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Abstract: There is a lack of validated tools for assessing Alzheimer’s disease (AD) across Asia. This study evaluates 
the psychometric properties of the Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-Cog), Disability 
Assessment for Dementia (DAD), and Neuropsychological Test Battery (NTB) in Asian participants. Participants with 
mild to moderate AD (n=251) and healthy controls (n=51) from Mainland China, Taiwan, Singapore, Hong Kong, 
and South Korea completed selected instruments at several time points. Test-retest reliability was better than 0.70 
for all tests. AD participants performed significantly more poorly than controls on every score. Within the AD group, 
greater disease severity corresponded to significantly poorer performance. The AD group test performance wors-
ened over time and there was a trend for worse performance in AD compared to healthy controls over time. The 
ADAS-Cog, DAD, and NTB are reliable, valid, and responsive measures in this population and could be used for clini-
cal trials across Asian countries/regions.
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Introduction

Alzheimer’s disease (AD) is a neurodegenera-
tive disorder and the major cause of dementia 
in the elderly. AD-related medical complica-
tions are among the most common causes of 
death in the elderly population [1]. Approved 
treatments have been developed in clinical tri-
als conducted largely in North America. Accor- 
ding to a report from the Institute of Medicine 
[2], such studies were an insufficient guide to 
practice as they had too few patients from non-

North American countries or from different eth-
nic groups. As AD has become a global concern, 
including patients from Asia in clinical trials and 
translational research is important; China and 
other Asian countries have the highest number 
of people with dementia [3-5]. Yet a lack of 
standardized assessment tools has hindered 
clinical trials in this region.

Cognitive and functional instruments, such as 
the Alzheimer’s Disease Assessment Scale-
Cognitive Subscale (ADAS-Cog) [6], Disability 
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Assessment for Dementia (DAD) [7], and the 
Neuropsychological Test Battery (NTB), includ-
ing elements of the Wechsler Memory Scale [8, 
9], measure the severity of AD-related symp-
toms and are considered important for explor-
ing and providing evidence of treatment effica-
cy in research trials. However, the comparability 
of the psychometric properties of these instru-
ments in Asian populations across regions has 
not been adequately assessed. For example, 
although ADAS-Cog was validated in Chinese, 
the sample size was small (n=39) and longitudi-
nal data were not available [10]. Within the 
Chinese language, there could be dramatic dif-
ferences in expressions and interpretations 
depending on the region.

This study evaluated the psychometric proper-
ties of the ADAS-Cog, DAD, and NTB in Asian 
participants with mild to moderate AD, includ-
ing floor and ceiling effects, test-retest reliabili-
ty, intra- and inter-rater reliability, construct 
validity in terms of convergent and divergent 
validity and discriminant validity, and the sensi-
tivity to change during the longitudinal course 
of this study (approximately 78 weeks or 1.5 
years).

Methods

Instruments/translation

In addition to ADAS-Cog, DAD and NTB, the Neu- 
ropsychiatric Inventory (NPI) [11], Clinical De- 
mentia Rating-Sum of Boxes (CDR-SB) [12], 
Mini-Mental State Examination (MMSE) [13], 
and Dependence scale (DS) [14] were selected 
as references for validation. All instruments 
went through a vigorous and standardized tr- 
anslation process that involved forward trans-
lation, backward translation, in-country clinici- 
an review, and debriefing by native language 
speaking subjects, such as normal subjects 
and/or AD caregivers. This process was to 
ensure that the translated versions were not 
only conceptually equivalent to the original 
instrument but also culturally relevant and 
understandable to the target population in the 
target country. Efforts were made to ensure cul-
tural adaptations, if necessary, were consistent 
across all translations. For each instrument, 
there were 7 linguistically validated trans- 
lations to evaluate in the study, including 
Simplified Chinese (for mainland China), Tra- 
ditional Chinese (for Taiwan, Hong Kong, and 
Singapore), English (for Hong Kong and Sin- 
gapore), and Korean (for Korea).

Subjects

This study utilized a multicenter, longitudinal, 
observational design in participants with mild 
to moderate AD and normal cognition controls 
from Mainland China, Taiwan, Singapore, Hong 
Kong, and South Korea. After informed consent 
was obtained, eligible individuals entered a 
screening period of up to 31 days and, if eligi-
ble, then entered into the study and were evalu-
ated over the next 78 weeks.

