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Abstract

Background—Impairment in instrumental activities of daily living (IADL) starts as individuals 

with amnestic mild cognitive impairment (MCI) transition to Alzheimer’s disease (AD) dementia. 

However, most IADL scales have not shown IADL alterations in clinically normal (CN) elderly. 

The objective of this study was to determine which of the IADL-related Everyday Cognition 

(ECog) scale items are most sensitive for detection of early functional changes.

Methods—We assessed 290 CN and 495 MCI participants from the Alzheimer’s Disease 

Neuroimaging Initiative. We performed logistic regression analyses predicting the probability of 
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CN vs. MCI diagnosis using only the 17 participant-based and 17 informant-based ECog items 

related to IADL. We then performed Cox regression analyses to predict progression from CN to 

MCI. All analyses were adjusted for demographic characteristics.

Results—We found that worse performance on “remembering a few shopping items” 

(participant and informant-based p<0.0001), “remembering appointments” (participant and 

informant-based p<0.0001), “developing a schedule in advance of anticipated events” (participant-

based p=0.007), “balancing checkbook” (participant-based p=0.02), and “keeping mail and papers 

organized” (informant-based p=0.002) best discriminated MCI from CN. We found that worse 

performance on “keeping mail and papers organized” (participant-based Hazard Ratio (HR)=2.27, 

p=0.07) marginally predicted greater hazard of progressing from CN to MCI.

Conclusions—Our results indicate that a few simple questions targeting early functional 

changes, addressed either to the individual or informant, can effectively distinguish between CN 

elderly and individuals with MCI. Additionally, one of the above questions related to organization 

suggested which CN individuals are likely to progress to MCI.
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Introduction

Instrumental activities of daily living (IADL) consist of activities such as managing the 

finances, organizing papers and documents, planning and scheduling activities for the day, 

driving or using public transportation, shopping for food or clothes, preparing meals, and 

performing household chores. Patients with Alzheimer’s disease (AD) dementia and their 

caregivers view impairment in IADL as the burdensome, disabling, and practical everyday 

extensions of cognitive dysfunction. Impairment in IADL starts as individuals with amnestic 

mild cognitive impairment (MCI) transition to AD dementia. Multiple scales have been used 

to demonstrate the presence of mild IADL impairment in MCI [1–7]. However, most of 

these scales have not been sensitive to IADL alterations in clinically normal (CN) elderly.

In recent years the concept of preclinical AD has gained strength and materialized in the 

form of research criteria, defining preclinical AD as the presence of amyloid with or without 

neurodegeneration in asymptomatic or minimally symptomatic older individuals [8]. These 

minimal symptoms are often thought of as early cognitive or behavioral alterations reported 

subjectively by individuals or measured objectively by sensitive neuropsychological tests. 

Accordingly, early alterations in high level IADL may be present at the stage of preclinical 

AD and need to be captured by more sensitive assessments [9]. The Everyday Cognition 

(ECog) scale combines subjective report of both cognitive and IADL difficulties obtained 

from individuals, as well as informants who know them well, which makes it especially 

appealing for assessing individuals with preclinical AD and those with MCI, also referred to 

as prodromal AD [10].

The objective of this study was to determine which of the IADL-related ECog items are 

most sensitive for detection of early functional changes. The identified items can then be 
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used to inform future research studies, the development of more sensitive IADL scales 

targeting preclinical AD extending to prodromal AD, assessment of early IADL changes in 

secondary prevention trials in preclinical AD, and ultimately screening of asymptomatic to 

mildly symptomatic elderly individuals at risk for AD in the primary care setting. To 

accomplish this goal, we performed a cross-sectional analysis in which we determined 

which ECog items best discriminated between CN elderly and individuals with MCI in 

hopes of finding IADL changes that are clearly associated with MCI (prodromal AD) and 

would be important to focus on when targeting early AD symptoms. We then performed a 

longitudinal analysis in which we determined which ECog items best predicted progression 

from CN to MCI in hopes of determining which early IADL changes already present in CN 

elderly are of greater importance and may signal impending decline and development of the 

clinical stages of AD. Since some of these IADL alternations might be confounded by or 

even directly attributed to demographic characteristics, we adjusted for age, sex, level of 

education, and an estimate of premorbid intelligence. Both education and premorbid 

intelligence were high in our sample, but these variables do not necessarily represent the 

same thing; therefore, we adjusted for both.

