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Abstract

Background: The Alzheimer’s Disease Assessment Scale Cognitive Subscale (ADAS-

Cog) is used to assess decline in memory, language, and praxis in Alzheimer’s disease

(AD).

Methods: A latent state–trait model with autoregressive effects was used to deter-

mine how much of the ADAS-Cog item measurement was reliable, and of that, how

much of the information was occasion specific (state) versus consistent (trait or

accumulated from one visit to the next).

Results:Participants withmild AD (n= 341) were assessed four times over 24months.

Praxis items were generally unreliable as were some memory items. Language items

were generally the most reliable, and this increased over time. Only two ADAS-Cog
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items showed reliability >0.70 at all four assessments, word recall (memory) and

naming (language). Of the reliable information, language items exhibited greater con-

sistency (63.4% to 88.2%) than occasion specificity, and of the consistent information,

language items tended to reflect effects of AD progression that accumulated from one

visit to the next (35.5% to 45.3%). In contrast, reliable information from praxis items

tended to come from trait information. The reliable information in the memory items

reflectedmore consistent than occasion-specific information, but they varied between

items in the relative amounts of trait versus accumulated effects.

Conclusions: Although the ADAS-Cog was designed to track cognitive decline, most

items were unreliable, and each item captured different amounts of information

related to occasion-specific, trait, and accumulated effects of AD over time. These

latent properties complicate the interpretation of trends seen in ordinary statistical

analyses of trials and other clinical studies with repeated ADAS-Cog itemmeasures.

KEYWORDS

Alzheimer’s Disease Assessment Scale Cognitive Subscale, Alzheimer’s disease, cognition, latent
state–trait autoregressive model, structural equationmodelling

Highlights

∙ Studies have described unfavorable psychometric properties of theAlzheimer’s Dis-

ease Assessment Scale Cognitive Subscale (ADAS-Cog), bringing into question its

ability to track changes in cognition uniformly over time. There remains a need

to estimate how much of the ADAS-Cog measurement is reliable, of that how

much is occasion specific versus consistent, and of the consistent information,

how much represents enduring traits versus autoregressive effects (i.e., effects

of Alzheimer’s disease [AD] progression carried over from one assessment to

the next).

∙ A latent state–trait model with autoregressive effects in mild AD found most items

to be unreliable, and each item to capture different amounts of occasion-specific,

trait, and autoregressive information. Language items, specifically, naming and the

memory itemword recall, were themost reliable.

∙ Psychometric idiosyncrasies of individual items complicate the interpretation of

their summed score, biasing ordinary statistical analyses of repeated measures in

mild AD. Future studies should consider item trajectories individually.

1 INTRODUCTION

The Alzheimer’s Disease Assessment Scale Cognitive Subscale (ADAS-

Cog), designed to assess the severity of cognitive dysfunction in

Alzheimer’s disease (AD,)1 has been a mainstay in AD studies since

its creation in 1984.2 Given its widespread use, many studies have

aimed to evaluate,1,3,4 modify,5,6 and optimize7–9 the ADAS-Cog for

its various applications. The commonest application of the ADAS-

Cog has been to track AD progression over time in clinical trials and

observational studies.

Several studies have questioned the ability of the ADAS-Cog to

track changes over time reliably.10 Discrepancies have been described

between changes on the ADAS-Cog scores and clinical improvement

on measures such as the Clinician’s Interview-Based Impression of

Change Plus caregiver input and the Goal Attainment Scaling.11 Stud-

ies havealsodescribed someunfavorablepsychometric characteristics,

including ceiling and floor effects,7,12,13 and poor test–retest reliabil-

ity among 7 of 11 items including “following commands” (intraclass

correlation coefficient [ICC] = 0.44), “ideational praxis” (ICC = 0.58),

“word recognition” (ICC=0.60), “spoken language ability” (ICC=0.68),
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F IGURE 1 Visual depiction of the decomposition of a hypothetical
assessment score provided by the latent state–trait autoregressive
model.

“word-finding difficulty” (ICC = 0.69), and “comprehension” (ICC =

0.66).14 The minimum standards for reliability for research purposes

are often considered to be ICC values >0.6 to 0.8.15–17 However, to

guide clinical decision making, values of 0.9018 or 0.9519 would be

considered cut-offs.

