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Abstract

Background/Aims—Cognitive batteries routinely used by the Alzheimer disease (AD) research 

community may contain items uninformative for tracking disease progression to power clinical 

trials on early stage AD. We aim to identify subsets of the most informative items from an existing 

cognitive battery for better powering clinical trials on early AD.

Methods—Longitudinal change in item scores from the battery was associated with the onset of 

Mild Cognitive Impairment (MCI) in 1513 elderly individuals. Items whose longitudinal changes 

were correlated with the onset of MCI were selected as informative for tracking the early cognitive 

progression.

Results—226 items in the battery were annually assessed over a follow-up of up to 13 years. 

Changes of item scores over time from 187 items were significantly correlated with the onset of 

MCI. For clinical trials on preclinical AD and on MCI, informative items permit smaller or similar 

sample sizes as compared to the entire battery, whereas uninformative items require much larger 

sample sizes.

Conclusions—Longitudinal changes in item scores from about 17% of items in the cognitive 

battery are uninformative for tracking early disease progression. Clinical trials on early AD can be 

better powered using informative items rather than the entire battery.
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Introduction

Alzheimer’s disease (AD) is an age-related neurodegenerative disorder that results in 

progressive cognitive impairment and death. Accumulating research suggests that the 

neurodegenerative processes associated with AD begin years prior to the symptomatic onset 

of AD when the disease is clinically at the early prodromal stage or a latent stage.1–3 Many 

recent clinicopathologic studies also have demonstrated that asymptomatic individuals can 

manifest the neuropathological changes of AD, notably senile plaques and neurofibrillary 

tangles. 4–6 These observations, coupled with the fact that there are currently no 

pharmaceutical treatments that reverse the pathological processes of AD, have led to a major 

paradigm shift in the search of efficacious treatments of AD, that is, the focus of modern AD 

clinical trials now is on individuals at the earliest clinical stages, such as Mild Cognitive 

Impairment 7 (MCI) and/or very mild dementia (i.e., a Clinical Dementia Rating 8 (CDR) of 

0.5), or even the preclinical stage 9 prior to the substantial development of clinical 

symptoms as these may be the groups of individuals in which targeted therapies may have 

the greatest chance of preserving brain function.

The paradigm shift in clinical trials on AD subsequently has led to three major inter-related 

biomedical decisions that must be made by investigators in designing modern clinical trials 

at the early stages of AD: the cognitive outcome measure, sample size, and disease duration. 

Because cognitive batteries routinely used by the AD research community have been 

traditionally designed to track the disease progression after symptomatic onset and to 

identify cases of fully developed AD dementia in comparison to normal controls, they often 

show significant ceiling and floor effects. Therefore, the current cognitive batteries may 

contain items that are neither sensitive nor specific for tracking early stage disease 

progression. As a result, they only exhibit subtle changes during the very early stage or the 

preclinical stage of AD. Several recent randomized clinical trials (RCTs) using existing 

instruments (e.g., the Alzheimer’s Disease Assessment Scale-Cognitive subscale10 ) failed 

to detect significant decline in placebo groups with MCI. Especially for RCTs on early stage 

or preclinical stage of AD, the lack of progression on existing cognitive outcomes has 

become an important challenge to the feasibility of such trials because of the need for a large 

number of individuals to be followed over many years to allow meaningful statistical 

conclusions to be drawn.11–13 Large, long-duration RCTs are time-consuming and 

prohibitively costly. Although emerging cerebrospinal fluid (CSF) biomarkers and 

neuroimaging markers14–18 have been reported to show early changes in AD progression, 

recently revised FDA guidelines for RCTs on early stage AD mandate that treatments of AD 

be only approved if they demonstrate cognitive and functional benefits (FDA Guidance for 

Industry Alzheimer’s Disease: Developing Drugs for the Treatment of Early Stage 

Disease:19 http://www.fda.gov/downloads/Drugs/

GuidanceComplianceRegulatoryInformation/Guidances/UCM338287.pdf).

