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Abstract.
Background: There is a growing consensus that disease-modifying therapies must be given at the prodromal or preclinical
stages of Alzheimer’s disease (AD) to be effective. A major unmet need is to develop and validate sensitive measures to track
disease progression in these populations.
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Objective: To generate novel statistically-derived composites from standard scores, which have increased sensitivity in the
assessment of change from baseline in prodromal AD.
Methods: An empirically based method was employed to generate domain specific, global, and cognitive-functional novel
composites. The novel composites were compared and contrasted with each other, as well as standard scores for their ability to
track change from baseline. The longitudinal characteristics and power to detect decline of the measures were evaluated. Data
from participants in the Australian Imaging, Biomarkers and Lifestyle (AIBL) Study characterized as mild cognitively impaired
with high neocortical amyloid-� burden were utilized for the study.
Results: The best performing standard scores were CDR Sum-of-Boxes and MMSE. The statistically-derived novel composites
performed better than the standard scores from which they were derived. The domain-specific composites generally did not
perform as well as the global composites or the cognitive-functional composites.
Conclusion: A systematic method was employed to generate novel statistically-derived composite measures from standard
scores. Composites comprised of measures including function and multiple cognitive domains appeared to best capture change
from baseline. These composites may be useful to assess progression or lack thereof in prodromal AD. However, the results
should be replicated and validated using an independent clinical sample before implementation in a clinical trial.

Keywords: Alzheimer’s disease, clinical marker, clinical trial, mild cognitive impairment, prodromal stage

INTRODUCTION

Alzheimer’s disease (AD) is considered a global
priority. Given aging populations and the increasing
incidence of AD, health and economic frameworks are
set to be crippled. Thus, there exists an unprecedented
challenge to understand and cure this disease.

In this quest, clinical research is moving away from
therapeutic trials aimed at countering symptomatic
effects and toward therapeutic trials aimed at modify-
ing the underlying disease mechanism. The majority of
current trials focus on altering the deposition of extra-
cellular amyloid-� (A�) plaques, one of the hallmark
histological markers of AD.

To successfully prevent the development of AD, the
growing consensus is that disease modifying therapies
may need to be given early; most likely at the pre-
symptomatic stage. One of the key challenges faced by
such studies is the uncertainty over appropriate end-
points for prodromal (or even preclinical) AD trials.
Therefore, a major unmet need is to develop and vali-
date sensitive measures to track disease progression in
prodromal and/or preclinical AD populations.

Historically, assessment in AD clinical trials
leveraged the Alzheimer’s Disease Assessment Scale-
cognitive subscale (ADAS-Cog) [1], which demon-
strates utility in monitoring longitudinal cognitive
performance in AD dementia cohorts. However, the
ADAS-Cog has known insensitivity in early AD pop-
ulations [2–5], which raises the question of suitability
for prodromal trials.

A ceiling effect is manifest when measures are insen-
sitive to differences in the population of interest: i.e.,
most patients perform at the maximum score and thus,
differentiating between those who have modest impair-

ments and those who are functioning normally is not
possible. Alternatively, a test may exhibit a floor effect
where there is a lack of sensitivity in identifying differ-
ences in the population of interest. This occurs because
most patients score at the minimum possible score
thereby making it impossible to differentiate patients
at the diseased end of the spectrum, to show additional
longitudinal change (i.e., decline), or to differentiate
between patients over time.

Ideally, clinical endpoints would have a dynamic
range of performance across the population of inter-
est, hence, not exhibit ceiling or floor effects. Different
measures will capture performance most accurately at
different points of the disease spectrum. Thus, the com-
bination of multiple measures into a single composite
would likely represent a desirable clinical endpoint for
a broader range of the disease spectrum. A composite
may also provide greater statistical power over evalu-
ating multiple individual tests, and reduce the risk of
spurious inferences.