In amild AD population, a recent study evaluated the ADAS-Cog for

longitudinal invariance, a statistical criterion required before means

can be compared from onemoment of assessment to the next.20 Those

results raised concerns that the different items might track AD pro-

gression differently over time. Although typically the ADAS-Cog items

are summed to arrive at total or subdomain scores, that analysis also

suggested that this might be discouraged because the items did not

inform an underlying cognitive factor, or underlying subdomain factors

(e.g., memory, praxis, language) uniformly from one visit to the next.

Nonetheless, that result does not preclude the use of individual ADAS-

Cog items to track the progression of AD over time or to compare their

trajectories to other features of AD. It may be that different symptoms

ofADprogress differently. Llano et al.7 noted that some items differen-

tiated healthy controls, people with mild cognitive impairment (MCI),

and people with AD very well, while others did not, suggesting that the

items may have different properties to capture AD progression at dif-

ferent stages of disease. To distinguish between these possibilities, the

reliability of the itemsneeds tobeassessed in the context of their longi-

tudinal trajectories. In contrast to previous work, the aim of this study

is therefore to describe the longitudinal behaviors of the ADAS-Cog

items; to determine how much of the information that they provide is

reliable, and to determinewhat the sources of that reliable information

might be.

Here, in mild AD, we sought to characterize the information cap-

tured by the ADAS-Cog items in terms of howmuch of the information

is reliable, and howmuch of that reliable information is consistent with

other measurements made over time versus how much is inconsistent

(i.e., related only to the specific occasion on which the measurement

was made). The consistent information can be further decomposed

into information that was already present at the first occasion of

measurement (i.e., an individual’s “trait”) versus how much evolved

RESEARCH INCONTEXT

1. Systematic review: Previous research showed that items

of Alzheimer’s Disease Assessment Scale Cognitive Sub-

scale (ADAS-Cog) behave psychometrically different

across time, bringing into question the value of summed

scores when used longitudinally.

2. Interpretation: Each ADAS-Cog item captured different

amounts of information related to occasion-specific, trait,

and accumulated effects of Alzheimer’s disease (AD) over

time. The language items weremore consistent over time

than they were sensitive to occasion-specific changes,

and of information that was consistent, the language

items tended to reflect effects of AD progression that

accumulated from one visit to the next. The study rein-

forces the assertion that ADAS-Cog items should not be

summed to track change over time in mild AD, although

some individual items are reliable.

3. Future directions: Because most items were unreliable,

and language itemswere generally themost reliable, over

2 years, longer term studies (e.g., 12–24 months) might

consider these items individually to trackADprogression.

Because only two ADAS-Cog items showed acceptable

reliability at all four assessments, word recall (memory)

and naming (language), these itemsmight be preferred.

with the progression of AD from one observation to the next (i.e., an

“autoregressive” or “accumulated” effect; Figure 1). This study aimed

to estimate these features using a latent state–trait autoregressive

(LST-AR21) model (Figure 1) offering new insight into the interpre-

tation of scores on the ADAS-Cog items in studies of people with

mild AD.

2 METHODS

2.1 Data source

Data used in the preparation of this article were obtained from

the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database

(adni.loni.usc.edu). The ADNIwas launched in 2003 as a public–private

partnership, led by Principal Investigator Michael W. Weiner, MD.

The primary goal of ADNI has been to test whether serial magnetic

resonance imaging (MRI), positron emission tomography (PET), other

biologicalmarkers, and clinical and neuropsychological assessment can

be combined to measure the progression of MCI and early AD. Par-

ticipants with mild AD who had ADAS-Cog scores available from at

least their baseline visits were included in analyses. Briefly, patients

met National Institute of Neurological and Communicative Disorders

and Stroke/Alzheimer’s Disease and Related Disorders Association
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criteria, a score between 20 and 26 on the Mini-Mental State Exam-

ination (MMSE), and a score of 0.5 or 1.0 on the Clinical Dementia

Rating Scale. ADNI criteria included AD participants who had changes

in memory according to the Logical Memory II subscale of the Revised

Wechsler Memory Scale (http://adni.loni.usc.edu/). Participants from

the ADNI in the cognitively normal or MCI subcohorts were excluded.

