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Abstract

It is generally recognized that more sensitive instruments for
the earliest stages of Alzheimer’s disease (AD) are needed. The
integrated Alzheimer’s Disease Rating Scale (iADRS) combines
scores from 2 widely accepted measures, the Alzheimer’s
Disease Assessment Scale-Cognitive subscale (ADAS-Cog)
and the Alzheimer’s Disease Cooperative Study – instrumental
Activities of Daily Living (ADCS-iADL). Disease progression
and treatment differences as measured by the iADRS were
analyzed using data from solanezumab EXPEDITION,
EXPEDITION2, and EXPEDITION-EXT Studies; semagacestat
IDENTITY Study; and donepezil ADCS – mild cognitive
impairment (ADCS-MCI) Study. Psychometric properties of
the iADRS were established through principal component
analysis (PCA) and estimation of contributions of subscores
and individual item scores to the iADRS total score. The iADRS
performed better than most composites and scales in detecting
disease progression and comparably or better than individual
scales in detecting treatment differences. PCA demonstrated
the iADRS can be divided into two principal components
primarily representing cognitive items and instrumental
ADLs. Dynamic ranges of the subscales were similar across
all studies, reflecting approximately equal contributions from
both subscales to the iADRS total score. In item analyses,
every item contributed to the total score, with varying strength
of contributions by item and across data sets. The iADRS
demonstrated acceptable psychometric properties and was
effective in capturing disease progression from MCI through
moderate AD and treatment effects across the early disease
spectrum. These findings suggest the iADRS can be used in
studies of mixed populations, ensuring sensitivity to treatment
effects as subjects progress during studies of putative diseasemodifying agents.
Key words: iADRS, Alzheimer’s disease, clinical trials, outcome
measure.
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Introduction

C

linical trials for new therapies of Alzheimer’s
disease (AD) are enrolling patients earlier in
the disease continuum to maintain optimal
function and intervene before pathological changes are
severe. The need for more sensitive and responsive
instruments for early stages of AD is increasingly
recognized. Because development and validation of
new scales de novo is a long process, recent efforts have
focused on developing composites from existing scales.
Strategies that have been applied toward that end include
theory-driven and data-mining approaches. Theorydriven composite development consists of construction
of an instrument to include neuropsychological tests
measuring domains known to be impaired at a particular
disease stage of interest, for example, the Alzheimer’s
Disease Cooperative Study (ADCS)-Preclinical Alzheimer
Cognitive Composite (ADCS-PACC), a cognitive
composite being used in the Anti-Amyloid Treatment in
Asymptomatic Alzheimer’s (A4) study of preclinical AD
(1, 2). A data-mining approach applies mathematical
calculations to existing items within a scale or scales to
identify the most sensitive items and applies weighting
and adding/subtracting items to improve performance.
These approaches may also be combined. A common
data-mining strategy for composite outcome measures
developed specifically for mild cognitive impairment
(MCI) or early AD has been to eliminate the items from
the Alzheimer’s Disease Assessment Scale-Cognitive
subscale (ADAS-Cog) (3, 4) that appear less sensitive to
disease progression and combine those with items from
measures (with or without weighting of individual items)
from other instruments of cognition and/or function,
with the goal of improving sensitivity to detect change
and reducing variability (5-10).
The objective of our work was to identify a composite
scale that would appropriately measure the most
important domains of AD (i.e., cognition and function)
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that could be used to monitor disease progression in
observational studies and show treatment effects in
placebo-controlled clinical trials.
Adopting a theory-driven approach as described
above, the starting point for this work was to test the
concept of a composite that combines cognition (with a
particular focus on episodic memory, executive function,
and global cognitive abilities) and function (activities
of daily living) through the evaluation of existing
scales. Various composites constructed using several
different scales were first evaluated for their ability to
detect disease progression in data sets including MCI
and mild AD patients. These analyses demonstrated
that assessing cognitive and functional items in a single
composite scale was more sensitive to detecting disease
progression than testing the domains separately. In
both MCI and mild AD populations, the best performing
composite was the combination of the ADAS-Cog13
with the Functional Activities Questionnaire (FAQ) (11).
The next stage of analysis was to determine whether
this construct was sensitive in detection of treatment
effects. The treatment trials available for these analyses
included the ADCS-ADL scale, rather than the FAQ, as
the functional measure, and specified the ADAS-Cog14
as the primary cognitive outcome measure for the mild
AD population; thus, the construct was represented as
the ADAS-Cog14 combined with the ADCS-instrumental
Activities of Daily Living (iADL). This process resulted
in and supported the use of a simple combination of
the ADAS-Cog14 and the ADCS-iADL scales, which we
termed the integrated Alzheimer’s Disease Rating Scale
(iADRS). Herein, we describe the analyses conducted to
develop the iADRS, to assess the ability of the iADRS to
detect disease progression and treatment effects, and to
describe its psychometric properties.

The Alzheimer’s Disease Neuroimaging Initiative
(ADNI) Study is a longitudinal observational study of
biomarkers in subjects from North America with MCI
and mild AD as well as normal controls (12). From a
snapshot of the data made in May 2013 (ADNI1) patients
with mild AD (N=181) and late MCI (N=380) were
included in the current dataset. The ADCS-ADL scale
was not measured in this longitudinal study; thus, it
was not available for analysis in this dataset. The key
cognitive and functional scales collected in ADNI were
the ADAS-Cog13 and the FAQ.

Solanezumab EXPEDITION and EXPEDITION2
Studies Pooled Mild Database
Solanezumab EXPEDITION and EXPEDITION2
Studies (NCT00905372 and NCT00904683, respectively)
were identically designed Phase 3, 18-month, placebocontrolled studies investigating solanezumab treatment
in patients with mild-to-moderate AD. No treatment
benefit was detected in the overall populations.
Secondary analyses demonstrated a treatment effect of
solanezumab in the mild AD pooled population from the
2 studies, but not in the moderate AD population (13, 14).
Patients from both studies with mild AD (Mini–Mental
State Examination [MMSE] from 20 to 26; n=1322) and
moderate AD (MMSE from 16 to 19; n=723) at baseline
were included in the iADRS analyses. The FAQ scale
was not measured in these studies; thus, it was not
available for analysis in this dataset. The key cognitive
and functional scales collected in EXPEDITION and
EXPEDITION2 were the ADAS-Cog14 and the ADCSADL.