The objective of this manuscript is to provide better cognitive outcomes for future RCTs on 

early stage AD. We posit that subsets of items, identified from a large cognitive battery that 

are shown to be most informative to early disease progression, can better power clinical 

trials on early stage AD than the other uninformative items and even the entire battery by 

reducing the sample sizes and improving the efficiency. In order to identify the most 
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informative items, we focused on tracking the disease progression (not necessarily for the 

prediction of the disease), and analyzed the longitudinal changes of item scores of individual 

items from the cognitive battery administered to a large longitudinal cohort study, and 

correlated the time to the onset of MCI with the time of the item score changes (i.e., from 

endorsement to non-endorsement of the item over time). Finally, we estimated the sample 

sizes to adequately power future RCTs on MCI and on preclinical AD using the composite 

cognitive scores from the items identified as the most informative for early disease 

progression, and compared them to the composite scores derived from the entire battery as 

well as the items not identified as informative.

Materials and Methods

The longitudinal cognitive database of the Rush Memory and Aging Project (MAP), a 

longitudinal clinical-pathologic cohort study of aging and dementia, was analyzed first for 

identifying the most informative items to track cognitive progression of early stage AD and 

then for powering clinical trials on early stage AD.

Participants

Participants were individuals from the MAP, an ongoing longitudinal, community study of 

common chronic conditions of old age that began in 1997. Participants were recruited 

primarily from continuing-care retirement communities throughout the Chicago 

metropolitan area because the ability to maintain high rates of clinical follow-up and to 

obtain autopsy is key to the MAP mission. This was supplemented by recruitment at senior 

and subsidized housing, churches, and social service agencies to ensure a range of 

socioeconomic status, race, and ethnicity. A requirement for study entry is that participants 

understood what was involved in the study in order to sign an Informed Consent and agreed 

to donate their brains, spinal cords, nerves and muscles at the time of death. 20 A total of 

N=1513 elderly individuals who were either cognitively normal or with MCI or AD at 

baseline were available for our analyses as of September 21, 2012. 1037 were cognitively 

normal, 402 had MCI and 74 had AD at baseline. Baseline characteristics of the participants 

are shown in Table 1.

Standard Protocol Approval and Patient Consents

Written informed consent was obtained from all study participants. The study was approved 

by the Institutional Review Boards of Rush University Medical Center and the Washington 

University School of Medicine.

Cognitive Assessment and Clinical Diagnosis

Cognition was assessed annually with a comprehensive battery testing cognitive domains 

commonly affected by aging and AD: episodic memory, semantic memory, working 

memory, perceptual speed, and visual–spatial ability. Details of the cognitive function tests 

have been reported previously. 21–22 In brief, 20 cognitive tests were administered annually. 

Seven were episodic memory measures: Word List Memory, Recall, and Recognition 23 and 

immediate and delayed recall of Story A from Logical Memory of the Wechsler Memory 

Scale–Revised 24 and of the East Boston Story 25–26 . Semantic memory was assessed with a 
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15-item version 21 of the Boston Naming Test, 27 Verbal Fluency, 23,26 and a 15-item 

version 26 of the National Adult Reading Test . 28 Working memory tests included Digit 

Span Forward and Digit Span Backward 24 and digit ordering . 26,29 Four measures of 

perceptual speed were administered: the oral version of the Symbol Digit Modalities 

Test , 30 Number Comparison , 26,31 and two measures from a modified version 22 of the 

Stroop Neuropsychological Screening Test: 32 number of color names correctly read in 30s 

minus the number of errors and number of colors correctly named in 30s minus the number 

of errors. Visuospatial ability was assessed with a 15-item version of Judgment of Line 

Orientation 33 and a 16-item version of Standard Progressive Matrices . 34 In addition, the 

Mini-Mental State Examination (MMSE 35 ) also was used to serve as a brief measure of 

cognitive function. To minimize floor and ceiling artifacts and other sources of measurement 

error, a global composite measure of cognition that was previously reported 21–22 and based 

on all 20 tests including MMSE and measures of episodic memory, semantic memory, 

working memory, perceptual speed, and visuospatial ability was created by converting raw 

scores to z scores, using the baseline mean and SD across the entire cohort, and averaging 

the z scores. Further information about the individual tests and the derivation of the 

composite measure was described elsewhere. 21–22 Cognitive testing was scored by 

computer and reviewed by a neuropsychologist to determine cognitive impairment. 

