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Background: A comprehensive visual rating scale (CVRS) using brain magnetic resonance imag-
ing (MRI) was previously developed to evaluate structural changes in the brains of older patients.
This study investigated the usefulness of the CVRS in predicting dementia with Alzheimer disease
(AD) in patients with prodromal AD. Methods: We included 189 patients with prodromal AD with
available data from the Alzheimer's Disease Neuroimaging Initiative study. We assessed all pa-
tients using CVRS and assessed their progression to AD dementia over 3 years of longitudinal fol-
low-up. Survival analysis was performed using the Cox proportional hazards model to analyze
the hazard ratios of the CVRS for progression to AD dementia. Results: Among 189 patients with
prodromal AD, 61 (32.3%) progressed to dementia. The mean baseline CVRS scores differed sig-
nificantly between the stable and progressive groups (9.9+5.1 vs. 12.4+4.9; p=0.002). An initial
high CVRS score was an independent risk factor for the progression to AD dementia (hazard ra-
tio=1.110; 95% confidence interval, 1.043-1.182). Conclusion: The baseline CVRS score predicted
the progression to dementia in patients with prodromal AD, indicating its independent associa-

tion with longitudinal cognitive decline.
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INTRODUCTION

Alzheimer disease (AD) is the most common neurodegenerative
disease that causes dementia. Mild cognitive impairment (MCI), a
prodromal stage of dementia, is characterized by cognitive dys-
function without definite functional deficits. Prodromal AD is de-
fined as MCI with positivity for an AD biomarker, such as amyloid
deposition, on positron emission tomography (PET) imaging.l) In
clinical practice, there is an increasing need for biomarkers to as-
sess patients at high risk of progression to AD dementia among pa-
tients with prodromal AD?

Through the in vivo visualization of cerebral structural changes,
brain magnetic resonance imaging (MRI) is commonly used for
the identification of AD and MCL” The diagnostic criteria include
cerebral atrophy in brain MRI as a neurodegenerative marker of

AD.”” As MCl is usually associated with various pathologies,(’) the
development of neuroimaging biomarkers to simultaneously re-
flect neurodegeneration and vascular injury is required.

A comprehensive visual rating scale (CVRS) using brain MRI
was developed to assess structural changes occurring due to cere-
bral atrophy and vascular lesions.” The CVRS integrates preexist-
ing visual rating scales such as cortical atrophy, hippocampal atro-
phy, ventricular enlargement, and small vessel disease.” The CVRS
was previously validated for individuals with AD, MCI, and nor-
mal cognition. It was found to indicate structural changes in the
brains of patients with AD and MCI and was significantly correlat-
ed with the results of neuropsychological tests.” In addition, this
scale was used to predict disease progression and its relationship to
cognitive decline in longitudinal follow-ups of subjects with mcCrL?
Consistent with previous studies, this longitudinal follow-up study
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evaluated the usefulness of the CVRS in predicting the progression
to AD dementia in patients with prodromal AD.

MATERIALS AND METHODS

Study population

We downloaded data for this study from the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) database (http://adniloni.usc.
edu/). The principal investigator, Michael W. Weiner started the
ADNI in 2003 as a public-private partnership. The primary aim of
the ADNI is to determine whether the combination of serial bio-
logical markers and clinical and neuropsychological tests can be
used to measure the progression of AD and MCI. The study pro-
cedures were approved by the Institutional Review Board of the
Kangwon National University Hospital (No. KNUH-2020-04-
015) and written informed consent was obtained from all partici-
pants or their authorized representatives. The detailed protocols
regarding informed consent of the ADNI subjects and current in-
formation can be found on the ADNI webpage (http://adniloni.
usc.edu/).

‘We downloaded the data included in this study from the ADNI
database on June 20, 2020. We included patients with prodromal
AD who underwent a baseline MRI scan. The primary outcome
was progression to AD dementia during a follow-up period of 36
months. This study finally included 189 patients with prodromal
AD from the ADNI cohort.

MCI was diagnosed based on the presence of objective memory
impairment without meeting the criteria for dementia. All subjects
had a Mini-Mental State Examination (MMSE) score of >24, a
CDR memory score of > 0.5, a global Clinical Dementia Rating
(CDR) score of 0.5, and a score for the delayed recall from Story A
of the Wechsler Memory Scale-Revised of <2 (0-7 years of edu-
cation), <4 (815 years of education) or <8 (> 16 years of educa-
tion).” The diagnosis of dementia at follow-up was based on the
presence of memory complaints, a global CDR score of > 0.5, and

significant impairments in objective cognition and ADL.

