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4Dept. of Neurosciences, University of California San Diego, School of Medicine, La Jolla, CA

Abstract

Background: We previously operationally-defined subtle cognitive decline (SCD) in preclinical 

Alzheimer’s disease (AD) using total scores on neuropsychological (NP) tests. NP process scores 
(i.e., provide information about how a total NP score was achieved) may be a useful tool for 

identifying early cognitive inefficiencies prior to objective impairment seen in mild cognitive 

impairment (MCI) and dementia.

Objective: We aimed to integrate process scores into the SCD definition to identify stages of 

SCD and improve early detection of those at risk for decline.

Methods: Cognitively “normal” participants from the Alzheimer’s Disease Neuroimaging 

Initiative were classified as “early” SCD (E-SCD; >1 SD below mean on 2 process scores or on 1 

process score plus 1 NP total score), “late” SCD (L-SCD; existing SCD criteria of >1 SD below 

norm-adjusted mean on 2 NP total scores in different domains), or “no SCD” (NC). Process scores 

considered in the SCD criteria were word-list intrusion errors, retroactive interference, and 

learning slope. Cerebrospinal fluid AD biomarkers were used to examine pathologic burden across 

groups.

Results: E-SCD and L-SCD progressed to MCI 2.5-3.4 times faster than the NC group. Survival 

curves for E-SCD and L-SCD converged at 7-8 years after baseline. The combined (E-SCD+L-

SCD) group had improved sensitivity to detect progression to MCI relative to L-SCD only. AD 

biomarker positivity increased across NC, SCD, and MCI groups.
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Conclusions: Process scores can be integrated into the SCD criteria to allow for increased 

sensitivity and earlier identification of cognitively normal older adults at risk for decline prior to 

frank impairment on NP total scores.
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early detection; subtle cognitive decline; neuropsychology; mild cognitive impairment; 
Alzheimer’s disease; dementia

Introduction

Preclinical Alzheimer’s disease (AD) is the asymptomatic phase of AD in which individuals 

without frank cognitive impairment are positive for AD biomarkers such as amyloid-β (Aβ) 

or tau proteins, including hyperphosphorylated-tau (p-tau) and total tau (t-tau). National 

Institute on Aging and Alzheimer’s Association (NIA-AA) criteria for preclinical AD 

maintain that amyloidosis (Stage 1) and neurodegeneration (Stage 2) precede subtle 

cognitive changes (Stage 3) [1]. We have recently shown, however, that cognitively normal 

participants in the Alzheimer’s Disease Neuroimaging Initiative (ADNI) who progressed to 

mild cognitive impairment (MCI) or AD were just as likely to have operationally-defined 

subtle cognitive decline (SCD) as their first AD marker as they were to have Aβ as their first 

marker [2]. These results are consistent with Braak et al.’s [3] suggestion that there is likely 

overlap in the development of neuropathologic and cognitive changes in preclinical AD and 

they indicate that SCD may be just as important as other preclinical AD markers for 

predicting progression. Because the detection of SCD is limited by the sensitivity of 

cognitive tests, it is important to find sensitive measures of cognitive change that can be used 

alone or with traditional AD biomarkers to improve early detection of incipient AD and give 

the preclinical AD classification more predictive value.

Memory impairment characterized by rapid forgetting over a delay interval is one of the 

most sensitive indicators of early AD [4,5]. Memory test scores that reflect the amount of 

information learned and remembered over a delay interval may be just as important as 

traditional AD biomarkers for predicting progression from normal cognition to MCI or from 

MCI to AD dementia. A study modelling data from ADNI, for example, showed that a 

memory test score [Rey Auditory Verbal Learning Test (AVLT)] at baseline significantly 

predicted rate of progression from MCI to AD. Predictive accuracy was not substantially 

improved by adding baseline MRI entorhinal cortex volume or p-tau/Aβ ratio to the model 

[6]. Other longitudinal studies have shown that memory measures detect the earliest 

cognitive change in cognitively normal older adults who go on to develop AD dementia [7]. 

These results suggest that tests of memory may be particularly useful for detecting SCD in 

preclinical AD.