Eligibility criteria for all participants were 1) 
ages 50-85 years, 2) Rosen Modified Hachinski 
Ischemic (RMHI) score ≤ 4; and 3) fluency in 
local primary language and have at least an 
elementary education or equivalent.  Inclusion 
criteria for the AD group were: 1) diagnosis of 
probable AD according to the National Institute 
of Neurological and Communicative Disorders 
and Stroke-Alzheimer’s Disease and Related 
Disorders Association (NINCDS-ADRDA) crite-
ria; 2) MMSE score of 13 to 26, inclusive; 3) 
CDR global score ≥ 0.5; and 4) Screening visit 
brain magnetic resonance imaging (MRI) scan 
consistent with the diagnosis of AD. Inclusion 
criteria for the healthy controls were: 1) No sig-
nificant memory complaints from normal popu-
lation aged 50 to 85 years; 2) MMSE score of 
21 to 30, inclusive; 3) CDR global score equal 
to 0, with a Memory Box score equal to 0; 4) 
Cognitively normal, based on absence of signifi-
cant impairment in cognitive functions or activi-
ties of daily living; and 5) Normal brain MRI 
scan findings.

Instrument scoring

The ADAS-Cog, DAD, NTB, CDR-SB, MMSE, DS, 
and NPI were administered at screening, base-
line, week-13, -26, -52, and -78. The NTB includ-
ed the following subtests: Wechsler Memory 
Scale Visual-Paired Associates immediate and 
delayed scores [15], Rey Auditory Verbal Le- 
arning Test (RAVLT; immediate and delayed) 
[16], Wechsler Memory Scale -Digit Span for-
ward and backward [15], Controlled Word As- 
sociation Test (COWAT) [17], and Category 
Fluency Test (CFT) [18]. All scores were com-
puted according to standard scoring instruc-
tions. Z-scores were calculated for each of the 
nine NTB components using the baseline mean 
and SD for all healthy controls with baseline 
scores. An ‘executive function’ z-score was ob- 
tained by averaging the z-scores from NTB com-
ponents measuring executive function (CFT, 
COWAT, WMS-R-Digit Span). Signs were reve- 
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rsed, as needed, prior to summing such that 
higher NTB z-scores indicate better cognitive 
functioning. The remaining six components, wh- 
ich measure memory, were averaged to ob- 
tain a ‘memory’ z-score (WMS-R-Visual-Paired 
Associates, WMS-R-Verbal-Paired Associates, 
RAVLT, all with immediate and delayed com- 
ponents).  

Laboratory apolipoprotein E (ApoE) genotyping

ApoE genotypes were determined by Quest 
Diagnostics using QIAGEN PyroMark™ ApoE 
Test Kit.

Statistical analysis

Test-retest reliability of all tests were evaluated 
by calculating the intraclass correlation coeffi-
cient (ICC) using data from the screening and 
baseline assessments (25 to 31 days apart). 
ICCs were also calculated to evaluate the inter- 
and intra-rater reliability using videotaped 
assessments. Two AD subjects from each site 
were videotaped for ADAS-Cog, DAD and NTB 
administration at baseline visit. For intra-rater 
reliability, the video-recording of the baseline 
scale administrations was reviewed by the 
same raters and scored again within 7-21 days 

Table 1. Participant demographic and clinical characteristics
Alzheimer’s Disease  

