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Introduction

Aim: White matter hyperintensities (WMH) obtained by magnetic resonance imaging (IMRI)
have been reported to promote neurodegeneration and cognitive decline in patients with mild
cognitive impairment (MCI). However, little is known about the association between regional
WMH (WMH) and cognitive dysfunction in MCI. We hence investigated the associations
between rWMH volumes and cognitive dysfunction in MCL

Methods: Thirty-eight subjects with amnestic MCI were analysed. The volumes of per-
iventricular hyperintensities (PVH) and deep WMH (DWMH) were measured on a T2-FLAIR
MRI using a 3D-slicer, and regional PVH and DWMH (tPVH and rDWMH) volumes were
calculated. The associations of rPVH and rDWMH volumes with cognition and blood levels
of various molecules were investigated. Furthermore, rPVH and rDWMH volumes were com-
pared between MCI with vascular risk factors, such as hypertension, diabetes mellitus (DM),
and dyslipidemia, and those without these risk factors.

Results: rPVH volume (bilateral cornu frontale, pars parietalis, and cornu occipitale) posi-
tively correlated with Trail Making Test-A/B scores and CysC level, whereas rDWMH volume
did not correlate with any of the items. rPVH volumes (right cornu frontale, bilateral pars
parietalis and cornu occipitale, and right pars temporalis) and rDWMH volumes (left frontal
and parietal lobes) were significantly larger in MCI patients with DM than in those without.

Conclusions: PVH volumes (bilateral areas of cornu frontale, pars parietalis, and cornu
occipitale) were closely associated with attention and executive dysfunction. Serum CysC level
and DM were associated with WMH volume, suggesting that CysC level and DM might be
important markers for determining treatment strategies for white matter abnormalities
in MCI. Geriatr Gerontol Int 2021; 21: 644—-650.

Keywords: cystatin C, deep white matter hyperintensities, mild cognitive impairment, per-
iventricular hyperintensities, regional white matter hyperintensities.

assess the associations between WMH in specific locations and
cognitive dysfunction. In the present study, we hence calculated

The contribution of white matter abnormalities to clinical symp-
toms, such as cognitive dysfunction and geriatric depression, and
the pathogenesis of Alzheimer’s disease (AD) has been increas-
ingly recognized.’™ White matter hyperintensities (WMH) dis-
played by magnetic resonance imaging (MRI) have been shown to
be a risk factor for the conversion from mild cognitive impairment
(MCI) to AD. Several recent studies have reported associations
between WMH, such as of the periventricular and parietal white
matter regions, and the risk of the future development of AD,
although MCl is a heterogeneous disorder with a variety of clinical
outcomes (amnestic and nonamnestic MCI, etc.).*> However,
most of these studies have assessed WMH by visual rating, which
is not very precise. We recently reported the association of per-
iventricular hyperintensity (PVH) volume with attention and exec-
utive dysfunction in amnestic MCI patients.® However, we did not
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regional WMH (rfWMH) volumes using a parcellated template,
and investigated the association between rWMH volumes and
cognitive dysfunction, blood levels of various molecules, and the
presence of vascular risk factors, such as hypertension (HT), dia-
betes mellitus (DM), and dyslipidemia (DL), in amnestic MCI
patients.

Materials and methods

Subjects

Outpatients (aged > 60 years and <90 years) who were enrolled at
the memory clinic or outpatient clinic of Tokyo Medical Univer-
sity were prospectively recruited between 2015 and 2018. Written
informed consent was obtained from all subjects before the study.
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The study design was approved by the ethics review board of
Tokyo Medical University. Data from 38 subjects with amnestic
MCI and from 10 normal control (NC) subjects, who were
spouses of the MCI subjects or who were being followed at the
outpatient clinic but had no memory complaints, were medically
stable, and had Mini Mental State Examination (MMSE) scores of
28 and above, were analysed. All patients underwent detailed gen-
eral physical, neurological, and psychiatric examinations, and
extensive laboratory tests, including MRI and single-photon emis-
sion computed tomography (SPECT). SPECT images were analysed
using Neurological Statistical Image Analysis software, which has
three-dimensional = stereotactic surface projections developed by
Minoshima et al. for evaluating the spatial distribution of abnormal
perfusion, to exclude other potential causes of dementia, including
dementia with Lewy bodies and frontotemporal lobar degeneration,
etc.” A reduction in regional cerebral blood flow (rCBF) of the
parietotemporal association cortex on SPECT has been recognized as
a diagnostic pattern of prodromal AD.®