The ability of memory tests to detect SCD in preclinical AD may be enhanced by 

consideration of both the amount of information learned and remembered and the processes 

by which learning and memory took place. Neuropsychological test process scores are the 

quantification of errors or other aspects of an individual’s performance that allows one to 

determine how and why an individual achieved a final outcome reflected by the total score 
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on a neuropsychological measure [8]. Process score analysis of word-list learning and 

memory tests has demonstrated that amnestic MCI and early AD are associated with a 

flattened learning slope, increased susceptibility to interference, and a greater frequency of 

extra-list intrusion errors relative to cognitively normal individuals [4,5,9-12]. These aspects 

of learning and memory could be altered before to an obvious decrement in the amount of 

information learned and remembered. Thus, consideration of “process” features or errors on 

tests of learning and memory may provide additional information about early cognitive 

changes related to preclinical AD, MCI, and AD dementia [9,10,12,13].

We recently examined this topic using the ADNI dataset and found baseline differences in 

number of AVLT intrusion errors, slope of learning, and susceptibility to retroactive 

interference between participants who remained cognitively normal and those who 

progressed-to-MCI within 5 years [13]. Furthermore, we demonstrated the added utility of 

memory intrusion errors in predicting progression from cognitively normal to MCI and mild 

dementia, even after statistically controlling for known risk factors, including demographic 

characteristics, depressive symptoms, daily functioning, neuropsychological test total scores, 

APOE ε4 status, and cerebrospinal fluid (CSF) AD markers (Aβ, t-tau, p-tau). These results 

suggest that clinically relevant errors and subtle cognitive inefficiencies on a word-list 

memory test occur in older adults identified as “cognitively normal” based on standard 

neuropsychological test total scores, and that these subtle changes may predict the 

subsequent development of MCI and AD.

What remains unclear, however, is to what extent memory process scores can contribute to 

our understanding and detection of SCD. Thus, we aimed to incorporate these process scores 

into our existing operational definition of SCD [2] and to utilize process scores as a method 

to identify “early” and “late” stages of SCD. We hypothesized that process score 

impairments may emerge earlier than decline in neuropsychological test total scores in the 

preclinical pathogenesis of AD (i.e., in early SCD), though both early and late SCD may 

ultimately have similar rates of progression to MCI and dementia.

Methods

Data used in the preparation of this article were obtained from the ADNI database 

(adni.loni.usc.edu). ADNI was launched in 2003 as a public-private partnership. The 

primary goal of ADNI is to test whether serial magnetic resonance imaging (MRI), positron 

emission tomography (PET), other biological markers, and clinical and neuropsychological 

assessment can be combined to measure the progression of MCI and early AD. For up-to-

date information on ADNI, see www.adni-info.org. This study was approved by the 

Institutional Review Boards at each of the participating institutions, and written informed 

consent was obtained from all participants or authorized representatives at each site.

Participants

All non-demented ADNI participants who completed a baseline neuropsychological 

assessment were considered for analyses. Of the 1,397 participants considered for inclusion, 

57 were excluded due to the absence of follow-up data. The final sample consisted of 1,340 

participants. Of these participants, 616 were determined to meet criteria for MCI based on 
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Jak/Bondi actuarial neuropsychological diagnostic method [14,15]. Participants were 

classified as MCI if they 1) performed >1SD below the age/education/sex-adjusted mean on 

two measures within the same cognitive domain, or 2) performed >1SD below the 

demographically-adjusted mean on at least one measure across all three sampled cognitive 

domains, or 3) were rated by a study partner to have a Functional Activities Questionnaire 

(FAQ) score > 5, suggesting functional difficulties across at least two areas of functioning 

(see Figure 1). The remaining 724 participants were determined to be cognitively normal. 

We applied the Jak/Bondi criteria at each of the participants’ follow-up visits (6-, 12-, 24-, 

36-, 48-, 60-, 72-, 84-, 96-, 108-, and 120-months after baseline) to determine whether or 

not, and if so at what point, they progressed to MCI. We also tracked whether participants 

progressed to dementia based on ADNI’s AD criteria: 1) subjective memory complaint 

reported by the subject, study partner, or clinician; 2) abnormal memory function defined by 

scoring below the education-adjusted cutoff on Story A of Logical Memory II from the 

Wechsler Memory Scale–Revised; 3) MMSE score < 27; 4) Clinical Dementia Rating score 

of 0.5 or 1.0; 4) met NINCDS/ADRDA criteria for probable AD [16]. A proportion of the 

sample underwent a lumbar puncture at baseline (MCI n=434; cognitively normal n=532); 

this subset was used for analyses involving CSF markers.