(N=251)
Healthy Controls  

(N=51) P-value 

Age, Mean (SD) 72.0 (8.14) 63.6 (7.68) < 0.001
Female, n (%) 143 (57.0) 21 (41.2) 0.039
Primary language, n (%) 0.0343
    Simplified Chinese 123 (49.0) 18 (35.3)
    Traditional Chinese 57 (22.7) 17 (33.3)
    Korean 66 (26.3) 12 (23.5)
    English 5 (2.0) 4 (7.8)
Education Level, n (%) 0.0231
    Elementary School 74 (29.5) 5 (9.8)
    Middle School 47 (18.7) 14 (27.4)
    High School 51 (20.3) 15 (29.4)
    At least some college 79 (31.5) 17 (33.3)
Civil Status, n (%) 0.4652
    Married 202 (80.5) 46 (90.2)
    Widowed 44 (17.5) 4 (7.8)
    Divorced or Separated 4 (1.6) 1 (2.0)
    Never Married 1 (0.4) 0 (0.0)
Domestic Situation, n (%) 0.178
    Living with spouse 176 (70.1) 41 (80.4)
    Living with other family 64 (25.5) 10 (19.6)
    Living alone 11 (4.4) 0 (0.0)
BMI, Mean (SD) 22.9 (2.33) 24.6 (3.20) 0.001
Brain MRI, n (%) < 0.001
    Normal 0 (0.0) 43 (84.3)
    Abnormal, not clinically significant 146 (58.2) 8 (15.7)
    Abnormal, clinically significant 101 (40.2) 0 (0.0)
    Missing 4 (1.6) 0 (0.0)
CSDD Total, Mean (SD), Median (IQR)
    Informant Score (n=224, 48) 2.4 (2.49), 2 (4) 0.6 (1.76), 0 (1) < 0.001
    Participant Score (n=247, 51) 2.0 (2.40), 1 (3) 0.8 (1.27), 0 (1) 0.001
    Rater Score (n=236, 51) 2.0 (2.26), 1 (3) 0.6 (0.98), 0 (1) < 0.001
RMHIS Total Score, Mean (SD), Median (IQR) 0.6 (0.69), 0 (1) 0.4 (0.53), 0 (1) 0.075
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of the live assessment. For inter-rater reliability, 
a rater different from the rater who performed 
the initial assessment viewed the video-record-
ings and scored the assessments within 7-21 
days of the live assessment. 

Spearman correlation coefficients were calcu-
lated among all scores to assess convergent 
and divergent validity. To assess discriminant 
validity, we compared mean scores between 
AD and control groups using analysis of covari-
ance (ANCOVA) controlling for age and educa-
tion. ANCOVA was also used to compare AD 
participants with mild disease (MMSE 20-26) 
versus moderate or severe disease (MMSE < 
20), to compare AD participants across regions, 
and to compare ApoE4 carriers versus non- 
carriers.

Change from baseline was calculated for all 
scores. The responsiveness index (i.e., effect 
size), defined as the mean change in the AD 
groups divided by the standard deviation of the 
change scores in the healthy control group, was 
calculated to evaluate the magnitude of change 
overtime. We also compared mean change 
scores between AD and control groups with 
adjustment for baseline scores using ANCOVA. 
Longitudinal data were analyzed using mixed 
effects linear models for repeated measures. 
The mixed effects models included study group, 
visit and group*visit as fixed effects, controlling 
for other baseline covariates (age, gender, 
region, and education). 

Results

Participants

The screening phase included 333 potential 
participants; 31 (29 AD, 2 healthy controls) did 
not complete the screening process, resulting 
in 251 AD and 51 healthy controls. Sites from 
the Chinese mainland (9 sites, 115 AD partici-
pants, 18 controls) represented nearly half of 
the sample, followed by those from Korea (6, 
66, 12), Hong Kong (3, 33, 11), Taiwan (3, 25, 
6), and Singapore (3, 12, 4). Of these partici-
pants, 208 AD and 49 healthy controls com-
pleted the entire study. Across visits, compli-
ance with test completion ranged from 94- 
100%. The mean age was 70.5 (8.62). Most 
were female (54.7%), married (82.9%) and liv-
ing with a spouse (71.4%). The years since diag-
nosis of AD at screening was 2.4 years (stan-
dard deviation [SD]=2.25, range: 0 to 14 years). 

Less than 7% of participants demonstrated any 
significant depressive symptoms (score ≥ 6) on 
any of the three CSDD scales. RMHI Scores 
were greater than 1 in 6.6% of participants.  
Most of these metrics varied in a statistically 
significant manner (P < 0.05) by study group. At 
baseline, after adjusting for age, gender, edu-
cation, and MMSE, the scores which signifi-
cantly differed (P < 0.05) between regions were 
DAD (P=0.005), CDR-SB (P < 0.001), and 
Executive Function of the NTB (P=0.008). Table 
1 summarizes other demographic and clinical 
characteristics by study group. 