The subjects were diagnosed as having MCI due to AD
according to the National Institute on Aging—Alzheimer’s Associa-
tion criteria,” and their MMSE scores were 24 or above. Subjects
were excluded from the study if they did not show any reduction
in rCBF in the parietotemporal association areas. Subjects were
also excluded if they had territorial or cortical infarctions, or if
they showed severe white matter abnormalities in which both
PVH and DWMH were grade 3 on the Fazekas scale.'® Cognitive
functions and depressive symptoms were assessed by various neu-
ropsychological tests, such as MMSE, Frontal Assessment Battery
(FAB), Trail Making Test (TMT)-A/B, Wechsler Memory Scale-
Revised-Logical Memory I, category verbal fluency, and Geriatric
Depression Scale (GDS)-15.

Levels of serum CysC, 25-hydroxyvitamin D, and homocysteine
were measured using colloidal gold agglutination, radioimmunoassay,
and high-performance liquid chromatography, respectively. The
levels of other cerebrovascular risk factors, including total cholesterol,
low-density lipoprotein cholesterol, glucose, hemoglobin Alc, vitamin
B12, blood urea nitrogen, creatinine, estimated glomerular filtration
rate, aspartate transaminase, and alanine aminotransferase were also
measured.

Magnetic resonance imaging and volumetric analysis

Brain MRI scans (3D-T1 and T2 fluid-attenuated inversion recov-
ery [FLAIR] imaging) were performed using a 1.5-tesla scanner
(Magnetom; Siemens Medical Systems, Erlangen, Germany).
FLAIR sequences were obtained using the following parameters:
TR, 9000 ms; TE, 104 ms; TI, 2500 ms; slice thickness, 4.0 mm;
and gap, 0.0 mm. For quantitative analysis of WMH volumes,
FLAIR images were registered. WMH was defined as the presence
of hyperintensity in the white matter area. PVH and DWMH
lesions were outlined by a neurologist, using the semiautomated
freeware 3D-slicer, which is a freely available, open-source soft-
ware package for the visualization, registration, segmentation, and
quantification of medical data (http://www.slicer.org)."" Further-
more, intracranial volumes (ICVs) were calculated on 3D-T1
using the Voxel-based morphometry, which was implemented in
Statistical Parametric Mapping (SPM8, Wellcome Institute of
Neurology, University College London, UK), and the ratios (%) of
PVH and DWMH volumes to ICV were used for rating white mat-
ter abnormalities. For assessing regional PVH and DWMH (rPVH
and rDWMH), rPVH and rDWMH volumes in each per-
iventricular parcellated region within bilateral areas of the cornu
frontale, pars parietalis, cornu occipitale, and pars temporalis/
lobar; and within bilateral areas of the frontal, parietal, occipital

© 2021 The Authors. Geriatrics & Gerontology International

Table 1 Demographic, clinical, and blood biochemistry data of
MCI and NC subjects

MCI (n=38) NC (n=10)
Sex (M/F) 13/25 SIS
Age 774456 76.5 + 6.2
Education (years) 13.4+23 144+ 1.6
MMSE 27.3 £ 1.6* 28.7+ 0.9
FAB 13.0 £ 2.2% 149 +£2.0
TMT-A (seconds) 52.7 £20.8 42.2 +12.6
TMT-B (seconds) 156.9 + 80.8*  102.5 + 39.6
WMS-R-Logical Memory 13.6 £ 6.7 15.5+£5.9

(immediate)