Episodic memory, executive function, and language
represent some of the cognitive domains that most
often change across the spectrum of AD dementia
[6]. However, there is no consensus as to which mea-
sures are most efficacious in their ability to track
longitudinal progression in prodromal AD or whether
creating a composite from those most sensitive mea-
sures would improve performance compared to the
standard scores. Further, with the use of a compos-
ite measure, there is the option to combine multiple
scores tapping into various cognitive domains or even
to develop mixed cognitive-functional composites:
a number of cognitive-functional composites have
been considered for endpoints in recent contributions
[5, 7, 8].
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In this study, domain-specific standard scores,
domain-specific composite scores, multi-domain/
globalcompositescores,aswellascognitive-functional
composites were compared and contrasted. A system-
atic approach was adopted to develop novel composite
measures of domain-specific, global, and cognitive-
functional ability. The ability to detect change from
baseline as well as the longitudinal characteristics
and power of the measures were evaluated. Data
from participants engaged in the Australian Imaging,
Biomarkers and Lifestyle (AIBL) Study with mild
cognitive impairment (MCI) and evidence of high
neocortical A� burden were utilized for the study. In an
attempt to determine the likely inter-study comparabil-
ity of standard scores and thus their resultant composite
scores a rank comparison of the overlapping standard
scores available both in AIBL and the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) was also
completed.

The analyses were restricted to prodromal AD
(MCI) participants with high neocortical A� burden
as it is likely that measures to optimally monitor pro-
gression will be specific to the population and severity
of disease under consideration. Therefore, preclinical
AD participants were not included. Mild cognitively
impaired participants with low neocortical A� burden
were also not included for three primary reasons: a)
clinical trials for prodromal AD are now predominantly
designed with inclusion criteria that incorporates evi-
dence of a positive biomarker (amyloid) finding; b) in
the AIBL MCI population, neocortical A� burden has
a bimodal distribution suggesting that high and low A�
burden groups represent differing populations; and c)
in the AIBL MCI population, longitudinal cognitive
decline was more pronounced in the high versus low
A� burden groups.

MATERIALS AND METHODS

The Australian Imaging, Biomarkers and Lifestyle
(AIBL) study

Detailed information on the study design and
enrolment procedures have been reported elsewhere
[9]. The AIBL Study is a prospective longitudinal
study of aging, integrating data from neuroimaging,
biomarkers, lifestyle, clinical, and neuropsychologi-
cal analysis. Eligible volunteers aged over 60 years
and fluent in English were classified into three groups:
1) individuals meeting NINCDS-ADRDA criteria for
AD [10]; 2) individuals meeting criteria for MCI [11,
12]; and 3) cognitively healthy individuals (healthy

controls; HC). The institutional ethics committees of
Austin Health, St Vincent’s Health, Hollywood Private
Hospital, and Edith Cowan University approved the
AIBL study, and all volunteers gave written informed
consent before participating.

Alzheimer’s Disease Neuroimaging Initiative
(ADNI)

For validation purposes, data was obtained from the
ADNI [13] database. Details on the study design, enrol-
ment procedures, and sample collection are given in the
Supplementary Material.

Neuropsychological evaluation

All participants underwent extensive neuropsycho-
logical testing as described previously [9]. Briefly, the
tests that comprised the AIBL clinical and neuropsy-
chological battery were selected to cover the main
domains of cognition affected by AD and other demen-
tias, and are all internationally recognized as having
good evidence of their reliability and validity. The full
neuropsychological battery comprised: the Clinical
Dementia Rating (CDR), Mini-Mental State Exami-
nation (MMSE) [14], Clock Drawing Test, California
Verbal Learning Test – Second edition (CVLT-II) [15],
Logical Memory (LM) I and II (WMS-III; Story A
only) [16–18], D-KEFS verbal fluency [19], 30-item
Boston Naming Test (BNT) [20], the Stroop task
(Victoria version) [17], the Rey Complex Figure Test
(RCFT) [21], Digit Span and Digit Symbol-Coding
subtests of the Wechsler Adult Intelligence Scale –
Third edition (WAIS–III) [22], and the Wechsler Test
of Adult Reading [23].

The standard scores from the tests measured in
the AIBL battery were corrected for age, gender,
years of education, premorbid IQ (Full Scale Intelli-
gence Quotient), and depression symptoms (Geriatric
Depression Scale). Multiple Linear Regressions were
used to derive the norms from a within-AIBL pop-
ulation comprising 592 HC study participants, who
remained healthy over a 3-year period [24]. These
within-study norms represent longitudinally robust
norms that are able to mitigate increased variability
and reduced means that could impact on the ability to
monitor progression [25].