Participants were then evaluated by a clinician for a medical history and a neurologic 

examination to diagnose AD using National Institute of Neurological and Communicative 

Disorders and Stroke–Alzheimer's Disease and Related Disorders Association criteria. 36 

The diagnosis of dementia required a history of cognitive decline and impairment in at least 

2 cognitive domains, and MCI (all types) required the presence of cognitive impairment in 

the absence of dementia. 20

Types of Item Scores

Individual items were scored as binary for most cognitive tests except for five (Color Name, 

Logical Memory IA and IIA, Verbal Fluency, and Words Correctly Read) which could not 

be reasonably decomposed into meaningful binary items and therefore were treated as 

single-item tests with the original count score. Table 2 presents the number of individual 

items as well as baseline summary statistics for each of the 20 cognitive tests (including 

MMSE). A few items from several tests were not originally scored as binary (e.g., one item 

in MMSE has an original score of 0 to 5), such items were treated as binary in the item 

analyses using the perfect score vs. others. Sensitivity analyses were also done with other 

possible cutoffs for these items.

Other Covariates

Demographics such as age, sex and years of education were recorded at the study entry. 

APOE genotyping was done and individuals were dichotomized into those with at least 1 or 

more copies of the E4 allele (E4 positive) vs. those without an E4 copy (E4 negative).

Statistical Analysis

A two-step procedure was implemented to select the most informative items with binary 

score (i.e., endorsement and non-endorsement of the item, oriented in the way that non-

Xiong et al. Page 4

Neuroepidemiology. Author manuscript; available in PMC 2015 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



endorsement always indicates problems with cognition) from the entire cognitive battery for 

better tracking the disease progression and designing future RCTs at the early stages. The 

first step examined the longitudinal changes of scores for each individual item and tested 

whether the item score changes over time were associated with the onset of MCI. 

Specifically, for each individual, we first computed the age at onset of MCI. If an individual 

never developed MCI or AD during the entire follow-up, the age at onset was considered as 

right-censored. If a subject was already classified as MCI or AD at the baseline, the age at 

onset of MCI was considered interval censored between 0 and the age at baseline. For each 

individual and each binary item, we then computed the age of non-endorsement defined as 

the age when the item was incorrectly endorsed. Because of the fluctuation of item level 

scores over time, the item-specific age of non-endorsement for each individual also was 

considered interval censored with the left side of the interval as the first age in the follow-up 

when the item was endorsed incorrectly and the right side as the age at the first occurrence 

of non-endorsement after which the item remained incorrectly endorsed over time. 37 If an 

individual already incorrectly endorsed the item at baseline, the left side of the age of non-

endorsement was defined as 0. If an individual never incorrectly endorsed the item during 

the entire follow-up, the age of non-endorsement was considered as right-censored at the age 

of last assessment. For each item, the item-specific age of non-endorsement and the age at 

onset of MCI were then correlated across the entire cohort including subjects who were 

normal, MCI, or AD at baseline. The correlation was estimated by a Kendall's coefficient of 

concordance through a bivariate smooth estimate of the joint density on the logarithms of 

the two time scales that was obtained using a mixture of Gaussian densities fixed on a grid 

with weights determined by a penalized likelihood approach. 37–38 Items with a significant 

correlation (p<0.05) were identified as informative for tracking early disease progression.

Five tests in the cognitive battery could not be reasonably decomposed as binary items 

because their scores are counts that can be any non-negative integers: Color Name, Logical 

Memory IA and IIA, Verbal Fluency (with 2 items, Animal and Fruit), and Words Correctly 

Read. Preliminary analyses similar to those used for the binary items were conducted using 

different cutoffs, suggesting that all five tests have reasonable sensitivity and specificity for 

tracking early disease changes. Thus, they (a total of 6 items) were always included as 

informative items, using their original scores (not the dichotomized scores).

Because for each item, the correlation between the age of non-endorsement and the age at 

onset of MCI does not indicate whether the age of non-endorsement occurred earlier or later 

than the age at onset of MCI, the second step of our item selection procedure compared the 

center of the interval censored age of non-endorsement and age at onset of MCI, and 

identified the items whose age of non-endorsement occurred later than the age at onset MCI 

for at least more than half (e.g., >51%) of individuals in the entire cohort. This subset of the 

informative items was used for tracking the disease progression and designing RCTs on 

individuals who were already MCI at baseline.