Data were obtained in January 2018. All participants provided written

informed consent and Health Insurance Portability and Accountability

Act authorizations were obtained.

2.2 ADAS-Cog protocol, item, and subdomains

The ADAS-Cog was conducted on ADNI participants at their baseline,

6-month, and each annual visit by an Alzheimer’s Disease Coop-

erative Study-ADAS certified psychometrist (see http://adni.loni.usc.

edu/). Certification is important as some items require subjective eval-

uation. The 13-item version of the ADAS-Cog (ADAS-Cog 13) was

administered to participants. Items assessed in the ADAS-Cog 13 are

(1) word recall, (2) commands, (3) constructional praxis, (4) delayed

word recall, (5) naming, (6) ideational praxis, (7) orientation, (8) word

recognition, (9) remembering test instructions, (10) comprehension of

spoken language, (11) word finding difficulty, (12) spoken language

ability, and (13) number cancellation. To avoid practice effects,22 an

alternate list of words was used in the “word recall” task (item 1)

and recalled in the “delayed word recall” task (item 4) at the 6-month

visit. All annual visits (whichwere considered sufficiently spaced out in

time to extinguish practice effects) used the original word list from the

baseline visit.

2.3 Statistical analysis

ADAS-Cog data from subjects’ baseline, 6-month, 12-month, and

24-month visits were used in analyses. Three LST-AR models with

indicator-specific trait variables were analyzed.21 Latent state–trait

(LST) theory is a comprehensive theoretical framework developed to

identify and measure sources of behavior variability longitudinally to

help address the stability× situation debate (for amajor details on LST

see Steyer et al.23). Recently, Eid et al.21 proposed incorporation of an

auto-regressive (AR) feature to acknowledge that traits too can change

over time. The LST-AR assumes that behavior is a dynamic system that

can change according to situational influences, and that the effects of

those influences can accumulate over time. These differences regard-

ing the stability due to trait and due to AR, or accumulated situational

effects, are particularly important to allow a better understanding of

stability and change processes.

The LST-AR allows for the decomposition of each item at each

wave into reliable information (i.e., reliability) and unreliable informa-

tion (i.e., measurement error); in other words, the LST-AR determines

what proportion of the variance of an item score represents reliable

information, and what proportion is not reliable. The LST-AR further

decomposes the reliable variance of an item into (1) a component that

represents consistent interindividual differences (that are not specific

for an occasion of measurement), and (2) a variance component that is

due to occasion-specific influences (i.e., dependent on day-to-day fluc-

tuations in performance). Finally, themodel decomposes the consistent

part of the item variance into (1) a component due to trait effects (i.e.,

the component of the score that represents an inherent disposition

level of cognition that is already present at the baseline assessment),

and (2) a component that reflects a source of stability due to “auto-

regressive” accumulated occasion-specific effects. To summarize, an

observed item score can be decomposed into components:

1. Observed item score= reliable component+measurement error

2. Reliable component = consistent component + occasion-specific

effects

3. Consistent component = trait effects + accumulated situational

effects

The components are due to different effects:

1. Trait effect: a disposition being predictable from the baseline

assessment (i.e., one’s inherent level of cognition, in this case)

2. Occasion-specific effects: = due to the situation on an occasion of

measurement and/or person-situation interactions

3. AR or accumulated effects: a change or progression that is consis-

tent or predictable over time (e.g., AD-induced cognitive decline)

A visual depiction of the breakdown of the components of a

hypothetical assessment score is shown in Figure 1.

For metrical observed items, we specified the model exactly as

described previously.21 This was the case for the four items (word

recall, orientation, remembering test instructions, and word recog-

nition) assessing the memory domain (per the ADAS-Cog 11). For

orderedcategorical observedvariables,weappliedanLST-ARmodel.24

This rationale applies to language subscale constituted by five ordered-

categorical items (i.e., commands, naming, comprehension of spoken

language, word finding difficulty, and spoken language ability) and

praxis constituted by three ordered-categorical items based on the

empirical solution of Verma et al.9 (i.e., commands, constructional

praxis, and ideational praxis). Figure 2 depicts the LST-AR model

applied to the three subdomains separately.

