrum semiovale EPVS (CSO-EPVS)
was associated with cerebral amyloid angiopathy (CAA) and CAA-
related lobar cerebral microbleeds (CMBs) or cerebrovascular am-
yloid deposition (Charidimou et al., 2014, 2015, 2017; van Veluw,
2016), whereas basal ganglia (BG-EPVS) was associated with deep
CMBs and white matter hyperintensities (WMH) volume
(Charidimou et al., 2017). Even some studies have revealed an
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association between CSO-EPVS with traumatic brain injury and
diabetes mellitus (Javierre-Petit et al., 2020; Orrison et al., 2009).

Arteriolosclerosis and demyelination have been considered to be
the underlying pathologic changes of EPVS (van Swieten et al.,
1991). Recent studies suggested that PVS played an important
role in the recently discovered glymphatic system, which clears
brain waste through brain interstitial fluid and cerebrospinal fluid
exchange across PVS (Benveniste et al., 2017; Rasmussen et al.,
2018). It has been reported that amyloid b histopathology mea-
surements colocalized with enlarged cortical PVS in CAA (van
Veluw et al., 2016). In chronic traumatic encephalopathy, tau
deposition was found in PVS and along interstitial pathways,
related to glymphatic flow (Sullan et al., 2018). EPVS on MRI could
be an imaging marker of perivascular space dysfunction and
impaired perivascular glymphatic brain waste clearance function
(Ramirez et al., 2016; Wardlaw et al., 2020). Currently, florbetapir
positron emission tomography (PET) has been frequently used to
assess Ab deposition not only in AD but also in CAA (Gurol et al.,
2016; Raposo et al., 2017). And flortaucipir PET has also been
proved to be effective in assessing tau deposition (Devous et al.,
2018). However, it remains unknown whether EPVS on MRI corre-
lated with Ab and tau deposition assessed by PET in cognitively
normal older population.

mailto:liyuehua312@163.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neurobiolaging.2020.12.014&domain=pdf
www.sciencedirect.com/science/journal/01974580
http://www.elsevier.com/locate/neuaging
https://doi.org/10.1016/j.neurobiolaging.2020.12.014
https://doi.org/10.1016/j.neurobiolaging.2020.12.014
https://doi.org/10.1016/j.neurobiolaging.2020.12.014


M.-L. Wang et al. / Neurobiology of Aging 100 (2021) 32e38 33
In this study, we aimed to investigate whether EPVS had an
association with Ab and tau deposition in cognitively normal older
population. We hypothesized that severe CSO-EPVS were associ-
ated with Ab and tau deposition assessed by PET in cognitively
normal older population, but not severe BG-EPVS, which may be
associated with small vessel disease.
2. Materials and methods

2.1. Study population

The data used in this study were obtained from the Alzheimer's
Disease Neuroimaging Initiative (ADNI) database, launched in 2003
and led by Principal Investigator MichaelW.Weiner, M (http://adni.
loni.usc.edu). The ADNI project aimed to test whether serial MRI,
PET, other biological markers, and clinical and neuropsychological
assessments can be combined to measure the progression of mild
cognitive impairment and early Alzheimer's disease. The ADNI
project was approved by the institutional review boards of all
participating ADNI sites. Written informed consent was obtained
from all the participants or their authorized representatives in
accordance with the Declaration of Helsinki.

We included all cognitively normal older subjects from the
ADNI-2. All the subjects should have a brain MRI, 18F-florbetapir
PET, and 18F-flortaucipir PET. The time interval between MRI and
PET examination should be within 12 months. Patients with a
Fig. 1. Examples of MRI-visible enlarged perivascular spaces. (A) Low degree of BG-EPVS. (B
history of ischemic stroke or symptomatic ischemic cerebral hem-
orrhage were excluded. We also excluded participants with
incomplete MRI sequences and insufficient imaging quality. Normal
cognitive function was defined as a Mini-Mental State Examination
score of 24e30 and a Clinical Dementia Rating Sum of Boxes score
of 0, without any memory complaints.
2.2. MRI acquisition and analysis