Materials

Six neuropsychological test scores were used to determine MCI and SCD status via Jak/

Bondi criteria. The scores were two measures of language: 30-item Boston Naming Test 

(BNT) total correct responses, Animal Fluency total score; two measures of attention/
executive function: Trail Making Test (TMT), Part A and Part B times-to-completion; and 

two measures of memory: AVLT delayed free recall correct responses and AVLT recognition 

(hits minus false positives).

We also examined three neuropsychological process scores from the AVLT [17] that were 

not used in MCI classification to determine their added benefit for identifying and staging 

SCD. The AVLT is a 15-item word-list learning and memory test of semantically-unrelated 

words that includes 5 learning trials (List A, Trials 1-5), an interference trial with a different 

list (List B), a short-delay free recall trial (Trial 6) for List A, a long delay free recall trial 

(Trial 7) for List A after 30-minutes, and delayed recognition of List A. The three process 

scores from the AVLT that we examined included: intrusion errors (total number of extra-list 

intrusion errors across all recall trials), learning slope [(List A Trial 5 – List A Trial 1)/5], 

and retroactive interference, which captures the extent to which new learning inhibits 

previously learned information (List A Trial 6/List A Trial 5) [9]. These process scores have 

been previously shown to predict progression from cognitively normal to MCI [13]. CSF 

data included concentrations of Aβ1-42 and ratios of p-tau/Aβ and t-tau/Aβ.

Procedure

SCD classification and staging—Neuropsychological test total and process scores were 

converted to age-, education-, and sex-adjusted z-scores based on regression coefficients 

derived from a sample of ADNI’s cognitively normal participants who did not progress to 

MCI for the duration of their study participation (i.e., “robust” controls; N=381) [18]. All 

cognitively normal participants (N=724) were then classified as: “early” SCD (E-SCD; 
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N=143), “late” SCD (L-SCD; N=106), or normal control (NC; N=475). Participants were 

classified as E-SCD if they either 1) performed >1 SD below the demographically-adjusted 

mean (i.e., an impaired score) on one total score and also had one impaired process score, or 

2) had two impaired process scores. Participants were classified as L-SCD if they met our 

previously-published criteria for SCD [2] (i.e., had one impaired total test score in 2 

different cognitive domains). If cognitively normal participants did not meet criteria for 

either E-SCD or L-SCD, they were classified as an NC.

AD biomarker classification—AD CSF biomarkers were processed using Roche 

Elecsys ® immunoassays. Biomarker positivity was determined by cut-off scores optimized 

for ADNI [19]: < 977 pg/ml for Aβ1-42, >.025 for p-tau/Aβ, and >.27 for t-tau/Aβ.

Statistical Analyses—Baseline demographic and clinical characteristics for each group 

(NC, E-SCD, L-SCD, MCI) were compared using one-way analyses of variance (ANOVAs) 

with Tukey correction for multiple comparisons, or chi-squared tests (for categorical 

variables). Logistic regression was used to examine the sensitivity and specificity of 

classifying participants who progressed to MCI (over 5 and 10 years) when using only the 

L-SCD classification only versus using both E-SCD and L-SCD classifications. Cox 

regression, adjusting for demographic and mood differences between groups (education, sex, 

and depressive symptoms), was used to determine the risk of MCI and dementia by group 

classification, with NC as the reference group. In these analyses, time-to-MCI and time-to-

dementia were the number of months from baseline neuropsychological assessment to the 

assessment when the participant first met criteria for MCI of dementia. Participants who did 

not progress to MCI or dementia during their follow-up period were censored at their last 

visit. Kaplan-Meier curves were used to depict rate of progression to MCI and dementia. 

Log rank tests were used to determine if the Kaplan-Meier curves differed.

Results

Demographic and clinical characteristics

Table 1 shows the baseline demographic and clinical characteristics by group. There were 

significant differences in all baseline variables except for age.