PET imaging

A total of 55 AIBL MCI subjects underwent baseline
11C Pittsburg Compound-B (PiB) positron emission
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tomography (PET) imaging. The PiB imaging method-
ology is detailed elsewhere [26]. Spatially normalized
PiB-PET images were scaled using the cerebellar grey
matter as reference region for the generation of stan-
dardized uptake value ratios (SUVR). Neocortical A�
burden was expressed as the average SUVR of the
mean of frontal, superior parietal, lateral temporal,
lateral occipital, and anterior and posterior cingulate
regions. A SUVR cutoff of 1.5, determined through a
cluster analysis of HC individuals, was used to classify
participants as belonging to a high or low neocortical
A� burden group.

Statistical analysis

Of the 55 AIBL MCI subjects who underwent base-
line PiB-PET imaging, 4 were excluded due to no
baseline neuropsychological test scores being available
and a further 14 were excluded as they were classified
as having low neocortical A� burden. A similar method
to that reported by Raghavan et al. [5] was applied to the
remainingMCIsubpopulationof37individuals.Specif-
ically, these subjects would have met NIA-AA criteria
for MCI in AD [6, 11, 12, 27], based on a classification
of high neocortical A� burden and significant cogni-
tive impairments in one or more domains; presence of
a neuronal injury biomarker, though a component of the
NIA-AAcriteria,wasnotused todefine thispopulation.
The standard scores (corrected for age, gender, years of
education, premorbid IQ, and depressive symptomol-
ogy, and normed to Z-Scores based on within-study HC
participants, who remained healthy over a 3-year period
[24]) were assessed to find those with the highest mag-
nitude of change from baseline. Magnitude of change
wasexaminedusingF-statisticsfromlinearmixedeffect
(LME) models over the 36 month follow-up period as
well as F-statistics from general least squares (GLS)
models of 18 month and 36 month changes from base-
line. LME was used primarily as it incorporates the
full longitudinal dataset, but as LME assumes linear-
ity throughout the time course, GLS analyses for the
18 and 36 month follow-up periods were also examined
to circumvent this assumption. Analyses were subject
to 100 times 10-fold cross-validation to compute 95%
confidenceintervalsforallF-statistics.Thelongitudinal
trajectoriesforeachofthestandardscoreswereassessed
visually using boxplots and quantified using Student’s
t-tests.

Domain-specific composites were generated for
verbal episodic memory, visual episodic memory,
executive function, and language. This was achieved by
taking the Z-Scores (normed to within-study HC par-

ticipants who remained healthy over a 3-year period)
of the sum of the standard scores associated with the
cognitive domain of interest which exhibited the great-
est magnitudes of F-statistics. Two statistically-derived
global composites were also generated by taking Z-
Scores of the sum of the standard scores, irrespective
of their cognitive domain, with the greatest magnitudes
of F-statistics.

The methodology described above for determining
the magnitude of change from baseline and assessing
longitudinal trajectories for the existing standard scores
was also applied to the derived novel composites.

Power and sample size calculations [28] were per-
formed for standard scores and the novel composites
to assess the comparative efficacy of the measures as
endpoints for clinical trials. These analyses were based
upon 3-year LME models with a random intercept and
random slope, power calculations were for a two-arm
parallel design clinical trial with a hypothesized treat-
ment effect of 25%. All calculations were subject to
100 times 10-fold cross-validation to compute 95%
confidence intervals.

Validation

To determine the reproducibility of our results, a val-
idation subset of participants from ADNI was obtained,
comprising 60 individuals who were classified as MCI
and had a positive A� scan at baseline. Eight over-
lapping standard scores were compared. The ADNI
standard scores were normalised to within ADNI study
HC norms generated from 170 HC participants who
remained healthy over a three year period. Norms
were generated for age, gender, years of education and
depression symptoms in the same manner as carried
out for the AIBL dataset.

The magnitudes of change from baseline of the
standard scores available both in the AIBL and the
ADNI clinical and neuropsychological batteries were
compared in a rank comparison test in an attempt to
establish inter-study reproducibility. Rankings were
achieved by comparing the magnitude of F-statistics
from LME models of baseline, 18 & 36 month follow-
up for each cohort.

RESULTS

Demographics

Due to the strict criteria, only 37 individuals were
evaluated in this study. The mean age of the sub-
population was 77 years and a high proportion of the
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participants (75%) were carriers of the apolipoprotein
E �4 (APOE �4) allele; see Table 1.