Methods

Solanezumab EXPEDITION-EXT Study

The iADRS is calculated as a linear combination
of total scores of the two individual components, the
ADAS-Cog14 (score range 0 to 90) and the instrumental
items of the ADCS-ADL (ADCS-iADL; score range 0 to
56). Because higher scores on the ADAS-Cog14 reflect
worse performance, whereas higher scores on the ADCSiADL reflect better performance, the ADAS-Cog score
is multiplied by (-1) in the calculation of the integrated
scale. To anchor the ADAS-Cog at 0, a constant (90) is
added. The iADRS score is then computed as the sum of
the transformed ADAS-Cog14 and the ADCS-iADL, as
shown in the formula below:
iADRS score = [-1(ADAS-Cog14)+90]+iADL
The iADRS score ranges from 0 to 146 with lower
scores indicating worse performance.

The EXPEDITION-EXT Study (NCT01127633) is an
ongoing open-label extension study offered to all patients
who completed the EXPEDITION and EXPEDITION2
Studies (15). All patients with mild AD at baseline in
EXPEDITION and EXPEDITION2 (N=1322) were
included in the iADRS analyses. The key cognitive and
functional scales collected in EXPEDITION-EXT were the
ADAS-Cog14 and the ADCS-ADL.

Semagacestat IDENTITY Study
The semagacestat IDENTITY Study (NCT00594568)
was a Phase 3, parallel, placebo-controlled, dose/
response, delayed-start 88-week study in patients with
mild-to-moderate AD to assess the effect of semagacestat,
a γ-secretase inhibitor, on AD progression (16). The
study was terminated before completion after the data

Data Sets
The data sets described below were used in the
development or assessment of the iADRS.
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safety monitoring board observed cognitive worsening
and safety concerns. All patients with mild AD in the
placebo and 140-mg dose groups were included in the
iADRS analysis data set (n=632). For these analyses,
Week 76 was used as the endpoint. The FAQ scale was
not measured in this study; thus, it was not available for
analysis in this dataset. The key cognitive and functional
scales collected in IDENTITY were the ADAS-Cog14 and
the ADCS-ADL.

for estimating the distributions of statistics based on
independent observations, was used to sample the
original dataset with replacement to generate 500
new data sets of the same size as the original data set.
Mixed-model repeated measures (MMRM) analyses
were conducted to estimate the least squares (LS) mean
change from baseline (and standard deviation [SD]) up
to 18 months (EXPEDITION data) and 24 months (ADNI
data) in each bootstrapped dataset. The MMRM model
used to estimate disease progression included the fixed,
categorical effect of visit (or time point, in months); study
(for solanezumab, EXPEDITION or EXPEDITION2); and
the continuous, fixed covariates of baseline score and
baseline score-visit interaction. Generally, the withinsubject errors were modelled using an unstructured
covariance matrix. The Kenward-Roger approximation
(18) was used to estimate denominator degrees of
freedom.
Because various scales have differences in total
points and point differences relative to decline, direct
comparisons of the LS mean change or LS mean change
difference of the scales is not informative; thus, signalto-noise ratios (SNRs) were calculated as follows for each
scale:
Change over time SNR=(LS mean change)
(LS mean change SD)
The 95% confidence interval (CI) of each estimated
SNR was determined by the 2.5th and 97.5th percentiles
of these 500 SNRs. A higher SNR represents greater
change detected by the scale, corrected for variability.
The SNRs and 95% CIs for all scales can be directly
compared.

Donepezil ADCS-MCI Study
The ADCS-MCI Study was a multicenter, randomized,
double-blind, placebo-controlled study comparing
development of AD among MCI patients treated with
vitamin E, donepezil, or placebo for 3 years (17). No
effect of vitamin E was demonstrated. Secondary
analyses demonstrated a beneficial effect of donepezil,
particularly among subjects with the presence of one
or more apolipoprotein (APOE) ε4 alleles “APOE ε4
carriers”. The data set used for iADRS analyses included
APOE ε4 carriers (used as a surrogate for amyloid
positivity to increase the probability AD pathology was
present in this MCI population and that AD progression
would be observed) treated with donepezil or placebo
through 36 months of follow-up (n=789). The FAQ scale
was not measured in this study; thus, it was not available
for analysis in this dataset. The key cognitive and
functional scales collected in ADCS-MCI were the ADASCog14 and the ADCS-ADL-MCI, which is a modified
version of the ADCS-ADL for an MCI population. To
best match the ADCS-ADL-MCI scale to the ADCS-iADL
in iADRS analyses, one item that measured a basic ADL
was removed from the ADCS-MCI scale, resulting in a
17-item instrumental-only scale with a score range of 0 to
49.

Therapeutic Sensitivity
To assess detection of treatment differences by the
iADRS and the ADAS-Cog and ADCS-iADL separately
in the solanezumab and semagacestat mild AD data sets,
the change from baseline for each scale was analyzed
using MMRM; the change from baseline score on the
iADRS at each scheduled postbaseline visit (during
the treatment period) was the dependent variable.
For solanezumab EXPEDITION and EXPEDITION2
Studies, the model for the fixed effects included
baseline score, study, treatment, study-by-treatment
interaction, visit, treatment-by-visit interaction, baseline
AD standard-of-care use, and baseline age. For the
semagacestat IDENTITY Study, the model for the fixed
effects included baseline score, pooled investigator,
treatment, visit, treatment-by-visit interaction, baseline
AD standard-of-care use, and baseline age. Visit was
considered a categorical variable with values equal to
the visit numbers at which the scales were assessed.
An unstructured covariance matrix was used to model
the within-subject variance-covariance errors. The
Kenward-Roger approximation was used to estimate the
denominator degrees of freedom.

Statistical Methods
Disease Progression
The ability of the iADRS to detect disease progression
was compared with other newly created composites and
existing scales. The composites included tests measuring
episodic memory (such as the Auditory Verbal
Learning Test), timed executive function (Digit Symbol
Substitution), global cognition (MMSE), and activities of
daily living (FAQ).
In comparing the ability of composites and existing
scales (ADAS-Cog11, ADAS Cog13, MMSE, Clinical
Dementia Rating Scale [CDR], FAQ, and other scales
included in the composites [listed in Figure 1]) to
demonstrate disease progression, bootstrapped data
sets were generated based on ADNI and solanezumab
EXPEDITION and EXPEDITION2 Study data.
Bootstrapping, a general resampling procedure
229

Original Article
For solanezumab EXPEDITION, EXPEDITION2, and
EXPEDITION-EXT Studies, a delayed-start analysis
was also conducted, using a single MMRM analysis
model including all available data from all randomized
patients from the beginning of the placebo-controlled
period through the end of the delayed-start period (rather
than only patients who participated in the delayed-start
period) (15). The following 3 hypotheses were tested:
1. The difference in mean change from baseline on
iADRS between treatments at the end of the placebocontrolled period (Δ1) is significant.
2. The difference in mean change from baseline on the
iADRS between treatments at the end of the delayedstart period (Δ2) is significant.
3. The lower limit of the 90% CI for the noninferiority
test statistic Δ2 – 0.5Δ1 is greater than 0. This test is to
measure whether at least 50% of the treatment benefit
at the end of the placebo-controlled period is retained
at a particular time after the start of the delayed-start
period.
To assess detection of treatment differences by the
ADAS-Cog and ADCS-ADL-MCI separately and the
iADRS calculated using the ADAS-Cog and the ADCSADL-MCI (modified iADRS) in the donepezil ADCSMCI Study data set, the change from baseline for each
scale was analyzed using MMRM; the change from
baseline score on the modified iADRS at each scheduled
postbaseline visit (during the treatment period) was
the dependent variable. The model for the fixed effects
included terms for baseline score, treatment, visit,
treatment-by-visit interaction, and baseline age. Visit
was considered a categorical variable with values equal
to the visit numbers at which the scales were assessed.
An unstructured covariance matrix was used to model
the within-subject variance-covariance errors. The
Kenward-Roger approximation was used to estimate the
denominator degrees of freedom.