Proportion of NC, SCD, and MCI groups that progressed

Within the NC participants, 31.4% (N=149) progressed to MCI within 5 years and 36.0% 

(N=171) progressed to MCI within 10 years; 4.2% (N=20) and 6.5% (N=31) progressed to 

dementia within 5 years and 10 years, respectively. Within the E-SCD participants, 60.8% 

(N=87) progressed to MCI within 5 years and 63.6% (N=91) progressed to MCI within 10 

years; 11.9% (N=17) and 15.4% (N=22) progressed to dementia within 5 and 10 years, 

respectively. Within the L-SCD participants, 72.6% (N=77) progressed to MCI within 5 

years and 74.5% (N=79) progressed to MCI within 10 years; 14.2% (N=15) and 15.1% 

(N=16) progressed to dementia within 5 and 10 years, respectively. Within the MCI group, 

41.2% (N=254) and 44.2% (N=272) progressed to dementia within 5 and 10 years, 

respectively. All SCD (E-SCD and L-SCD) participants who progressed to dementia were 

determined by ADNI to have AD. There were 6 NC participants who progressed to dementia 
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who were not diagnosed with AD (5 other etiologies; 1 initially AD but switched to other 

etiology at a later visit). There were also 6 MCI participants who progressed to non-AD 

dementia (3 initially AD but switched to another etiology; 3 were another etiology).

Prediction of MCI status

The addition of participants that met criteria for E-SCD improved sensitivity and overall 

prediction of those who progress to MCI and dementia. SCD criteria based only on 

neuropsychological test total scores (i.e., only L-SCD) [2] accurately predicted 24.4% of the 

participants who transitioned to MCI (sensitivity) and 92.9% of participants who remained 

cognitively normal (specificity) over 5 years. Overall, 63.3% of the sample was correctly 

classified (Nagelkerke R2=.077). Results were similar for prediction of progression to MCI 

over 10 years—sensitivity was 22.9%, specificity was 92.9%, and overall classification was 

60.0% (Nagelkerke R2=.068).

Criteria that incorporated neuropsychological test total scores and process scores (E-SCD + 

L-SCD) accurately predicted 52.4% of the participants who transitioned to MCI (sensitivity) 

and 79.3% of participants who remained cognitively normal (specificity) over 5 years. 

Overall, 67.7% of the sample was correctly classified (Nagelkerke R2=.140). Results were 

similar for prediction of progression to MCI over 10 years—sensitivity was 49.9%, 

specificity was 79.4%, and overall classification was 65.5% (Nagelkerke R2=.122).

Rate of progression to MCI

Cox regressions adjusting for education, sex, and depressive symptoms showed that both E-

SCD (hazard ratio, HR: 2.60 [95% confidence interval, CI 1.99, 3.39], p<.001) and L-SCD 

(HR: 3.44 [95% CI 2.60, 4.55], p<.001) groups progressed to MCI faster than the NC group 

over 5 years. Similarly, over 10 years, both E-SCD (HR: 2.46 [95% CI 1.90, 3.18], p<.001) 

and L-SCD (HR: 3.17 [95% CI 2.41, 4.16], p<.001) groups progressed to MCI faster than 

the NC group, though the difference between the hazard ratios of the E-SCD and L-SCD 

groups was smaller over 10 years compared to over 5 years. Kaplan Meier curves for NC, E-

SCD, and L-SCD progression to MCI over 5 and 10 years are shown in Figure 2. Log-rank 

tests showed that over 5 years, the NC group progressed to MCI at a slower rate than the E-

SCD (χ2=65.30, p<.001) and L-SCD (χ2=102.50, p<.001) groups. The E-SCD group 

progressed to MCI at a slower rate than the L-SCD group (χ2=4.23, p=.040). Over 10 years, 

the NC group progressed to MCI at a significantly slower rate than the E-SCD (χ2=63.69, 

p<.001) and L-SCD groups (χ2=94.49, p<.001). The E-SCD and L-SCD groups did not 

significantly differ (p>.05) and the survival curves appear to converge at 7-8 years.