The ADAS-Cog exhibited no floor or ceiling 
effects on either group. In 14/17 NTB subcom-
ponent tests, at least some AD participants 
scored the minimum possible, although the 
extent varied greatly across tests (1%-70%). 
Only in 4 NTB tests did some AD participants 
score the maximum possible (2%-18%). On the 
other hand, healthy controls rarely scored the 
minimum while in 8 of 17 NTB tests, some con-
trol participants achieved the maximum possi-
ble (8%-80%). Notably, 9% of AD participants 
achieved the best possible DAD score at base-
line, compared to 96% of controls. 

Reliability

Test-retest reliabilities: These were acceptable 
ICC between screening and baseline, with ICC > 
0.7 for 17 of 19 measures. Two measures with 
ICC < 0.7 were: Wechsler Memory Scale (WMS) 
Visual-Paired Associates Immediate (ICC=0.5) 
and Delayed Memory tests (ICC=0.49). Inter- 
and intra-rater reliability was assessed on data 
from 45 videos of participants. ICC estimates 
were ≥ 0.91 for all except WMS Visual-Paired 
Associates Immediate tests where ICC=0.85 
and 0.86 for within and between raters, 
respectively.

Convergent and divergent validity: Among non-
NTB tests, 14 of 21 comparisons had Spear- 
man’s rho 0.30 or greater. NPI-caregiver dis-
tress was poorly correlated with all scales (rho: 
0.14 to 0.23) except NPI (rho=0.84). When 
compared to the NTB, ADAS-Cog, MMSE, and 
CDR-SB were significantly (p < 0.001) correlat-
ed with Executive Function, Memory Function 
and Total NTB scores (rho: 0.33 to 0.71); DAD 
and Dependence Scale were significantly (P < 
0.001) correlated with Executive Function and 
Memory Function (rho: 0.36 to 0.36); DAD and 
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Dependence Scale were significantly (P < 0.01) 
correlated with Total NTB scores with rho=0.19 
and 0.18 for DAD and Dependence Scale, 
respectively. 

Discriminant validity: Comparisons of demo-
graphic and clinical characteristics across gr- 
oups demonstrated statistically differences in 
age and education. Therefore, age and educa-
tion were accounted for in the following series 
of ANCOVA analyses. As shown in Table 2, AD 
participants performed poorer (P < 0.001) than 
healthy controls on all comparisons with effect 
sizes ranging from 0.75 (NPI) to 3.27 (total NTB 
score). As shown in Table 3, participants with 
moderate or severe AD showed significantly (P 
< 0.001) poorer performance on nearly every 
assessment with effect sizes ranging from 0.9 
(Dependence Scale) to 3.48 (MMSE) than par-
ticipants with mild AD. NPI total and caregiver 

distress scores did not significantly differ 
across AD severity levels (Table 3).

ApoE4 was detected in 85 of 210 (40.5%) AD 
participants with test results and 5 of 36 
(13.9%) healthy controls (P=0.002). Among AD 
participants, ApoE4 was detected in 44 (40.7%) 
and 41 (40.2%) with mild disease and moder-
ate/severe disease, respectively. Although th- 
ere was no significant difference between Ap- 
oE4 carriers versus non-carriers in Executive 
Function, Memory Function, total NTB score, 
significant differences were found between 
ApoE4 carriers versus non-carriers on three 
NTB component tests: RAVLT Delay (P=0.024, 
ES=0.32), COWAT (P=0.002, ES=0.44) and 
Category Fluency Test (P=0.022, ES=0.33). 

In terms of regions, differences in assessment 
scores among AD patients were found for 

Table 2. Analysis of covariance (ANCOVA) between Alzheimer’s disease participants and healthy con-
trols at baseline, controlling for age and education

Scale/Test
Alzheimer’s  

Disease (N=244)
Healthy Controls  

(N=51) ANCOVA

Mean SE Mean SE μcontrol-μAD SDpooled Effect Size* F-statistic P-value

Disability Assessment for Dementia 77.5 1.06 98.4 2.43 20.8 16.12 1.29 59.77 < 0.001

Clinical Dementia Rating -SOB 5.1 0.15 0.1 0.35 -4.9 2.31 -2.13 162.78 < 0.001

Mini-Mental State Exam  19.7 0.23 28.9 0.54 9.2 3.57 2.58 238.4 < 0.001

Dependence Scale 5.3 0.13 0.4 0.29 -5 1.95 -2.55 232.53 < 0.001

Neuropsychiatric Inventory Total Score 7.9 0.6 1 1.38 -6.9 9.17 -0.75 20.23 < 0.001