Materials and Methods

Participants

Data were obtained from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) study 

(adni.loni.usc.edu, PI Michael W. Weiner), a large multi-center, observational study 

previously described in detail [3,11]. The primary goals of ADNI are to develop improved 

methods for obtaining imaging, clinical, cognitive and biological data in AD research, to 

establish a large database describing the progression of CN, MCI, and mild AD dementia 

participants, and to accelerate the development of biomarkers as surrogate outcome 

measures in AD clinical trials. ADNI is the result of a partnership among multiple public 

and private entities, from over 50 sites across North America [11].

Seven hundred and eighty five participants (290 CN and 495 MCI at baseline) were 

evaluated every 6 to 12 months. Participants at baseline were ages 55 to 94 (inclusive), were 

generally in good health or with stable medical conditions, did not have significant 

cerebrovascular disease and had a Modified Hachinski Ischemic Score [12] ≤ 4, did not have 

active psychiatric disorders and had a Geriatric Depression Scale, short form [13] ≤ 5, and 

had a study partner able to provide collateral information about the participant’s daily 

functioning, cognition, and behavior.

Participants were assigned to diagnostic groups (CN or amnestic MCI) by site investigators 

at baseline and at subsequent visits as previously described [3,11]. At baseline, CN 

participants had a Clinical Dementia Rating (CDR) [14] global score of 0, Mini-Mental 

State Examination (MMSE) [15] score of 24–30 (inclusive), and no significant memory 

impairment (performed within 1.5 standard deviations of education adjusted cut-off scores 

on the delayed recall portion of one Logical Memory story (LM-IIa) of the Wechsler 

Memory Scale-Revised (WMS-R) [16]). MCI participants were amnestic, single or multiple 

domain, had a CDR global score of 0.5 and memory box score ≥ 0.5, MMSE score of 24–30 

(inclusive), a memory complaint, objective memory loss on the WMS-R LM-IIa, essentially 
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preserved IADL (the site investigator had access to the CDR, which includes IADL items, 

but no cut-off on a specific test was used to determine this; it was based on qualitative 

clinical judgment by the site investigator), and were not demented. Of note, the ECog was 

not used in the assignment of diagnostic groups at baseline. For follow-up diagnoses, the 

ECog was available to the site investigator determining the diagnosis of the participant. 

However, it was used infrequently and more emphasis was placed on neuropsychological 

testing, the CDR, and the Functional Activities Questionnaire [17].

The Institutional Review Board (IRB) of each participating ADNI site approved the study. 

Written informed consent was obtained from all participants and study partners prior to 

initiation of any study procedures in accordance with local IRB guidelines.

Clinical Assessments

The Everyday Cognition (ECog) is a subjective scale that assesses cognitive function and 

IADL related to 6 domains [5,10]. The ECog consists of 39 items, 17 of which are specific 

to IADL (this was determined by an experienced clinician, GAM). It is administered 

separately to the participant and to the informant. The score range for each item is 1–4 

(higher scores indicate greater impairment; 1 = better or no change compared to 10 years 

ago; 2 = questionable/occasionally worse; 3 = consistently a little worse; and 4 = 

consistently much worse). The total score on the ECog has been previously shown to 

successfully discriminate between CN elderly and individuals with MCI [5].

Statistical Analyses

Statistical and graphical analyses were performed using SAS Version 9.3 and JMP Pro 

Version 10.

Preliminary Protected Multiple Test Correction

As a preliminary multivariate approach to protect from chance findings given the large 

number of ECog items (17 participant-based and 17 informant-based) for tests of MCI 

versus CN, we first ran 34 t-tests of diagnostic group mean differences on the respective 

ECog items, using a non-parametric resampling stepdown permutation test (the SAS 

Multtest Procedure) to adjust the p values for the multiple tests (all 34 tests were pooled as a 

single collective for this purpose). This method provides more powerful tests than a 

Bonferroni or Sidak correction would because these latter techniques assume tests are 

independent whereas ECog item inter-correlations clearly indicate otherwise (see Results). 

