
INTRODUCTION

Mild cognitive impairment (MCI) has been defined as a 
transitional state between normal aging and dementia.1 Al-
though MCI can present with a variety of symptoms, when 
memory loss is the predominant symptom it is termed “am-
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nestic MCI” and is frequently seen as a prodromal stage of 
Alzheimer’s disease (AD) dementia.2 The rate of AD demen-
tia progression in amnestic MCI individuals is considerable 
according to estimates from various longitudinal studies: 12% 
per year,1 35% over 2 years,3 and 80% over 6 years.4 Due to its 
high risk for the progression to AD dementia,5 amnestic 
MCI has been becoming the focus of AD dementia predic-
tion so as to start early optimal intervention.

However, amnestic MCI is a heterogeneous group. All am-
nestic MCI individuals do not progress to AD dementia, and 
substantial proportion remains stable or even reverts to cog-
nitively normal state during longitudinal follow-up.6 Given 
this variability, it would be very useful to have reliable mark-
ers which can predict AD dementia progression among am-
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nestic MCI individuals.7 There are many evidences support-
ing that various neuropsychological,8-14  neuroimaging,15-19 
genetic20-22 and biochemical markers23-26 or their combina-
tions3,27 could predict the progression to AD dementia in MCI 
individuals. However, many of these markers have some lim-
itations to be used in real clinical settings because they are 
complicated, expensive, invasive, or sometime unavailable.

For this practical reason, it is very important to find out a 
relatively simple and cost-effective predictor that is easily avail-
able in real clinical settings. A couple of studies suggested 
that Mini-Mental State Examination (MMSE),28 and Clinical 
Dementia Rating (CDR) Sum of Boxes (CDR-SOB)29 as such 
predictor for AD dementia progression.

The CDR30,31 is a representative clinical scale used to evalu-
ate six domains of cognitive and functional performance ap-
plicable to AD and related dementias: Memory, Orientation, 
Judgment & Problem Solving, Community Affairs, Home & 
Hobbies, and Personal Care. The necessary information to 
make each rating is obtained through a semi-structured inter-
view of the patient and a reliable informant or collateral source. 
It is frequently used to stage dementia severity and yields both 
CDR global score and CDR-SOB score in the clinical and re-
search settings.31 The global CDR score is calculated via an al-
gorithm with published scoring rules30 and the CDR-SOB 
score is obtained by summing each of the domain box scores.32 
While the global CDR score is typically used for staging pur-
poses with restricted ranges, CDR-SOB score not only provides 
more detailed information of dementia severity but also is re-
garded as good predictor for AD dementia progression in MCI 
individuals.29 Not all cognitive domains uniformly deterio-
rate during early AD process and the decline of non-memory 
areas and related functions follows episodic memory decline. 
Therefore, CDR subscale scores other than memory subscale 
score might be useful predictors for AD dementia progres-
sion in amnestic MCI individuals. However, little is known 
about this issue.

This study aimed to examine the usefulness of CDR sub-
scale scores for predicting AD dementia progression within 
2-year follow-up period in amnestic MCI elderly subjects, 
and to compare their predictive ability with those of other 
simple clinical cognitive or functional measures.

 
METHODS

Subjects
Fifty-nine elderly MCI individuals were recruited from a 

dementia and memory disorder clinic at Seoul National Uni-
versity Hospital. MCI was diagnosed accordingto current 
consensus criteria for amnestic MCI:33 1) memory complaint 
corroborated by an informant, 2) objective memory impair-

ment for age, education and gender, 3) essentially preserved 
general cognitive function, 4) largely intact functional activi-
ties, 5) not demented. In terms of criterion 2), a performance 
score for at least one of the four episodic memory tests includ-
ed in the Korean version ofthe Consortium to Establish a 
Registry for Alzheimer’s disease (CERAD) neuropsychological 
battery [namely, Word List Memory (WLM), Word List Re-
call (WLR), Word List Recognition (WLRc) and Construc-
tional Recall (CR) test] was 1.5 SD below the respective age-, 
education- and gender-specific normative mean.34,35 All MCI 
individuals had an overall CDR index30 of 0.5.

The following exclusion criteria were applied to all subjects: 
any evidence of present serious medical, psychiatric, or neu-
rological disorders that might affectmental function; any evi-
dence of focal brain lesions other than white matter changes 
on MRI; illiteracy; severe visual or hearing loss; no reliable in-
formants. The Institutional Review Board of Seoul National 
University Hospital approved the study and written informed 
consent was obtained from each participant (IRB No. H-1506-
131-683).