Psychometric Analyses
The psychometric properties of the iADRS were
established through principal component analysis (PCA),
estimation of the contributions of the two subscores to the
iADRS total score, and estimation of the contributions of
individual item scores to the iADRS total score.
The PCA was performed using baseline and change
from baseline data from placebo-treated completer
patients from the pooled mild AD population in the
solanezumab EXPEDITION and EXPEDITION2 Studies
and the donepezil ADCS-MCI Study. Rotation was
not performed to ensure that the resulting principal
components explained the largest amount of the
variability observed in the dataset. The data were not
standardized for baseline score and standard deviation.
An item loading ≥0.4 or ≤-0.4 indicates significant
contribution of that variable to the principal component

INTEGRATED AD RATING SCALE (IADRS)

(19).
The relative contributions of the ADAS-Cog14 and
ADCS-iADL scores to the iADRS total score were
calculated using baseline and change from baseline data
from mild and moderate AD placebo-treated patients
in the solanezumab EXPEDITION and EXPEDITION2
Studies, the semagacestat IDENTITY Study, and the
donepezil ADCS-MCI APOE ε4 carrier data set. The
observed dynamic ranges at baseline and change from
baseline at 18 months were defined as baseline mean
score and LS mean change from baseline plus/minus one
SD for each scale in the solanezumab and semagacestat
mild AD data sets and the donepezil ADCS-MCI APOE
ε4 carrier data set. In addition, dynamic ranges were
calculated in the subsets of mild AD patients from the
solanezumab and semagacestat data sets with baseline
CDR scores of 0.5 to evaluate the iADRS in patients with
milder stages of AD.
To assess the contribution of each item of the iADRS
to its total score at baseline and its change from baseline
to endpoint score, the performance of each individual
item of the ADAS-Cog14 and ADCS-iADL scales was
analyzed using pooled placebo-treated patient data from
the solanezumab EXPEDITION and EXPEDITION2
Studies and from the semagacestat IDENTITY Study.
First, it was determined for each item whether the
population baseline score reflected a score at the ceiling
of the scale (maximum score) or the floor of the scale
(minimum score). Because each item has a different score
range, item scores were normalized and expressed as a
percentage of maximum possible score; the percentage
was calculated as mean raw baseline score divided by
the maximum point value for that item. Because a higher
score on the ADAS-Cog14 indicates greater cognitive
impairment, values for this scale were transformed
such that lower scores would indicate greater cognitive
impairment by subtracting from 100. Thus, for both
scales, 0% would indicate the maximum impairment
(floor effect), while 100% would indicate no impairment
(ceiling effect) on that item. Given the nature of AD
progression, it is expected that patients will decline
over time; thus it is desired that no items show a floor
effect at baseline as that would indicate no room for
worsening over time. Next, to determine how much
patients declined within the remaining space of the scale
(for example, if baseline performance was 50%, then 50%
of the scale remains to decline), the LS mean change score
at endpoint was divided by the total possible point value
for that item minus the baseline mean to correct for the
remaining space at baseline.
To examine the ability of individual items to detect
a treatment effect in data from the mild AD population
in the solanezumab EXPEDITION and EXPEDITION2
Studies and the semagacestat IDENTITY Study, the LS
mean difference between the placebo and solanezumab/
semagacestat treatment groups was divided by the
maximum point value for that item to determine the
230
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Figure 1. Signal-to-noise ratios (median and 2.5th percentiles) for mean change in outcome measures analyzed in the
ADNI late MCI population (n=380), the ADNI mild AD population (n=181), and the solanezumab EXPEDITION and
EXPEDITION2 Studies placebo mild AD (n=652), and moderate AD (n=334) populations

Abbreviations: ADAS-Cog = Alzheimer’s Disease Assessment Scale-Cognitive subscale (11-, 13-, or 14-item version); ADCS-iADL = Alzheimer’s Disease Consortium
Study-Activities of Daily Living, instrumental items; ADNI = Alzheimer’s Disease Neuroimaging Initiative; AVLTdelay = Auditory Verbal Learning Test Delayed Recall;
AVLTimmed = Auditory Verbal Learning Test Immediate Recall; AVLTrecog = Auditory Verbal Learning Test Recognition; CDR-SB = Clinical Dementia Rating scale – Sum
of Boxes; comp=composite; DIGITsymb = Digit Symbol Substitution; FAQ = Functional Activities Questionnaire; iADRS = integrated Alzheimer’s Disease Rating Scale;
LMdelay = Logical Memory Delayed Recall; MCI-mild cognitive impairment; MMSE = Mini-Mental Status Examination; SNR = signal-to-noise ratios; V = version.
* The different versions of the ADNI composites evaluated (designated as ADNI comp V1 through V5) represent measures of executive function (Digit Symbol Substitution),
global cognition (MMSE), function (FAQ total score), and memory (ADNI comp V1: ADAS-Cog delayed word recall and logical memory delay; ADNI comp V2: logical
memory delay and AVLT delayed recall; ADNI comp V3: logical memory delay, AVLT delayed recall, and AVLT immediate recall; ADNI comp V4: logical memory delay and
AVLT immediate recall; and ADNI comp V5: logical memory delay, AVLT immediate recall, and retrieval efficiency [recognition minus delayed word recall]). The vertical
lines mark the median of the ADAS-Cog13 (ADNI) or ADAS-Cog14 (EXPEDITION and EXPEDITION2) to aid in visual comparison among the scales.