Table 1. Composition of the comprehensive visual rating scale

MRI

All subjects underwent imaging studies using a 3-T MRI scanner
(GE, Philips, or Siemens). Various ADNI sites collect data using a
standardized MRI protocol to evaluate and compare three-dimen-
sional T1-weighted sequences (http:/ /adni.loni.usc.edu/meth-
ods/documents/mri-protocols/ ). MRI data were acquired and
processed according to a standard protocol.lo) We downloaded
preprocessed T1-weighted magnetization-prepared rapid gradi-
ent-echo (MP-RAGE) MR images, T2 star-weighted images, and
fluid-attenuated inversion recovery images from the database.

CVRS
The CVRS includes the hippocampal atrophy, cortical atrophy,
subcortical atrophy (ventricular enlargement), and small vessel
disease scales, which summarize degenerative or vascular injury of
the pathologic brain (Table 1).""’ A previous study described the
details of each scale.” The CVRS integrates validated scales to
quantify the effects of various brain deficits, thus producing a scale
score ranging from 0 to 30, with higher scores indicating more
deficits.

Neurologists (Jae Kyung Chung) who were blinded to the clini-
cal and demographic information performed the visual rating us-

ing a template.

Pathologic changes in AD

The presence of amyloid by positron emission tomography (PET)
was used to confirm the pathologic changes in AD. The mean stan-
dard uptake value ratio (SUVR) of 18F-AV-4S5 PET was deter-
mined for each subject. An SUVR threshold of > 1.10 was used to
define amyloid positive (AB+) status according to the ADNI study
using the composite volume of interest (VOI) SUVR with the
highest accuracy for discriminating between patients with AD and

cognitively normal subjects.'”

Neuropsychological tests
Neuropsychological tests such as the MMSE, CDR-sum of boxes
(CDR-SOB), and Alzheimer’s Disease Assessment Scale-cognitive

Adopted or modified scales

Scale range

Hippocampal atrophy Scheltens’ scale for coronal image' K 0-8 (bilaterally)
Kim and Jung’s scale for the Axial imagem)

Cortical atrophy Victoroff’s scale for frontal and temporal lobe'” 0-9
Koedam’s scale for parietal lobe'"!

Subcortical atrophy Donovan's scale for the anterior and posterior horn of the lateral ventricle'*) 0-6

Small vessel disease Modified Fazekas and Scheltens’ scale for white matter hyperintensity'” 0-3
Lacunes and microbleeds: the total number was graded 0-4
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subscale (ADAS-cog)lg) were performed at baseline and annual

follow-ups over 3 years.

Statistical analysis

We used independent t-test and chi-square test for continuous and
categorical variables, respectively, to analyze group differences. We
evaluated the hazard ratios (HRs) of baseline demographics, neu-
ropsychological tests, and CVRS using univariate Cox regression
analysis using follow-up time by yearly intervals as the time vari-
able and progression to AD dementia as the status variable. To de-
termine whether the CVRS was significantly associated with pro-
gression to AD dementia, we used Kaplan-Meier plots based on
“high” and “low” CVRS according to the maximally selected rank
statistics.” We applied multivariate Cox analysis to confirm the in-
dependent determinants of AD dementia progression with rele-
vant covariates. The retention threshold was p <0.2 in univariate
Cox regression and also included clinically important variables.
The MMSE and ADAS-cog scores were highly correlated and
were divided into Models 1 and 2.

Statistical significance was defined as p < 0.0S. Statistical analy-
ses were performed using R version 4.0.2 (The R Foundation for
Statistical Computing, 64-bit platform). Cox regression analysis
was performed using the survival package,zo) while the optimal
cutoff points of continuous variables in the “survival” analysis were
determined using the “maxstat” package.w) Graphics were created

using the “ggplot2” package.””

RESULTS

This study included 189 patients with prodromal AD. Their mean
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age was 72.6 years and 86 (45.5%) were female. A total of 122 pa-
tients (64.5%) had at least one APOE ¢4 allele. We observed that
61 patients (32.3%) progressed to dementia, while 128 patients
did not, during a follow-up period of 36 months. The baseline
characteristics based on the progression to dementia, categorized
as stable or progressive prodromal AD, are presented in Table 2.
Patients with prodromal AD that progressed to dementia had
poorer cognitive performance and CVRS scores at baseline.