Rate of progression to dementia

Cox regressions adjusting for education, sex, and depressive symptoms showed that the E-

SCD (HR: 3.03 [95% CI 1.59, 5.79], p=.001), L-SCD (HR: 3.60 [95% CI 1.84, 7.03], 

p<.001), and MCI (HR: 12.88 [95% CI 8.14, 20.37], p<.001) groups all progressed to 

dementia faster than the NC group over 5 years. A similar pattern was found for E-SCD 

(HR: 2.66 [95% CI 1.54, 4.59], p<.001), L-SCD (HR: 2.60 [95% CI 1.42, 4.75], p=.002), 

and MCI (HR: 10.36 [95% CI 7.08, 15.14], p<.001) groups over 10 years, though, again, the 

difference between the hazard ratio of the E-SCD and L-SCD group was reduced compared 
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to over 5 years such that over 10 years, the risk of progression to dementia for the E-SCD 

and L-SCD groups are almost identical. Kaplan Meier curves for NC, E-SCD, L-SCD, and 

MCI progression to dementia over 5 and 10 years are shown in Figure 3. Log-rank tests 

showed that over 5 years, the NC group progressed to dementia at a slower rate than the E-

SCD (χ2=13.67, p<.001), L-SCD (χ2=16.61, p<.001), and MCI (χ2=224.04, p<.001) 

groups. The MCI group progressed to dementia at a faster rate than both E-SCD (χ2=45.76, 

p<.001) and L-SCD (χ2=31.56, p<.001) groups. The E-SCD and L-SCD groups did not 

significantly differ from each other (p>.05). Over 10 years, the NC group progressed to 

dementia at a slower rate than the E-SCD (χ2=15.53, p<.001), L-SCD (χ2=11.26, p=.001), 

and MCI (χ2=246.35, p=.001) groups. The MCI group progressed to dementia at a faster 

rate than both E-SCD (χ2=48.09, p<.001) and L-SCD (χ2=38.30, p<.001) groups. The E-

SCD and L-SCD groups again did not significantly differ from each other (p>.05).

AD CSF Biomarkers by group

Figure 4 shows the proportion of participants with positive biomarkers in each of the groups. 

There were significant group differences in the proportion of positive markers for Aβ1-42 

(χ2=98.75, df=3, p<.001), t-tau/Aβ (χ2=125.67, df=3, p<.001), and p-tau/Aβ (χ2=120.55, 

df=3, p<.001), with greater biomarker positivity in the E-SCD, L-SCD, and MCI groups 

compared to the NC group and greater biomarker positivity in the MCI group compared to 

the SCD groups.

Discussion

The current study integrated memory process scores into our previously operationalized 

criteria for SCD [2] and used these new criteria to identify a subset of “cognitively normal” 

participants with E-SCD. The E-SCD and L-SCD groups had a risk of progression to MCI 

that was 2.60 and 3.44 times greater than the NC group over 5 years and the difference 

between the risk of progression between the E-SCD and L-SCD groups narrowed slightly 

over 10 years at 2.46 and 3.17, respectively. This is consistent with the survival curves 

showing that the E-SCD and L-SCD curves converge at 7-8 years after baseline.

Notably, there were no differences between the E-SCD and L-SCD group in rate of 

progression to dementia, though both groups progressed significantly faster than the NC, but 

slower than the MCI group. A higher rate of progression to dementia in the E-SCD group 

than in the NC group and no differences between the E-SCD and L-SCD progression rates 

suggest that process scores used in the new E-SCD criteria are as equally valuable as total 

test scores for prognosis during the preclinical stage of AD. Process scores used in the E-

SCD criteria have been shown to be present in amnestic MCI and early AD [4,10], and 

predict progression from cognitively normal to MCI [7,13]. These results demonstrate that 

subtle cognitive weaknesses captured by neuropsychological test process scores are 

clinically meaningful and might be a useful cognitive marker of preclinical AD.

Combining the E-SCD and L-SCD groups improved sensitivity to predict progression to 

MCI within 5 years relative to the L-SCD group alone (52.4% vs. 24.4%). The combined 

group also provided a better balance of sensitivity and specificity than the L-SCD group 

alone as indicated by better overall classification accuracy (67.7% vs. 63.3%) and a higher 
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proportion of variance explained (14.0% vs. 7.7%). These results indicate that adding 

neuropsychological test process scores to the operational definition of SCD provides more 

sensitive criteria for detecting those at risk for progression to MCI without sacrificing 

overall classification accuracy.