Figure 2. Repeated measures analysis of ADAS-Cog14, ADCS-iADL, and iADRS in the pooled mild AD population from
solanezumab EXPEDITION and EXPEDITION2 Studies

Abbreviations: ADAS-Cog14 = 14-item Alzheimer’s Disease Assessment Scale-Cognitive subscale; ADCS-iADL = Alzheimer’s Disease Consortium Study-Activities of
Daily Living, instrumental items; iADRS = integrated Alzheimer’s Disease Rating Scale; LS = least squares. *=p<.05; **=p<.01.

normalized LS mean difference to allow for direct
comparison between items.

mild and moderate placebo data sets, the iADRS
performed better than the other individual cognitive
and functional scales collected in the EXPEDITION and
EXPEDITION2 Studies. In all populations assessed, the
addition of items or entire scales measuring function to
items or entire scales measuring cognition improved the
ability to detect disease progression. That is, composites
combining cognition and function generally showed
greater sensitivity in detecting decline than traditional
cognitive-only or functional-only scales across MCI, mild
AD, and moderate AD.

Results
Disease Progression
In both MCI and mild AD ADNI populations, the scale
most sensitive to disease progression was the ADASCog13+FAQ (Figure 1). The ADAS-Cog13 and FAQ were
used to approximate the iADRS instead of the ADASCog14 and ADCS-iADL, based on the cognitive and
functional scales collected in ADNI. In the solanezumab
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Figure 3. Repeated measures analysis of ADAS-Cog14, ADCS-iADL, and iADRS in the mild AD populations from solanezumab EXPEDITION and EXPEDITION2 Studies, by study

Abbreviations: ADAS-Cog14 = 14-item Alzheimer’s Disease Assessment Scale-Cognitive subscale; ADCS-iADL = Alzheimer’s Disease Consortium Study-Activities of
Daily Living, instrumental items; iADRS = integrated Alzheimer’s Disease Rating Scale; LS = least squares. *=p<.05; **=p<.01.

Therapeutic Sensitivity
Assessing iADRS as a Primary Efficacy Outcome
in the Mild AD Populations of Solanezumab
EXPEDITION, EXPEDITION2, and
EXPEDITION-EXT Studies and Semagacestat
IDENTITY Study
MMRM analysis of pooled mild AD population from
EXPEDITION and EXPEDITION2 showed a statistically
significant reduction in decline in the solanezumabtreated group relative to the placebo-treated group
starting at Week 40 for the ADAS-Cog14 and from Week
64 for the ADCS-iADL. The iADRS showed similar
results with a statistically significant reduction in decline
between solanezumab- versus placebo-treated groups at
Week 40 through Week 80 (Figure 2).
Significant or directionally consistent effects in
cognition (ADAS-Cog14) and function (iADL) were
observed in mild AD populations from the EXPEDITION
and EXPEDITION2 Studies when each study was
analyzed separately. However, treatment effects were
significant for both studies when analyzed using the
iADRS, and the overall results for these two identically
designed studies appear more similar to each other when
analyzed with the iADRS relative to each scale separately
(Figure 3).

The iADRS also improved the ability to detect
treatment differences and noninferiority in the
delayed-start analyses of the pooled mild AD data
from the solanezumab EXPEDITION, EXPEDITION2,
and EXPEDITION-EXT Studies compared with either
cognition or function alone (Figure 4). The difference
between early-start and delayed-start groups was
statistically significant at the end of the placebocontrolled period (80 weeks). The difference between
early-start and delayed-start groups at 108 weeks since
randomization (Δ 2, that is, 28 weeks in the delayedstart period) was also statistically significant. The
noninferiority criterion was met at the primary analysis
time point (108 weeks since randomization, Δ2, that is,
28 weeks in the delayed-start period), indicating the
treatment difference in cognition and function at the
end of the placebo-controlled period were preserved at
108 weeks within a pre-defined margin. Throughout
the remainder of the delayed-start period, treatment
differences for the iADRS were significant and
noninferiority was met through 184 weeks (the entire
period analyzed), whereas the ADAS-Cog14 and ADCSiADL separately demonstrated statistical significance and
noninferiority only through 132 weeks.
The iADRS was also able to detect treatment-related
worsening in the semagacestat IDENTITY Study at all
time points from 28 weeks through 76 weeks. When
cognition and function were analyzed separately using
the ADAS-Cog14 and the ADCS-iADL, significant
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Figure 4. Delayed-start analysis of iADRS in the pooled mild AD population from solanezumab EXPEDITION, EXPEDITION2, and EXPEDITION-EXT Studies

Abbreviations: ADAS-Cog14 = 14-item Alzheimer’s Disease Assessment Scale – Cognitive subscale; ADCS-iADL = Alzheimer’s Disease Cooperative Study – instrumental
items of the Activities of Daily Living Inventory; DS = delayed start; ES = early start; EXP = EXPEDITION; EXP2 = EXPEDITION2; EXP-EXT = EXPEDITION-EXT; iADRS
= integrated Alzheimer’s Disease Rating Scale; LS = least squares; NI = noninferiority criterion met. *=p<.05; **=p<.01; Primary delayed-start analysis time point circled.

Table 1. Baseline Principal Components and Significant Loadings (≥0.4 or ≤-0.4) for Items in the iADRS from Mild
AD Patients in the Solanezumab EXPEDITION and EXPEDITION2 Studies and MCI APOE ε4 Carrier Patients in the
Donepezil ADCS-MCI Study
EXPEDITION/EXPEDITION2

Scale

Item

ADAS-Cog

Word Recognition

0.9082

ADAS-Cog

Word Recall

0.5871

Making meal

0.3345

ADAS-Cog

Delayed Word Recall

Factor 1 Loading
(Total Variance
Explained: 30%)

Factor 2 Loading
(Total Variance
Explained: 13%)
-0.3184

0.6462

0.5457

ADCS-MCI

Factor 1 Loading
(Total Variance
Explained: 40%)
0.9301

Factor 2 Loading
(Total Variance
Explained: 13%)
-0.3663

-0.0559

0.7369

0.2367

--

--

0.5861

--

--

0.0290

0.6050

0.6042

--

0.6308
0.4944

ADAS-Cog

Orientation

ADCS-iADL

Telephone

ADCS-iADL

Using household appliance

0.2497

0.5664

--

--

--

0.4887

Obtaining beverage

0.3384

0.2381

0.4533

--

--

0.4522

Getting around

0.3032

0.4460

--

--

--

--

0.3146

0.4269

--

--

0.0935

0.4191

--

--

ADCS-iADL

ADCS-iADL

Going Shopping

ADCS-iADL

Current Events

ADCS-iADL

Writing

ADCS-iADL

ADCS-iADL

ADCS-iADL

0.5723

0.3092

0.2379

Being Alone

0.2157

0.4277

Keeping Appointments

0.3376

0.4211

ADCS-iADL

Television

ADCS-iADL

Clearing Dishes

ADCS-iADL

0.3329

--

--

--

--

--

--

--

--

Abbreviations: ADAS-Cog = Alzheimer’s Disease Assessment Scale, Cognitive Subscale; ADCS-iADL = Alzheimer’s Disease Cooperative Study-Activities of Daily Living
inventory, instrumental items; MCI = mild cognitive impairment. Significant factor loadings (≥0.4 or ≤ -0.4) in bold. Values for items not significant for either factor in a
data set are not reported.

treatment-related worsening was observed less
consistently (Figure 5).

iADRS (calculated using ADAS-Cog14 and ADCS-iADLMCI) was effective in tracking disease progression and in
detecting an early symptomatic treatment benefit in this
MCI population. This benefit was not maintained over
time in either the cognitive or functional domains or the
modified iADRS (Figure 6).