Power Analysis

In traditional prevention trials, it is common to randomize high-risk subjects to active drug 

or placebo and analyze time to the onset of the disease as the primary efficacy endpoint with 
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a standard Cox proportional hazards model (PHM). 39 Recently, for modern RCTs either on 

'preclinical AD' or on MCI, it has been suggested that the PHM approach is subject to a loss 

of power to detect a treatment effect, in comparison to the approach with a linear mixed 

model for repeated measures (MMRM 40 ) on a well defined cognitive composite. 41 Based 

on the informative items identified, three cognitive composite scores were computed similar 

to the way the global cognitive composite score was defined (see Cognitive Assessment and 

Clinical Diagnosis): one using all informative items, another using the subset of the 

informative items whose age of non-endorsement occurred later than the age at onset of 

MCI, and the other using the items that were not identified as informative (i.e., 

uninformative). For each composite, a mixed model for repeated measures (MMRM 40 ) was 

then implemented to estimate the mean 2-year, 3-year, and 4-year change from the baseline 

as well as the relevant variance and covariance parameters from subjects who were 

considered 'preclinical AD' (in the absence of biomarker data, operationally defined as those 

who were cognitively normal at baseline but with at least 1 copy of APOE E4 allele) or MCI 

at baseline. To examine how the newly formed cognitive composites with informative items 

influence the sample sizes required for adequately powering future RCTs at the early stages, 

these estimates were used to further estimate the sample sizes for future RCTs on 'preclinical 

AD' or MCI with either 2-year, 3-year, or 4-year annual follow-ups using a standard normal 

test. 42 A power of 80% was assumed for all power analyses. For comparison purpose, 

similar power analyses were also conducted using the same subjects sample but the global 

cognitive composite derived from the entire cognitive battery as well as the cognitive 

composite derived from items not selected as informative. All statistical analyses were 

implemented in SAS. 43

Results

A total of 226 items (including 220 items with binary data and 6 items from 5 tests with 

count data) from the cognitive battery were analyzed. Of the 1037 cognitively normal 

individuals, 404 developed MCI (all types) or AD during up to 12 years of follow-up. 

Individual items with very limited longitudinal data (i.e., those with less than 30% of the 

total annual assessments across the entire cohort for a total of 34 items) were excluded from 

the item analyses. The first step of the two-step procedure identified a total of 181 binary 

items whose age of non-endorsement is significantly correlated with the age at onset of 

MCI, resulting in a total of 187 informative items including the 6 items from 5 tests with 

count data. At the second step, a subset of 62 items were further identified for tracking 

disease progression on individuals who had MCI at baseline because their age of non-

endorsement occurred later than the age at onset of MCI for at least more than half (e.g., 

>51%) of individuals in the entire cohort. The last column of Table 2 presents the number of 

informative items identified from each of the 20 cognitive tests in the battery. Table 2A in 

the Appendix lists all individual items that were found to be informative for tracking the 

early disease progression.

Using a consistent way of forming cognitive composites (i.e., averaging the z scores across 

multiple tests obtained by using the baseline mean and SD of each test), four cognitive 

composites were computed using the following: the 187 informative items as identified 

above, the 62 informative items whose age of non-endorsement occurred later than the age 
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at onset of MCI, all 20 cognitive tests in the battery, and the items not identified as 

informative by our analyses. Table 3 presents the estimated mean change and associated 

standard error (SE) of the cognitive composites from baseline among subjects with 

'preclinical AD' at baseline, as well as among those with MCI at baseline. Results in Table 3 

suggest that, for both 'preclinical AD' and MCI, the rate of change on the cognitive 

composite from the informative items is larger than that on the cognitive composite based on 

the entire battery, which in turn is larger than that on the cognitive composite based on items 

not identified as informative.