The percentage of individuals with a positive AD biomarker showed the expected increase 

across the NC, E-SCD, L-SCD, and MCI groups for Aβ1-42, p-tau/Aβ ratio, and t-tau/Aβ 
ratio. These findings suggest that the early, preclinical cognitive changes in the E-SCD and 

L-SCD groups coincide with AD biomarker changes [3]. The Elecsys immunoassays used in 

this current study represent a strength given the automated processing mechanism that 

allows for reduced variability between laboratories and batches [19,20].

To our knowledge, this study is the first to formally integrate neuropsychological test 

process scores into an operational definition of SCD. Despite the inclusion of SCD in the 

NIA-AA criteria for preclinical AD (Stage 3) [1], few studies have operationally-defined 

SCD [2,21-23]. Instead, subjective cognitive decline is often substituted for SCD; however, 

the literature on the utility of subjective cognitive decline as a predictor of progression is 

mixed and may be impacted by reduced self-awareness or anosognosia on subjective 

evaluation of cognitive status (e.g., can lead to underreporting of cognitive difficulties) [24] 

as well as how emotional factors such as anxiety and mood can impact one’s evaluation of 

their objective cognitive ability (e.g., can lead to over-reporting of cognitive difficulty) 

[25-27]. The majority of studies that have used objective cognitive measures for defining 

SCD have used a global or memory composite score with a set cutoff percentile for SCD, an 

approach that ensures that a specified proportion of the sample will meet SCD criteria 

[21-23]. Our criteria for SCD [2], and the current modification that includes process scores, 

use an approach similar to the well-validated Jak/Bondi criteria for MCI [14,15]. Rather than 

using a composite score that can be disproportionally impacted by poor performance on only 

one test, our criteria require reliability (two impaired scores as opposed to a single impaired 

score) that is balanced with sensitivity (impairment defined as performance >1 SD below 

normative mean) [14,15].

Limitations to the current study should be noted. The neuropsychological tests available in 

the ADNI database are relatively limited, particularly with regard to specific process and 

error scores. Future work should implement these SCD criteria in a dataset that includes a 

broader range of neuropsychological test process scores across multiple cognitive domains. 

Another limitation is that the neuropsychological test total scores used to identify SCD were 

also used to detect MCI, one of the outcome variables, in those who progressed. To address 

this potential limitation, we also examined progression to dementia since ADNI’s dementia 

criteria are independent of the neuropsychological test total scores and process scores used 

to identify SCD. The time-to-dementia analysis showed that both the E-SCD and L-SCD 

groups were more likely than the NC group to progress to dementia within 5- and 10-years. 

This finding supports the idea that the E-SCD criteria are clinically meaningful rather than a 

reflection of variability in cognitively normal participants.

Future studies should examine the specificity of SCD criteria for capturing early cognitive 

changes associated with AD versus other etiologies that are difficult to differentiate from 
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AD in the preclinical stage (e.g., vascular, hippocampal sclerosis) [28,29]. 

Neuropsychological test process scores can help differentiate between Huntington’s disease 

and AD [4], and between various subcortical dementias [30], so it is possible that they may 

help detect and guide differential diagnoses of AD and other emerging pathologies early in 

the course of disease.

The results of our study show that memory test process scores integrated into an operational 

definition of SCD are useful for improving the sensitivity and prognostic value of SCD 

criteria. As shown in our prior work [13], cognitive inefficiencies and various types of errors 

that reflect processing deficits can be objectively measured by expanding the scope of the 

data we obtain from standard neuropsychological tests that are already administered in large-

scale aging studies. Analysis and integration of these process scores into neuropsychological 

test-based operational definitions of SCD is a non-invasive and cost-effective way of 

identifying those at risk for cognitive decline prior to the emergence of the frank cognitive 

impairment associated with MCI and dementia.
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Figure 1. 
Existing criteria for SCD and MCI, and proposed SCD staging criteria. Impaired 

neuropsychological total and process scores were defined as >1 SD below age/education/

sex-adjusted mean. FAQ=Functional Activities Questionnaire
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Figure 2. 
Kaplan Meier curves for NC, E-SCD, and L-SCD progression to MCI over a) 5 years and b) 

10 years.
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Figure 3. 
Kaplan Meier curves for NC, E-SCD, L-SCD, and MCI progression to dementia over a) 5 

years and b) 10 years.
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Figure 4. 
Proportion of participants with positive AD biomarkers by cognitive group. Sample size by 

group was: NC n=350, E-SCD n=104, L-SCD n=78, MCI n=434. Letters denote group 

differences (p<.05): a=significant different than NC, b=significant different than E-SCD, 

c=significant different than L-SCD, d=significant different than MCI.

