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ABSTRACT

Background and Purpose: To identify biomarkers for prediction of the progression to 
dementia in mild cognitive impairment (MCI) patients, evaluation of brain structure changes 
has been validated by a comprehensive visual grading scale (CVRS) through magnetic 
resonance imaging (MRI). In this study, we specifically elucidated for the cognitive change of 
MCI patients classified based on AT(N) pathological status classification during the follow-up 
period of 3 years through the CVRS.
Methods: The 301 patients with initial MCI visited at least once for follow-up period. The data 
used in this study were obtained from the Alzheimer's disease (AD) Neuroimaging Initiative 
study. Brain atrophy was assessed by CVRS using MRI. AT(N) profiles were classified by 
cerebrospinal fluid abnormality. Based on the AT(N) assessment, all individuals in this study 
were divided into 3 groups (normal state biomarker, suspected non-Alzheimer's pathology 
[SNAP], or Alzheimer's continuum). The cox regression was used to analyze the hazard ratios 
of CVRS for progression to dementia.
Results: Sixty-three progressed and 238 remained stable to dementia and the CVRS 
(mean±standard deviation) had significant difference between progressive MCI and stable 
MCI (p<0.001). Univariate and multivariate cox regression results (p<0.001) showed the 
independence of initial CVRS as a predictor for the progression to dementia. Moreover, 
comparing the classified AT(N) pathology group, SNAP and AD, effectiveness of CVRS as a 
predictor was verified only in Alzheimer's continuum.
Conclusions: The initial CVRS score as a predictor of dementia progression was 
independently validated at the stage of Alzheimer's progression among AT(N) pathologically 
differentiated MCI.
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INTRODUCTION

Mild cognitive impairment (MCI) is the state of transition between normal cognitive function 
and dementia.1 It is important to assess risk factors for dementia in patients with MCI since 
interventions that modify disease progression and prepare the patient for future clinical trials 
can be implemented at an early stage.2,3 Clinical symptoms of MCI, known as the long-term pre-
dementia stage, are associated with a variety of trajectories, of which about 15% may progress to 
dementia annually.4-6 According to longitudinal research, dementia progression can be predicted 
in patients with MCI through neuroimaging or cerebrospinal fluid (CSF) biomarkers.7 The AT(N) 
system has recently been used to categorize MCI according to pathophysiological changes in 
amyloid-β (Aβ), pathological tau, and neurodegeneration.8 Aβ (labeled as A), pathologic tau 
(labeled as T), and neurodegeneration (labeled as N) can be detected simultaneously using CSF 
at clinical stages.9,10 Patients can be classified into a normal state biomarker group (A−T−(N)−), 
suspected non-Alzheimer's pathology group (SNAP; A−T+(N)−, A−T−(N)+, and A−T+(N)+), 
or an Alzheimer's continuum group (A+T−(N)−, A+T+(N)−, A+T−(N)+, and A+T+(N)+) based 
on these CSF biomarkers. Brain magnetic resonance imaging (MRI) can be used to detect 
cerebral structural changes and to perform quantitative analyses to predict future cognitive 
decline.11 The National Institute on Aging-Alzheimer's Association has adopted structural MRI-
confirmed atrophy as a neurodegenerative marker of dementia in addition to increased CSF tau, 
hypometabolism on [18F]-fluorodeoxyglucose positron emission tomography (PET), or a positive 
tau PET.12-14 To obtain a complete understanding and a quantified visual rating of structural 
changes in the brain, such as atrophy and cerebrovascular lesions, a comprehensive visual rating 
scale (CVRS) has been developed.15 CVRS can be applied to specialized clinical stages and has 
been shown to predict progression from MCI to dementia through revealing structural changes in 
the brain. Moreover, CVRS has been shown to be significantly correlated with neuropsychological 
examination results, such as the Clinical Dementia Rating-Sum of Boxes (CDR-SB) and the Mini-
Mental State Examination (MMSE).15 However, pathological characteristics of the patients were 
not considered for CVRS. In addition, whether this scale can be used along with CSF biomarkers 
to predict progression from MCI to dementia over time is unclear.