VF (category) 14.5 £ 3.4 15.9 £ 3.4
GDS-15 3.8 £3.1* 1.7+ 1.4
HbAlc (%) 5.9+04 6.1+0.5
T-Cho (mg/dL) 205.0 £33.6 1872+ 17.6
LDL-Cho (mg/dL) 113.1 £26.0 103.4+17.6
eGFR (mL/min/1.73 m?) 66.2 £ 134 67.5 £18.9
Cystatin C (mg/L) 1.0+ 0.2 1.1+03
25(OH)VitD (ng/mL) 25.0 +11.9 19.9 £ 6.1
Homocysteine (nmoL/mL) 10.5 + 3.5 9.4+ 2.8
Systolic blood pressure (mmHg) 133.7 £17.4 132.2+£13.9
Diastolic blood pressure (mmHg) ~ 73.7 + 13.6 74.8 £11.1
Hypertension, 7 (%) 21 (SS) 2 (20)
Diabetes mellitus, 7 (%) 7 (18) 3 (30)
Dyslipidemia, 7 (%) 20 (53) 4 (40)
Coronary artery disease, 1 (%) 3 (8) 1 (10)

#P < 0.05 between MCI and NC.

25(OH)VitD, 25-hydroxyvitamin D; eGFR, estimated glomerular filtra-
tion rate; FAB, Frontal Assessment Battery; GDS, Geriatric Depression
Scale; HbAlc, hemoglobin Alc; LDL-Cho, low-density lipoprotein
cholesterol; MCI, mild cognitive impairment; MMSE, Mini Mental
State Examination; NC, normal control; T-Cho, total cholesterol;
TMT, Trail Making Test; VF, verbal fluency; WMS-R, Wechsler
Memory Scale-Revised.

and temporal lobes were calculated. These regions were manually
parcellated in a template image, which was used in automated
WMH extraction analysis.'? The parcellated regions were mapped
onto individual brains using the nonlinear warping parameter cal-
culated from the automated process. Correlations between rPVH
and rDWMH volumes to ICV ratio (%) and cognitive function,
and blood levels of various molecules, r were investigated. Fur-
thermore, rPVH and rDWMH volumes were compared between
MCI patients with vascular risk factors, such as HT, DM, and DL,
and MCI patients without these risk factors.

Statistical analysis

Demographic and laboratory data were calculated as means + SD.
Statistical analyses (the Student ¢-test, Pearson test, linear multiple
regression analysis, and analysis of covariance [ANCOVA]) were
performed using SPSS 26.0 software.

Results

A summary of the comparisons of subject characteristics is shown
in Table 1. There were significant differences between the MCI
group and the NC group with regard to scores on neuropsycho-
logical tests, such as MMSE, FAB, TMT-B, and GDS-15. Table 2
shows a comparison of total/regional PVH and DWMH volumes
with ICV ratio between the MCI group and the NC group. In
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Table 2 Comparison of ratios of total WMH and regional WMH volume to ICV between MCI and NC patients

Location of WMH MCI (n = 38) NC (n = 10)

WMH volume to ICV ratio (%) WMH volume to ICV ratio (%)
Total PVH 0.70 £ 0.60 0.45 + 0.46
Total DWMH 0.30 + 0.70 0.20 + 0.37

L. periventricular cornu frontale
R. periventricular cornu frontale
L. periventricular pars parietalis
R. periventricular pars parietalis
L. periventricular cornu occipitale
R. periventricular cornu occipitale
L. periventricular pars temporalis
R. periventricular pars temporalis
L. frontal lobe

R. frontal lobe

L. temporal lobe

R. temporal lobe

L. parietal lobe

R. parietal lobe

. occipital lobe

R. occipital lobe

-

1.24 #1071 + 1.11 *107!
1.31 107! + 1.14 *10 "
2.14 %107 £ 2.15 *107}
2.16 *107" £+ 2.43 *107!
1.29 #1071 + 1.66 *10~!
1.34 %1071 + 1.74 *10~"
6.66 #1073 £ 0.11 *107!
5.99 #1072 £ 0.11 *107!
2.67 *1072 £ 5.02 *1072
2.73 #1072 + 4.87 #1072
6.12 *10™* + 3.40 *10°
9.49 #10™* + 3.71 *1073
7.10 *107% £ 1.98 *1072
7.69 *107% £ 2.30 *102
423 *107° £ 1.82 *107*
1.78 *10~* + 7.77 *10~*

