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Abstract.
Background: As tracking subtle cognitive declines in the preclinical stage of Alzheimer’s disease (AD) is difficult with
traditional individual outcome measures, need for cognitive composite for preclinical AD is widely recognized.
Objective: We aimed to develop culturally appropriate cognitive composite that sensitively identifies subtle cognitive decline
of preclinical AD in Korean older adults.
Methods: A total 225 cognitively normal elderly individuals from the Korean Brain Aging Study for the Early Diagnosis
and Prediction of Alzheimer’s Disease, were included. Tests of episodic memory, orientation, and executive function were
carefully selected through review of previously established composites. Three candidate composites including Consortium
to Establish a Registry for Alzheimer’s Disease Word list recall (WLR), Logical memory (LM) II, and Mini-Mental status
examination (MMSE) in common, and Letter fluency test (LF), category fluency test, or Stroop color and word test, were
selected.
Results: Student t-tests demonstrated that only the composite composed of WLR, LM II, MMSE, and LF (Composite 1)
showed a significant difference in score decline over two-year follow-up period between A� positive and negative group
(p = 0.03). Linear mixed model analyses also showed that the A� x time interaction effect was significant only for Composite
1 (p = 0.025). Based on the results, Composite 1 was chosen as the final cognitive composite for preclinical Alzheimer’s
disease (CPAD).
Conclusions: CPAD can be used to assess subtle cognitive decline of preclinical AD in clinical research settings, especially
in Korean older adults. It also may be used for monitoring progression or treatment benefits in clinical practices.
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INTRODUCTION

Preclinical Alzheimer’s disease (AD) describes a
disease state without noticeable cognitive impair-
ment but with cerebral accumulation of pathological
amyloid-� (A�) [1, 2]. As in vivo neuroimaging
and cerebrospinal fluid biomarkers for cerebral A�
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deposition are available, diagnosis and research of
preclinical AD in living human have become possi-
ble.

Measuring subtle cognitive changes in the preclin-
ical AD is important for clinical research and even
crucial for drug trials targeting preclinical AD [3].
In this context, the Alzheimer Disease Cooperative
Study Preclinical Alzheimer Cognitive Composite
(ADCS-PACC) [4] was developed to identify A�-
related cognitive decline in the preclinical phase of
AD in 2014. The ADCS-PACC includes cognitive
tests that assess episodic memory, executive func-
tion, and orientation, and it has been used as a
primary outcome measure in Anti-Amyloid Treat-
ment in Asymptomatic Alzheimer’s study (A4 study)
[5]. Several other cognitive composites, such as AD
Composite Scores [6], the z-scores of Attention, Ver-
bal fluency, and Episodic memory for Nondemented
older adults composite [7], and the Alzheimer’s Pre-
vention Initiative Composite Cognitive Test (APCC)
[8], have also been developed to evaluate cognitive
change in preclinical AD. While the cognitive com-
posites differ in the tests that they are composed of,
the common tests include that of episodic memory,
orientation, and executive function in common. Tests
for episodic memory, executive function, or orienta-
tion are known to be sensitive to identifying cognitive
change in the early stage of AD [9–11].

While the previously developed cognitive compos-
ites demonstrated the ability to sensitively evaluate
subtle cognitive decline in preclinical AD, all of them
were developed by using the cohort data that mainly
included highly educated non-Hispanic white indi-
viduals. Cultural and linguistic background can be a
major factor for result and interpretation of cogni-
tive tests [12, 13]. Education levels, which strongly
affect the results of most cognitive tests, are also
considerably different in Korean older adults com-
pared to western ones. The range of educational levels
among Korean old individuals is wider than that
of North Americans [14]. The previously developed
composites did not consider these cultural, linguis-
tic differences, and local normative data, and it is
unknown whether they can be adapted to populations
of various cultural backgrounds. We aimed to deter-
mine whether the constructs of previously developed
composites, that is, tests of episodic memory, ori-
entation, and executive function are valid in Korean
individuals despite of these differences in cultural and
linguistic backgrounds, and confirm a cognitive com-
posite that can sensitively assess the subtle cognitive
decline of preclinical AD in Korean older adults.

METHODS

Participants

This study included cognitively normal subjects
from the Korean Brain Aging Study for Early Diagno-
sis and Prediction of Alzheimer’s Disease (KBASE)
[15], which started in 2014.