Baseline clinical and neuropsychological assessments
All subjects were examined by neuropsychiatrists with ad-

vanced training in dementia research and CDR assessment30 
according to the protocol of the CERAD, and received MRI 
and laboratory tests. To acquire accurate information, a reli-
able informant was necessarily interviewed as well as the par-
ticipant. A panel consisting four neuropsychiatrists made clin-
ical decisions including the assignment of CDR. The CERAD 
neuropsychological battery,35,36 including Verbal fluency (VF), 
15-item Boston naming test (BNT), MMSE, WLM, WLR, 
WLRc, Constructional Praxis (CP), and CR test, were also ap-
plied by experienced clinical psychologists who were blinded 
to the neuropsychiatrist’s clinical assessment. In addition to 
the CERAD battery, the Neuropsychiatric Inventory (NPI)37 
and a structured, anchored version of the 17-item Hamilton 
Rating Scale for Depression (HRSD)38 were administered to eval-
uate non-cognitive neuropsychiatric symptoms or depression.

Follow-up assessment
Each subject underwent subsequent clinical assessments 

by a neuropsychiatrist according to the CERAD protocol at 
24-month intervals. After each follow-up evaluation, the con-
sensus panel reviewed all the available clinical data obtained 
current follow-up evaluation and made a clinical diagnosis 
and assigned a CDR rating. Separately from the clinical assess-
ment process, at each visit, the subjects were administered the 
same neuropsychological tests as in the baseline evaluation 
by clinical psychologists blinded to the neuropsychiatrist’s clini-
cal evaluation.
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The subject’s condition was considered to have progressed 
to AD dementia if he or she met the diagnostic and statistical 
manual of mental disorders (DSM-IV TR) criteria for de-
mentia39 and the National Institute of Neurobiological and 
Communication Disorders and Stroke and the Alzheimer’s 
Disease and Related Disorders Association (NINCDS-ADRDA) 
criteria for probable or possible AD40 within 2 years.

Statistical analysis
The subjects were classified as 2 groups according to the 

clinical state at the time of 2 years follow-up evaluation: those 

who progressed to AD dementia (MCIp) and those who did 
not progress to AD dementia (MCInp). Between-group com-
parisons for baseline continuous data including demographic 
and clinical data were done by two-tailed t tests. Baseline cate-
gorical data were analyzed by the χ2 test.

Logistic regression analyses were conducted to examine 
the ability of various clinical measures or their combinations 
to predict progression to AD dementia in MCI individuals. We 
used the differences of -2 log likelihood (-2LL) to statistically 
compare the predictive ability of various models with differ-
ent numbers of independent variables.41 The -2LL is aquantity 

Table 1. Baseline characteristics of MCI group that progressed to AD dementia (MCIp) and the group that did not progress to AD dementia 
(MCInp) at two-year follow-up (N=59) 

Characteristics MCIp group (N=22) MCInp group (N=37) p-value
Age (years) 70.8±5.3 71.6±7.3 0.639*
Gender 0.078†

Male/Female 9 (40.9)/13 (59.1) 7 (18.9)/30 (81.1)
Education (years) 10.4±6.2 8.7±4.5 0.276*
MCI subtypes 0.591†

Single domain 9 (40.9) 19 (51.4)
Multiple domain 13 (59.1) 18 (48.6)

CDR global score 0.5 0.5
CDR subscale score

Memory 0/ 0.5 0 (0)/22 (100) 0 (0)/37 (100)
Orientation 0/ 0.5 5 (22.7)/17 (77.3) 29 (78.4)/8 (21.6) <0.001†

Judgment 0/ 0.5 6 (27.3)/16 (72.7) 13 (35.1)/24 (64.9) 0.578†

Social activity 0/ 0.5 16 (72.7)/6 (27.3) 27 (73.0)/10 (27.0) 1†

Home activity 0/ 0.5 16 (72.7)/6 (27.3) 27 (73.0)/10 (27.0) 1†

Personal care 0/ 0.5 22 (100)/0 (0) 37 (100)/0 (0)
CDR sum of box 1.5±0.6 1.2±0.5 0.026*
BDS-ADL 1.4±0.6 1.3±0.6 0.871*
HRSD 2.1±2.5 3.9±4.5 0.072*
NPI total score 4.6±4.8 6.0±7.3 0.474*
mHIS 0.5±0.6 0.4±0.5 0.735*
CERAD NP score 