Change over time metrics for the standard scores

Twenty-seven standard scores from the AIBL clin-
ical and neuropsychological test battery were initially
evaluated: CDR sum of boxes (CDRsb); MMSE; Clock
Drawing Test (Clock); measures of learning, short
delayed free recall, long delayed free recall, recogni-
tion hits, false positives and recognition discrimination
d’ from CVLT-II (CVLTLrn, CVLTSDFR, CVLTLDFR,
CVLTHits, CVLTFP, CVLTd); LMI and LMII; Let-
ter Fluency (LetFl), Category Fluency (animals, boys
names; CatFl), Category Switch Total (CatSwTot)
and Category Switch Accuracy (CatSwAcc) from

Table 1
Demographics

Descriptor Metric Baseline

Number of Participants n 37
Age (years) Mean (sd) 77.14 (6.23)
Female n (%) 20 (54.05)
<9 years of education n (%) 4 (10.81)
9–12 years of education n (%) 15 (40.54)
13–15 years of education n (%) 9 (24.32)
>15 years of education n (%) 9 (24.32)
ApoE �4 carriers n (%) 28 (75.68)
Premorbid IQ Mean (sd) 111.24 (6.57)
Geriatric Depression Scale Mean (sd) 1.90 (1.18)
Standardized uptake value ratio Mean (sd) 2.21 (0.40)

D-KEFS verbal fluency; BNT; Dots, Words, Colours
and Colours/Dots Interference scores from the Stroop
test (StroopDt, StroopWd, StroopCl, StroopInt); copy,
three & 30 min delayed recall, time-to-copy and recog-
nition from RCFT (RCFT, RCFT3DR, RCFT30DR,
RCFTtm, RCFTrec); and WAIS-III Digit Symbol-
Coding (DSC) and Digit Span (DSp).

The magnitudes of change from baseline, repre-
sented by the 100 × 10-fold cross-validated F-statistics
computed from LME models over the 36 month follow-
up period for each of the standard scores are given by
the white bars in Fig. 1. It can be seen that the global
measures (CDRsb, MMSE, and Clock) and measures
of episodic memory (CVLTd, CVLTFP, and LMII)
have the highest magnitudes of F-statistics. The same
pattern is also reflected in the 18 and 36 month GLS
models (Supplementary Figure 1).

Longitudinal performance of the standard scores

Thirty-six month trajectories for nine of the stan-
dard scores are given in Fig. 2A–J. These incorporate
the five standard scores with the highest F-statistics
(CDRsb, MMSE, Clock, LMII, and CVLTFP) as well
as domain-specific tests for Verbal Episodic Memory
(CVLTLDFR), Visual Episodic Memory (RCFT30DR),
Executive Function (StroopInt), and Language (CatFl).
Supplementary Figure 2A–J details the trajectories of
these measures for all disease stages.

Fig. 1. Comparison of change with time statistics for the standard scores and novel composites. Boxplots of 100 × 10-fold cross-validated
F-statistics for LME models are given. White boxes represent standard scores and grey boxes represent novel composites.
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Fig. 2. Longitudinal performance of the standard scores and novel composites. Pale blue data represents individuals who remained stable MCI
within the 36 month follow-up period (Non-Progressors). Dark blue data represents individuals who progressed to AD within the 36 month
follow-up period (Progressors). P-values given in black represent differences between time points for the entire sample (n = 37), where p-values
given in blue represent differences between Progressors and Non-Progressors (n of 16 and 21, respectively).
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These trajectories are split by those who are reclas-
sified as AD within 36 month follow-up (n = 16; dark
blue) and those who remain classified as MCI at 36
month follow-up (n = 21; pale blue). CDRsb (Fig. 2A)
appears to capture the most dramatic deterioration with
time; however, it can be seen that this is clearly driven
by the individuals who are reclassified as AD within
36 months, with the individuals who remain MCI hav-
ing a very mild decline. A similar profile (although
less dramatic) is seen for the Clock score (Fig. 2C).
For MMSE (Fig. 2B), the decline (slope) appears to
be similar for stable MCIs and those who progress to
AD. The measures of episodic memory (Fig. 2D–G)
also appear to have similar but shallower profiles to
those of MMSE. For StroopInt (Fig. 2H), there appears
to be no difference with time or disease progression.
For CatFl (Fig. 2J), there appears to be no decline at
18 months but a mild decline is seen between 18 and
36 months.