All the subjects were scanned using the uniform ADNI 3T MRI
scanning protocol (GE, Philips, or Siemens). All the MRI scanners
received a QC Phantom Scan before the study. Mayo quality control
team will determine if the correct parameters have been met and
assure there are no other underlying problems seen during the
scanning. The MRI scanning protocol should include axial T2 FSE/
TSE with Fat Sat, axial T2-FLAIR, and axial T2* gradient-recalled
echo sequences. The subjects were required to be aligned as
straight as possible in the coil, in the same manner for all the MRI
examinations. Supplementary Table 1 provides detailed MRI
parameters.

All the MR images were assessed by an experienced board-
certified neuroradiologist (M.L.W.) blinded to the clinical and PET
data according to the Standards for Reporting Vascular Changes on
Neuroimaging (Wardlaw et al., 2013). Cohen kappa statistics were
used to determine the intrarater reliability for EPVS, WMH, and
) High degree of BG-EPVS. (C) Low degree of CSO-EPVS. (D) High degree of CSO-EPVS.
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Table 1
Demographics and imaging findings of the study population (n ¼ 106)

Characteristics

Age (y), mean � SD 75.33 (6.21)
Male, n (%) 45 (42.45)
Apo ε4, n (%) 36 (33.96)
Hypertension, n (%) 43 (40.57)
Diabetes mellitus, n (%) 7 (6.60)
Hyperlipidemia, n (%) 48 (45.28)
Cerebral microbleeds, n (%) 21 (19.81)
Lobar cerebral microbleeds, n (%) 19 (17.92)
Deep cerebral microbleeds, n (%) 3 (2.83)
Severe PWMH, n (%) 32 (30.19)
Severe DWMH, n (%) 37 (34.91)
Total cerebral volume, (% TIV) 74.45 (2.65)
Total hippocampus volume, (% TIV) 0.46 (0.05)
Florbetapir PET positivity, n (%) 44 (41.51)
Flortaucipir PET positivity, n (%) 49 (46.23)

Continuous variables are presented as mean � SD. Categorical variables are pre-
sented as number of subjects (%).
Key: DWMH: deep white matter hyperintensities; PWMH, periventricular white
matter hyperintensities; TIV, total intracranial volume.
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CMBs, evaluated on a random sample of 50 subjects with a 1-month
interval between the first and second image assessments.

EPVS were defined as round, ovoid, or linear lesions with a CSF-
like signal (hypointense on T1/flair and hyperintense on T2), located
along the penetrating arteries (Fig. 1). EPVS were rated using a
validated 5-point visual rating scale (0 ¼ no EPVS, 1 ¼ 1e10 EPVS,
2 ¼ 11e20 EPVS, 3 ¼ 21e40 EPVS, and 4 ¼ more than 40 EPVS)
(Doubal et al., 2010; Maclullich et al., 2004). The number of EPVS
was recorded on one slice of one side of the brain, which has the
highest number of EPVS. EPVS was rated in the basal ganglia (BG)
and the centrum semiovale (CSO) regions and categorized as high
(degree >1) or low (degree� 1) degree as in previous studies (Park
et al., 2019; Yakushiji et al., 2014).

WMH was rated in the periventricular white matter hyper-
intensity (PWMH) and deep white matter hyperintensity (DWMH)
on axial FLAIR images using the 4-point Fazekas rating scale
(Fazekas et al., 1987). A score �2 of the Fazekas scale was regarded
as severe WMH. CMBs were evaluated on the T2* gradient-recalled
echo images and were divided into lobar CMBs and deep CMBs
based on the location (Cordonnier et al., 2009). Total cerebral and
hippocampus volume were calculated from magnetization-
prepared rapid gradient-echo images using FreeSurfer 5.1 and
were expressed as ratios of total intracranial volume to account for
relative differences in brain size.