Assessing iADRS as a Primary Efficacy Outcome in
the Donepezil ADCS-MCI Study
Results from analyses of MCI APOE ε4 carriers in the
donepezil ADCS-MCI Study show that the modified
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Figure 5. Repeated measures analysis of ADAS-Cog14, ADCS- iADL, and iADRS in the mild AD population from semagacestat IDENTITY Study

Abbreviations: ADAS-Cog14 = 14-item Alzheimer’s Disease Assessment Scale – Cognitive subscale; ADCS-iADL = Alzheimer’s Disease Cooperative Study – instrumental
items of the Activities of Daily Living Inventory; iADRS = integrated Alzheimer’s Disease Rating Scale; LS = least squares. *=p<.05; **=p<.01.

Table 2. Dynamic Ranges of iADRS Component Subscores (ADAS-Cog14 and ADCS-iADL) in Bootstrapped Data Sets
from Solanezumab EXPEDITION and EXPEDITION2 Studies and Semagacestat IDENTITY Study
EXPEDITION and EXPEDITION2

Scale

IDENTITY

Possible
Score
Range

Baseline
Mean Score
(SD)

Dynamic Range
(Baseline Mean
+/- 1SD)

LS mean
change
score (SD)
over 80
weeks

Baseline Mean
Score (SD)

Dynamic Range
(Baseline Mean
+/- 1SD)

LS mean
change
score (SD)
over 80
weeks

ADAS-Cog14

0-90

42.58 (10.82)

32-53 (21 points)

11.66 (13.09)

42.52 (10.16)

32-53 (21 points)

11.76 (11.71)

ADCS-iADL

0-56

34.37 (11.27)

23-46 (23 points)

10.14 (11.32)

32.40 (12.05)

20-44 (24 points)

9.19 (9.93)

ADAS-Cog14

0-90

29.7 (8.8)

21-39 (18 points)

6.9 (11.1)

29.4 (8.6)

21-38 (17 points)

5.2 (9.6)

ADCS-iADL

0-56

43.0 (9.4)

34-52 (18 points)

-7.1 (10.3)

42.6 (10.5)

32-53 (21 points)

-5.6 (9.8)

Moderate AD Population

Mild AD Population

Subgroup of Mild AD Population with CDR =0.5 at Baseline*
ADAS-Cog14

0-90

26.8 (7.8)

19-35 (16 points)

5.1 (10.2)

25.9 (7.9)

18-34 (16 points)

4.1 ( 9.5)

ADCS-iADL

0-56

46.9 (7.0)

40-54 (14 points)

-5.0 (8.7)

47.3 (7.1)

40-54 (14 points)

-4.4 (8.9)

Abbreviations: ADAS-Cog14 = 14-item Alzheimer’s Disease Assessment Scale - Cognitive Subscale; ADCS-iADL = Alzheimer’s Disease Cooperative Study- Activities of
Daily Living inventory, instrumental items; CDR = Clinical Dementia Rating scale; SD = standard deviation;
*CDR score =0.5 is often used to denote MCI. All patients in the solanezumab EXPEDITION and EXPEDITION2 Studies and semagacestat IDENTITY Study mild AD
data sets were diagnosed with mild AD (MMSE score 20-26), but the patients in the subgroup also had a CDR score =0.5, indicating they were likely the mildest mild AD
patients and may have similar characteristics to MCI patients.

Psychometric Properties of the iADRS
Principal component analyses of baseline solanezumab
EXPEDITION and EXPEDITION2 data demonstrated the
iADRS can be separated into two principal components
with Component 1 representing primarily cognitive items
(explaining 30% of the total variance) and Component 2
representing instrumental function (explaining 13% of
the total variance) (Table 1, Figure S1). The items most
highly loaded on Component 1 were from the ADASCog, and the items most highly loaded on Component 2
were from the ADCS-iADL.
Principal component analysis performed using
baseline data from the donepezil ADCS-MCI Study data
set (MCI APOE ε4 carriers) showed that three items had
significant loading values (≥0.4) at baseline, all from the
ADAS-Cog (Table 1, Figure S1). Thus, all significant

items represented cognitive items and no items
measuring function had a significant loading in this data
set, suggesting that in this MCI data set, the observed
variability at baseline was primarily driven by cognition
and not by function.
Principal component analysis using change from
baseline data from the pooled mild AD placebotreated subjects from solanezumab EXPEDITION and
EXPEDITION2 Studies and donepezil ADCS-MCI Study
showed the ADAS-Cog and ADCS-iADL items load on
a single component, indicating a correlation between
change in cognition and change in function. Therefore,
the observed variance of the change score was driven by
both cognition and function. (Table S1 and Figure S2).
It is possible that an imbalance of the relative
contributions of cognition and function could exist
within the iADRS because the overall score ranges for
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Table 3. Performance of Individual Items of ADAS-Cog14 in Mild AD Placebo-Treated Patients from Solanezumab
EXPEDITION and EXPEDITION2 Studies and Semagacestat IDENTITY Study in Disease Progression Analyses
EXPEDITION and EXPEDITION2*

IDENTITY*

ADAS-Cog14 Item

Total Possible
Point Value of
Item†

Baseline Mean
/ Total Possible
Point Value (%)‡

% Decline at
Baseline Mean
Endpoint Adjusted / Total Possible
for Baseline Mean§ Point Value (%)‡

% Decline at
Endpoint Adjusted
for Baseline Mean§

Spoken Language

5

94.6

6.8

95.2

6.1

Comprehension Spoken
Language

5

92.4

6.9

94

5.5

Maze

5

93.2

5.8

93.8

1.7

Remembering Word Reco- 5
gnition Test Instructions

92.2

10.9

91

10.5

Commands

89.4

Ideational Praxis

5

91.4

9.6

92.4

5.4

Naming

5

88.4

4.5

89.2

4.9

Word Finding Difficulty
Constructional Praxis
Orientation

Digit Cancellation
Word Recognition
Word Recall

Delayed Recall

ADAS-Cog14 Total Score

5
5
5
8
5

12
10
10
90

86.6
82.8
72.8
52.4
45.6
39.4
20.2
67.1

6.5
9.2
5.3

14.6
13.7
6.6

12.2
14.4
10.3

89.6
87.6
84.6

72.25
56.2

46.25
37.6
19.4
67.5

6.9
8.7
5.9

12.5
20.6
10.1
5.9
1.5
8.4

Abbreviations: ADAS-Cog14 = 14-item Alzheimer's Disease Assessment Scale - Cognitive Subscale. *Endpoint in EXPEDITION and EXPEDITION2 was at 80 weeks.
Endpoint in IDENTITY was at 76 weeks. †Higher point values indicate greater impairment. ‡Because a higher score on the ADAS-Cog14 indicates greater cognitive
impairment, this value was transformed such that lower scores indicate greater cognitive impairment by subtracting from 100. Thus, 0% indicates the maximum degree
of cognitive impairment on that item and 100% indicates no cognitive impairment on that item (to align with the ADCS-iADL). §The percentage decline at endpoint
adjusted for baseline mean was calculated as LS mean change / (total possible point value – baseline mean) * 100.