We impose a measurement invariance restriction on occasion-

specific latent variables such that the factor loadings of the items

with the same content and occasion-specific latent variables are held

equal (e.g., item 5 at baseline will have the same unstandardized fac-

tor loading as item 5’s factor loading onto the occasion-specific latent

variable at times 6 months, 12 months, and 24 months). This mea-

surement invariance assumption implies that the construct does not

change over time. This assumption is usually made in longitudinal stud-

ies as it simplifies the interpretation of the results and ensures that the

same construct is considered over time. The model does not require

trait loadings to be the same over time because they represent the

influence of the disposition on the first occasion of measurement and

this influence can change over time without changing the meaning of

http://adni.loni.usc.edu/
http://adni.loni.usc.edu/
http://adni.loni.usc.edu/
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F IGURE 2 Representation of the latent state–trait autoregressive (LST-AR) statistical model for the language subdomain. Ti represents trait
variables (time-specific dispositions) on the first occasion of measurement, having an influence on the same content item on all occasions of
measurement (i.e., naming at baseline, 6 months, 12months, and 24months were loaded at Tnaming). The residuals of the observed
ordered-categorical variables are fixed to 1 for a parameterization according to the normal ogive-graded responsemodel. Given sparse data issues
(number of thresholds changing across time), thresholds across the different waves were constraints to be equal when available. The
occasion-specific latent variable Ot is composed of ζit (the occasion-specific influences on occasion t) and 𝜆s(t–1) ·ζi(t–1) (indicating carry-over
effects or, as called here, the accumulative effects). The correlations between Ti and the residual variables (Oit and ζit) were fixed to 0, where i
represents the indicator (i.e., item) and t the occasion of measurement (i.e., each wave, assessment, sweep). On the first occasions of measurement,
the common residual variable is the state residual on the occasion of measurement (ζi1), whereas subsequently theOt variables, the
composed-occasion residuals, are the state residuals plus a linear combination of the previous state residuals. Finally, the correlations between the
trait variables were freely estimated (i.e., double-headed arrows among all the Ti latent variables).

the construct. Further constraints can be added if specific hypotheses

about the influence of the trait over time should be tested; however,

we had no hypotheses about this influence. Because the first two time

gaps (i.e., baseline to6months, and6months to12months)wereequiv-

alent, we constrained their unstandardized autoregressive effects to

be equivalent, leaving the last gap (i.e., 12 months to 24 months) to be

estimated freely. We assumed a priori that the autoregressive process

would be stable over time (which is typically the case in longitudinal

studies). We tested the totality of these assumptions by the confirma-

tory factor analysis test statistics as an omnibus test to avoid problems

of multiple comparisons.

Missing data are expected due to the longitudinal design and

depending on the estimator under weighted least square mean and

variance adjusted and its pairwise deletion. In the case of the mem-

ory domain items, we used the full information maximum likelihood

estimator.

Model fit was determined using the χ2-test, comparative fit index

(CFI), root mean square error of approximation (RMSEA), and stan-

dardized root mean square residual (SRMR), based on the following

recommendations for good fit was indicated by a CFI ≥ 0.97, an

RMSEA ≤ 0.05 (P-value ≤ 0.05), and an SRMR smaller than 0.08.25

Related to effect size, a cut-off of 70% for reliability was considered to

be adequate.26

3 RESULTS

3.1 Sample

In total, 341 subjects withmild ADwho had baseline ADAS-Cog scores

available were included as reported previously.20 At baseline, partic-

ipants were, on average, 75 years old (standard deviation [SD] = 5),

55% male, and had 15 years of education (SD = 3). The percentage of

apolipoprotein E ε4 carriers was 66%. Baseline MMSE score was 23.2

(SD= 2.1), progressing to 18.7 (SD= 5.7) after 24months.

3.2 Model fit

All three models (one for each domain) showed appropriate

goodness-of-fit indices: memory: χ2(90) = 117.921, P-value = 0.0258,
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TABLE 1 Reliabilities of each ADAS-Cog item at each assessment over 24months.