2.3. PET imaging acquisition and analysis

The detailed florbetapir (AV-45) PET and flortaucipir (AV-1451)
PET acquisition procedures could be obtained from the ADNI
database (http://adni.loni.usc.edu; “PET Technical Procedures
Manual: FDG (glucose metabolic imaging), Florbetapir or Florbe-
taben (Amyloid Imaging), AV-1451 (Tau Imaging)”). For the pro-
cessing of florbetapir images, we used the processed results of UC
Berkeley and Lawrence Berkeley National Laboratory. Briefly, the
florbetapir images were coregistered to the corresponding MRI and
calculate the mean florbetapir uptake within the cortical regions,
including frontal, anterior/posterior cingulate, lateral parietal, and
lateral temporal with the whole cerebellum as reference region
(Landau et al., 2013). Subjects were categorized as amyloid positive
or negative by applying a florbetapir cutoff of 1.11 (Joshi et al., 2012).
For the processing of flortaucipir images, we used the processed
results of Banner Alzheimer Institute. Briefly, the flortaucipir im-
ages were coregistered to the corresponding MRI and calculate the
mean florbetapir uptake within a tau metaROI, including entorhi-
nal, amygdala, parahippocampal, fusiform, inferior temporal, and
middle-temporal normalized to cerebellar crus (Jack et al., 2017).
Subjects were categorized as tau positive or tau negative by
applying a flortaucipir cutoff of 1.27 (Jack et al., 2017; Ossenkoppele
et al., 2018). Braak stage for tau deposition was assessed based on
the cutoff value of a previous study (Maass et al., 2017) using the
processed results of UC Berkeley and Lawrence Berkeley National
Laboratory. As the Braak II (hippocampus) may be contaminated by
off-target binding in the choroid plexus in the ADNI database, we
discarded the use of Braak I/II stage and showed the tau deposition
stage as entorhinal cortex tau positive, Braak stage III/IV tau posi-
tive, and Braak stage V/VI tau positive.

2.4. Statistical analyses

All statistical tests were performed by IBM SPSS Statistics for
Windows, version 20.0. Continuous variables are expressed as
mean � standard deviation, and categorical variables are expressed
as percentages. Clinical and imaging findings of the study subjects
between high and low degree of EPVS group were compared using
the chi-square test or Fisher's exact test for qualitative variables and
the t-test for quantitative variables. Kendall correlation analysis was
used to explore the relationship between EPVS degree and other
small vessel disease degree.

Further logistic regression analysis was used to identify factors
associated with high degree of BG-EPVS and CSO-EPVS. Clinical
characteristics, MRI findings, and PET SUVr were tested in the
simple regression models. For the multiple regression analysis,
candidate covariates included all variables with p < 0.10 in the
simple regression analysis and demographic variables. The final
model was obtained using a forward wald elimination strategy.
Furthermore, the causal-steps approach and Sobel test were per-
formed to test whether demographics and neuroimaging markers
mediated the association between the EPVS and PET SUVr using the
SPSS PROCESS module. Values of p < 0.05 were considered statis-
tically significant.
3. Results

3.1. Clinical characteristics of the study population

A total of 106 cognitively normal older subjects (mean age 75.33
� 6.21 years; male 42.45%) were included from the ADNI database.
Table 1 shows the clinical characteristics of the study subjects.
Among all the subjects, 30.19% had severe PWMH, and 34.91% had
severe DWMH. Of subjects with CMBs (19.81%), 17.92% had lobar
CMBs and 2.83% had deep CMBs. Florbetapir PET was assessed as
positive in 41.51% of subjects, and flortaucipir PET was assessed as
positive in 46.23% of subjects. Forty-six subjects were classified as
entorhinal cortex tau positive; 9 subjects were classified as Braak
stage III/IV tau positive; none subject was classified as Braak stage
V/VI tau positive.