The resampling method adjusts on the basis of observed correlations. However, for 

comparison, we also adjusted p values with Bonferroni, stepdown Sidak and false discovery 

rate (FDR) methods. The FDR is more powerful than the Bonferroni or Sidak, but at the 

price of tolerating a specified expected small percentage of false positives. We also ran the 

Bonferroni, stepdown Sidak and FDR corrections on p values for the diagnostic group effect 

in 34 separate analyses of covariance (ANCOVAs) corresponding to the 34 different ECog 

items as dependent variables respectively, co-varying for age.
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Primary Cross-sectional Analyses

In order to determine which of the ECog items best differentiated participants with baseline 

diagnoses of CN versus MCI, we conducted a backward elimination (cutoff <0.05) logistic 

regression analysis using all 17 ECog items as the initial pool of predictors. Separate 

analyses were performed for the participant-based ECog items and the informant-based 

ECog items. Covariates associated with diagnosis (see Table 1) were included in the model

—baseline age, sex, years of education, and the American National Adult Reading Test 

intelligence quotient (AMNART IQ) [18] (an estimate of premorbid intelligence, serving as 

a proxy of cognitive reserve).

Primary Longitudinal Analyses

We employed Cox proportional hazards regression models to assess time to change in 

diagnosis from a baseline diagnosis of CN to an endpoint diagnosis of MCI. Only 

participants diagnosed as CN at baseline were included in these analyses and those who 

remained stable at CN were treated as “censored” observations providing partial information 

on time to change in diagnosis (i.e., we know they had not transitioned to a diagnosis of 

MCI at the time of their last study visit). Predictors were tested in a backward elimination 

algorithm (cutoff p<0.05). The initial pool of predictors in the Cox regressions was the same 

as that used in the cross-sectional analyses. After backward elimination produced an optimal 

subset of predictors, the validity of the proportional hazard model assumption was tested for 

each of the retained predictors using a Kolmogorov test comparing residuals with 

simulations under a null hypothesis.

Results

Table 1 provides baseline demographics and characteristics of all participants and for each 

diagnostic group (CN, MCI). There were significant differences between diagnostic groups 

for AMNART IQ, MMSE, and CDR Sum of Boxes in expected directions. There was a 

significantly higher proportion of males for the MCI than CN group, and the MCI group was 

significantly younger than the CN group. These differences were among those adjusted for 

in our analyses.

Table 2 shows descriptive statistics for the baseline participant-based and informant-based 

individual ECog item scores and the total ECog score. The mean for the MCI group was 

significantly higher than that for the CN group on all 34 IADL-related ECog items (17 

participants-based and 17 informant-based), according to the unadjusted t-test p values and 

using any of the p value adjustment methods (permutation, stepdown Sidak, Bonferroni, or 

FDR). This was also true for the adjusted means for MCI versus CN in the ANCOVAs for 

all correction methods. Therefore, in a univariate descriptive sense, there appears to be a real 

difference between the MCI and CN groups with the MCI group having a higher mean 

(worse IADL) on every one of the 34 ECog items. As such, any significant ECog differences 

between MCI and CN groups reported below are not likely to be chance effects related to 

multiple testing. Table 2 also provides a measure of effect size—the percent of the variance 

of each ECog item accounted for by the diagnostic group difference.
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The ECog items correlated positively (pooled across diagnostic groups). They tended to 

correlate moderately (typically with an r value of about 0.5) across different items within the 

participant-based items and within the informant-based items, but corresponding items 

across the participant/informant distinction correlated less well (typically r=0.3), suggesting 

a strong method variance with regards to the source of information, as well as a conceptual 

component to the scores.

Primary Cross-sectional Analyses

Separate models were used for the participant-based and informant-based ECog items. The 

17 IADL-related ECog items were entered as simultaneous predictors along with the 

covariates of baseline age, sex, years of education, and AMNART IQ in a backward 

elimination logistic regression predicting the probability of being assigned a diagnosis of 

MCI versus CN at baseline.

We found 4 significant participant-based ECog items, for each of which a higher score 

(worse IADL) predicted greater probability of being assigned a diagnosis of MCI as 

compared to CN: “remembering a few shopping items without a list” (p<0.0001; Odds Ratio 

(OR) per unit=1.79, 95% Confidence Interval (CI)=1.41, 2.29), “remembering 

appointments, meetings, or engagements” (p<0.0001; OR=2.14, 95% CI=1.60, 2.90), 

“developing a schedule in advance of anticipated events” (p=0.007; OR=2.10; 95% CI=1.24, 

3.68), and “balancing the checkbook without error” (p=0.02; OR=1.56; 95% CI=1.08, 2.32). 