Verbal fluency 11.8±3.9 11.5±3.7 0.820*
15-item Boston naming test 9.5±3.0 9.9±2.7 0.581*
MMSE 21.7±4.4 23.9±3.1 0.050*
Word list memory 12.4±2.5 12.0±4.3 0.739*
Word list recall 2.54±1.4 2.8 ±1.9 0.608*
Word list recognition 6.8±2.0 6.8 ±2.3 0.985*
Constructional praxis 9.4±2.3 9.4±1.6 0.977*
Constructional recall 2.5±2.7 3.5±2.9 0.183*

Data are presented as mean±SD or number (%). *by Student t-test, †by χ2 test. MCI: mild cognitive impairment, AD: Alzheimer’s disease, 
CDR: Clinical Dementia Rating, BDS-ADL: Blessed Dementia scale-Activities of Daily Living, HRSD: Hamilton Rating Scale for Depression, 
NPI: neuropsychiatric inventory, mHIS: modified Hachinski ischemic score, MMSE: Mini-Mental State Examination, CERAD: the Consor-
tium to Establish a Registry for Alzheimer’s Disease, NP: neuropsychological assessment battery
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generated by the logistic regression procedure and is directly 
proportional to the contribution of variables to the separation 
of groups. A smaller -2LL means abetter predictive ability of 
the model. The probability distribution of -2LL difference be-
tween simple (model 1) and more complex model (model 2) 
can be approximated by a chi-square distribution with (df2-
df1) degrees of freedom, where df1 and df2 are the degrees of 
freedom of models 1 and 2 respectively. Therefore, the -2LL 
difference allows the direct comparison of prediction models 
of different complexities.42 The level of statistical significance 
was set as two-tailed p<0.05.

 
RESULTS

Presence of AD dementia progression within 2 years 
follow-up period

All subjects (n=59) were in amnestic MCI at baseline assess-
ments. After the 2 years follow-up period, 22 (37.3%) pro-
gressed to AD dementia and 37 (62.7%) did not (Table 1). 
Among MCInp group, 32 were in amnestic MCI, 5 were in 
non-amnestic MCI, and 2 were in non-specific cognitive im-
pairment (CDR=0.5, all Z-score ≥-1.5 in the CERAD neuro-
psychological battery).

Baseline characteristics of AD dementia progression 
and non-progression group

Baseline demographic and clinical characteristics of MCI-
pand MCInp individuals are shown in Table 1. There were no 

statistically significant differences between MCIp (n=22) and 
MCInp (n=37) in regard of age, gender, education, BDS-
ADL, HRSD, NPI total score, and mHIS. MCIp had signifi-
cantly greater mean CDR-SOB scores than MCInp. In terms 
of CDR subscale scores, MCIp individuals showed significant-
ly higher CDR Orientation scores than MCInp ones, while 
there were no significant differences in other CDR subscale 
scores between the two. There were no significant differences 
in all CERAD neuropsychological scores between the two. 
MCIp showed marginally higher MMSE scores compared to 
MCInp.

Comparison of prediction models for the 
progression to AD dementia

We first selected CDR Orientation score, CDR-SOB score, 
and MMSE score referring to the results from the comparison 
of baseline clinical characteristics between MCIp and MCInp 
as candidate-independent variables for logistic regression 
analyses for model comparison. A series of logistic regression 
analyses were conducted in three steps (Table 2). In the first 
step, we tested the following three “one candidate models”: 
“Model O including CDR Orientation”, “Model S including 
CDR-SOB”, and “Model M including MMSE”. All three mod-
els were statistically significant, and “Model O” had the high-
est classification accuracy and smallest -2LL among three “one 
candidate models”. In the second step, we compared the-2LL 
between each of the “one-candidate models” with the corre-
sponding “two candidate models”, which included CDR Ori-

Table 2. Logistic regression analyses designed to select appropriate models for AD dementia prediction in MCI 

Models
Classification
accuracy (%)

-2LL χ2 df p-value
Significance test

for -2LL difference
One candidate model

Model O
CDR Orientation 78.0 59.7 18.2 1 <0.001

Model S
CDR SOB 67.8 72.9 5.0 1 0.025

Model M
MMSE 67.8 73.2 4.8 1 0.029

Two candidate model
Model OS

CDR Orientation+CDR SOB 78.0 59.5 18.4 2 <0.001 Model OS vs. O: p=0.639
Model OM

CDR Orientation+MMSE 78.0 59.2 18.7 2 <0.001 Model OM vs. O: p=0.471
Three candidate model

Model OSM
CDR Orientation+CDR SOB+MMSE 78.0 59.1 18.8 3 <0.001 Model OSM vs. O: p=0.745