Figure 6. Repeated measures analysis of ADAS-Cog14, ADCS-MCI-ADL, and modified iADRS in the MCI+APOE ε4
carrier population from the donepezil ADCS-MCI Study

Abbreviations: ADAS-Cog14 = 14-item Alzheimer’s Disease Assessment Scale – Cognitive subscale; ADCS-ADL-MCI = modified version of the Alzheimer’s Disease
Consortium Study Activities of Daily Living inventory for a mild cognitive impairment population; LS = least squares; Modified iADRS = integrated Alzheimer’s Disease
Rating Scale calculated using the ADAS-Cog14 and the ADCS-ADL-MCI. *=p<.05.

the ADAS-Cog and ADCS-iADL differ (0 to 90 points
for the ADAS-Cog14 and 0 to 56 points for the ADCSiADL). However, in the solanezumab EXPEDITION
and EXPEDITION2 and semagacestat IDENTITY mild
and moderate AD data sets, the observed baseline and
change from baseline domain scores were within the
same scale width or dynamic range, demonstrating
the iADRS total score reflects approximately equal
contributions from both subscales (Table 2). Similarly,

analysis of the donepezil ADCS-MCI Study demonstrated
approximately equal contributions from the ADAS-Cog
and a version of the ADCS-ADL modified for an MCI
population (ADCS-ADL-MCI) (Table S2).
In item analyses, as a percentage of the maximum
point value at baseline, mild patients in the EXPEDITION
and EXPEDITION2 and IDENTITY Studies were most
cognitively impaired on the ADAS-Cog14 delayed
recall, word recall, and word recognition items
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Table 4. Performance of Individual Items of ADCS-iADL in Mild AD Placebo-Treated Patients from Solanezumab
EXPEDITION and EXPEDITION2 Studies and Semagacestat IDENTITY Study in Disease Progression Analyses
EXPEDITION and EXPEDITION2*

IDENTITY*

ADCS-iADL item

Total Possible
Point Value of
Item†

Baseline Mean
/ Total Possible
Point Value (%)‡

% Decline at
Baseline Mean
% Decline at
Endpoint Adjusted / Total Possible
Endpoint Adjusted
for Baseline Mean§ Point Value (%)‡ for Baseline Mean§

Disposing Garbage

3

91.3

-6.9

91.3

-1.7

Clearing Dishes

3

89.7

-8.2

85.3

-5.7

Conversation

Obtaining Beverage
Chores

Getting Around
Being Alone
Hobbies

Going Shopping

Finding Belongings
Making Meal
Telephone

Keeping Appointments
Current Events
Television
Writing

Reading

ADCS-iADL Total Score

3
3
4
4
3
3
4
3
4
5
3
3
3
3
2

56

90.3

-7.4

88.7

-15.0

86.3

-18.8

82.8

-13.9

82.3

-12.6

80.3

-13.3

76.8

-19.9

76.0

-8.8

75.0

-17.7

70.4

-20.5

70.3

-10.4

69.3

-17.3

60.3

-11.0

59.0

-18.6

38.5

-24.7

76.6

-15.8

88.0
84.7
82.3
82.3
81.3
81.0
74.0
75.3
72.3
71.6
71.3
71.3
59.0
59.0
43.5
75.7

-5.0
-5.3
-6.8
-4.8

-11.0
-11.0

-13.8
-4.0

-12.8
-13.2
-7.0

-13.0
-6.3
-8.3
-3.5

-10.1

Abbreviations: ADCS-iADL = Alzheimer’s Disease Cooperative Study- Activities of Daily Living inventory, instrumental items. * Endpoint in EXPEDITION and EXPEDITION2 was at 80 weeks. Endpoint in IDENTITY was at 76 weeks. † Lower point values indicate greater impairment. ‡ 0% indicates the maximum degree of cognitive
impairment on that item and 100% indicates no cognitive impairment on that item. § The percentage decline at endpoint adjusted for baseline mean was calculated as LS
mean change / (total possible point value – baseline mean) * 100.

(Table 3); on the ADCS-iADL, they were most
functionally impaired on the reading item (Table
4). Decline in cognition over 80 and 76 weeks (in the
solanezumab and semagacestat studies, respectively) was
relatively evenly distributed across all individual items
of the ADAS-Cog14. However, the relative contributions
of specific item change scores to the total score differed
slightly between the datasets (note that in semagacestat,
almost no change was observed for the maze and
delayed recall item). Similarly, decline in function was
distributed across all individual items of this functional
scale. Thus, although every item made a contribution
to the total scale in assessment of disease progression,
the strength of those contributions varied by item and
across data sets. Treatment effect was observed across
all individual cognitive items in the mild AD population
of the solanezumab EXPEDITION and EXPEDITION2
Studies as indicated by negative or less change, whereas
treatment effect in the opposite direction (worsening)
was observed for 11 of the 14 items in the IDENTITY trial
(Table 5). With the exception of three iADL items in the
EXPEDITION and EXPEDITION2 Studies and one item
in the IDENTITY Study, treatment effect was observed on
all iADL items in both data sets (Table 6). The magnitude

of the treatment differences varied by item and dataset.