Subjects with higher CVRS scores (> 16 points) had a signifi-
cantly higher HR for progression to AD dementia in the univariate
Cox regression analysis (HR =1.089; 95% confidence interval
[CI], 1.034-1.146) (Fig. 1, Table 3). The rate of progression to
AD dementia was significantly higher in APOE &4 carriers. Poor
baseline cognitive tests, as indicated by MMSE, CDR-SOB, and
ADAS-cog subscale 11 (ADAS-cog 11) scores, were significantly
associated with progression to AD dementia.

Multivariate Cox analysis included clinical (age, sex, level of edu-
cation) and statistically relevant variables (APOE ¢4 allele, MMSE,
ADAS-cog 11, CDR-SOB, and CVRS) (Table 3). Owing to the
high correlation between the ADAS-cog and MMSE scores, we
analyzed them as Models 1 and 2, respectively. The adjusted co-
variates did not change the significance of the HRs of CVRS
(HR=1.110; 95% CI, 1.043-1.182 for Model 1 and HR = 1.084;
95% CI, 1.014-1.159 for Model 2). However, we did not observe
significant relationships between baseline MMSE, APOE ¢4, and
AD dementia progression after adjusting for other covariates. We
examined the receiver operating characteristic curve and area un-
der the curve (AUC) to determine the utility of the CVRS for the
prediction of prodromal AD compared to each subscale (Table 4).
The AUC of the CVRS was higher than that of the other subscales.

Table 2. Baseline characteristics of patients with prodromal Alzheimer disease

Stable group (n=128) Progressive group (n=61) Total (n=189) p-value

Age (y) 72.6+6.5 72.5+7.0 726+6.7 0933
Sex, female 57(44.5) 29 (47.5) 86 (45.5) 0816
Education (y) 16.3+2.8 16.5+2.6 16.3+2.7 0.650
APOE ¢4 carriers 77 (60.2) 45(73.7) 122 (64.5) 0.179
CDR-SOB 1.3+0.8 22+1.0 1.6+1.0 <0.001
ADAS-cog 11 8.6+3.6 13.1+48 10.1+£4.5 <0.001
MMSE 280+1.7 274+£19 27.8+18 0.028
CVRS (total) 9.9+5.1 12.4+49 10.7+5.1 0.002
Hippocampal atrophy 29+£20 39+£18 32+20 0.001
Cortical atrophy 3.6£22 4.7+22 39+22 0.002
Subcortical atrophy 21+£14 27+14 23%14 0.019
Small vessel disease 1.3+1.0 12+1.1 12+1.0 0471

Values are presented as meanzstandard deviation or number (%).

CDR-SOB, Clinical Dementia Rating sum of boxes; ADAS-cog, Alzheimer’s Disease Assessment Scale cognitive subscale; MMSE, Mini-Mental State

Examination; CVRS, Comprehensive Visual Rating Scale.

Ann Geriatr Med Res 2021[Epub ahead of print]



4 Jae Kyung Chung et al.

— CVRS <16 ---CVRS >16
Z  1.007 S
i T :
< 0.75 |
I
= 050+
< 0804
=
g 0257, 00001
w
0.00 r r r
12 24 36
Time (mo)
CVRS <16
161 141 15 80
CVRS >16 21 15 7
T T T
12 24 36
Time (mo)

Fig. 1. Cox proportional hazards model for progression to Alzheimer disease (AD) dementia in patients with prodromal AD according to
comprehensive visual rating scale (CVRS) score: low, <16 points; high, >16 points.