AD: Alzheimer’s disease, MCI: mild cognitive impairment, CDR: Clinical Dementia Rating, SOB: sum of box, MMSE: Mini-Mental State Ex-
amination, -2LL: -2 log likelihood
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entation and either CDR-SOB or MMSE. The AD dementia 
prediction accuracy of either “Model OM including CDR 
Orientation and MMSE” or “Model OS including CDR Ori-
entation and CDR-SOB” was not significantly different from 
that of “Model O”, which had the highest classification accu-
racy and smallest -2LL among the three “one candidate mod-
els”. In the third step, the “three-candidate model” (Model 
OSM), which included all three variables, was compared 
with “Model O”. The “Model OSM” was not significantly dif-
ferent from “Model O”. Table 3 shows the finally selected lo-
gistic regression model (Model O) for AD dementia predic-
tion in amnestic MCI at two-year follow-up.

DISCUSSION

We followed up amnestic MCI individuals for two years to 
examine the usefulness of a CDR subscale scores for predict-
ing AD dementia progression, and to compare their predic-
tive ability with those of other simple clinical measures includ-
ing CDR-SOB and MMSE. In this study, 22 (37.3%) of 59 
amnestic MCI individuals progressed to AD dementia with-
in the follow-up period. This progression rate is in line with 
the recent results from the analysis of two-year follow-up data 
for Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
amnestic MCI subjects, which showed that AD dementia pro-
gression rate was 35%.3

Our results from logistic regression analyses of one-candi-
date model showed that both CDR-SOB and MMSE could 
predict AD dementia progression with statistical significance. 
These results were consistent with those of previous stud-
ies.28,29 However, CDR Orientation had higher AD dementia 
prediction accuracy (78.0%) than either CDR-SOB model 
(67.8%) or MMSE model (67.8%). AD dementia prediction 
of either two- or three-candidate model including CDR-Ori-
entation was not significantly different from that of CDR Ori-
entation alone.

The excellent predictive ability of CDR Orientation sub-
scale for AD dementia progression in amnestic MCI may be 
explained by the fact that orientation for time and place is 
closely related to attention and visuospatial perception as well 
as memory. In early clinical process of AD, amnesia, especially 
episodic memory decline, was the earliest symptom and fre-

quently accompanied or followed by in attention and visuo-
spatial dysfunction.41,43 Episodic memory decline itself is not 
useful as a predictor for AD dementia because all amnestic 
MCI individuals already have poor episodic memory in com-
mon as reflected in the name of the category.44 In contrast, 
the additional information about inattention and visuospatial 
perceptual decline may have predictive value for the progres-
sion from premorbid condition to clinical AD dementia.45

The usefulness of CDR Orientation subscale as well as 
CDR-SOB seems in part related with the method of CDR as-
sessment.30 The CDR assessment relies on not only brief cog-
nitive evaluation, but also information obtained from the in-
terview with collateral informant about cognitive and functional 
changes compared to previous usual level. Due to this assess-
ment process, CDR scores are less influenced by various fac-
tors, such as age, education, depression, and practice effect, 
which could affect cognitive test scores.30

There is an important discussion point in our study. As well 
as its advantage, it was important to rate CDR score with high 
reliability in clinical settings. The CDR has been widely used 
as a criterion standard in multicenter clinical trials in AD36,46,47 
and its inter-rater reliability has been well established.48-50 
One study demonstrates that high inter-rater reliability on 
the CDR subscale ratings by trained clinical personnel with 
supervision from highly trained monitors, i.e., agreement 
with gold standard ranged from 73% to 87% or agreement 
among raters ranged from 73% to 87%.50 From these points 
of view, our CDR ratings were highly reliable because final 
assignment of the rating were given by the consensus panel 
including 2 psychiatrists who had finished CDR training 
course at Washington University Alzheimer Disease Research 
Center and had got the certification as a CDR rater.41

In conclusion, our findings suggest that CDR Orientation 
subscale score, a simple and easily available clinical measure, 
could provide very useful information to predict AD demen-
tia progression in amnestic MCI individuals in real clinical 
settings.
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Table 3. Final logistic regression model* for AD dementia prediction in MCI

Variables Regression coefficient Standard error Odd ratios 95% confidence interval p-value
Model O (optimal model)

Intercept -1.8 0.5 0.2 <0.001
CDR Orientation 2.5 0.6 12.3 3.5–43.8 <0.001

*χ2 of the model=18.2, df=1, p<0.001, Nagelkerke R2=0.4. AD: Alzheimer’s disease, MCI: mild cognitive impairment, CDR: Clinical Demen-
tia Rating
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