Discussion
The iADRS was developed using a theory-driven
approach to create a single composite including two core
domains of AD: cognition and function. The inclusion of
the full ADAS-Cog14 and ADCS-iADL as components
of iADRS was supported by analyses comparing it to
the performance of other various cognition plus function
composites in ADNI and EXPEDITION/EXPEDITION2
data sets. Because the iADRS is defined as a simple
linear combination of the widely accepted ADASCog and ADCS-iADL, it provides an overall measure
of AD impairment (total score) as well as individual
subscores for cognition and function. Analyses using
EXPEDITION, EXPEDITION2, EXPEDITION-EXT,
IDENTITY, and ADCS-MCI data sets demonstrated
that the iADRS is sensitive to disease progression and
to beneficial as well as detrimental treatment effects.
Additionally, it has acceptable psychometric properties.
In development and validation of the iADRS, the
13-item and 14-item versions of the ADAS-Cog were used
in various analyses, based on which version was collected
236

Original Article

JPAD - Volume 2, Number 4, 2015

Table 5. Performance of Individual Items of ADAS-Cog14 in Mild AD Patients from Solanezumab EXPEDITION and
EXPEDITION2 Studies and Semagacestat IDENTITY Study in Treatment Effect Analyses
EXPEDITION and EXPEDITION2

Total Possible
Point Value of
Item*

LS Mean
Difference, Placebo
vs Solanezumab, at
80 Weeks†

Spoken Language

5

-0.07

-1.4

0.12

2.4

Comprehension Spoken 5
Language

-0.09

-1.8

0.04

0.8

Maze

5

-0.11

Normalized LS
Mean Difference,
Placebo vs
Solanezumab, at
80 Weeks‡

IDENTITY

ADAS-Cog14 Item

-2.2

LS Mean Difference,
Placebo vs
Semagacestat, at
76 Weeks§

0.14

Normalized LS
Mean Difference,
Placebo vs
Semagacestat at
76 Weeks‡

2.8

Remembering Word
Recognition Test
Instructions

5

-0.18

-3.6

0.19

3.8

Ideational Praxis
Commands

5

-0.18

-3.6

0.16

3.2

Naming

5
5

-0.15

-3.0

-0.01

-0.2

Word Finding Difficulty 5
Constructional Praxis

5

Digit Cancellation

5

Orientation

Word Recognition
Word Recall

Delayed Recall

ADAS-Cog14 Total
Score

8
12
10
10
90

-0.04
-0.17
-0.11

-0.05
-0.03
-0.38
-0.15
-0.22
-2.13

-0.8
-3.4
-2.2
-0.6
-0.6
-3.2
-1.5
-2.2
-2.4

0.03

-0.02
0.06
0.31
0.15

-0.19
0.46
0.52
2.19

0.6

-0.4
1.2
3.9
3.0

-1.6
4.6
5.2
2.4

Abbreviations: ADAS-Cog14 = 14-item Alzheimer's Disease Assessment Scale, Cognitive Subscale; LS = least square. *Higher point values indicate greater impairment.
†Negative value indicates positive treatment effect in favor of solanezumab. ‡Normalized LS mean difference was calculated as LS mean difference / total possible point
value of item * 100. §Positive value indicates positive treatment effect in favor of placebo.

in the respective data set. To maintain comparability
across studies, both the ADAS-Cog13 and the ADASCog14 were used in the calculation of iADRS where
possible (solanezumab and semagacestat studies). No
significant differences in results were found between the
ADAS-Cog13 version and the ADAS-Cog14 version of
iADRS (data not shown). Thus, iADRS can be applied
in studies using either the ADAS-Cog13 or the ADASCog14. If the ADAS-Cog13 is used, the total score for that
version (85 points) should be used as the constant in the
calculation of the iADRS. Similarly, both the FAQ and
ADCS-iADL were used to test the concept of function
plus cognition in a single composite based on availability
in different data sets. Because no data set included
both the FAQ and the ADCS-iADL, we were not able to
directly compare performance. The ADCS-iADL may
be more useful for the iADRS because it has shown its
ability to show treatment differences, both positive and
negative. Furthermore, it is more granular than the FAQ;
thus, the scale range is better matched to the ADAS-Cog.
This finding increases the likelihood that cognition and
function will be measured equally in the composite.
Several basic test construction strategies were
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applied in the development and validation of the
iADRS, including the evaluation of the contributions
of individual items, the contributions of the cognitive
and functional subscales, and principal component
analysis. Furthermore, six separate datasets comprising
AD subjects at different stages of the disease spectrum
(MCI, mild AD, and moderate AD) as well as clinical trial
subjects and subjects in observational studies were used
in the creation and validation of the iADRS, resulting in
heterogeneity of subjects and robust sample sizes.
All items of the ADAS-Cog14 and ADCS-iADL are
included in the iADRS without weighting of individual
items. Because the components are standard, accepted,
and therapeutically responsive instruments, this
construct yields face validity and ease of interpretation
of the composite and also of its individual components.
Analyses were performed to understand the contribution
of every item in the iADRS to determine whether the
ability of iADRS to detect disease progression and
treatment effects could be improved by removing the
least responsive items. Within and across datasets
we found inconsistencies between items identified as
most sensitive in the tracking of disease progression
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Table 6. Individual Item Scores of ADCS-iADL in Mild AD Patients from Solanezumab EXPEDITION and EXPEDITION2
Studies and Semagacestat IDENTITY Study in Treatment Effect Analyses
EXPEDITION and EXPEDITION2

IDENTITY

ADCS-iADL Item

Total Possible
Point Value of
Item*

LS Mean
Normalized LS Mean
Difference, Placebo Difference, Placebo
vs Solanezumab, at vs Solanezumab, at
80 Weeks†
80 Weeks‡

Disposing Garbage

3

0.05

1.67

-0.24

-8.00

Clearing Dishes

3

0.06

2.00

-0.18

-6.00

Conversation

Obtaining Beverage
Chores

3
3
4

0.00

0.00

0.13

4.33

0.21

5.25

LS Mean
Difference,
Placebo vs
Semagacestat, at 7
6 Weeks§
-0.04
-0.23
-0.22

Normalized LS
Mean Difference,
Placebo vs
Semagacestat, at
76 Weeks‡

-1.33
-7.67
-5.50

Getting Around

4

0.1

2.50

-0.31

-7.75

Hobbies

3

0.05

1.67

-0.19

-6.33

Being Alone

Going Shopping

Finding Belongings
Making Meal
Telephone

Keeping Appointments
Current Events
Television
Writing

Reading

ADCS-iADL Total Score

3
4
3
4
5
3
3
3
3
2

56

0.05

1.67

-0.01

-0.25

0.08

2.67

0.10

2.50

0.03

0.60

0.03

1.00

-0.02

-0.67

0.07

2.33

0.04

1.33

0.03

1.50

1.21

2.16

-0.07
-0.2

-0.22
-0.23
-0.23
-0.19
0.02

-0.13
-0.21
-0.02
-3.15

-2.33
-5.00
-7.33
-5.75
-4.60
-6.33
0.67

-4.33
-7.00
-1.00
-5.63

Abbreviations: ADCS-iADL = Alzheimer’s Disease Cooperative Study- Activities of Daily Living inventory, instrumental items; LS = least square. *Lower point values
indicate greater impairment. †Positive value indicates positive treatment effect in favor of solanezumab. ‡Normalized LS mean difference was calculated as LS mean
difference / total possible point value of item * 100. § Negative value indicates positive treatment effect in favor of placebo.