NPI Caregiver Distress 4.2 0.31 0.4 0.71 -3.8 4.75 -0.81 23.31 < 0.001

ADAS-Cog 21.1 0.53 4.5 1.2 -16.5 7.98 -2.07 153.97 < 0.001

NTB-Executive Function -1.2 0.04 0 0.09 1.2 0.62 1.96 137.74 < 0.001

NTB-Memory -2.4 0.06 0.4 0.13 2.8 0.88 3.19 365.83 < 0.001

Total NTB Score -2 0.05 0.3 0.11 2.3 0.7 3.27 382.21 < 0.001
*Effect size is defined as the absolute value of Cohen’s d; d=[mean difference]/[pooled SD].

Table 3. Analysis of covariance (ANCOVA) between MMSE-derived impairment groups at screening 
and baseline, controlling for age and education

Scale/Test
Mild Disease  

(N=136)
Moderate Disease  

(N=108) ANCOVA

Mean SE Mean SE μmod-μmild SDpooled Effect Size* F-Statistic P-value

Disability Assessment for Dementia 84.2 1.42 68.3 1.61 -15.9 16.02 -0.99 53.72 < 0.001

Clinical Dementia Rating-SOB 4 0.2 6.4 0.23 2.4 2.27 1.06 60.83 < 0.001

Mini-Mental State Exam 22.9 0.18 15.9 0.2 -6.9 2 -3.48 658.6 < 0.001

Dependence Scale 4.6 0.17 6.3 0.2 1.8 1.96 0.9 43.77 < 0.001

Neuropsychiatric Inventory 7.3 0.89 8.6 1 1.3 9.99 0.13 0.97 0.327

NPI Caregiver Distress 3.6 0.45 4.8 0.51 1.2 5.09 0.23 2.97 0.086

ADAS-Cog 16.2 0.62 27 0.7 10.9 6.94 1.57 134.04 < 0.001

NTB-Executive Function -1 0.05 -1.6 0.05 -0.6 0.53 -1.09 65.23 < 0.001

NTB-Memory -2 0.07 -2.9 0.08 -0.9 0.78 -1.18 76.08 < 0.001

Total NTB Score -1.6 0.05 -2.4 0.06 -0.8 0.6 -1.36 100.12 < 0.001
*Effect size is defined as the absolute value of Cohen’s d; d=[mean difference]/[pooled SD].
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Figure 1. Least squares adjusted means from mixed effects model including random intercept and slope terms. aP-
value for the interaction between week and group, which evaluates whether the trend over time differs statistically 
between groups in mixed effect models, adjusting for age, gender, education, and region.

Table 4. Classification of change from baseline to week 78, based 
on regression based change scores incorporating age, gender, 
education, region, and baseline score

Healthy Controls AD group P-valuea P-valueb

ADAS-Cog
    Improved 1 (2%) 0 < 0.001 < 0.001
    Unchanged 45 (92%) 35 (16%)
    Worsened 3 (6%) 178 (84%)
MMSE
    Improved 1 (2%) 3 (1%) < 0.001 < 0.001
    Unchanged 45 (92%) 25 (11%)
    Worsened 3 (6%) 191 (87%)
DAD
    Improved 0 20 (9%) < 0.001 < 0.001
    Unchanged 46 (94%) 12 (5%)
    Worsened 3 (6%) 187 (85%)
DS
    Improved 2 (4%) 11 (5%) < 0.001 < 0.001
    Unchanged 45 (92%) 22 (10%)
    Worsened 2 (4%) 186 (85%)
NPI
    Improved 1 (2%) 55 (25%) < 0.001 < 0.001
    Unchanged 46 (94%) 60 (27%)
    Worsened 2 (4%) 104 (47%)
NPI Caregiver
    Improved 0 44 (20%) < 0.001 0.005
    Unchanged 44 (90%) 82 (37%)
    Worsened 5 (10%) 93 (42%)
CDR-SB
    Improved 0 22 (10%) < 0.001 < 0.001
    Unchanged 47 (96%) 16 (7%)
    Worsened 2 (4%) 181 (83%)
NTB-Memory
    Improved 3 (6%) 0 < 0.001 < 0.001
    Unchanged 42 (86%) 73 (34%)
    Worsened 4 (8%) 143 (66%)
NTB-Executive Function
    Improved 2 (4%) 0 < 0.001 0.016
    Unchanged 44 (90%) 90 (42%)
    Worsened 3 (6%) 126 (58%)
Total NTB
    Improved 4 (8%) 1 (< 1%) < 0.001 0.003
    Unchanged 42 (86%) 60 (28%)
    Worsened 3 (6%) 155 (72%)   
aChi-squared tests comparing the change from baseline to 78 weeks between AD 
participants and healthy controls; bDifference between groups over time using GEE.