In this study, we hypothesized that the predictive ability of CVRS would change depending on 
the patient's initial pathologic status. We used the CVRS score as a predictor of progression 
from MCI to dementia during a follow-up period lasting up to 36 months in 3 patient groups 
with initial AT(N) classifications based on CSF biomarkers. The patient groups were as 
follows: normal state biomarkers, SNAP, and Alzheimer's continuum.

METHODS

Ethics statement
The study procedures were approved by the Institutional Review Board of the Kangwon 
National University Hospital (No. KNUH-2020-04-015). We did not have access to any 
identifying participant data. All participant data were downloaded from the Alzheimer's 
Disease Neuroimaging Initiative (ADNI) website (http://adni.loni.usc.edu/wp-ontent/
uploads/how_to_apply/ADNI_Acknowledgement_List.pdf ) and the procedures were 
approved by the institutional review boards of all the participating centers.

In addition, all participants and authorized representatives signed informed consents. 
Detailed consent protocols can be obtained at the ADNI website (http://www.adni-info.or).
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Subjects
Patient data used in this study were obtained from the ADNI database (adni.loni.usc.edu) and 
downloaded on December 21, 2017. The ADNI was launched as a public-private partnership, 
led by the principal investigator Michael W. Weiner, MD and includes biological, clinical, 
demographic, and nutritional information about the patients. The primary goal of the 
ADNI has been to test whether serial MRIs, PETs, other biological markers, and clinical and 
neuropsychological assessments can be combined to determine the progression of MCI and 
early Alzheimer's disease (AD).

Data from a total of 301 patients from the ADNI1, 2, and GO cohort were used in this study. 
We included patients who were initially diagnosed with MCI, and who underwent an MRI 
and CSF biomarker test at baseline and again during at least one follow-up visit. The primary 
result of this study was the assessment of patient progression from MCI to dementia during 
the follow-up period, which lasted up to 36 months. Of all the patients studied, 63 progressed 
to dementia within 36 months and 238 had stable MCI throughout the follow-up period.

A clinical diagnosis of MCI was defined as the presence of objective memory impairment 
without meeting the criteria for dementia. Namely, for participants included in this study, 
information on CSF biomarkers and CVRS scores, which showed atrophic brain structures at 
baseline, and longitudinal neuropsychological markers such as MMSE and CDR-SB scores, 
which were used to evaluate the patient at baseline and then annually for up to 3 years, were 
available. Inclusion criteria for all patients were: an MMSE score of 24 or higher, a global 
CDR score of 0.5 or higher, a CDR memory score of 0.5 or higher, and a score indicating 
impairment on the delayed recall of Story A of the Wechsler Memory Scale-Revised (16 
years of education: 8; 8–15 years of education: 4; 0–7 years of education: 2).16 A diagnosis 
of dementia at follow-up was made when, in conjunction with the presence of complaints 
regarding memory, the patient had a CDR score of 0.5 and significant impairments in 
objective cognitive measurements and in activities of daily living. Individuals with AD met 
the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's 
Disease and Related Disorders Association criteria for probable AD.17 Demographic and 
clinical variables are presented in Table 1.

CSF biomarker measurements
The standardized protocol for CSF analysis and sample collection for the ADNI is available 
elsewhere.17 In brief, baseline CSF Aβ1–42, total tau (t-tau), and tau phosphorylated at 
threonine 181 (p-tau) were measured using the Innogenetics immunoassay kit (INNO-BIA 
AlzBio3; Innogenetics, Ghent, Belgium) and the multiplex Xmap Luminex platform after 
executing the quality control studies and organizing the validity of the platform. Using 
this system, we were able to perform a logistic regression model for Aβ1–42, t-tau, and 
the apolipoprotein E (APOE) ε4 allele to determine the best assessment and biomarker 
measurements for the ADNI patients in the same sample simultaneously and match them to 
the autopsy-confirmed AD cases based on age.18