Lower age (p<0.0001; OR for decade of age=0.48, 95% CI=0.37, 0.62) and lower estimated 

premorbid intelligence (AMNART IQ) (p=0.002; OR for 10 points=0.75, 95% CI=0.62, 

0.90) also predicted higher probability of MCI for this sample and were controlled for. The 

model as a whole was highly significant (p<0.0001). Figure 1 illustrates the relation of the 

optimal linear combination of logistic regression predictors (the 4 participant-based ECog 

items above, age, and AMNART IQ) to the probability of being assigned a diagnosis of MCI 

versus CN. Additionally, the specificity and sensitivity of this linear combination was high, 

with the area under the receiver operating characteristic (ROC) curve equal to 0.82 (see 

Figure 2). When repeating the above analyses with only the 4 participant-based ECog items 

excluding the covariates (age and AMNART IQ), the area under the ROC curve was 

minimally reduced to 0.78.

We found 3 significant informant-based ECog items, for each of which a higher score 

(worse IADL) predicted greater probability of being assigned a diagnosis of MCI as 

compared to CN: “remembering a few shopping items without a list” (p<0.0001; OR=3.51, 

95% CI=2.45, 5.11), “remembering appointments, meetings, or engagements” (p<0.0001; 

OR=2.38, 95% CI=1.64, 3.53), and “keeping mail and papers organized” (p=0.002; 

OR=1.63, 95% CI=1.20, 2.24). Lower age (p<0.0001; OR for decade of age=0.43, 95% 

CI=0.33, 0.56) and lower estimated premorbid intelligence (AMNART IQ) (p=0.0002; OR 

for 10 points=0.67, 95% CI=0.54, 0.82) also predicted higher probability of MCI for this 

sample and were controlled for. The model as a whole was highly significant (p<0.0001). 

Figure 3 illustrates the relation of the optimal linear combination of logistic regression 

predictors (the 3 informant-based ECog items above, age, and AMNART IQ) to the 

probability of being assigned a diagnosis of MCI versus CN. Additionally, the specificity 
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and sensitivity of this linear combination was high, with the area under the ROC curve equal 

to 0.87 (see Figure 4). When repeating the above analyses with only the 3 informant-based 

ECog items excluding the covariates (age and AMNART IQ), the area under the ROC curve 

was minimally reduced to 0.84.

Primary Longitudinal Analyses

After a mean of 1.0±0.4 years, 11 out of 219 participants (5.0%) qualifying for the analyses 

progressed from a diagnosis of CN to MCI. For participant-based ECog items, we found that 

worse performance on “keeping mail and papers organized” (Hazard Ratio (HR)=2.27, 

p=0.07, 95% CI for HR=0.88, 5.34) marginally predicted greater hazard of progressing from 

CN to MCI (see Figure 5). None of the covariates were significant in this analysis. The 

proportional hazard assumption of the Cox model was found to be questionable, but a non-

parametric survival analysis of the retained ECog item verified its significance (Wilcoxon 

p=0.0004) due to a significantly greater hazard of transitioning to MCI when the ECog item 

equaled 3 than when it was 1 (p=0.003).

For informant-based ECog items, none of the ECog items or covariates were significant in 

this analysis.

Discussion

Our results indicate that a few simple questions targeting early functional changes, 

addressed either to the individual or an informant who knows them well, can effectively 

distinguish between CN elderly and individuals with MCI. Additionally, one of those 

questions marginally predicted progression from CN to MCI. These findings were 

significant after adjusting for participant demographics, among which lower age and an 

estimate of premorbid intelligence were associated with greater likelihood of having a 

diagnosis of MCI versus CN.

Prior studies utilizing the total ECog score have shown that it can help effectively 

differentiate not only between MCI and AD dementia, but also between MCI and CN elderly 

[5]. In our preliminary analyses looking separately at each of the 17 IADL-related ECog 

items for both participant-based and informant-based reports, worse IADL performance was 

noted for participants with MCI when compared to CN elderly for all items regardless of the 

method of correction for multiple comparisons that was employed. However, when looking 

at all the items together, statistically adjusting each for correlations with the others and with 

demographics, 5 ECog items were found to best distinguish between CN and MCI: 

“remembering a few shopping items without a list”, “remembering appointments, meetings, 

or engagements”, “developing a schedule in advance of anticipated events”, “balancing the 

checkbook without error”, and “keeping mail and papers organized”. These results are in 

line with a similar study using the ADNI database, which found that the Functional 

Activities Questionnaire items that best distinguished between CN and MCI were 

“remembering appointments, family occasions, holidays, and medications” and “assembling 

tax records, business affairs, or other papers” [2]. These everyday activities depend 

primarily on memory and executive function. Early changes in IADL have been shown to be 

Marshall et al. Page 7

Curr Alzheimer Res. Author manuscript; available in PMC 2014 November 29.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



associated with early global cognitive impairment, as well as impairment in specific 

domains, of which executive function has been implicated most often [3,9,19].