MMSE (P < 0.001), ADAS-Cog (P 
< 0.001), RAVLT Immediate 
(P=0.010), Digit Span (P < 
0.001) and Executive Function 
(P < 0.001). Sample sizes of 
each region were relatively small 
except for mainland China 
(n=110, 32, 66, 11, and 25 for 
China, Hong Kong, Korea, Tai- 
wan and Singapore, respective-
ly), and this result should be 
interpreted with caution. The fol-
lowing sensitivity to change an- 
alyses were conducted adjusted 
for region.

Sensitivity to change 

Estimated means from the longi-
tudinal mixed effects models 
are plotted in Figure 1A-J. The 
primary term of interest from 
these models is the interaction 
between week and group, which 
evaluates whether the trend ov- 
er time differs between groups. 
A significant interaction betwe- 
en group and time was obser- 
ved for all measures except the 
NPI Caregiver scores where P= 
0.066. The trend over time dif-
fered between Mainland China 
and Korea --- the only countries 
with sufficient sample size for 
subgroup analyses --- only in Me- 
mory Function (P=0.040) with a 
greater degree of change obser- 
ved for China. 

As shown on Table 4, results  
of the multiple-regression-bas- 
ed change score analysis, wh- 
ich incorporates age, gender, 
education, region, and baseline 
score, indicated a substantial po- 
rtion of AD participants wors-
ened to a statistically significant 
degree, relative to the healthy 
controls (all P < 0.001). 

In a simplified analysis that did 
not adjust for demographic dif-
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ferences, the mean change from baseline to 
Week 78, adjusted for baseline score, was eval-
uated within each group against the null hypoth-
esis that the change is equal to zero (Table 5). 
Patients with AD significantly (P < 0.001) wors-
ened on all scores while control group signifi-
cantly (P < 0.05) worsened on ADAS-Cog, DS, 
Memory Function, Executive Function and over-
all NTB scores. Responsiveness index ranged 
from 0.14 (Memory Function) to 22.31 (DAD). 
Significant change score differences between 
AD and control groups were found on all but two 

Effect sizes for NPI total and caregiver distress 
scores were the lowest among the assess-
ments. Within the AD group, greater disease 
severity corresponded to significantly poorer 
performance on nearly every assessment. Only 
NPI total and caregiver distress scores did not 
significantly differ across AD participants with 
low versus high disease severity. 

Some differences emerged between the perfor-
mance of the instruments in this Asia-only 
cohort versus previous global studies. The 

Table 5. Mean change from baseline to Week 78 within healthy control 
group and Alzheimer’s disease group, adjusted for baseline score, tested 
against a null hypothesis value of 0