Thomas et al. Page 15

J Alzheimers Dis. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Thomas et al. Page 16

Ta
b

le
 1

.

B
as

el
in

e 
de

m
og

ra
ph

ic
 a

nd
 c

lin
ic

al
 c

ha
ra

ct
er

is
tic

s 
[m

ea
n 

(S
D

) 
or

 %
] 

by
 g

ro
up

.

N
or

m
al

 C
on

tr
ol

s
(N

=4
75

)
E

ar
ly

 S
C

D
(N

=1
43

)
L

at
e 

SC
D

(N
=1

06
)

M
C

I
(N

=6
16

)
F

 o
r 
χ

2
p-

va
lu

e
E

ff
ec

t 
si

ze

D
em

og
ra

ph
ic

s 
an

d 
em

ot
io

na
l/f

un
ct

io
na

l i
nv

en
to

ri
es

 
A

ge
73

.0
7 

(6
.6

6)
74

.0
7 

(7
.2

1)
74

.7
4 

(7
.2

0)
73

.8
2 

(7
.2

0)
F=

2.
30

.0
76

η p
2 =

.0
05

 
E

du
ca

tio
n

16
.4

0 
(2

.7
3)

a
16

.2
2 

(2
.6

1)
16

.2
4 

(2
.6

8)
15

.8
1 

(2
.8

7)
d

F=
4.

22
.0

06
η p

2 =
.0

09

 
Fe

m
al

e,
 %

50
.6

%
45

.5
%

37
.7

%
40

.7
%

χ
2 =

13
.0

6
.0

05
φ=

.0
99

 
G

D
S

1.
16

 (
1.

30
)a

1.
31

 (
1.

42
)

1.
08

 (
1.

24
)a

1.
58

 (
1.

42
)bd

F=
10

.3
6

<
.0

01
η p

2 =
.0

23

C
og

ni
tiv

e 
m

ea
su

re
s

 
M

M
SE

28
.9

1 
(1

.2
5)

ab
c

28
.4

5 
(1

.6
0)

ad
28

.2
5 

(1
.7

8)
ad

27
.4

2 
(1

.8
7)

bc
d

F=
76

.9
6

<
.0

01
η p

2 =
.1

47

 
A

ni
m

al
 F

lu
en

cy
 (

z-
sc

or
e)

0.
14

 (
0.

91
)ab

c
−

0.
23

 (
0.

76
)ab

d
−

0.
71

 (
0.

96
)cd

−
0.

94
 (

0.
92

)cd
F=

13
2.

29
<

.0
01

η p
2 =

.2
29

 
B

N
T

 (
z-

sc
or

e)
0.

14
 (

0.
78

)ab
−

0.
15

 (
0.

99
)ab

−
0.

68
 (

1.
12

)ac
d

−
1.

36
 (

1.
91

)bc
d

F=
10

1.
64

<
.0

01
η p

2 =
.1

86

 
T

M
T

 P
ar

t A
 (

z-
sc

or
e)

0.
21

 (
0.

72
)ab

0.
10

 (
0.

82
)ab

−
0.

42
 (

0.
98

)ac
d

−
1.

05
 (

1.
84

)bc
d

F=
83

.0
9

<
.0

01
η p

2 =
.1

57

 
T

M
T

 P
ar

t B
 (

z-
sc

or
e)

0.
11

 (
0.

72
)ab

−
0.

06
 (

0.
92

)a
−

0.
46

 (
1.

20
)ad

−
1.

27
 (

1.
80

)bc
d

F=
98

.7
7

<
.0

01
η p

2 =
.1

83

 
A

V
LT

 D
el

ay
ed

 r
ec

al
l (

z-
sc

or
e)

0.
27

 (
0.

82
)ab

c
−

0.
66

 (
0.