Compiling the novel composites

Six composites were compiled using the stan-
dard scores evaluated above. One composite, C1Opt,
was created using the five scores (CDRsb, MMSE,
LMII, CVLTFP, and Clock) with the highest mag-
nitude F-statistics; the top 5 scores were chosen as
there was a natural break in the magnitude of the
F-Statistics (a drop of over 20%) between the 5th

and 6th ranking scores. A second composite, based
on clinical standard scores, C2CR, was created by
combining CDRsb and MMSE (which also repre-
sent the two scores with the highest magnitude of
F-statistics). Finally, four domain-specific composites
were generated using the three domain-specific scores
with the highest magnitude of F-statistics combined
with CDRsb: Verbal Episodic Memory (C3VerEM),
Visual Episodic Memory (C4VisEM), Executive Func-
tion (C5EF), and Language (C6Lang). It should be noted
that only two domain-specific scores were included in
the Language composite as there were only two diverse
standard scores for Language in the test battery. The
composition of these measures is given in Table 2.

Composite evaluation

Change over time metrics for the novel composites

For the purpose of determining the added efficacy of
the clinical/clinical-functional scores of CDRsb and
MMSE, six surrogates of the composites identified
above were also created. Four of the novel composites
(C3-C6) were created without the inclusion of CDRsb
(represented by the prefix A). C1 was created without
the inclusion of MMSE (represented by the prefix B)
and without the inclusion of MMSE or CDRsb (repre-
sented by the prefix C).

The magnitude of change from baseline, represented
by the F-statistics computed from LME models over

Table 2
Baseline mean and standard deviations (sd) for the norm corrected standard scores and novel composites of interest. Sample size calculations
are also given for each measure based on a 25% treatment effect over three years with 80% power. ∗Raw Scores at baseline are given as Median

(IQR) due to the non-normal distribution of the data

Score Components Mean raw Mean corrected Sample size
score at Z-score at (95% CI)

baseline (sd) baseline (sd)

CDRsb∗ – 0.5 (1.00) –0.99 (0.79) 162 (161–164)
MMSE – 26.84 (2.15) –1.43 (1.89) 418 (413–422)
Clock∗ – 10.00 (0.00) –0.17 (1.04) 664 (653–674)
LMII – 4.43 (3.23) –1.81 (0.78) 476 (469–483)
CVLTFP – 8.70 (5.58) –1.81 (1.89) 423 (417–430)
CVLTLDFR – 3.57 (2.43) –2.81 (0.9) 1704 (1657–1752)
RCFT30DR 8.57 (5.42) –1.28 (0.93) 1621 (1583–1660)
StroopInt – 2.45 (0.68) –0.14 (1.05) 8646 (2819–59447)
CatFl – 33.32 (9.16) –0.6 (1.06) 491 (484–498)
C1Opt CDRsb, MMSE, LMII, CVLTFP, Clock – –2.65 (1.37) 105 (104–106)
B-C1Opt CDRsb, LMII, CVLTFP, Clock – –2.41 (1.16) 114 (113–115)
C-C1Opt LMII, CVLTFP, Clock – –1.97 (1.02) 169 (168–171)
C2CR CDRsb, MMSE – –2.32 (2.24) 211 (210–213)
C3VerEM CDRsb, LMII, CVLTFP, CVLTLDFR – –3.26 (1.28) 150 (149–152)
A-C3VerEM LMII, CVLTFP, CVLTLDFR – –2.9 (1.19) 310 (305–314)
C4VisEM CDRsb, RCFT3DR, RCFT30DR, RCFTHits, – –1.77 (1.08) 376 (371–380)
C5EF CDRsb, Stroop, FAS, CatSwTot – –1.39 (1.4) 348 (344–352)
C6Lang CDRsb, CatFl, BNT – –1.55 (2.01) 182 (180–183)