To assess the ability of the items identified as informative for tracking early disease 

progression to improve the design of modern RCTs on early stage AD, we considered two 

types of future two-arm RCT to test the cognitive efficacy of a novel therapeutic compound 

against a placebo on individuals who were 'preclinical AD' or MCI at baseline. The sample 

size ratio of the RCTs is assumed 1:1 between the two arms. The longitudinal follow-ups are 

assumed to be annual with a range of 2 to 4 years. The effect size (ES) of the novel 

treatment is assumed as a percentage of improvement on the change from baseline as 

compared to the placebo, the latter of which was estimated by a MMRM assuming a 

covariance structure of compound symmetry. We used change on the cognitive composite 

from the 187 informative items as the primary efficacy endpoint for the RCT on 'preclinical 

AD', and change on the cognitive composite from the subset of 62 informative items as the 

primary efficacy endpoint for the RCT on MCI because these items' age of non-endorsement 

occurred later than the age at onset of MCI. As indicated in Table 4, for the trial on 

'preclinical AD' with a 2-years or 3-years annual follow-up, the use of 187 informative items 

provides smaller sample sizes than the use of entire cognitive battery, resulting in a 

reduction of sample size from 2% to 10% across a wide range of effect sizes. On the other 

hand, the sample size of the trial using items not identified as informative is at least 6 times 

of that using the informative items. For example, with a reasonable effect size of 40%, the 

RCT of 2-year follow-up can be adequately powered with a total of 3484 subjects using the 

informative items and 3887 subjects using the entire battery, and 22159 subjects using the 

items not identified as informative. For the RCT on 'preclinical AD' with a 4-years follow-

up using informative items, the sample size is slightly lower than that of using the entire 

battery, but is only about one seventh of that using items not identified as informative. Very 

similar observations can be made for the RCTs on MCI. In comparison to the entire battery, 

the 62 informative items provide a sample size reduction of 11% to 30% in a RCT on MCI 

with a 2 or 3-years of follow-up, and only a slight increase (about 1%) in a RCT on MCI 

with a 4-years follow-up. On the other hand, the items not identified as informative require 

sample sizes that are 4 to 7 times that of the informative items.

Discussion

Individual items are the foundation for cognitive outcome measures used in RCTs on AD, 

and their test scores are inherently noisy when used to longitudinally track cognitive 

progression, especially at the early stages of disease. To our best knowledge, our item level 

longitudinal analyses represent the first comprehensive effort to associate the onset of early 

cognitive symptoms (i.e., MCI) with longitudinal change in item level scores from a 

comprehensive cognitive battery. We found that, out of a total of 226 items from a large 
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cognitive battery administered longitudinally in MAP on a large sample size of 1513 

individuals, the longitudinal item score changes were associated with the onset of MCI for 

187 items over an annual follow-up of up to 13 years. Of these, the item score changes for 

62 items (i.e., from endorsement to non-endorsement of items) occurred after the onset of 

MCI. A total of 39 items (i.e., 17.26%) were found to be uninformative for tracking the 

cognitive progression at early disease stage, i.e., the longitudinal changes of item scores 

were not associated with the onset of MCI.

Although the conventional test scores from cognitive batteries used in many AD studies 

have been very successful in cross sectionally discriminating fully developed symptomatic 

AD from normal aging, they are less satisfactory in longitudinally tracking the early changes 

of AD when individuals are at the early or preclinical stage of the disease. In fact, when 

some of current cognitive tests are administered to individuals in the preclinical or early 

stage of the disease, the resulting data are subject to enormous ceiling and floor effects. 

Because cognitive items and tests with significant ceiling and floor effects have limited use 

in tracking longitudinal changes, they are unlikely to be correlated with the early disease 

progression, and therefore have limited power to predict whether or at what time point an 

individual will develop subtle sign of early changes which will eventually lead to the onset 

of MCI and AD.

There is currently a major conundrum in the search of effective treatments of AD. On the 

one hand, accumulating research evidence indicates that neurodegenerative processes 

associated with AD begin years prior to the symptomatic onset of AD, 4–6 suggesting that 

the optimum time window for treatment interventions is when the disease is clinically at the 

early prodromal stage or even the latent or preclinical stage. On the other hand, the lack of 

detection of progression by cognitive tests routinely used in current AD research makes the 

sample size for clinical trials on early disease stage or preclinical AD a formidable task to 

achieve. This bottleneck is primarily due to the lack of cognitive measures that can reliably 

detect the earliest possible cognitive changes of early stage AD in the presence of high 

inherent inter-individual variability during the progression of the disease. 44 This question is 

challenging because, by definition, longitudinal cognitive changes have to be subtle during 

the early stages of the disease.