Table 3. Univariate and multivariate Cox regression analysis

o i Multivariate analysis
Univariate analysis
Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Age 1.001 (0.963-1.041) 0.951 0.977 (0.929-1.028) 0.371 0.953 (0.905-1.003) 0.065
Male 0.909 (0.550-1.503) 0.711 0.678 (0.378-1.217) 0.193 0.709 (0.391-1.285) 0.256
Education 1.035 (0.943-1.136) 0.473 1.109 (0.999-1.232) 0.051 1.083 (0.977-1.201) 0.129
APOE ¢4 carrier 1.425 (1.001-2.029) 0.049 1.310 (0.866-1.984) 0.202 1.310 (0.875-1.961) 0.189
MMSE 0.848 (0.741-0.971) 0.017 0.866 (0.741-1.012) 0.071 NI NI
ADAS-cog 11 1.221 (1.159-1.285) <0.0001 NI NI 1.177 (1.110-1.247) <0.0001
CDR-SOB 2.163 (1.715-2.727) <0.0001 2.166 (1.684-2.786) <0.0001 1.847 (1.420-2.401) <0.0001
CVRS 1.089 (1.034-1.146) 0.0012 1.110 (1.043-1.182) 0.001 1.084 (1.014-1.159) 0.0186

CDR-SOB, Clinical Dementia Rating sum of boxes; MMSE, Mini-Mental State Examination; CVRS, Comprehensive Visual Rating Scale; NI, not included.
Model 1: adjusted for age, sex, education, APOE ¢4 carrier, MMSE, CDR-SOB, and CVRS.
Model 2: adjusted for age, sex, education, APOE &4 carrier, ADAS-cog 11, CDR-SOB, and CVRS.

Table 4. AUC comparisons of subscales between progressive and stable MCI

Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC 95% CI
CVRS 639 594 429 77.6 0.642 0.558-0.726
Hippocampal atrophy 787 484 421 827 0.636 0.568-0.703
Cortical atrophy 574 64.1 43.2 75.9 0.635 0.551-0.719
Subcortical atrophy 63.9 562 41.1 76.6 0.610 0.526-0.694
Small vessel disease 73.8 352 352 73.8 0.548 0.464-0.632

AUC, area under the curve; MCI, mild cognitive impairment; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval; CVRS,

Comprehensive Visual Rating Scale.

DISCUSSION

We assessed the effects of baseline cerebral structural abnormali-
ties evaluated by CVRS on the progression to AD dementia

among older patients with prodromal AD. The important finding
of the study was that patients with prodromal AD with higher
baseline CVRS were more likely to progress to AD dementia
during the 3-year follow-up. The early identification of prodromal
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AD with a high risk of progression to dementia may allow preven-
tive intervention.”” CVRS scores for prodromal AD could help
identify patients who are most likely to be referred for intensive
preventive care to slow further cognitive decline.””

The CVRS is composed of cerebral atrophy (23 points) and
small vessel disease (7 points) scales, totaling 30 points. Therefore,
the CVRS mainly reflects cerebral atrophy in brain MRI, which is a
biomarker of neuronal injury or neurodegeneration. Approximate-
ly one-quarter of the CVRS comprises scores for small vessel dis-
ease, including white matter hyperintensities, lacunar infarcts, and
microbleeds. Mixed pathologies, including neurodegenerative and
cerebrovascular diseases, have been shown to important for AD
dementia in clinical-pathological studies.””’ MCI has also been ob-
served in approximately 60% of individuals in combination with
vascular pathologies.

Visual scales are more feasible in outpatient clinics because they
can be applied without using specific software.””” Therefore, visu-
al rating scales such as the CVRS are useful for evaluating subjects
in primary clinics, whereas automated analyses are more appropri-
ate for specific research for group analyses in longitudinal stud-
es.””

Some visual rating scales such as Scheltens” hippocampal atro-
phy scale11) have been widely used for AD diagnosis and predic-
tion,m) while other scales have little impact without subsequent
replication.27) The CVRS suggests a unified integration of various
validated scales related to neuronal and small vascular injury, while
others have only assessed a single scale for specific diseases.”” Our
findings were consistent with those of previous studies on the vali-
dation and correlation of the CVRS with cognitive measures.”

Our study was limited by the inclusion of prodromal AD sub-
jects as defined by amyloid positivity at baseline from the ADNI
cohort, which may have resulted in selection bias. Amyloid PET is
increasingly used in clinical practice to focus on study populations
comprising prodromal AD rather than heterogeneous MCI sub-
jects. Additionally, the CVRS includes visual rating scales that re-
quire experienced clinicians. To address this issue, we provided rat-
er template images for use as a reference for the closest MRI imag-
es of the subjects.

In conclusion, the results of this study showed that baseline
CVRS scores in patients with prodromal AD were independently
associated with progression to AD dementia across a 3-year fol-
low-up period. This finding suggests that the CVRS can be used to
predict progression in patients with prodromal AD.
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