Classification of the AT(N) profiles and subjects
In this study, AT(N) profiles were classified as abnormal when the test result was positive, 
with a CSF Aβ1–42 less than 192 pg/mL classified as A+, a p-tau181p cutoff value greater than 
23 pg/mL classified as T+, and a t-tau greater than 93 pg/mL classified as N+.17,19 Based on 
the AT(N) assessment using CSF biomarkers, all patients in this study were classified into 
3 groups (normal state biomarker, SNAP, or Alzheimer's continuum), where the normal 
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state biomarker was A−T−(N)−; SNAP included A−T+(N)−, A−T−(N)+, and A−T+(N)+; and 
Alzheimer's continuum included A+T−(N)−, A+T+(N)−, A+T−(N)+, and A+T+(N)+.

Structure and acquisition of MRI images
MRI images were acquired from all subjects using a 3T MRI scanner (GE, Siemens, or 
Philips). Data collection was conducted at multiple ADNI sites (http://adni.loni.usc.edu/
methods/documents/mri-protocols/) according to the MRI standard protocol that was 
developed by comparing and evaluating 3D T1-weighted sequences for morphometric 
analysis. MRI processes were performed per standard protocols.20 Pre-processed T1-W MRI 
images, fluid-attenuated inversion recovery images, and T2 star-weighted images were 
acquired from the ADNI database.

CVRS
The CVRS evaluates 4 structural features of the brain, namely hippocampal atrophy, cortical 
atrophy, ventricular enlargement (subcortical atrophy), and small vessel disease, and 
determines degenerative or vascular injury according to age (Fig. 1, Supplementary Table 1). 
For hippocampal and cortical atrophy, both coronal and axial rating scales as well as small 
vessel disease scales were used, which include subcortical white matter hyperintensities, 
lacunes, and microbleeds.20 These existing scales were adopted for the CVRS score and 
combined to quantify the effect of multiple brain deficits, thus yielding a scale with scores 
ranging from 0 to 30 (the higher the score, the greater the deficits). The visual rating 
assessment was conducted by 3 raters (Jae-Won Jang, Jeonghoon Park, and Seongheon Kim) 
who were blind to demographic and clinical information.11

Statistical analysis
We compared the groups (normal state biomarker, SNAP, and Alzheimer's continuum), 
which were divided according to baseline AT(N) profiles using CSF values. To examine 
variables between different groups, independent t-tests and χ2 tests were used for continuous 
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Table 1. Disease state demographics and clinical variable
Normal (n=62) SNAP (n=62) AD continuum (n=177) All (n=301) p-value*

Age (yr) 69.9±7.2 69.2±8.3 72.5±7.0 71.4±7.4 0.004
Sex 0.382

Male 30 (48.4) 30 (48.4) 100 (56.5) 160 (53.2)
Female 32 (51.6) 32 (51.6) 77 (43.5) 141 (46.8)

Education (yr) 16.1±2.5 16.3±2.8 16.4±2.6 16.3±2.6 0.504
APOE ε4 carriers 8 (12.9) 14 (22.6) 111 (62.7) 133 (44.2) <0.001
Cognition

CDR-SB 1.2±0.8 1.2±0.8 1.7±0.9 1.5±0.9 <0.001
MMSE 28.8±1.2 28.6±1.5 27.8±1.8 28.2±1.7 <0.001

CSF markers (pg/mL)
Aβ1–42 228.1±27.3 232.8±26.6 139.9±25.1 177.2±51.6 <0.001
CSF t-tau 17.0±3.9 35.6±11.2 50.3±24.0 40.5±23.3 <0.001
CSF p-tau 42.1±13.4 65.4±28.4 105.1±54.7 84.0±51.5 <0.001