The ECog is administered to both the participant and an informant, which is especially 

important when assessing early cognitive and IADL changes in individuals at risk for AD 

[10]. Participants and informants reporting cognitive and IADL performance on the ECog 

have been shown to be in agreement when rating CN elderly and those with MCI, but 

participants with dementia tended to under-report their deficits when compared to their 

informants’ report [20]. In the current study, the two memory dependent ECog items 

(“remembering a few shopping items without a list” and “remembering appointments, 

meetings, or engagements”) best discriminated between CN and MCI for both participant 

and informant-based reports. However, the effect size (either in the preliminary univariate 

analyses measured by the percent variance or in the primary multivariate analyses measured 

by the odds ratio) were larger for the informant-based items. On the other hand, the 

executive function dependent ECog items did not line up for participant and informant: 

“developing a schedule in advance of anticipated events” and “balancing the checkbook 

without error” stood out for participant-based reports, while “keeping mail and papers 

organized” stood out for informant-based reports. This is in agreement with a prior study 

that showed that individuals with MCI reported performing better on financial tasks when 

compared to their informants’ reports; they also tended to report better performance in 

driving [21]. On the other hand CN elderly or individuals with subjective cognitive concerns 

not meeting criteria for MCI are acutely aware of changes in their cognition and IADL and 

may even be more aware of these changes than their informants [22]. Therefore, it appears 

that new subjective IADL scales that target individuals with preclinical or early prodromal 

AD need to consist of self-report and not just informant-report, which has been the standard 

for most IADL scales.

In the current study, one participant-based ECog item marginally predicted progression from 

CN to MCI: “keeping mail and papers organized”. As noted above, the same item reported 

by informants stood out in discriminating between CN and MCI at baseline. Therefore, it 

could be that when a normal individual notes this type of everyday difficulty, it is a sign of 

impending decline in the future, but when it is noted by somebody who knows the individual 

well, that individual already has cognitive impairment consistent with MCI. Two other 

scales (the Activities of Daily Living Prevention Instrument, which is a subjective IADL 

scale, and the Structured Interview and Scoring Tool—Massachusetts Alzheimer’s Disease 

Research Center Informant Report, which combines subjective report of IADL and cognitive 

performance) have been shown to predict future cognitive decline in CN, as well as 

progression from CN to MCI [6,7]. Of note, participants in the current study were followed 

up to 2 years but the mean follow-up period was 1 year and only 5% of CN elderly 

progressed to MCI over the course of the study. Therefore, future studies with longer 

follow-up periods will be necessary to better determine the potential of the various ECog 

items to predict disease progression. These studies could be augmented by adding biomarker 

information that could help designate CN individuals as having different stages of 

preclinical AD based on presence or absence of amyloid and markers of neurodegeneration.
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There were some limitations to the current study. The ADNI sample used for our analyses 

consisted of highly educated and intelligent individuals willing to undergo extensive 

assessments. Therefore, this sample does not necessarily generalize to the rest of the 

population. That said, the primary analyses were adjusted for level of education and an 

estimate of premorbid intelligence. Moreover, this sample is representative of natural history 

biomarker studies and clinical trials and therefore our results can certainly inform future 

clinical research endeavors. However, they would need to be replicated in the general 

population before more widely implementing them in clinical practice as potentially 

sensitive screening questions. As mentioned above, the longitudinal follow-up was limited, 

not allowing a sufficient number of individuals to progress from CN to MCI. Therefore, 

longer follow-up is needed. That said, one ECog item was found to have marginal 

significance, and that item was also identified in the cross-sectional analyses, suggesting that 

the finding may not be spurious.