Reliability

Subdomain Item Baseline Month 6 Month 12 Month 24

Memory Q1 0.859 0.794 0.875 0.853

Q4 0.719 0.583 0.738 0.808

Q7 0.470 0.611 0.819 0.531

Q8 0.419 0.525 0.440 0.435

Language Q5 0.802 0.817 0.809 0.834

Q9 0.666 0.784 0.780 0.824

Q10 0.638 0.745 0.868 0.908

Q11 0.704 0.698 0.797 0.863

Q12 0.686 0.768 0.885 0.925

Praxis Q2 0.434 0.671 0.596 0.801

Q3 0.544 0.670 0.662 0.749

Q6 0.555 0.696 0.665 0.767

Abbreviations: ADAS-Cog, Alzheimer’sDiseaseAssessment ScaleCognitive Subscale;Q1–Q12:Q1,word recall; Q2, commands;Q3, construction praxis; Q4,

delayed word; Q5, naming; Q6, ideational praxis; Q7, orientation; Q8, word recognition; Q9, remembering the instruction; Q10, comprehension of spoken

language; Q11, word finding difficulty; Q12, spoken language ability.

RMSEA= 0.03 (90% confidence interval [CI]= 0.011 to 0.044), P-value

of RMSEA = 0.992, CFI = 0.988, Tucker–Lewis index (TLI) = 0.983,

SRMR= 0.039; language: χ2(201) = 238.732, P-value= 0.0353, RMSEA

= 0.023 (90%CI= 0.007 to 0.034), P-value of RMSEA= 1, CFI= 0.994,

TLI = 0.995, SRMR = 0.05; and praxis: χ2 (74) = 92.545, P-value =

0.0712, RMSEA= 0.027 (90% CI= 0.000 to 0.043), P-value of RMSEA

= 0.993, CFI = 0.993, TLI = 0.994, SRMR = 0.038. Because all models

including the specified restrictions fit the data very well, we did not

reject our assumptions about model structure.

3.3 ADAS-Cog item and subdomain reliability

The reliabilities of all items at each time point can be found in Table 1.

All language items and two of the memory items (item 1: word recall,

item 4: delayed word recall) were generally reliable across most time

points. None of the praxis itemsmet the cut-off for adequate reliability

across the four time points.

3.4 ADAS-Cog item and subdomain consistency
and occasion-specific effects

Of the reliable information captured by each item, a decomposition

of trait, accumulated, and state effects are summarized in Table 2.

All items had more consistency (trait + accumulated effects) than

occasion-specific effects, ranging from 63.4% (item 10) to 88.2% (item

8) indicating that interindividual differences are relatively stable over

time.

Visual depiction of the decomposition of variance of the compo-

nents of the ADAS-Cog assessment at 24 months is shown in Figure 3.

Here, measurement error is also depicted.

For three items in the language subdomain (naming, remembering

the instructions, word finding difficulty) and three items in thememory

subdomain (word recall, delayedword recall, orientation), their consis-

tencies consisted of substantial proportions of trait and accumulated

effects. For the remaining language items (comprehension of spoken

language and spoken language ability items), accumulated effects com-

prised most of the consistent information. For the remaining memory

item (word recognition) and for all praxis items (commands, construc-

tion praxis, and ideational praxis), when splitting consistency into trait

versus accumulated effect, most of the consistent information was

accounted for by trait effects.

4 DISCUSSION

The findings indicated that items from the language subdomain

were generally more reliable compared to the other ADAS-Cog

subdomains, which tended to contain more measurement error

in this mild AD population. Even so, only two items (“word recall”

and “naming” from memory and language, respectively) achieved

>70% reliability on all four visits over 24 months. These are some

of the earlier changes observed in AD. Two items from the memory

subdomain (item 1 “word recall” and item 4 “delayed word recall”)

and all language items exhibited acceptable reliabilities on at least

three occasions. Considering decomposition into occasion-specific,

trait, and accumulated effects, these items from the language and

memory subdomains may capture AD-related cognitive changes

over time most effectively, as they were most highly influenced by

accumulated effects (vs. occasion-specific or trait effects). Previous

psychometric network analysis showed that item 10 “comprehen-

sion of spoken language” appeared to be the most sensitive to

psychopharmacological intervention, suggesting that it might be
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TABLE 2 Consistency (trait and accumulated effects) and occasion-specific effects decomposed for each ADAS-Cog item at the 24-month
assessment.