Brain imaging
CVRS (total) 9.3±4.5 8.5±5.6 11.0±5.1 10.1±5.2 0.003

Hippocampal atrophy 2.8±1.9 2.5±2.0 3.3±2.0 3.1±2.0 0.023
Cortical atrophy 3.3±1.9 3.5±2.2 4.1±2.2 3.8±2.1 0.008
Subcortical atrophy 2.2±1.4 1.6±1.5 2.4±1.4 2.2±1.4 0.048
Small vessel disease 0.9±0.9 0.8±0.9 1.2±1.0 1.1±1.0 0.404
Values are presented as mean±standard deviation or number (%).
SNAP: suspected non-Alzheimer's pathology, AD: Alzheimer's disease, APOE: apolipoprotein E, CDR-SB: Clinical Dementia Rating-Sum of Boxes, MMSE: Mini-Mental 
State Examination, CSF: cerebrospinal fluid, Aβ: β-amyloid, t-tau: total tau, p-tau: tau phosphorylated at threonine 181, CVRS: comprehensive visual rating scale.
*Normal state vs. SNAP vs. AD continuum.
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variables and the Mann-Whitney U-test was used for continuous variables that did not have a 
normal distribution.

The hazard ratio (HR) of the CVRS was measured using baseline demographics and 
neuropsychological profiles through univariate and multivariate Cox regression analyses with 
the follow-up time as the time variable and progression to dementia as the status variable. 
To determine whether the CVRS score was correlated to the progression from MCI to 
dementia, the Kaplan-Meier survival curve was used. The cutoff value of 10 was determined 
by dividing the high CVRS and the low CVRS in dichotomy according to the top 50% of the 
CVRS score. To identify independent determinants of dementia progression using variable-
relevant covariates, a multivariate Cox analysis was performed. In addition, univariate and 
multivariate Cox regression analyses were used to assess the possibility of using CVRS as a 
predictor of progression to dementia within the groups classified by AT(N) based on CSF 
biomarker assessments.

The retention threshold was set to p<0.2 for the univariate Cox regression analysis. Clinically 
important factors, such as age at baseline, sex, education, MMSE and CDR-SB scores, APOE 
ε4 status, and CVRS scores were also included as covariates. Multicollinearity among the 
covariates was tested by calculating the variance inflation factors.21 The level of statistical 
significance was set at p<0.05. The Cox regression analysis was performed using the survival 
package.22 The graphics were generated using the ggplot2 package.23 All statistical analyses 
were performed using R (version 3.6.3, 64-bit platform; The R Foundation for Statistical 
Computing, Vienna, Austria).

RESULTS

The study was conducted on a total of 301 patients. The mean age of the patients was 71.4 
years, and 160 (53.2%) patients were male. There were 133 (44.2%) patients with at least one 
APOE ε4 allele, and 63 (20.9%) patients progressed to dementia during the follow-up period 
(up to 36 months), while 238 (80.1%) patients did not. Table 1 shows patient characteristics 
classified into demographic, cognitive, and biomarker data based on whether subjects 
progressed to dementia over the follow-up period (progressive MCI) or not (stable MCI). 
Concerning baseline neuropsychological data, the mean scores for the MMSE for stable MCI 
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Fig. 1. Scheme of comprehensive visual rating scale. 
MRI: magnetic resonance imaging, FLAIR: fluid attenuated inversion recovery, WMH: white matter hyperintensities.
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and progressive MCI were 28.4 and 27.3, respectively; and that for the CDR-SB were 1.3 and 
2.3 points, respectively. Patients who progressed from MCI to dementia had poorer cognitive 
performance and higher CVRS scores (mean of 12.8) at baseline and were more likely to be 
APOE ε4 carriers (mean of 41) than stable MCI patients.

A univariate Cox regression analysis of the patients who progressed to dementia showed 
a significantly increased HR, with a 95% confidence interval (CI) of 1.13 (1.07–1.18) with 
higher CVRS scores (cutoff value >10) (Table 2). For APOE ε4 carriers, the rate of progression 
to dementia was higher than that for non-carriers. In addition, higher CDR-SB and MMSE 
scores at baseline were also associated with progression to dementia. The results of the 
multivariate Cox analyses with covariates such as age, sex, education, and statistically 
relevant variables (APOE ε4 allele, MMSE, CDR-SB, and CVRS scores) showed a statistically 
significant HR (95% CI) of 1.12 (1.05–1.19) with higher CVRS scores. As a result of univariate 
and multivariate analyses, the CVRS score as well as CDR-SB, MMSE, and APOE ε4 proved 
to be significant risk factors for progression to dementia from MCI. For the pathological 
groups divided by AT(N) based on CSF biomarkers, both univariate and multivariate analyses 
showed statistically significant results for CVRS as a predictor for progression to dementia 
from MCI only in the Alzheimer's continuum group (Table 3). Survival curves for progression 
to dementia in MCI patients according to CVRS scores are shown in Fig. 2. Each graph 
shows the total number of patients, those in the SNAP group, and those in the Alzheimer's 
continuum group during follow-up periods of up to 3 years, assessed annually. There were 
no patients with MCI to progress dementia in the normal biomarker group divided by 
ATN classification. In particular, in the Alzheimer's continuum group, there was only a 
slight difference up to 12 months (p<0.1, the value of 0.054), but a noticeable, significant 
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Table 2. HR of each clinical variable for progression
Univariate analysis Multivariate analysis