In comparison to the entire battery, we found that the 187 informative items (in the form of a 

standard composite) provide smaller or comparable sample sizes to adequately power future 

RCTs on individuals with 'preclinical AD', operationally defined as, in the absence of 

biomarker data in this analysis, those who were cognitively normal at baseline but with at 

least one allele of APOE4. For future RCTs on MCI, a subset of 62 informative items whose 

item score changes occurred later than the onset of MCI also provides sample sizes smaller 

than or comparable to those from the entire battery. Importantly, we found several folds of 

increased sample sizes to power future RCTs on either 'preclinical AD' or MCI when items 

not identified as informative by our analyses were used. These results have 3 major 

implications in designing future RCTs on early stage AD and in tracking early disease 

progression. First, they suggest that the commonly used cognitive batteries with years of 

longitudinal data remain the most important pilot data to design future RCTs on early stage 

AD, as a majority of the items were informative to early disease progression, consistent with 
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several reports (albeit cross-sectional). 45–49 Second, given the current challenges facing 

modern RCTs on early stage AD in terms of choosing appropriate cognitive outcomes and 

determining the adequate sample sizes, our results suggest the feasibility of using subsets of 

informative items from an existing cognitive battery as the cognitive efficacy outcome in 

powering future RCTs on 'preclinical AD' or MCI. Third, when it comes to tracking early 

disease progression, data collected on a large number of uninformative items may represent 

less than optimal use of precious research resources as well as an increased burden to 

research participants. In fact, as demonstrated by our results, the uninformative items in the 

battery dramatically reduce the power of the informative items in tracking early progression 

and designing RCTs at the early stage, partly due to the decreased rate of change and the 

inflated variance because of the contamination from the items not informative to early 

disease changes.

It is important to point out that the items that were not identified as informative (i.e., 

uninformative items) by our analyses do not automatically become invalid items from the 

cognitive battery. These items all have face validity and may be useful in tracking the 

disease progression at other stages. Even at the early disease stage, their composite score 

also shows some cognitive decline on subjects with MCI or ‘preclinical AD’ as presented in 

Table 3, albeit at a much lesser degree when compared to the informative items. Our results 

should therefore not be interpreted as against the use of these items in AD research. For 

example, the parent MAP study that provided the data performs annual clinical evaluations 

on participants until death; thus, items that are sensitive to change among persons with 

moderate to severe dementia also are needed.

Our study has many strengths. The participants were community-dwelling and examined 

with annual home visits. Thus, many of the biases inherent in getting persons to be evaluated 

in a clinic setting are reduced. The overall participation rate exceeded 90% over the entire 

length of follow-up, reducing bias that results from attrition. The large pool of items from 20 

cognitive performance tests is among the largest item pools currently available in 

community-based prospective cohort studies. This allowed us to identify a large number of 

items of potential utility in RCTs on preclinical AD and MCI.

Our study also has limitations. The study cohort is selected, the generalizability of the 

findings needs to be established through independent studies, especially those with a 

population-based longitudinal design. Further, although it is the most cost effective to utilize 

an existing longitudinal cognitive database to select most informative items to track early 

disease progression, neuropsychological theory-based development of outcome measures on 

prospectively designed longitudinal studies is needed to fully establish the validity and 

psychometric properties of cognitive outcomes that can serve as the primary efficacy 

endpoint of future RCTs on early stage AD. Next, our analyses were based on the cognitive 

data already collected according to a well established protocol. 20 Therefore, the effect of 

order, presentation, and possibly interference 50–51 of the cognitive testing on our findings 

can not be adequately addressed. In addition, our analytic approach was based on the 

technique of survival analysis, which implicitly assumed that everyone will develop 

MCI/AD if he or she lives long enough. Whereas this assumption may not be entirely 

unreasonable, its impact on the analysis results warrants further investigation. Finally, 
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biomarker data would be needed to more accurately define 'preclinical AD', and our results 

need to be further validated when biomarker data are available.
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Appendix

Table 2A

Informative items for designing RCTs on early AD (187 on 'Preclinical AD', and 62 on 

MCI) and their description

Test name List of items Ways items are administered Items for 
RCTs on 

MCI 
(Y=Yes)

Boston Naming Test bed

Participants are shown pictures of certain objects. 
Then they are requested to name the objects.