70
)ad

−
0.

85
 (

0.
84

)ad
−

1.
36

 (
0.

85
)bc

d
F=

35
4.

73
<

.0
01

η p
2 =

.4
44

 
A

V
LT

 R
ec

og
ni

tio
n 

(z
-s

co
re

)
0.

28
 (

0.
63

)ab
c

−
0.

30
 (

1.
03

)ad
−

0.
54

 (
0.

81
)ad

−
1.

65
 (

1.
39

)bc
d

F=
29

5.
48

<
.0

01
η p

2 =
.3

99

Pr
oc

es
s 

sc
or

es

 
In

tr
us

io
n 

E
rr

or
s 

(z
-s

co
re

)
0.

13
 (

0.
85

)ab
c

−
0.

76
 (

1.
36

)ab
d

−
0.

22
 (

1.
30

)cd
−

0.
40

 (
1.

27
)cd

F=
30

.2
7

<
.0

01
η p

2 =
.0

64

 
L

ea
rn

in
g 

Sl
op

e 
(z

-s
co

re
)

0.
19

 (
0.

95
)ab

c
−

0.
72

 (
1.

03
)ad

−
0.

47
 (

1.
05

)ad
−

1.
20

 (
1.

01
)bc

d
F=

17
6.

91
<

.0
01

η p
2 =

.2
85

 
R

et
ro

ac
tiv

e 
In

te
rf

er
en

ce
 (

z-
sc

or
e)

0.
23

 (
0.

82
)ab

c
−

0.
77

 (
1.

42
)ad

−
0.

60
 (

1.
25

)ad
−

1.
36

 (
1.

49
)bc

d
F=

14
1.

93
<

.0
01

η p
2 =

.2
42

N
ot

e:

a si
gn

if
ic

an
tly

 d
if

fe
re

nt
 f

ro
m

 M
C

I

b si
gn

if
ic

an
tly

 d
if

fe
re

nt
 f

ro
m

 la
te

 S
C

D

c si
gn

if
ic

an
tly

 d
if

fe
re

nt
 f

ro
m

 e
ar

ly
 S

C
D

J Alzheimers Dis. Author manuscript; available in PMC 2020 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Thomas et al. Page 17
d si

gn
if

ic
an

tly
 d

if
fe

re
nt

 f
ro

m
 n

or
m

al
 c

on
tr

ol
s.

 F
or

 th
e 

E
-S

C
D

 c
la

ss
if

ic
at

io
n,

 8
6.

7%
 o

f 
th

e 
pa

rt
ic

ip
an

ts
 (

n=
12

4)
 w

er
e 

cl
as

si
fi

ed
 b

as
ed

 o
n 

1 
ne

ur
op

sy
ch

ol
og

ic
al

 to
ta

l s
co

re
 im

pa
ir

m
en

t +
 1

 p
ro

ce
ss

 s
co

re
 

im
pa

ir
m

en
t, 

an
d 

13
.3

%
 o

f 
th

e 
pa

rt
ic

ip
an

ts
 (

n=
19

) 
w

er
e 

cl
as

si
fi

ed
 b

as
ed

 o
n 

2 
pr

oc
es

s 
sc

or
e 

im
pa

ir
m

en
ts

. G
D

S=
 G

er
ia

tr
ic

 D
ep

re
ss

io
n 

Sc
al

e;
 M

M
SE

=
M

in
i M

en
ta

l S
ta

tu
s 

E
xa

m
; B

N
T

=
B

os
to

n 
N

am
in

g 
Te

st
; 

T
M

T
=

T
ra

il 
M

ak
in

g 
Te

st
; A

V
LT

=
R

ey
 A

ud
ito

ry
 V

er
ba

l L
ea

rn
in

g 
Te

st
.

J Alzheimers Dis. Author manuscript; available in PMC 2020 June 01.


	Abstract
	Introduction
	Methods
	Participants
	Materials
	Procedure
	SCD classification and staging
	AD biomarker classification
	Statistical Analyses


	Results
	Demographic and clinical characteristics
	Proportion of NC, SCD, and MCI groups that progressed
	Prediction of MCI status
	Rate of progression to MCI
	Rate of progression to dementia
	AD CSF Biomarkers by group

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.