HR (95% CI) HR (95% CI)
Age (yr) 1.02 (0.99–1.06) 0.99 (0.94–1.03)
Sex 0.95 (0.58–1.56) 0.66 (0.38–1.16)
Education (yr) 0.99 (0.90–1.08) 1.07 (0.96–1.18)
APOE ε4 carriers 2.81 (1.67–4.72)† 2.45 (1.42–4.22)*
Cognition

CDR-SB 2.36 (1.95–2.85)† 2.19 (1.77–2.71)†

MMSE 0.75 (0.66–0.85)† 0.85 (0.73–0.99)*
Brain imaging

CVRS (total) 1.13 (1.07–1.18)† 1.12 (1.05–1.19)†

HR: hazard ratio, CI: confidence interval, APOE: apolipoprotein E, CDR-SB: Clinical Dementia Rating-Sum of 
Boxes, MMSE: Mini-Mental State Examination, CVRS: comprehensive visual rating scale.
*p<0.05; †p<0.001.

Table 3. HR comparison of SNAP and Alzheimer's continuum for dementia progression
Univariate Multivariate

HR (95% CI) HR (95% CI)
Normal 1.45 (0.97–2.15) -
SNAP 1.06 (0.90–1.26) 1.04 (0.66–1.66)
AD 1.13 (1.07–1.12)* 1.13 (1.05–1.21)*

SNAP and Alzheimer's continuum were classified according to the AT(N) profile classification: SNAP: A−T+(N)−, 
A−T−(N)+, and A−T+(N)+, Alzheimer's continuum: A+T−(N)−, A+T+(N)−, and A+T+(N)+. The results of both SNAP 
and Alzheimer's continuum were calculated considering various covariates such as age, gender, education level, 
APOE ε4, neuropsychological tests (CDR-SB, MMSE), and CVRS score.
HR: hazard ratio, SNAP: suspected non-Alzheimer's pathology, CI: confidence interval, AD: Alzheimer's 
continuum, APOE: apolipoprotein E, CDR-SB: Clinical Dementia Rating-Sum of Boxes, MMSE: Mini-Mental State 
Examination, CVRS: comprehensive visual rating scale.
*p<0.001.
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statistical difference (p<0.05, the value of 0.029) for the progression to dementia emerged 
after 12 months and up to 36 months. In conclusion, it was confirmed that the progression 
of dementia in all AD continuum patients with MCI has a statistically significant results 
(p<0.05) for 3 years follow-up.