A total 225 cognitively normal (CN) individuals
included in the analyses met the following criteria: 1)
age between 55 and 90 at baseline, 2) Clinical Demen-
tia Rating [16] score of 0, 3) no diagnosis of mild
cognitive impairment (MCI) or dementia at baseline,
4) completed baseline and 2-year follow-up evalu-
ation including clinical assessments, comprehensive
neuropsychological tests, and amyloid positron emis-
sion tomography (PET) evaluation at baseline. The
exclusion criteria were as follows: 1) presence of
a major psychiatric illness including schizophre-
nia, major depressive disorder, bipolar disorder, and
alcohol-related disorders; 2) significant neurological
or general medical conditions or diseases that could
affect mental function; 3) illiteracy; 4) the presence
of significant visual/hearing difficulties and/or severe
communication or behavioral problems that would
make clinical examinations or brain scans difficult;
and 5) taking an investigational drug. The study pro-
tocol was approved by the institutional review boards
of Seoul National University Hospital (C-1401-
027-547) and SNU-SMG Boramae Medical Center
(26-2015-60), Seoul, South Korea, and the study was
conducted in accordance with the recommendations
of the current version of the Declaration of Helsinki.
All participants gave written informed consent.

Clinical, neuropsychological, and laboratory
assessment

All participants underwent comprehensive clinical
assessments by trained board-certified psychiatrists
based on the KBASE clinical assessment proto-
col [15] which incorporated the Koran Version of
Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD-K) clinical assessment [17] at
baseline and at 2-year follow-up. All participants
were also given a comprehensive neuropsychological
assessment battery, administered by trained clinical
neuropsychologist or psychometrists according to the
standardized protocol incorporating the CERAD-K
neuropsychological battery [14]. The neuropsycho-
logical tests included in the KBASE protocol are
listed in Table 2.
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Table 1
Baseline Characteristics of Participants by A� status

A�-negative A�-positive All
participants participants participants

Characteristics (n = 182) (n = 43) (n = 225) pa

Age, y 67.7 (8.0) 73.7 (5.9) 68.9 (8.0) < 0.001∗∗∗
Sex, n (%)

Female 93 (51) 22 (51) 115 (51) 0.994
Male 89 (49) 21 (49) 110 (49)

Education, y 11.9 (4.9) 12.8 (4.0) 12.1 (4.7) 0.175
APOE �4 status, n (%)

Non-carriers 158 (87) 28 (65) 186 (83) 0.001∗∗
Carriers 24 (13) 15 (35) 39 (17)

Progressors, n (%)
Progressors 10 (5) 7 (16) 17 (8) 0.016
Non-progressors 172 (95) 36 (84) 208 (92)

MMSE scoreb 0.29 (0.87) 0.27 (0.91) 0.28 (0.87) 0.895
CERAD WLR scoreb 0.46 (0.80) 0.21 (0.87) 0.41 (0.82) 0.083
LM-DR scoreb 0.36 (0.94) 0.20 (0.84) 0.32 (0.92) 0.276
CF scoreb 0.34 (1.20) 0.19 (1.01) 0.10 (0.99) 0.410
LF scoreb 0.05 (0.94) 0.30 (1.16) 0.31 (1.17) 0.220
Stroop CW scoreb 0.28 (0.96) 0.02 (0.90) 0.23 (0.95) 0.097

A�, amyloid-�; MMSE, Mini-Mental Status Examination; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; WLR,
Word List Recall; LM-DR, delayed recall score of the WMS-K-IV Logical Memory II; CF, Category fluency Test; LF, Letter fluency Test;
Stroop CW, Stroop Color and Word test; All values are given as mean (SD) values or number (%) of participants. aDetermined by use of
Student T-test for continuous variables and the Pearson χ2- test for categorical variables. bThe values are z-scores using normative data for
Korean elderly by age, sex, and education. (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001).

Measurement of cerebral Aβ deposition

Details were described previously [15]. Briefly,
participants underwent simultaneous three-
dimensional (3D) [11C] Pittsburgh compound
B (PiB) PET (PiB-PET) and 3D T1-weighted MRI
using the 3.0T PET-MR scanner (mMR Biograph,
Siemens) according to the manufacturer’s guide-
lines. The automatic anatomic labeling algorithm
and a region-combining method [18] were used to
determine regions of interest (ROIs), to characterize
the PiB retention levels in the frontal, lateral parietal,
posterior cingulate/precuneus, and lateral temporal
regions. The standardized uptake value ratio (SUVr)
values for each ROI were generated by dividing the
mean value for all voxels within each ROI by the
mean cerebellar uptake value in the same image.
Each participant was classified as A� positive (A�+)
if the SUVr value was > 1.21, and A� negative
(A� −) if SUVr was ≤ 1.21 [19].