Y

camel Y

canoe Y

domino N

flower Y

funnel N

hammock Y

harmon Y

house Y

mask Y

tongs N

volcano N

whistle Y

Color Naming cname Number of colors read correctly in 30 secs. Y

Delayed Story Recall Injuries

A three sentence story is read to the participants. Then 
they are requested to recall the story after a distractor-
filled delay of approximately 3 minutes. Item names 

are key words of the story.

N

Everyone N

Well N

Three N

Children Y

House N

Fire Y

Fireman N

Climb N

Children N

Rescured N

Minor N

Digit Ordering DigitOrder-41

A series of numbers are read aloud to the participants. 
One series at a time. After each series, participants are 
requested to repeat the series starting with the smallest 

number and going to the largest number.

Y

DigitOrder-98 Y

DigitOrder-104 Y

DigitOrder-263 Y

DigitOrder-2413 N

DigitOrder-4216 N

DigitOrder-37570 N

DigitOrder-79210 N
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Test name List of items Ways items are administered Items for 
RCTs on 

MCI 
(Y=Yes)

Digits Backward DigitBack-38

A series of number sequences of increasing length are 
read out to the participants. Participants are requested 

to repeat the numbers backwards.

Y

DigitBack-493 N

DigitBack-526 N

DigitBack-3814 N

DigitBack-1795 N

DigitBack-62972 N

DigitBack-48527 N

Digits Forward DigitFor-8396

A series of number sequences of increasing length are 
read out to the participants. Participants are requested 

to repeat the numbers forwards.

Y

DigitFor-36925 N

DigitFor-69471 N

DigitFor-918427 N

DigitFor-635482 N

DigitFor-2814975 N

Immediate Story Recall Injuries

A three sentence story is read to the participants. Then 
they are requested to recall the story immediately. 

Item names are key words of the story.

N

Everyone N

Well N

Three Y

Children Y

House N

Fire Y

Fireman Y

Climb N

Children Y

Rescured Y

Minor N

Line Orientation line10a

Each item requires the participants to estimate the 
angle subtended by two lines in a match-to-sample 

format.

Y

line10b N

line11a Y

line11b N

line12a N

line12b N

line13a N

line13b N

line14a N

line14b N

line15b N

line1a N

line2a N
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Test name List of items Ways items are administered Items for 
RCTs on 

MCI 
(Y=Yes)

line2b N

line4a N

line4b N

line5a Y

line5b N

line6b N

line7b N

line8a N

line8b N

line9b N

Logical Memory IA A brief story is read to the participants. Then they are 
asked to retell it from memory immediately Y

Logical Memory IIA A brief story is read to the participants. Then they are 
asked to retell it from Y

MMSE30 apple Repeat the 1st word of 3 words read before-- apple Y

folds Fold a piece of paper in half Y

paper Put a piece of paper in right hand N

penny Repeat the 3rd word of 3 words read before-- penny Y

places Place a piece of paper on lap N

StreetName Name the street number of this place N

StreetNumber Name the street name of this place N

WORLD-backward Spell the word 'world' backward N

apple-recall Recall the first word of 3 words given previously --
apple N

table-recall Recall the second word of 3 words given previously --
table N

penny-recall Recall the third word of 3 words given previously --
apple N

RepeatPhrase Repeat a phrase N

ReadWords Read the words shown on a card Y

WriteSentence Write any complete sentence Y

Year Name the current year Y

Copy Copy the drawing on a piece of paper N

Season Name the current season N

Day Name the day of the week Y

Month Name the current month Y

State Name the State of this place Y

Country Name this country Y

City Name the city of this place Y

Room Name the room of this place Y
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Test name List of items Ways items are administered Items for 
RCTs on 

MCI 
(Y=Yes)

table Repeat the 2nd word of 3 words read before-- table Y

Number Comparison Comparison-3 Participants are presented with 48 pairs of numbers. 
Some of the numbers are exactly the same while 

others do not match. The participants are asked to 
identify pairs as “same” or “different”.