DISCUSSION

We conducted this assessment to determine the effect of cerebral structural changes and 
small vessel disease, determined by CVRS, in patient progression to dementia according 
to their AT(N) classification. We found that the CVRS score was a useful and significant 
predictor for the progression from MCI to dementia. Not all individuals with MCI 
progressed to dementia, but they did have a higher risk for progression than cognitively-
normal individuals.24,25 Therefore, this study was conducted for the purpose of determining 
interventions for the early detection and prevention of dementia for subjects with a high 
risk of transitioning to dementia.26 Specifically, among the MCI groups divided according 
to AT(N) based on CSF biomarker, CVRS, calibrated through several clinical covariates, was 
a potential predictor for the Alzheimer's continuum group. The CVRS, when used to assess 
progression from MCI to dementia, could increase certainty when performing diagnostic 
and prognostic procedures. In addition, CVRS can be performed in the clinical setting using 
a non-invasive brain MRI without specific software27-29 and a formalized template could be 
provided through a bounded table box for the visual rating.11 Compared to using a single 
scale that depends on a specific diagnosis (AD, frontal temporal dementia, or vascular 
dementia) or several MRI visual scales for the evaluation of various brain lesions, CVRS 
integrates different validated scales based on both neurodegeneration and vascular injury.30 
In this study, evidence for the effectiveness of CVRS as a predictor for the progression from 
MCI to dementia is shown through verifying its correlation with clinical measurements of 
cognitive decline and other clinically relevant factors. CVRS, which has a total of 30 points, 
is composed of brain structure atrophy and small vessel disease scales (Fig. 1). Structural 
atrophy of the brain, which contributes toward the majority of the CVRS score, includes 
atrophy of the hippocampus, temporal lobe, parietal lobe, and subcortical atrophy. The 
CVRS score mainly provides a biomarker of neurodegeneration or nerve damage, since 
approximately 3-quarters (23/30) of the score is composed of atrophic scores. Small vascular 
disease, which accounts for about a quarter (7/30 points) of the total CVRS score, includes 
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injured vascular markers such as white matter hyperintensities, lacunar infarcts, and 
microbleeds. A complex pathological status, such as a mixture of neurodegenerative and 
cerebrovascular disease, has attracted attention as an imperative cause of AD and other forms 
of dementia by several clinical-pathological longitudinal studies.10 A combination of vascular 
pathologies, such as micro-infarction, atherosclerosis, and cerebral amyloid angiopathy, have 
been shown in over 58% of MCI patients, and vascular pathology as a direct cause of clinical 
AD or as an interaction with AD has been demonstrated in several studies.31 However, the 
mechanism of vascular deterioration for cognitive function and the relationship of some 
vascular pathologies to other pathologies remain unclear.

This study has some limitations. First, there was an insufficient number of patients to 
conduct a more detailed analysis. Specifically, there was an insufficient number of patients in 
the normal state biomarker group (A−T−(N)−) to present detailed results using the Kaplan-
Meier survival curve and HR through univariate and multivariate regression analyses.32 
Additionally, due to the low number of patients in this group, we could not analyze survival 
analysis for this group nor categorize them according to the CVRS cutoff value of those who 
were stable and those who progressed to dementia; the patients in a stable state of MCI were 
60 of 62 patients, and those in a progression state were 2 of 60 patients. In addition, the 
total number of patients was not enough to divide the positive and negative states of each 
element of AT(N) into the 8 combinations. Second, the CVRS score for small vessel disease 
was almost the same for stable and progressive MCI patients (Table 1); only cerebral atrophic 
structural changes revealed any significant difference. These results show that lacunar 
infarcts and microbleeds had little effect on the progression from MCI to dementia and on 
the overall CVRS scores originating from atrophic structural changes in the brain. Individuals 
with Hachinski scores (≤4) were included and those who had multiple lacunes were excluded. 
Thus, the effect of small vessel disease may have been underestimated in this study. Even 
though CVRS could not be used to predict progression to dementia in patients with normal 
baseline AD biomarkers in this study, this scale was shown to be useful for the Alzheimer's 
continuum biomarker group. Therefore, future studies may need to subdivide the A/T/N 
system and evaluate the association between atrophy pattern and vascular injury.33-35 In 
particular, whether white matter hyperintensity along with vascular injury or lacunes are 
associated with an increase in brain atrophy in pre-dementia AD pathology36,37 or with low 
cognitive function should be assessed in future studies as one of the CVRS sub-scores of the 
effects of small vessel disease.

In conclusion, this study showed that high initial CVRS scores in patients with MCI were 
associated with progression to dementia in the 3-year follow-up period. The CVRS's ability to 
predict progression to dementia was shown in the Alzheimer's continuum group rather than 
the SNAP group. This indicates that CVRS can be used to predict progression to dementia in 
MCI patients.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
CVRS and subscales values for brain structures
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