and treatment effect, suggesting that it would not be
advantageous to select a subset of individual items to
include in a composite. For example, an item-based
composite with good sensitivity to detect disease
progression might not be very sensitive for detecting a
treatment difference. Likewise, an item-based composite
with good sensitivity to detect disease progression and/
or treatment effect in one data set might not be sensitive
in another, even within the same stage of disease.
Thus, selection of specific individual items of cognitive
and functional scales to track disease progression and
treatment effect was not supported by these analyses,
and the iADRS includes all items from the subscales it
comprises.
Despite differences in the possible total scores for
the two subscales (ADAS-Cog14 and ADCS-iADL) and
different baseline means (indicating that subjects were
at different points within the scales at baseline), the
observed baseline scores were within the same dynamic
range across data sets, demonstrating the iADRS total
score reflects approximately equal contributions from
both cognitive and functional subscales. An advantage
of equal contributions from both domains is that

normalization of individual scales (by dividing the raw
score at each time point by the total possible score for
that scale to enforce equal contribution) is not necessary,
and direct comparison across studies using the iADRS is
possible.
The iADRS has demonstrated utility in the detection
of disease progression across a broad range of the
symptomatic disease spectrum, demonstrating suitability
of its use in studies of mixed-spectrum populations.
The sensitivity of the iADRS to treatment effects has
been demonstrated in MCI and mild AD populations;
however, we were not able to test its sensitivity to
treatment effects in a moderate AD population because
our data sets did not include a treatment trial with an
observed treatment effect in moderate AD. Because most
studies of potentially disease-modifying therapies span
at least 18 months, substantial proportions of patients
are likely to progress along the AD continuum. Thus, a
tool sensitive across multiple stages of the continuum has
obvious benefits for these long-term studies. Currently,
a trial data set with robust treatment effects in MCI as
well as in the later moderate stage to adequately test the
performance of treatment detection is lacking.
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The application of widely used scales to form the
iADRS allowed validation across a large number of
observational and treatment studies. However, the main
limitation of these analyses is that the iADRS has not
yet been used prospectively as an outcome measure.
Prospective use of the iADRS as an outcome measure
will provide further opportunity to characterize its
performance in the detection of disease progression and
treatment differences.
The use of a measure that integrates assessments of
various core disease processes is common in clinical
practice and the study of potential treatments for
other chronic neurological disorders. For example, the
Unified Parkinson Disease Rating Scale (UPDRS) (20),
which measures various aspects of Parkinson’s disease
including motor function, activities of daily living, and
mentation, has been used as a primary outcome measure
in clinical trials that assess symptomatic benefits of a
new intervention, or to slow or delay disease progression
(21). In other therapeutic areas, such as rheumatoid
arthritis (22) and cardiology (23, 24), the approach of
combining several endpoints into a single integrated
primary outcome is accepted by regulators and within
the fields of practice.
Taken together, these analyses demonstrate that
the combination of cognitive and functional measures
in the iADRS accurately and sensitively captures AD
progression and treatment effects; thus the iADRS
provides a useful integrated measurement tool for the AD
research community.
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INTEGRATED AD RATING SCALE (IADRS)

Supplemental Graphics
Table S1. Change from Baseline Principal Components and Significant Loadings (≥0.4 or ≤-0.4) for Items in the iADRS
from Mild AD Patients in the Solanezumab EXPEDITION and EXPEDITION2 Studies and MCI APOE ε4 Carrier
Patients in the Donepezil ADCS-MCI Study
EXPEDITION/EXPEDITION2

ADCS-MCI

Scale

Item

Factor 1 Loading
(Total Variance
Explained: 27%)

Factor 2 Loading
(Total Variance
Explained: 13%)

Factor 1 Loading
(Total Variance
Explained: 34%)

Factor 2 Loading
(Total Variance
Explained: 13%)

ADAS-Cog

Word Recognition

0.8542

-0.5163

0.9772

-0.2091

ADAS-Cog

Recall Instructions

0.5405

0.2064

--

--

ADAS-Cog

Orientation

0.5340

0.4201

0.3505

0.4648

ADAS-Cog

Ideational Praxis

0.4766

0.3027

--

--

ADAS-Cog

Delayed Word Recall

--

--

0.3982

0.7793

ADCS-iADL

Obtaining beverage

0.4726

0.3376

--

--

ADAS-Cog

Word Recall

0.4704

0.2008

--

--

ADCS-iADL

Use a household appliance

0.4507

0.3902

--

--

ADAS-Cog

Spoken Language

0.4471

0.2633

--

--

ADAS-Cog

Comprehension of Spoken
Language

0.4427

0.2275

--

--

ADCS-iADL

Making meal

0.4469

0.4634

0.2257

0.5109

ADAS-Cog

Word Finding Difficulties

0.4180

0.2199

--

--

ADCS-iADL

Use the telephone

0.4081

0.3529

--

--

ADCS-iADL

Hobbies

--

--

0.1828

0.4221

Abbreviations: ADAS-Cog = Alzheimer’s Disease Assessment Scale, Cognitive Subscale; ADCS-iADL = Alzheimer’s Disease Cooperative Study-Activities of Daily Living
inventory, instrumental items; MCI = mild cognitive impairment. NOTE: Significant factor loadings (≥0.4 or ≤0.4) in bold. Values for items not significant for either factor
in a data set are not reported.

Figure S1. Baseline Principal Components and Loadings
for Items in the iADRS from Mild AD Patients in the Solanezumab EXPEDITION and EXPEDITION2 Studies
(left) and MCI APOE ε4 Carrier Patients in the Donepezil
ADCS-MCI Study (right)

Figure S2. Change from Baseline Principal Components
and Loadings for Items in the iADRS from Mild AD Patients in the Solanezumab EXPEDITION and EXPEDITION2 Studies (left) and MCI APOE ε4 Carrier Patients in
the Donepezil ADCS-MCI Study (right)
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Table S2. Dynamic Ranges of iADRS Component Subscores (ADAS-Cog14 and ADCS-iADL) in MCI APOE ε4 Carrier
Patients in the Donepezil ADCS-MCI Study
Scale

Possible Score Range

Baseline Mean Score
(SD)

Dynamic Range (Baseline Mean +/- 1SD)

LS Mean Change Score
(SD) over 18 months

ADAS-Cog14

0-90

21.6 (6.5)

15-28 (13 points)

2.9 (5.9)

ADCS-MCI-iADL

0-49

41.8 (4.7)

37-47 (10 points)

-2.6 (5.7)

Abbreviations: ADAS-Cog14 = 14-item Alzheimer’s Disease Assessment Scale - Cognitive Subscale; ADCS-MCI-iADL = Alzheimer’s Disease Cooperative Study - mild
cognitive impairment - Activities of Daily Living; LS = least squares; SD = standard deviation.
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