Consistency

Subdomain Item

Total

consistency

Trait

effects

Accumulated

effects

Inconsistency

Occasion-specific effects

Memory

Q1 0.763 0.398 0.365 0.237

Q4 0.723 0.297 0.426 0.277

Q7 0.763 0.399 0.364 0.237

Q8 0.882 0.701 0.181 0.118

Language Q5 0.713 0.358 0.355 0.287

Q9 0.710 0.351 0.359 0.290

Q10 0.634 0.181 0.453 0.366

Q11 0.683 0.291 0.392 0.317

Q12 0.656 0.231 0.425 0.344

Praxis Q2 0.854 0.547 0.306 0.146

Q3 0.881 0.632 0.249 0.119

Q6 0.860 0.567 0.293 0.140

Note: Taking reliability as constituted by 100% of trustworthy variance, the reliable information for each item at every time, as per Figure 2, might be

disentangled in two parts (consistency [trait effect+ accumulated effect] and inconsistency).

Abbreviations: ADAS-Cog, Alzheimer’s Disease Assessment Scale Cognitive Subscale; Q1, word recall; Q2, commands; Q3, construction praxis; Q4, delayed

word; Q5, naming; Q6, ideational praxis; Q7, orientation; Q8, word recognition; Q9, remembering the instruction; Q10, comprehension of spoken language;

Q11, word finding difficulty; Q12, spoken language ability.

F IGURE 3 Visual depiction of the decomposition of variance of the components of the Alzheimer’s Disease Assessment Scale Cognitive
Subscale assessment at 24months. All the sources of variance are described here: consistency [trait effect+ accumulated effect], inconsistency
[occasion-specific effect], andmeasurement error. All sources together sum to 100%. Q1, word recall; Q2, commands; Q3, constructional praxis;
Q4, delayedword recall; Q5, naming; Q6, ideational praxis; Q7, orientation; Q8, word recognition; Q9, remembering test instructions; Q10,
comprehension of spoken language; Q11, word finding difficulty; Q12, spoken language ability.
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the most important to monitor among outcomes.27 This item is a

subjective observation made by the examiner, so high reliability might

not have been anticipated. Nonetheless, our results concur, and our

approach provides two possible theoretical bases for that finding.

First, “comprehension of spoken language”, along with “word recall”

and “naming”, was found to be generally reliable, having a relatively

low proportion of measurement error, which would make it among

the items more sensitive to participant performance. Second, when

examining the behavior of the items over time, “comprehension of spo-

ken language” was found to have the highest proportion of occasion-

specific effect, the highest proportion of accumulated effects, and the

lowest proportion of trait effects, of any ADAS-Cog item. Sensitivity

to occasion-specific and/or accumulated effects may indicate that the

“comprehension of spoken language” item tracked the accumulation of

AD-related deficits over time (i.e. accumulated effect), and/or the true

variability in performance from visit to visit (i.e., state), to the greatest

extent of the ADAS-Cog items. However, the context for these obser-

vations may be important, as for instance, the baseline severity and

inclusion/exclusion criteria for the cohort studied (discussed below).

All items in the praxis subdomain (“commands”, “constructional

praxis”, and “ideational praxis”), and two items in the memory sub-

domain (“orientation” and “word recognition”) had relatively lower

reliabilities, which would not meet a general threshold of ≥70%. If a

memory estimate was required from existing study data, the present

findingswould suggest the preferred use of items1 and4 (“word recall”

and “delayed word recall”). The praxis subdomain items were subject

to considerable measurement error, and therefore the ways in which

the ADAS-Cog assesses praxis may be unreliable, suggesting that if

needed, an alternative assessment of praxis might be implemented

going forward.