Selection of candidate cognitive composites

Most of the previously developed cognitive com-
posites for preclinical AD [4, 6, 8, 20–22] include
tests covering episodic memory, orientation, and
executive function, which are sensitive to identify
cognitive change in the early stage of AD (Table 3)

Table 2
Cognitive tests in the KBASE cohort study

Cognitive test Domain

Category fluency test (Animal) Language/ Executive
function

Boston Naming Test Language
Korean Adult Reading Test Language
MMSE-KC Cognitive Status
CERAD Word List Memory Episodic memory
CERAD Word List Recall Episodic memory
CERAD Word List Recognition Episodic memory
WMS-K-IV Logical Memory I Episodic memory
WMS-K-IV Logical Memory II Episodic memory
WAIS-IV-K block design Visuospatial function
Clock Drawing Test (CLOX1, CLOX2) Visuospatial function
Constructional Praxis Visuospatial function
Constructional Praxis recall Visuospatial memory
Rey Complex Figure Test Visuospatial memory
Stroop Test (Word, Color, Color-word) Executive function
Letter fluency test Executive function
Trail Making Test (A, B) Attention
Digit Span Attention

KBASE, The Korean Brain Aging Study for the Early Diagnosis
and Prediction of Alzheimer’s disease; MMSE-KC, Mini-Mental
Status Examination in the Korean Version of the CERAD Assess-
ment Packet; CERAD, Consortium to Establish a Registry for
Alzheimer’s Disease; WMS-K-IV, Korean Wechsler Memory
Scale-Fourth Edition; WAIS-IV-K, Wechsler Adult Intelligence
Scale-Fourth edition Korean version.

[9–11]. Based on the previously developed compos-
ites, therefore, we first selected cognitive tests for
the three cognitive domains, with consideration of
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the comparability to the previously developed ones,
the PACC in particular [4]. The following tests were
included in the composite of the current study: (a)
CERAD word list recall (WLR) [17] and delayed
recall score of the WMS-K-IV Logical Memory II
(LM-DR) [23] were selected as the candidate tests
for episodic memory, (b) Mini-Mental State Exami-
nation (MMSE) in the Korean version of the CERAD
assessment packet [14] for cognitive status, and (c)
the fluency tests (both FAS (LF) and Animals (CF))
[24] and Stroop Color and Word test (Stroop CW)
[25] for executive function. After the selection of the
tests for the cognitive domains, three different can-
didate composites were derived based on different
combination of the tests. Each candidate composite
consists of 4 cognitive tests, including two tests from
the episodic memory domain, a test from executive
function, and MMSE for cognitive status. The candi-
date composites examined in the study are presented
in Table 4. Z-scores based on age-, sex-, education-
adjusted normative data were used in the analyses
[14]. Of note, no weights were applied.

Determination of the final cognitive composite
for preclinical AD

To determine the final cognitive composite for pre-
clinical AD (CPAD), (a) we first compared baseline
and 2-year follow-up scores of each of the three candi-
date composites between the A�+ and A� − groups.
CPAD score changes over two years were also com-
pared between the groups using student t-test; and
(b) we analyzed the longitudinal effect of A� pos-
itivity on the score change over two years for each
candidate composite using linear mixed models. The
models included each candidate composite score at
baseline or 2-year follow-up as a dependent variable,
and included A� positivity, interval between the tests
(Time), and A� positivity × Time interaction term as
independent variables. In addition, the slope between
the visits was examined. We assumed random effects
as random intercepts for each individual only. The
reference group was the A� negative group. A� pos-
itivity was based on baseline visit. To ensure the
robustness of our results, we implemented a bootstrap
analysis for each composite model. This analysis was
performed using the R statistical software (version
4.0.2, R Development Core Team, 2020) and lever-
aged the “lme4” and “boot” packages. We conducted
1,000 bootstrap iterations to derive stable estimates
and confidence intervals. The best composite was
chosen based on the results of the analysis (a) and

(b)—the composite that showed greater decline of the
score in A� positive group compared to A� negative
group.

Validation of the CPAD

We additionally validated the CPAD, the finally
selected composite, by comparing it between the
groups divided based on clinical progression (i.e.,
progressed versus non-progressed) using linear
mixed model analysis. Clinically progressed group
included those who progressed to MCI or dementia
from CN. Individuals who remain clinically normal
were included in non-progressed group. The model
included CPAD scores of each visit as a dependent
variable, and included clinical progression status,
time, and clinical progression x time interaction term
as independent variables. We assumed random effects
as random intercepts for each individual only. The
reference group was the non-progressed group.