0.85 #1071 + 0.94 *107!
0.77 *10~" + 0.85 *107!
1.34 *107! + 1.83 *10~"
1.35 #107% + 1.70 *107!
0.79 *1071 £+ 1.44 107!
0.91 *107" £ 1.48 *107!
2.84#107% £ 5.15 *107°
4.66 *107> + 8.56 #1073
1.58 *1072 + 3.09 #1032
2.23 #1072 + 3.30 *1072
7.34%107° £ 2.32 *107*
9.54 *10~° + 3.02 *10~*
1.38 #1072 £ 2.17 #1073
1.11 *107% £ 1.49 *10°3

<1.0 *107°

<1.0 *10~°

DWMH, deep white matter hyperintensities; ICV, intracranial volume; L, left; MCI, mild cognitive impairment; NC, normal control; PVH, per-
iventricular hyperintensities; R, right; WMH, white matter hyperintensities.

Table 3 Measurements associated with ratios of regional WMH volume to ICV in MCI patients

Measurements L. cornu frontale vol. R. cornu frontale vol. L. pars L. cornu R. cornu
parietalis vol. occipitale vol. occipitale vol.
Coefficient/P Coefficient/P Coefficient/P Coefficient/P Coefficient/P
TMT-A 0.37/0.03* 0.43/0.01* 0.42/0.01* 0.38/0.03* 0.41/0.02%
TMT-B 0.16/0.37 0.19/0.28 0.35/0.04* 0.35/0.04* 0.35/0.04*
Cystatin C 0.40/0.01* 0.36/0.03* 0.33/0.04* 0.32/0.05* 0.29/0.07

*P < 0.05, significant correlation with ratio of regional WMH volume to ICV.

ICV, intracranial volume; L, left; MCI, mild cognitive impairment; R, right; TMT, Trail Making Test; WMH, white matter hyperintensities.

Table 2, the ratio of PVH and DWMH volumes to ICV in every
region is greater in the MCI group than in the NC group, but
there are no statistically significant differences. Table 3 shows that
the ratio of the rPVH volume (bilateral areas of the cornu frontale,
pars parietalis, and cornu occipitale) to ICV is significantly corre-
lated with only TMT-A/B scores and CysC level by Pearson analy-
sis. Although the results are not shown, none of the rDWMH
volumes are correlated with any of the items. Table 4 shows the
correlations between rPVH and rDWMH volume ratios and the
blood levels of various molecules, calculated by multiple linear
regression analysis. rPVH volume (bilateral cornu frontale and left
cornu occipital) and rDWMH volume (left parietal lobe) were
found to correlate positively with CysC level. Table 5 shows a
comparison of the ratios of total and regional PVH and DWMH
volumes to ICV between MCI patients with each vascular risk fac-
tor and those without, after adjusting for age and the presence of
other vascular risk factors, i.e., HT, DM, and DL, using
ANCOVA. rPVH volumes (right cornu frontale, bilateral pars
parietalis and cornu occipitale, and right pars temporalis) and
rDWMH volumes (left frontal and parietal lobes) were signifi-
cantly larger in MCI patients with DM than in those without DM,
but the other risk factors showed no effect.
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Discussion