Clinical trials for AD therapeutics have commonly used some ver-

sion of the ADAS-Cog at longitudinal visits to assess the efficacy of the

treatment in slowing cognitive decline; for nearly two decades, trials

of amyloid beta (Aβ)-targeted therapies have failed to show efficacy,28

although some have shown results in the ADAS-Cog that were trend-

ing toward significance.29 If language item scores are reliable andmost

heavily influenced by the progression of mild AD, the clinical trial

data might be reassessed post hoc using language subdomain items, or

specifically “comprehension of spoken language,” as most items from

the other subdomains were less reliable, and their reliable information

was more heavily related to interindividual trait differences. This may

have diluted the efficacymeasurement, as suggested empirically in the

context of trials by Rotstein et al.27 Memory scores, in particular the

items “word recall” and “delayed word,” were found also to be fairly

reliable with similar contributions of accumulated effects to the reli-

able, consistent information that they yield. In contrast, studies of the

cholinesterase inhibitors showed effects on the ADAS-Cog; however,

treatment efficacy is known to wane over extended timelines such as

those in this study, suggesting that those shorter term changes on the

ADAS-Cog may not be relevant to longer term decline described here.

It remains to be explored how alternative cognitive measures might

perform under state–trait models as, for example, LST-AR and their

derived indices. Psychometric studies have compared theADAS-Cog to

alternatives such as theNeuropsychological Test Battery, finding supe-

rior characteristics, but no study has explored state–trait features of

those alternatives.14 It is unclear if the characteristics uncovered in this

study are specific to the ADAS-Cog items, and similar models might be

applied to other tests, including newer computerized batteries.

It is possible that the inclusion/exclusion criteria used for the mild

AD group in this study biased the memory scores to show greater

trait effects relative to accumulated effects; inclusion criteria required

changes in memory, which meant that included participants were

biased to have lower levels of memory but not necessarily other

changes, which may have affected state, trait, and accumulated esti-

mates over time. Nonetheless, the data are still likely relevant to the

interpretation of trials, since they have often used inclusion criteria

similar or identical to those of theADNI. Different aspects of AD symp-

toms may progress differently at different stages of the disease, and

therefore they may exhibit different occasion-specific and trait fea-

tures at different stages of the disease, which should be examined in

future studies. Here, MMSE scores progressed from 23.2 to 18.7 over

the 24-month observation period, indicating that cognitive decline had

occurred; however, the specific state–trait results may not general-

ize to other stages of AD progression. The LST-AR–derived indices

should be compared between this and other samples at similar stages

of decline, and explored in other samples at different stages of decline,

to determine generalizability.

More recently, the field has begun to shift toward a biological

definition, including biomarker measures under the ATN framework

(i.e., levels of Aβ, tau, and neurodegeneration using fluid biomark-

ers, PET scans, or MRI).30,31 It is unclear how the incorporation of

these biomarker measures as inclusion criteria will affect the longi-

tudinal characteristics of the outcome measures, particularly if trial

participants continue to be identified by cognitive impairment prior to

applying biomarker criteria; however, it may be important to consider

in these new contexts, in a fashion similar to that of the present work,

the proportions of variance in outcome measures that were reliable,

and of that information howmuchwas immovable versus accumulated

or fluctuating unpredictably between visits. This may help to charac-

terize the outcome measures and to identify and mitigate biases that

could dampen their ability to track cognitive decline effectively. In par-

ticular, the trait information may be immovable, and in the context

of trials, that component should be evened out between the groups

by the randomization process; the LST-AR models, particularly under

multi-group structures, could be used to test this explicitly.

5 CONCLUSION

The current study provides insight into the interpretation and utility

of the ADAS-Cog in mild AD. A significant proportion of the variance

in ADAS-Cog item scores was unreliable in this sample. The five lan-

guage items, andmemory items “word recall” and “delayedword”, were

the most reliable, and they most effectively (35%–45%) measured the
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accumulation of cognitive deficits and/or the reliable visit-to-visit fluc-

tuations in cognitive performance (24%–37%). If much of the variance

in theADAS-Cogwas unreliable, or reflective of between-subjects trait

differences, it may have been unnecessarily difficult to obtain treat-

ment effects using many ADAS-Cog items in clinical trials, and data

from previous trials might be reconsidered. Similarly, correlative stud-

ies assessing relationships betweenpathophysiological elements ofAD

and ADAS-Cog scores might benefit from selecting items with longi-

tudinal characteristics that best match the hypothesis vis-à-vis their

occasion-specific, trait, or accumulating effects of ADprogression over

time. More broadly, the application of state and trait models to other

outcome measures may help to identify appropriately reliable and

sensitive outcomes.
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