Group/Assessment Mean change  
from baseline SE Responsive 

ness indexa P-valueb P-valuec

ADAS-Cog
    Control, Normal Cognition 2.992 1.394 1.27 0.033 0.588
    Mild-Moderate Alzheimer’s 3.866 0.569 < 0.001
MMSE
    Control, Normal Cognition -1.132 0.678 -1.88 0.096 0.168
    Mild-Moderate Alzheimer’s -2.217 0.263 < 0.001
DAD
    Control, Normal Cognition 1.216 2.339 -22.31 0.604 < 0.001
    Mild-Moderate Alzheimer’s -11.884 1.021 < 0.001
DS
    Control, Normal Cognition -0.856 0.305 2.94 0.005 < 0.001
    Mild-Moderate Alzheimer’s 1.123 0.115  < 0.001
NPI
    Control, Normal Cognition -1.781 1.452 2.3 0.221 0.001
    Mild-Moderate Alzheimer’s 3.513 0.668 < 0.001
NPI caregiver
    Control, Normal Cognition -0.448 0.77 1.8 0.561 0.008
    Mild-Moderate Alzheimer’s 1.84 0.354 < 0.001
CDR-SB
    Control, Normal Cognition 0.036 0.378 16.5 0.924 < 0.001
    Mild-Moderate Alzheimer’s 1.647 0.15 < 0.001
NTB-Memory
    Control, Normal Cognition 0.592 0.103 -0.14 < 0.001 < 0.001
    Mild-Moderate Alzheimer’s -0.126 0.037 < 0.001
NTB-Executive Function
    Control, Normal Cognition 0.198 0.077 -0.58 0.011 < 0.001
    Mild-Moderate Alzheimer’s -0.311 0.032 < 0.001
Total NTB
    Control, Normal Cognition 0.332 0.086 -0.42 < 0.001 < 0.001
    Mild-Moderate Alzheimer’s -0.157 0.031 < 0.001
aThe responsiveness index is a measure of effect size calculated as the mean change in the Al-
zheimer’s disease groups divided by the standard deviation of the change scores in the healthy 
control group; bP value of the mean change within group different from baseline; cP value of the 
difference between groups.

(ADAS-Cog and MM- 
SE) scores as shown 
on Table 5. 

Discussions

This is the first large 
scale study which in- 
cluded multiple Asian 
countries/regions of 
psychometric proper-
ties of major AD in- 
struments. Using da- 
ta from both patients 
with AD and healthy 
controls, we verified 
psychometric prope- 
rties of commonly us 
ed assessment tools, 
including acceptable 
test-retest reliability, 
inter and intra-rater 
reliability, validity, and 
responsiveness over 
a period of 78 weeks. 
Within the AD group, 
test-retest reliability 
was better than 0.70 
for all tests. DAD, AD- 
AS-Cog, DS, CDR-SB 
and MMSE scores co- 
rrelated well with NTB 
component, summary 
and total scores, ac- 
hieving significance in 
nearly every compari-
son. After adjustment 
for age and education 
differences, AD par-
ticipants performed 
more poorly than con-
trols on every assess-
ment at all visits with 
large effect sizes. 
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mean change in the ADAS-Cog (3.9) was some-
what less in the AD group compared to past 
studies (usual range 5-8). For example, recent 
studies of solanezumab and semagacestat, 
had ADAS-Cog declines of 4.5 points in Ex- 
pedition 1 and 6.6 points in Expedition 2 (solan-
ezumab) [21] and 7.8 points in the semageces-
tat studies [22]. Similarly, changes in DAD, NTB 
Total, and MMSE were smaller than observed in 
these prior studies. Several factors could con-
tribute to this difference, including better over-
all support and adherence to treatments. A 
smaller change score - if reproducible - would 
affect power calculations and sample sizes 
required to show a drug-placebo difference in 
Asian populations.  

ApoE4 was detected in significantly more AD 
participants than healthy controls with similar 
rates across regions. This finding confirms the 
documented literature in which ApoE4 was con-
sidered a risk factor for developing AD [23]. The 
rate of e4 was less than in many previously 
reported AD studies [24], yet similar to reports 
that Asian patients with AD had a lower preva-
lence of ApoE4 compared to US [25] and north-
ern Europeans [26]. Regardless of its signifi-
cant role in predicting AD, ApoE4 had little 
association with psychometric assessments, 
except the NTB executive function score. Our 
finding matched the literature [27], in which 
inclusion and exclusion of ApoE4 did not influ-
ence the predictive accuracy of AD progression 
(81% versus 80% for inclusion and exclusion, 
respectively).

The AD group demonstrated substantial wors-
ening of most scores with large effect sizes rep-
resented by the responsiveness index. There 
was large variability in the responsiveness 
index for the psychometric tests, with effect 
sizes ranging in magnitude from 0.14 for the 
Memory Function (or 1.3 for non-NTB/ADAS-
Cog) to 22.3 for the DAD. It should be noted 
that the variability in the healthy control group 
change scores, which constitutes the denomi-
nator of the responsiveness index, was small 
for most tests (ranging from 0.02 for DS and 
CDRS-SB to 0.35 for ADAS-Cog) and this may 
contribute to the larger responsiveness index 
values. Compared to healthy controls and 
adjusted for demographics and baseline score, 
the trend over time was significantly worse for 
the AD group for all measures except the NPI 

Caregiver scores which was expected. Yet sig-
nificant NPI caregiver score differences be- 
tween the AD and healthy control groups were 
found at all time-points. 