Table 2 shows the specific distribution of EPVS. All the subjects
had EPVS both in the BG and CSO regions, most of which were mild
type. Overall, 10.38% of subjects had BG-EPVS in degree 3 and 4,
whereas the subjects with CSO-EPVS in degree 3 and 4 reached
21.70%. The intrarater reliability for the assessment of neuro-
imaging markers was excellent: CSO-EPVS (k ¼ 0.84, 95% confi-
dence interval [CI]: 0.71e0.97), BG-EPVS (k ¼ 0.80, 95% CI:
0.62e0.98), PWMH (k ¼ 0.87, 95% CI: 0.72e1.01), DWMH (k ¼ 0.83,
95% CI: 0.69e0.97), and CMBs (k ¼ 0.86, 95% CI: 0.68e1.05).
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Table 2
Prevalence of BG-EPVS and CSO-EPVS by EPVS degree

BG-PVS degree CSO-PVS degree

1 2 3,4 Total

1 37 (34.91%) 16 (15.09%) 10 (9.43%) 63 (59.43%)
2 8 (7.55%) 15 (14.15%) 9 (8.49%) 32 (30.19%)
3, 4 3 (2.83%) 4 (3.77%) 4 (3.77%) 11 (10.38%)
Total 48 (45.28%) 35 (33.02%) 23 (21.70%) 106 (100%)

Key: BG, basal ganglia; CSO, centrum semiovale; EPVS, enlarged perivascular spaces.
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3.2. Comparison between low degree of EPVS group and high degree
of EPVS group

Table 3 shows the comparison of clinical and MRI findings be-
tween low degree of EPVS group and high degree of EPVS group.
Compared with low degree of BG-EPVS group, high degree of BG-
EPVS group had older age (p ¼ 0.003), more severe PWMH (p ¼
0.010), and severe DWMH (p ¼ 0.004). Compared with low degree
of CSO-EPVS group, high degree of CSO-EPVS group only had more
subjects with flortaucipir SUVr positivity (p ¼ 0.042). Correlational
analysis revealed that there was a correlation between CSO-EPVS
and BG-EPVS (s-b ¼ 0.282, p ¼ 0.001). BG-EPVS was correlated
with PWMH (s-b ¼ 0.290, p ¼ 0.001), DWMH (s-b ¼ 0.310, p <

0.001), and total cerebral volume (% TIV) (s-b ¼ �0.156, p ¼ 0.043).
CSO-EPVS was correlated with DWMH (s-b ¼ 0.192; p ¼ 0.025;
Supplementary Table 2).

In multivariable logistic regression analysis, high degree of BG-
EPVS was associated with age (odds ratio [OR]: 1.08, 95% CI:
1.01e1.16) and severe DWMH (OR: 2.67, 95% CI: 1.12e6.35; Table 4).
High degree of CSO-EPVS was associated with flortaucipir PET
positivity (OR: 2.24, 95% CI 1.02, 4.93) (Table 5). Mediation analysis
revealed no modifying effect of demographics and neuroimaging
markers, includingWMH on the relationship of tau depositionwith
CSO-EPVS (data not shown).

4. Discussion

Determining the relationship between EPVS and Ab and tau
deposition in cognitively normal older population is critical for
understanding the clinical value of EPVS. Our study found that a
high degree of CSO-EPVS was associated with tau deposition but
Table 3
Comparison of clinical and MRI findings between low degree of EPVS group and high de

Characteristics Degree of BG-EPVS

Low: 1 (n ¼ 63) High: 2e4 (n ¼ 43)