N

Comparison-4 N

Progressive Matrices Pattern-a11

Participants are shown a series of pattern and asked to 
identify the pattern below which would complete the 

pattern on top.

N

Pattern-a2 Y

Pattern-a5 Y

Pattern-a6 Y

Pattern-a7 N

Pattern-a8 N

Pattern-b10 N

Pattern-b2 N

Pattern-b3 N

Pattern-b4 N

Pattern-b5 N

Pattern-b6 N

Pattern-b8 N

Reading Test Ache

Participants are shown a series of words and asked to 
pronounce these words the best they can.

Y

Placebo N

Façade N

Impugn N

Blatant N

Reify N

Topiary N

Naïve N

Recipe Y

Heir Y

Indict N

Debt Y

Sieve N

Corps N

Symbol Digit Modalities Symbol-1

Participants are shown a series of symbol. Each 
symbol corresponds to a number from 1 to 9. They are 
asked to call out the numbers that match the symbols 

shown to them one at a time.

N

Symbol-2 N

Symbol-3 N

Symbol-4 N

Verbal Fluency animal Participants are asked to generate exemplars from the 
category in successive 1 minute trials Y

fruit Participants are asked to generate exemplars from the 
category in successive 1 minute trials. Y
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Test name List of items Ways items are administered Items for 
RCTs on 

MCI 
(Y=Yes)

Word List Memory wordt1_1-butter

A 10-word list is presented, three times (total of 30 
words), with three immediate recall trials and delayed 

tests of recall and recognition.

N

wordt1_2-Arm N

wordt1_3-Shore N

wordt1_7-Pole N

wordt1_9-Grass N

wordt2_2-Cabin N

wordt2_3-Butter N

wordt2_4-Shore N

wordt2_5-Engine N

wordt2_6-Arm N

wordt2_7-Queen N

wordt2_8-Letter N

wordt2_9-Pole N

wordt3_1-Queen N

wordt3_2-Grass N

wordt3_3-Arm N

wordt3_4-Cabin N

wordt3_5-Pole N

wordt3_6-Shore N

wordt3_7-Butter N

wordt3_8-Engine N

wordt3_9-Ticket N

wordt3_x-Letter N

Word List Recall recall_1-Butter

Participants are asked to read a list of ten words one at 
a time. Few minutes later they are asked to identify as 

many words as they can recall.

N

recall_2-Arm N

recall_3-Shore N

recall_4-Letter N

recall_5-Queen N

recall_6-Cabin N

recall_7-Pole N

recall_8-Ticket N

recall_9-Grass N

recall_x-Engine N

Word List Recognition wordrec1-LETTER

Participants are shown ten sets of four words, one set 
at a time, and asked to select the words from each set 

that (s)he was shown previously.

Y

wordrec2-POLE Y

wordrec3-ENGINE Y

wordrec4-ARM Y

wordrec5-QUEEN Y
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Test name List of items Ways items are administered Items for 
RCTs on 

MCI 
(Y=Yes)

wordrec6-CABIN Y

wordrec7-TICKET Y

wordrec8-BUTTER Y

wordrec9-GRASS Y

wordrecx-SHORE Y

Word Corrected Read WordRead Words correctly read. Part of Stroop 
Neuropsychological Screening Test. Y
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Table 1

Baseline characteristics of the sample (Total n = 1513)

Normal, n=1037 MCI, n=402 AD, n=74

Age (mean, SD) 78.81 (7.47) 81.91 (7.44) 84.86 (6.07)

Gender (% of female) 75.70 69.90 54.05

Education (y, mean, SD) 14.45 (3.28) 14.43 (3.02) 14.09 (3.92)

Race: % for Caucasian 93.83 90.80 94.59

% for African American 5.40 7.96 5.41

% of others 0.68 0.75 0

APOE4 positive (%) 17.65 27.61 32.43

MMSE (mean, SD) 28.41 (1.70) 26.6 (2.5) 18.33 (6.73)

Global cognition (mean, SD) 0.26 (0.46) −0.41 (0.49) −1.51 (0.74)
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