Prior to this study, these instruments have be- 
en the subject of minimal psychometric re- 
search in Asia, although they have been shown 
to be valid, reliable, and responsive to change 
in the nations and regions in which they were 
developed. Specifically, prior studies have sh- 
own that the ADAS-Cog is sensitive to age-relat-
ed decline in patients with mild to moderate AD 
[28]. The DAD has been used as an endpoint to 
assess functional outcomes of AD patients 
after treatment [7]. The individual measures of 
the NTB have been shown to be reliable, valid 
for use in AD, and sensitive to cognitive decline 
[29]. The NTB also evaluates delayed recall  
and executive function, cognitive domains that 
are not adequately assessed with the ADAS-
Cog [30]. The NPI [11, 31], CDR [32], and MMSE 
[13, 33] were all developed specifically to as- 
sess patients with dementia or other cognitive 
impairment. The results of this study suggest 
that, in Asia, these instruments are also reli-
able, valid in differentiating cognitively impaired 
from cognitively healthy subjects, and sensitive 
in documenting longitudinal change in an AD 
patient group. 

According to the Global Burden of Disease esti-
mates for the 2003 World Health Report [34], 
dementia contributed 11.2% of years lived with 
disability in people aged 60 years and older. 
Using a Delphi consensus approach conducted 
by Alzheimer’s Disease International, Ferri and 
colleagues [5] reported that although the 
expert consensus was for a higher prevalence 
of dementia in developed region, it is China and 
its developing western-Pacific neighbors that 
have the highest number of people with demen-
tia (6 million), followed by western Europe with 
4.9 million, and North America with 3.4 million. 
They also predicted that by 2040 China and its 
western-Pacific neighbors will have three times 
more people living with dementia than Western 
Europe. Zhang and colleagues reported the 
prevalence for persons 65 years or older was 
4.8% for AD and 6.8% for dementia in China, 
after post-hoc correction for negative screening 
errors [35]. Chan and colleagues reported that 
the number of dementia patients were 9.19 
million (5.92-12.48) in 2010 and the number of 
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people with AD was about 5.69 million (3.85-
7.53) at the same period [36]. Catindig and col-
leagues [37] claimed that the dementia sub-
type pattern appeared to have changed over 
time with AD becoming more prevalent in East 
Asia countries since 1990. All highlighted the 
importance of including Asian countries in glob-
al clinical trials. The impact of dementia in Asia 
on health, society and the economy requires 
more attention. More studies using standard-
ized cross-culturally sensitive cognitive instru-
ments and ascertainment of functional and 
social declines are needed to better under-
stand the burden and cause of early dementia 
[37]. The results of this study fill this important 
gap for Asia. Not only did it provide the validat-
ed instruments for future AD research in this 
region, but also provided invaluable informa-
tion on how to conduct AD clinical trials in this 
region.

Some limitations are noted. The sample was 
limited to five Asian countries and therefore 
results cannot be generalized to other Asian 
countries. Additionally, although the overall sa- 
mple size in this study was sufficient for psy-
chometric validation analyses, they were not 
the same across all regions and only China and 
Korea had sample sizes greater than 50. These 
unequal and small sample sizes within regions 
limited the potential of examining the impact of 
cultural differences across all regions using 
advanced item response theory [38, 39]. To our 
knowledge, this is one of the first validation 
studies using sufficient numbers of patients 
across Asian regions to investigate more 
diverse Asian populations, allowing results to 
be more broadly generalizable. Future studies 
that recruit more diverse samples across more 
regions can further enhance the generalizabili-
ty of the results.

In conclusion, the psychometric properties of 
the ADAS-Cog, DAD, and NTB were verified 
using data from patients with mild to moderate 
AD recruited from Asia. These instruments can 
be used for future clinical trials in the partici-
pating countries/region. Additionally, a signifi-
cant amount of information was obtained, 
including the rates of ApoE4 carrier status in 
Asian AD patients which warrants further inves-
tigation. The trial was complicated and chal-
lenging, but further demonstrated the poten-
tials and capacities of the participating sites 

cross countries/regions in collaboratively con-
ducting global AD trials.
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