Age (y), mean (SD) 73.89 (5.77) 77.44 (6.29)
Male, n (%) 23 (36.51) 22 (51.16)
Apo ε4, n (%) 21 (33.33) 15 (34.88)
Hypertension, n (%) 22 (34.92) 21 (48.84)
Diabetes mellitus, n (%) 5 (7.94) 2 (4.65)
Hyperlipidemia, n (%) 27 (42.86) 21 (48.84)
Cerebral microbleeds, n (%) 13 (20.63) 8 (18.60)
Lobar cerebral microbleeds, n (%) 12 (19.05) 7 (16.28)
Deep cerebral microbleeds, n (%) 1 (1.59) 2 (4.65)
Severe PWMH, n (%) 13 (20.63) 19 (44.19)
Severe DWMH, n (%) 15 (23.81) 22 (51.16)
Total cerebral volume, % TIV 74.76 (2.57) 74.01 (2.72)
Total hippocampus volume, % TIV 0.46 (0.047) 0.47 (0.054)
Florbetapir PET positivity, n (%) 24 (38.10) 20 (46.51)
Flortaucipir PET positivity, n (%) 30 (47.62) 19 (44.19)

Values of age, total cerebral volume, (% TIV), and total hippocampus volume, (% TIV) were c
Fisher's exact test.
Key: BG, basal ganglia; CSO, centrum semiovale; DWMH, deep white matter hyperinte
ventricular white matter hyperintensities; TIV, total intracranial volume.

a p<0.05.
not Ab deposition in the brain, while a high degree of BG-EPVS was
associated with older age and severe DWMH, a marker of small
vessel disease. These findings provide evidence that MRI-visible
CSO-EPVS appears to be a clinically meaningful imaging
biomarker of tau deposition in cognitively normal older population.

With the wide use of MRI, EPVS are frequently detected in
cognitively normal older population. Previous studies reported the
frequency of EPVS could reach 100% and the severity of EPVS
correlated with increasing age in normal older population
(Yakushiji et al., 2014; Zhu et al., 2011). Our study results were
similar to previous studies. Among all the subjects, 10.38% of sub-
jects had BG-EPVS in degree 3 and 4, whereas the subjects with
CSO-EPVS in degree 3 and 4 reached 21.70%. The proportion of high
degree of BG-EPVS was higher than the study of Yakushiji et al.
(Yakushiji et al., 2014). Analyzing the reasons, the age of our sub-
jects was much older.

The exact pathophysiological mechanism of EPVS is still poorly
understood. In our study, high degree of BG-EPVS was associated
with older age and severe DWMH, a marker of small vessel disease.
This was similar to previous studies (Doubal et al., 2010; Yakushiji
et al., 2014). One possible explanation is that some BG-EPVS
changes may at least share a common pathophysiological mecha-
nism with DWMH, perhaps related to blood-brain barrier disrup-
tion, a potentially key pathogenic process in cerebral small vessel
disease (Li et al., 2017;Wardlaw, 2010). A recent study revealed that
BG-EEPVS, but not CSO-EEPVS, are associated with compromised
BBB integrity (Li et al., 2019). The leakage of the blood vessel into
the EPVS may further cause the dilation of PVS that can be seen on
MRI. Similar to the study of Zhu et al. (Zhu et al., 2010), we observed
no association between EPVS and the cerebral volume or the hip-
pocampus volume. We speculated that the EPVS may be indepen-
dent of brain shrinkage.

Interestingly, our study found that high degree of CSO-EPVS was
associated with tau deposition but not Ab deposition in the brain,
suggesting different pathophysiological mechanisms from BG-
EPVS. Tau is thought to be cleared from the brain primarily by
cellular degradation clearance, glymphatic interstitial fluid solutes
clearance, and CSF absorption clearance (Tarasoff-Conway et al.,
2015). PVS is an important component of glymphatic system. A
previous study revealed that chronic impairment of glymphatic
system induced by traumatic brain injury may be a key factor of
post-traumatic brain tau aggregation (Iliff et al., 2014). Tau
gree of EPVS group

p valuea Degree of CSO-EPVS p valuea

Low: 1 (n ¼ 48) High: 2e4 (n ¼ 58)