RESULTS

Baseline characteristics

Baseline characteristics for each of the groups by
A� status are described in Table 1. A�+ group is
significantly older than A� − group. There are no
differences between the groups in sex or education.
A�+ group has significantly higher percentages of
APOE �4 carriers, and those who progressed to MCI
or AD dementia at the 2-year follow-up. The base-
line cognitive scores were not significantly different
between A� groups.

Difference of three candidate composites at each
time point between Aβ+ and Aβ− group

All three candidate composites did not signif-
icantly differ between A�+ and A� − groups at
baseline (Table 5), whereas all three candidate com-
posites showed significant differences by A� status at
2-year follow-up (Composite 1, p = 0.03; Composite
2, p = 0.02; Composite 3, p = 0.01).

Effect of Aβ positivity on the longitudinal change
of candidate composites

Student t-tests demonstrated that only the com-
posite 1 showed a significant difference in the score
change over two years between A� groups (Com-
posite 1, p = 0.03; Composite 2, p = 0.24; Composite
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Table 3
Assessments in the previously developed cognitive composites for preclinical AD

Cognitive Composites Cognitive domains
Memory Orientation Executive function Others

ADCS-PACC [4] FCSRT, LM-DR MMSE total DSST
modified-PACC [21] ADAS-cog, LM-DR MMSE total TMT-B
PACC5 [20] FCSRT LM-DR MMSE total DSST CF
ADCOMS [6] 4 items of ADAS-cog 2 items of MMSE CDR-SB
API ADAD composite [22] CERAD WLR MMSE

Orientation to
time

CERAD BNT CERAD
constructional praxis
Raven’s Progressive
Matrices

APCC [8] CERAD WLR, LM-DR Orientation items
of MMSE
Judgement of Line
Orientation

Symbol digit modalities Raven’s Progressive
Matrices

ZAVEN [7] CVLT-II total recall, LM-DR DSST Letter fluency

ADCS-PACC, the Alzheimer Disease Cooperative Study Preclinical Alzheimer Cognitive Composite; ADCOMS, AD Composite Scores;
API, the Alzheimer’s Prevention Initiative; APCC, the Alzheimer’s Prevention Initiative Composite Cognitive Test; ZAVEN, the Z-scores of
Attention, Verbal fluency, and Episodic memory for Nondemented older adults composite; FCSRT, Free and Cued Selective Reminding Test;
LM-DR, Logical memory delayed recall on Wechsler Memory Scale; ADAS-cog, the Alzheimer’s Disease Assessment Scale–Cognitive
subscale; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; WLR, Word List Recall, CVLT-II, the California Verbal
Learning Test, Second Edition; MMSE, Mini-Mental Status Examination; DSST, Digit Symbol Substitution Test; CF, Category fluency test;
TMT-B, Trail Making Test-B; CDR-SB, the Clinical Dementia Rating-sum of boxes; BNT, Boston Naming Test.

Table 4
Components of the three candidate composites

Composite Cognitive tests included in each candidate composite

Composite 1 CERAD WLR LM-DR MMSE LF
Composite 2 CERAD WLR LM-DR MMSE CF
Composite 3 CERAD WLR LM-DR MMSE Stroop CW

MMSE, Mini-Mental Status Examination; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; WLR, Word List Recall;
LM-DR, delayed recall score of the WMS-K-IV Logical Memory II; LF, Letter fluency Test; CF, Category fluency Test; Stroop CW, Stroop
Color and Word test.

Table 5
Composite scores of A�-positive and A�-negative groups at baseline, 2-year follow-up, and differences of two time points in each candidate

composite

Baseline 2 year f/u Difference
A� − A�+ pa A� − A�+ pa A� − A�+ pa

Composite 1 0.30 (0.57) 0.24 (0.62) 0.600 0.31 (0.65) 0.05 (0.68) 0.030∗ 0.01 (0.54) –0.21 (0.56) 0.030*
Composite 2 0.37 (0.60) 0.22 (0.62) 0.140 0.35 (0.64) 0.08 (0.66) 0.020∗ –0.01 (0.50) –0.12 (0.52) 0.240
Composite 3 0.36 (0.56) 0.17 (0.60) 0.070 0.50 (0.68) 0.19 (0.68) 0.010∗ 0.16 (0.50) 0.03 (0.51) 0.150

Data are shown as mean (SD). a Determined by use of Student t-test. ∗p < 0.05.