Conclusions

In the current study, we were able to demonstrate that 5 questions addressing everyday 

functioning can effectively distinguish between those who are aging normally and those 

with cognitive deficits consistent with MCI. Moreover, one of those questions suggested 

future decline to MCI in normal elderly individuals. Once this study is replicated in the 

general population, these questions can serve as a useful, straight-forward screening tool for 

early AD. IADL impairment in early AD has been associated with greater amyloid burden 

and various markers of neurodegeneration [23–30]. In order to better validate the utility of 

the sensitive questions identified here, future studies could explore their association with AD 

biomarkers. Moreover, these questions can be used to develop more sensitive subjective 

IADL scales targeting preclinical AD that could be used as outcome measures to detect 

IADL changes in individuals who decline in upcoming secondary prevention trials. As we 

shift toward earlier detection and treatment of AD, improved assessment of IADL changes is 

vital to assure that the voices of our patients and caregivers, who care most about their daily 

functioning, are represented.
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Figure 1. 
The relation of the optimal linear combination of logistic regression predictors to the 

probability of being assigned a diagnosis of MCI versus CN is illustrated. Age, AMNART 

IQ and 4 of the participant-based ECog items were retained in the final model. The y-axis 

signifies the probability of MCI with 1 = MCI and 0 = CN. The circles represent actual 

subjects whereas the sigmoid curve is the predicted probability of being assigned a diagnosis 

of MCI as opposed to CN. AMNART IQ (American National Adult Reading Test 

intelligence quotient), CN (clinically normal), ECog (Everyday Cognition), MCI (mild 

cognitive impairment).
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Figure 2. 
The ROC curve corresponding to the logistic regression model indicates the specificity and 

sensitivity of the optimal linear combination of 4 participant-based ECog items (and the 

covariates of age and AMNART IQ) retained in the final model discriminating MCI from 

CN. AMNART IQ (American National Adult Reading Test intelligence quotient), CN 

(clinically normal), ECog (Everyday Cognition), MCI (mild cognitive impairment), ROC 

(receiver operating characteristic).
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Figure 3. 
The relation of the optimal linear combination of logistic regression predictors to the 

probability of being assigned a diagnosis of MCI versus CN is illustrated. Age, AMNART 

IQ and 3 of the informant-based ECog items were retained in the final model. The y-axis 

signifies the probability of MCI with 1 = MCI and 0 = CN. The circles represent actual 

subjects whereas the sigmoid curve is the predicted probability of being assigned a diagnosis 

of MCI as opposed to CN. AMNART IQ (American National Adult Reading Test 

intelligence quotient), CN (clinically normal), ECog (Everyday Cognition), MCI (mild 

cognitive impairment).
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Figure 4. 
The ROC curve corresponding to the logistic regression model indicates the specificity and 

sensitivity of the optimal linear combination of 3 informant-based ECog items (and the 

covariates of age and AMNART IQ) retained in the final model discriminating MCI from 

CN. AMNART IQ (American National Adult Reading Test intelligence quotient), CN 

(clinically normal), ECog (Everyday Cognition), MCI (mild cognitive impairment), ROC 

(receiver operating characteristic).
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Figure 5. 
Kaplan-Meier survival curves for values of the only participant-based ECog item retained in 

the model (ECog item “keeping mail and papers organized”). “Survival” means maintenance 

of a stable diagnosis of CN as opposed to progression from CN to MCI. Different ECog item 

scores are illustrated (the score range is 1–4, but the highest score for this item in the current 

analysis was 3). CN (clinically normal), ECog (Everyday Cognition), MCI (mild cognitive 

impairment).
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Table 1

Baseline demographics and characteristics of participants.

All Participants CN MCI

n 785 290 495

Age* 74.1 ± 7.6 76.1 ± 6.7 72.9 ± 7.9

Sex (% male)** 54.1% 49.0% 57.2%

Education 16.2 ± 2.7 16.4 ± 2.7 16.1 ± 2.8

AMNART IQ* 119.4 ± 10.2 121.2 ± 9.5 118.3 ± 10.5

MMSE* 28.4 ± 1.6 29.1 ± 1.2 28.0 ± 1.7

CDR Sum of Boxes* 0.9 ± 1.0 0 ± 0.1 1.5 ± 0.9

AMNART IQ (American National Adult Reading Test intelligence quotient), CDR (Clinical Dementia Rating), CN (clinically normal), MCI (mild 
cognitive impairment), MMSE (Mini-Mental State Examination). All values (except n and sex) represent mean ± standard deviation.

*
p<0.0001 for CN vs. MCI

**
p<0.05 for CN vs. MCI
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