0.003a 75.17 (6.95) 75.47 (5.58) 0.807
0.134 21 (43.75) 24 (41.38) 0.806
0.869 16 (33.33) 20 (34.48) 0.901
0.152 17 (35.42) 26 (44.83) 0.326
0.787 4 (8.33) 3 (5.17) 0.795
0.544 23 (47.92) 25 (43.10) 0.620
0.797 8 (16.67) 13 (22.41) 0.460
0.715 7 (14.58) 12 (20.69) 0.415
0.736 2 (4.17) 1 (1.72) 0.868
0.010a 13 (27.08) 19 (32.76) 0.526
0.004a 12 (25.00) 25 (43.10) 0.052
0.156 74.26 (2.77) 74.62 (2.55) 0.488
0.213 0.45 (0.043) 0.47 (0.054) 0.060
0.388 19 (39.58) 25 (43.10) 0.714
0.728 17 (35.42) 32 (55.17) 0.042a

ompared using t-test. The other variables were compared using the chi-square test or

nsities; EPVS, enlarged perivascular spaces; IQR, interquartile range; PWMH, peri-



Table 4
Logistic regression of variables associated with high degree of BG-EPVS

Variables Univariable analysis Multivariable analysisa

Coefficient (95% CI) p valueb Coefficient (95% CI) p valueb

Age (per each year older) 1.10 (1.03e1.18) 0.005b 1.08 (1.01e1.16) 0.027b

Male sex 1.82 (0.83e4.01) 0.136 2.07 (0.85e5.05) 0.110
Apo ε4 allele 1.07 (0.47e2.43) 0.869 0.98 (0.37e2.64) 0.969
Hypertension 1.78 (0.81e3.92) 0.154 1.58 (0.66e3.75) 0.302
Diabetes mellitus 0.57 (0.11e3.06) 0.508 0.57 (0.09e3.46) 0.542
Hyperlipidemia 1.16 (0.32e4.27) 0.824 1.03 (0.41e2.58) 0.949
Cerebral microbleeds 0.88 (0.33e2.35) 0.797 - -
Lobar cerebral microbleeds 0.83 (0.30e2.30) 0.715 - -
Deep cerebral microbleeds 3.02 (0.27e34.45) 0.373 - -
Severe PWMH 3.05 (1.29e7.17) 0.011b 1.37 (0.45e4.19) 0.587
Severe DWMH 3.35 (1.46e7.71) 0.004b 2.67 (1.12e6.35) 0.027b

Total cerebral volume, % TIV 0 (0e66.05) 0.157 - -
Florbetapir PET positivity 1.41 (0.64e3.10) 0.389 1.54 (0.65e3.63) 0.328
Flortaucipir PET positivity 0.87 (0.40e1.90) 0.728 0.87 (0.36e2.11) 0.868

Key: BG, basal ganglia; EPVS, enlarged perivascular spaces; PWMH: periventricular white matter hyperintensities; DWMH: deep white matter hyperintensities; TIV: total
intracranial volume.

a Adjusted for age, male sex, history of hypertension, diabetes mellitus, hyperlipidemia, severe PWMH, severe DWMH, florbetapir PET positivity, and flortaucipir PET
positivity.

b p < 0.0.5.
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deposition has been found in PVS and along interstitial pathways in
chronic traumatic encephalopathy (Sullan et al., 2018). Thus,
drainage impairment by perivascular tau deposition would even-
tually cause retrograde PVS dilation, and EPVS likely enhances tau
deposition. To be noted, most of the flortaucipir PET-positive sub-
jects were classified as entorhinal cortex tau positive. It seemed
there was no direct regional association between tau and CSO-
EPVS. However, the presence of CSO-EPVS may be an imaging
marker reflecting the whole brain, and the entorhinal cortex was
just the most obvious tau deposition area in the brain. Our study
indicated that even in cognitively normal older population, CSO-
EPVS may be an important imaging biomarker of tau deposition
likely through minor insufficiency of the glymphatic system.