3, p = 0.15) (Table 5). Linear mixed model analyses
showed that the fixed effect of the interaction of time
and A� status was significant only for Composite
1 (p = 0.025, 95% confidence interval (CI) [–0.397,
–0.028]) but not statistically significant in Compos-
ites 2 and 3 (p = 0.216, 95% CI[–0.280, 0.063).;
p = 0.106, 95% CI[–0.264, 0.024], respectively). The
fixed effect of time reflecting the reference group
(A� negative) was significant for Composite 3
(p < 0.001, 95% CI[0.071, 0.198]) but not significant
for Composite 1 and 2 (p = 0.773, 95% CI[–0.068,

0.091).; p = 0.633, 95% CI[–0.092, 0.056], respec-
tively) (Table 6 and Fig. 1). In the bootstrap analysis,
Composite 1 and 2 showed results comparable to
those of the original models. The fixed effect of the
interaction of time and A� status remained significant
for Composite 1 (95% CI [–0.350, –0.070]) but not
for Composite 2 (95% CI [–0.249, 0.026]). In con-
trast, the fixed effect of the interaction of time and A�
status for Composite 3 was significant in the bootstrap
analysis (95% CI [–0.229, –0.014]), whereas not in
the original model (Table 7).
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Fig. 1. The results of the linear mixed models of time and A� interaction for each candidate composites. (A) Composite 1. (B) Composite 2.
(C) Composite 3. The bars indicate 95% confidence intervals. The fixed effect of the interaction of time and A� status was significant only
for Composite 1(A).

Table 6
The results of linear mixed model analysis of time and interaction between time and A� status for 3 candidate composites

Variables Composite 1 Composite 2 Composite 3
Estimate p Estimate p Estimate p
[95% CI] [95% CI] [95% CI]

Time 0.011 [–0.068, 0.091] 0.773 –0.018 [–0.092, 0.056] 0.633 0.135 [0.071, 0.198] <0.001∗∗∗
A� status (A�+) –0.053 [–0.257, 0.151] 0.611 –0.146 [–0.354, 0.061] 0.168 –0.163 [–0.342, 0.016] 0.077
Time x A� status –0.212 [–0.397, –0.028] 0.025∗ –0.108 [–0.280, 0.063] 0.216 –0.120 [–0.264, 0.024] 0.106
(Intercept) 0.293 [0.203, 0.383] <0.001∗∗∗ 0.363 [0.271, 0.454] <0.001∗∗∗ 0.497 [0.418, 0.577] <0.001∗∗∗

CI, confidence interval. The reference group was A� negative group. Composite 1 only showed a significant p-value of both Time and Time
x A� status interaction. (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001).

Table 7
The Bootstrap results of linear mixed model analysis of time and interaction between time and A� status for 3 candidate composites

Variables Composite 1 Composite 2 Composite 3
Estimate 95% CI Estimate 95% CI Estimate 95% CI

Time –0.010 –0.050, 0.077 –0.019 –0.075, 0.040 0.134 0.084, 0.185
A� status (A�+) –0.056 –0.214, 0.095 –0.148 –0.302, 0.006 –0.165 –0.298, –0.035
Time x A� status –0.212 –0.350, –0.070 –0.110 –0.249, 0.026 –0.121 –0.229, –0.014
(Intercept) 0.294 0.209, 0.667 0.364 0.293, 0.433 0.498 0.169, 0.493

The reference group was A� negative group.

Determination of the final CPAD

Given the abovementioned findings, Composite 1
was selected as the final composite that best identi-
fies the amyloid–related subtle cognitive decline in
preclinical AD. The final selected composite is:

Final composite (CPAD) score = CERAD
WLR + LM-DR + MMSE total + LF

Relationship between clinical progression and
CPAD score

A linear mixed model was performed to determine
whether the final selected composite was related to
clinical progression to MCI or dementia. At the 2-
year follow-up, 17 participants (8%) had progressed
to MCI and no subjects who progressed to dementia.

208 participants (92%) remained clinically normal.
In a linear mixed model with the CPAD score as the
independent variable, a fixed effect of the interac-
tion between time and progression was significant
(p = 0.018, 95% CI [–0.650, –0.062]) (Table 8 and
Fig. 2).