See Supplementary Table 2 for abbreviation definitions.
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the 36 month follow-up period, for each of the novel
composites and their surrogates are demonstrated by
the grey bars in Fig. 1A. It can be seen that the com-
posite with the highest magnitude of F-statistics is
the C1Opt, and that B-C1Opt (without MMSE) has
similar performance. The next highest magnitudes of
F-statistics are seen for C- C1Opt (without MMSE or
CDRsb) and the C2CR (just MMSE and CDRsb). Three
of the domain specific composites (C3VerEM, C5EF,
C6Lang) also have some of the higher magnitudes of
F-statistics. Eight out of the top 10 measures with the
highest magnitude of F-statistics were novel composite
measures (CDRsb and MMSE were the standard scores
exhibited in the top 10): three of these were muliti-
domain/global cognitive-functional composites, three
were single domain cognitive-functional composites,
one was a multi-domain cognitive composite and one
was a single domain cognitive composite.

Cognitive-functional composites (which included
CDRsb) always had higher magnitudes of F-statistics
than the counterpart composites which did not include
CDRsb (prefixes A & C), likewise the composite that
did not include MMSE (prefix B) did not have as
high a magnitude as its counterpart which did include
MMSE.

Similar patterns are also reflected in the 18 and 36
month GLS models (Supplementary Figure 1).

Longitudinal performance of the novel composites

Thirty-six month trajectories for the six novel com-
posites are given in Fig. 2K–Q. For all composites,
individuals who progressed to AD within 36 months
had lower absolute values. For C1Opt, C4VisEM, and
C6Lang the rates of decline (slopes) appear to be greater
in the individuals who progressed to AD within 36
months. For the other composites, there appears to be
no difference in the rates of decline. Supplementary
Figure 2K–Q details the trajectories of these measures
for all disease stages.

Power and sample size calculations

Figure 3 details plots of the statistical power (y-axis)
as a function of sample size requirements (x-axis), for
a hypothesized 25% treatment effect over three years.
These are provided for the nine standard scores and six
composites listed in Table 2. Table 2 also summarizes
the three year change from baseline and the number
(with 95% confidence intervals (CIs)) needed in each
arm of a trial to observe a 25% treatment effect over
three years with 80% power. It can be seen that C1Opt,

Fig. 3. Power calculation plots: where a solid line represents a novel
composite and a dashed line a standard score. From left to right the
lines represent C1Opt, B C1Opt, C3VerEM, CDRsb, C C1Opt, C6Lang,
C2CR, A C3VerEM, C5EF, C4VisEM, MMSE, CVLTFP, LMII, CatFl,
Clock, RCFT30DR, CVLTLDFR, StroopInt.

C3VerEM, and CDRsb are the three measures with the
greatest advantage for monitoring efficacy over a three
year trial. To observe a 25% treatment effect with
80% power 105 participants per arm are required for
C1Opt, 150 per arm for C3VerEM, and 162 per arm for
CDRsb.

Rank comparison with overlapping ADNI
standard scores

Eight overlapping standard scores were compared,
namely: CDRsb, MMSE, LMI, LMII, CVLTLDFR,
Clock, BNT, and CatFl. For the ADNI dataset, the
Rey Auditory Verbal Learning Test (AVLT) [29] long
delayed free recall was substituted for CVLTLDFR,
also CatFl in AIBL utilized Animals and Boys Names
whereas in ADNI only Animals was utilized. Further,
in ADNI, LMI and LMII were taken from WMS-R [30]
opposed to WMS-III for AIBL. The ranking given by
the AIBL dataset was CDRsb, MMSE, Clock, LMII,
CatFl, CVLTLDFR, LMI, and BNT. For the ADNI anal-
yses, the ranking was CDRsb, MMSE, BNT, Clock,
LMII, AVLTLDFR, CatFl, and LMI. A Spearman’s
rank correlation coefficient of 0.62 was observed. A
table and figure outlining these results are given in
Supplementary material (Supplementary Table 1 and
Supplementary Figure 3).
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DISCUSSION

This study represents a statistical evaluation of stan-
dard clinical and neuropsychological measures versus
novel composites derived from these parent measures
to derive a suitable endpoint measure for prodromal
clinical trials. The standard scores and novel com-
posites were evaluated using change from baseline,
longitudinal, and power evaluations. The corroboration
of this study with findings from other similar studies
[5, 31, 32] based on geographically different cohorts
adds weight to current thinking in the field. This is
further exemplified by the rank comparison validation
which demonstrates similar performance in standard
tests across the AIBL and ADNI cohorts.