Previous studies have reported that high degree of CSO-EPVS
was associated with amyloid PET positivity, especially in CAA pa-
tients (Charidimou et al., 2015; Raposo et al., 2019). However, CSO-
EPVS severity was not independently associated with Ab deposition
in our study. Compared with tau, Ab clearance is more complicated,
mainly included degradation clearance, BBB clearance, glymphatic
interstitial fluid solutes clearance, and CSF absorption clearance
Table 5
Logistic regression of variables associated with high degree of CSO-EPVS

Variables Univariable analysis

Coefficient (95% CI)

Age (per each year older) 1.01 (0.95e1.07)
Male sex 0.91 (0.42e1.97)
Apo ε4 allele 1.05 (0.47e2.36)
Hypertension 1.48 (0.68e3.25)
Diabetes mellitus 0.60 (0.13e2.82)
Hyperlipidemia 1.85 (0.38e1.78)
Cerebral microbleeds 1.44 (0.54e3.84)
Lobar cerebral microbleeds 1.53 (0.55e4.25)
Deep cerebral microbleeds 0.40 (0.04e4.59)
Severe PWMH 1.31 (0.57e3.04)
Severe DWMH 2.27 (0.99e5.24)
Total cerebral volume, % TIV 182 (0, b)
Florbetapir PET positivity 1.16 (0.53e2.52)
Flortaucipir PET positivity 2.24 (1.02e4.93)

Key: CSO, centrum semiovale; DWMH: deep white matter hyperintensities; EPVS, enlarg
a Adjusted for age, male sex, history of hypertension, diabetes mellitus, hyperlipidem

positivity.
b Data were too big to be shown.
c p < 0.0.5.
(Tarasoff-Conway et al., 2015). We speculated that CSO-EPVS in the
cognitively normal older population may suffer less from Ab
pathologic changes than CAA patients. In the study of Banerjee et al.
(Banerjee et al., 2017), they also found CSO-EPVS severity was not
associated with Ab positivity in AD patients.

Our findings should be interpreted in light of the following
limitations. First, as this study was a cross-sectional study, we could
not determine the exact order of causal effects between CSO-EPVS
and tau deposition. Future large longitudinal studies will be
required in the future to better assess the causal effects. Second, we
used validated visual rating scales to assess EPVS, instead of
measuring the total number or volume of EPVS, as these EPVS
segmentation software tools (Dubost et al., 2019a,b) are currently
not publicly available. However, the rater of EPVS was trained
before analyzing the study subjects, and the intrarater reliability for
the rating of EPVS was excellent. Third, our study had a modest
sample size with only a few subjects in level 3/4 EPVS and excluded
persons who have a modified Hachinski score of >4. Studies using
large community-based epidemiologic cohorts by an ordinal lo-
gistic regressionmodel were needed to replicate our results. Fourth,
Multivariable analysisa

p valuec Coefficient (95% CI) p valuec

0.804 0.99 (0.92e1.06) 0.987
0.806 1.16 (0.50e2.72) 0.727
0.901 0.84 (0.34e2.06) 0.835
0.327 1.35 (0.60e3.06) 0.472
0.518 0.60 (0.12e3.09) 0.541
0.620 2.27 (0.99e5.24) 0.054
0.461 - -
0.417 - -
0.464 - -
0.527 - -
0.054 2.20 (0.94e5.14) 0.069
0.484 - -
0.714 1.37 (0.60e3.15) 0.456
0.044c 2.24 (1.02e4.93) 0.044c

ed perivascular spaces; PWMH: periventricular white matter hyperintensities.
ia, severe PWMH, severe DWMH, florbetapir PET positivity, and flortaucipir PET
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the MRI scanners were from 3 different vendors (GE, Philips, or
Siemens). However, the MRI scanning procedures and scanning
parameters were almost identical. The influence of different MRI
vendors on rating EPVS could be negligible.

In conclusion, our study revealed that high degree of CSO-EPVS
was associated with tau deposition in the brain, indicating that
CSO-EPVS appears to be a clinically meaningful imaging biomarker
of tau deposition in cognitively normal older population.
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