In this study, we found that rPVH and rDWMH volumes in the
MCI group were not statistically significantly different from those
of the NC group, although every rPVH and rDWMH volume in
the MCI group was greater than that of the NC group. The associ-
ation between cerebrovascular disease and AD has been reported
in many recent studies, including those in which autopsies were
performed.>'® The present study is an extension of our previous
study, in which we showed the association between whole PVH
volume and frontal lobe dysfunction in patients with amnestic
MCI, by demonstrating the association of rWMH volumes with
cognitive dysfunction and vascular risk factors.® We found a sig-
nificant positive correlation between rPVH volumes (bilateral areas
of the cornu frontale, pars parietalis and cornu occipitale) and
TMT-A/B scores and CysC level, whereas rDWMH volumes did
not correlate with any of the items. The association of rPVH
volumes with attention and executive dysfunction in the present
study was consistent with the results of our previous study on
whole PVH and DWMH volumes.® Therefore, we believe that the
present results demonstrate more clearly that attention and execu-
tive dysfunction are associated more closely with PVH volume

© 2021 The Authors. Geriatrics & Gerontology International
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than with DWMH volume in patients with MCI. However, we
have not investigated other parameters, such as visuospatial
cognition. Therefore, not only attention and executive dysfunc-
tions but also some other types of cognitive dysfunction may be
associated with riWMH volumes. PVH has been reported to be
affected not only by ischemic changes but also by increased
fluid accumulation and reduced integrity of the ventricular
ependyma, which might be associated with blood-brain barrier
breakdown.®'*'® Furthermore, the periventricular region has
been reported to include functionally important cholinergic
neural pathways, and PVH may exacerbate pre-existing cholin-
ergic deficits, particularly in AD.*'®'7 However, we do not
have a reasonable explanation regarding the effect of the loca-
tion of rPVH on cognition, because there have been few studies
to date showing the associations of rWMH with cognitive dys-
function in MCL.'®

We found a significant positive correlation between some
rPVH volumes and serum CysC level, which was also consistent
with the results of our previous study.® Therefore, we believe that
our present study has clearly demonstrated that CysC plays direct
roles in the pathological mechanisms of the brain, such as white
matter abnormalities and AD pathologies, and is not just associ-
ated with renal impairment.®'*=! Finally, we found that among
the various vascular risk factors, only DM was significantly associ-
ated with larger rPVH volumes (right cornu frontale, bilateral pars
parietalis and cornu occipitale, and right pars temporalis) and
rDWMH volumes (left frontal and parietal lobes) in MCI patients,
and the other risk factors had no effect, when measurements were
made under well-controlled conditions. Although associations
between the location of rWMH and DM have not been clarified
to date, even in diffusion tensor imaging studies,?* several studies
have shown the association between DM and WMH volume.?***
Furthermore, the incidence of all types of dementia has been
demonstrated to be higher in individuals with DM than in those
without,?® and the progression of WMH is associated with accel-
erated cognitive decline in patients with type 2 DM.?*?” On the
other hand, a reduction in the rate of conversion from MCI to
dementia, and the improvement of cognition, even in dementia
patients, has been reported to be possible using the appropriate
therapies and care.?®>° Considering the above, a better under-
standing of the underlying mechanism of amnestic MCI using
assessments of WMH volume, serum CysC level, and vascular
risk factors, particularly DM, will be important to establish appro-
priate treatment strategies for the prevention of the conversion
from MCI to dementia.

This study has some limitations. First, the analyses were
based on data obtained at one time point, namely at the initial
visit. Therefore, we are planning to perform longitudinal ana-
lyses regarding the association between rWMH progression
and cognitive decline. Second, we excluded subjects showing
severe white matter abnormalities, and hence the results
should be interpreted with caution. Third, the underlying
pathology of the MCI patients was not confirmed in the pre-
sent study. However, neuroimaging data were used as part of
the diagnostic process. In particular, decreases in rCBF in the
parietotemporal association cortex on SPECT have been rec-
ognized as a diagnostic pattern of MCI caused by AD.® There-
fore, we are confident that most of the MCI patients in the
present series did indeed have AD pathology.

In conclusion, PVH volumes (bilateral areas of the cornu
frontale, pars parietalis, and cornu occipitale) were closely associ-
ated with attention and executive dysfunction. Both serum CysC
level and the presence of DM were associated with WMH
volume, which suggests that CysC level and the presence of DM
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might be useful markers for determining treatment strategies for
white matter abnormalities in amnestic MCI patients.
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