The standard scores consistently demonstrating the
largest magnitude of change from baseline (Fig. 1)
were CDRsb and MMSE. It appeared that CDRsb
captured a short rapid decline exhibited by MCI indi-
viduals at the transitional period between MCI and
AD; however, it did not readily capture decline in MCI
individuals who were not at this boundary (Fig. 2A).
Conversely MMSE did not appear to capture different
dynamics between MCI individuals who progressed to
AD and those who remained MCI over the 36 month
follow-up period: the slopes for each group were sim-
ilar; however, the absolute values differed suggesting
greater impairment in the individuals who progressed
to AD (Fig. 2B). This may suggest that MMSE pro-
vides a more general measure of impairment detectable
throughout the MCI spectrum, with CDRsb being more
specific to aspects of decline associated with progres-
sion to AD. As classification of AD often includes
consideration of functional deficit and given that there
is a functional aspect to the CDRsb score, this finding
is not altogether surprising.

Given that CDRsb and MMSE were the standard
scores consistently displaying the largest magnitude
of change from baseline, and that their longitudinal
dynamics differed from each other, it was hypothesized
that they may provide complementary information if
compiled into a novel composite, C2CR. This novel
composite had the second largest magnitude of change
from baseline of all the novel composites (Fig. 1).
It is only superseded by the combination of these
two measures with three additional standard scores
(LMII, CVLTFP, and Clock) to generate C1Opt. Power
calculations also demonstrated the added efficacy
provided by C1Opt, over C2CR, with 105 c.f. 211 indi-
viduals required for each arm of a trial to observe
a 25% treatment effect over three years with 80%
power.

Four domain-specific cognitive-functional compos-
ites were also generated based on domain specific
standard scores exhibiting the largest magnitude of
change from baseline, as well as CDRsb as a func-
tional measure. These composites were created for the
domains of verbal episodic memory, visual episodic
memory, executive function, and language. The asso-
ciation of a standard score to the relevant domain
was identified from the literature [33]. For each
domain, a cognitive-only composite was also gener-
ated, without the inclusion of CDRsb (prefix A). The
novel cognitive-functional composites always showed
increased magnitudes of change in comparison to their
cognitive composite counterparts (Fig. 1), suggest-
ing functional deficits are apparent at this stage of
the disease course, which are complementary to the
cognitive deficits seen. It should also be noted that
the multi-domain and clinical novel composites (e.g.,
mean F-Statistics of 5.39 and 4.57 for C1Opt and C2CR,
respectively) outperformed the domain specific com-
posites (e.g., mean F-Statistics of 3.91 and 3.07 for
C3VerEM and C5EF, respectively), and generally the
statistically-derived novel composites performed bet-
ter than the standard scores from which they were
derived.

The major limitation associated with this study is
the small number of subjects available for analysis;
this is somewhat balanced by the very strict criteria
placed upon the subjects to obtain a stringent MCI
cohort for evaluation and that the results presented here
closely match those seen in similar reports [5, 31, 32].
Another potential limitation is that for the AIBL study,
the CDR assessors are not blinded to the outcomes of
the neuropsychological battery and therefore are mak-
ing extremely well-informed CDR assessments. It is,
therefore, likely that this practice is influencing the
strength seen by CDRsb in this study. It should also be
noted that the results presented here are based on an
observational study and that the true ability of any mea-
sure for capturing efficacy of a therapeutic will only be
apparent in the setting of a successful clinical trial. It
should also be noted that this is not a completers study
and that the number of individuals that dropped out or
died by 36 month follow-up was six.

In conclusion, an empirically based method was
employed to generate novel statistically-derived com-
posite measures from standard test scores, which have
improved sensitivity in the assessment of change from
baseline. As clinical trials are now focusing on par-
ticipants earlier in the AD disease course, the novel
composites were developed using data from MCI
participants with high neocortical A� burden in the
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AIBL study. Composites comprising measures includ-
ing function, general cognition and episodic memory
appeared to best capture this change. These compos-
ites may be useful to assess progression or lack thereof
in prodromal AD. However, given the modest sample
sizes in this study, these results need to be replicated
and validated in a larger independent sample to fur-
ther test the performance of these derived values as
a useful tool. We are encouraged, however, that we
observed comparable test performance between AIBL
and ADNI participants.
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