DISCUSSION

We developed CPAD, a cognitive composite to
measure subtle cognitive changes of the preclinical
AD, suitable for Korean older adults. We carefully
selected tests to be included in the candidate com-
posites, to parallel previously established composite
scores developed largely with non-Hispanic White
individuals. We selected a composite that best iden-
tified the amyloid–related subtle cognitive decline in
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Table 8
The results of linear mixed model analysis of time and interaction
between time and progression for final selected Composite (CPAD)

Variables CPAD
Estimate 95% CI p

Time –0.004 –0.079, 0.070 0.905
Progression (progressors) –0.132 –0.446, 0.183 0.412
Time x Progression –0.356 –0.650, –0.062 0.018∗
(Intercept) 0.295 0.212, 0.378 <0.001∗∗∗

The reference group was non-progression group. (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001).

Fig. 2. The result of the linear mixed model of time and progression
interaction for CPAD. The bars indicate 95% confidence intervals.
The fixed effect of the interaction of time and progression was
significant.

preclinical AD as the final one. CPAD includes the
CERAD WLR, LM-DR, MMSE total, and LF.

Similar to previous developed composite scores,
CPAD covers the cognitive domains of episodic
memory, executive function, and orientation. How-
ever, there are some differences in the individual
items. Comparing with the PACC, the Free and Cued
Selective Reminding Test (FCSRT) [26], which is
not included in the KBASE protocol was substituted
by the CERAD WLR. The CERAD WLR differs
from the FCSRT in that it does not provide selective
reminders. Nevertheless, the WLR test is considered
a sensitive test to detect subtle cognitive changes in
preclinical AD and is included in the API composite
[22] and APCC [8]. For executive functions domain,
the LF test was included instead of frequently used the
Digit Symbol Substitution Test (DSST) [27], given
that the current data do not have the DSST included
in the battery. Evidence for the LF test as a strong pre-
dictor of progression to premorbid AD or MCI from
normal cognition provides support inclusion of the
LF instead of the DSST [28–30].

A major consideration for the difference from
previously developed composites is cultural and lin-
guistic factors. CPAD was developed based on data
from Korean adult, and therefore a better option to
use to detect or evaluate cognitive changes in pre-
clinical AD in the Korean population. Demographic
factors such as education and literacy lead to inequal-
ity in subsequent cognitive or occupational activities,
and they affect cognitive reserve [31]. In addition,
linguistic differences can produce biases due to trans-
lation or altered items in cognitive tests [32]. In our
study, we confirmed that the CPAD could detect
cognitive changes in preclinical AD in the Korean
population, even though it was developed considering
comparability with previously developed composites,
especially PACC. However, unlike previous com-
posites, we used demographically adjusted z-scores
based on local normative data, considering the char-
acteristics of Korean older adults whose cognitive
performance varies greatly depending on their age,
sex, and level of educational attainment, as well
as their interactions. This point can be considered
in future global studies with various cultural back-
grounds.

We additionally tried to determine whether the lon-
gitudinal change of this composite score is related
to the clinical progression of preclinical AD to MCI
or dementia using a linear mixed model. The result
showed that the change of CPAD score is significantly
greater in the progression group than in the non-
progression group, supporting the validity of CPAD.

There are some limitations of this study. First, a
2-year follow-up period also may not be long enough
to track the cognitive change of participants. Addi-
tional validation with a longer follow-up period in the
future may be helpful. Nevertheless, the final com-
posite from the current study is meaningful because
the significance was detected despite relatively short
interval between the assessments. Second, although
the cognitive domains of CPAD are very similar to
those of the previously reported composites includ-
ing PACC, there are differences in the individual tests
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included in each domain. Therefore, CPAD cannot
be considered as a direct equivalent or counterpart to
any of the previously reported cognitive composites
for preclinical AD in a global study or trial. Third,
generalizing the CPAD to other ethnic groups should
be done with caution. Fourth, there are no alternate
versions in both the development and final stages of
the CPAD. Cognitively normal elderly may gener-
ate a significant practice effect, which can influence
results in longitudinal studies. Future studies need to
consider and strive to overcome this factor. Finally,
the CPAD was developed using only observational
study data and has not been validated using actual
clinical trial data. Recent criticisms have pointed out
that composite scores based on observational datasets
may lead to overfitting and it remains unclear that
these composites have adequate sensitivity to detect
a clinically meaningful treatment effect in trials [33,
34].

CPAD can be used to assess subtle cognitive
decline of preclinical AD in clinical research settings,
especially in clinical trials with Korean older adults
with preclinical AD. It also may be used for mon-
itoring progression or treatment benefits in clinical
practices.
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