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Abstract

Objective—Although recent theories of brain and cognitive aging distinguish among normal,

exceptional, and impaired groups, further empirical evidence is required. We adapted and applied

standard procedures for classifying groups of cognitively impaired (CI) and cognitively normal

(CN) older adults to a third classification, cognitively healthy, exceptional, or elite (CE) aging. We

then examined concurrent and two-wave longitudinal performance on composite variables of

episodic, semantic, and working memory.

Method—We began with a two-wave source sample from the Victoria Longitudinal Study (VLS)

(source n=570; baseline age=53–90 years). The goals were to: (a) apply standard and objective

classification procedures to discriminate three cognitive status groups, (b) conduct baseline

comparisons of memory performance, (c) develop two-wave status stability and change

subgroups, and (d) compare of stability subgroup differences in memory performance and change.

Results—As expected, the CE group performed best on all three memory composites. Similarly,

expected status stability effects were observed: (a) stable CE and CN groups performed memory

tasks better than their unstable counterparts and (b) stable (and chronic) CI group performed worse

than its unstable (variable) counterpart. These stability group differences were maintained over

two waves.

Conclusion—New data validate the expectations that (a) objective clinical classification

procedures for cognitive impairment can be adapted for detecting cognitively advantaged older

adults and (b) performance in three memory systems is predictably related to the tripartite

classification.
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We address the issue of whether (a) cognitively and neurologically exceptional (or

“healthy”) older adults can be objectively distinguished in terms of initial (and sustained or

changing) cognitive status and (b) the objectively classified groups perform differently in

actual memory performance across three domains. Our approach merges recent research

attention to (a) neurologically or cognitively advantaged, elite, or “superaging” (e.g., de

Frias, Dixon, & Strauss, 2009; Dixon, 2010; Harrison et al., 2011a, 2011b; Nyberg et al.,

2012; Park & Reuter-Lorenz, 2009), (b) normal cognitive aging (e.g., Craik & Salthouse,

2008), and (c) mild cognitive impairment (MCI; e.g., Albert et al., 2011; Dolcos et al.,

2012). To our knowledge, no previous study has included objective classification of these

three clinical groups in the context of both concurrent and longitudinal stability

classifications and performance across three memory domains. Specifically, using both a

baseline and a two-wave stability enrolled sample we (a) classify cognitively elite,

cognitively normal, and cognitively impaired groups and (b) compare their relative

performance both concurrently and longitudinally on three systems of memory functioning

(i.e., episodic, semantic, working).

Recent research on neuropsychological aspects of memory and aging has focused on several

key issues: (a) levels of performance across a variety of memory functions and relative to

clinical subgroups, (b) slope, timing, extent, and variability in actual memory changes with

normal and clinical subgroups, and (c) health, biological markers, and other conditions that

predict or modulate group and individual differences in memory aging (e.g., Anstey, 2012;

Hertzog, Dixon, Hultsch, & MacDonald, 2003; MacDonald, DeCarlo, & Dixon, 2011;

Mungas et al., 2010; Nyberg et al., 2012; St. Laurent, Abdi, Burianova, & Grady, 2011).

Cross-sectional comparisons of age groups (e.g., younger and older adults) or clinical groups

(e.g., normal and mild cognitively impaired adults) typically reveal predictable group

differences on basic memory tasks (e.g., episodic), with relatively moderate differences on

semantic memory (Nyberg et al., 2003; cf. Greenberg & Verfaellie, 2010). Longitudinal

approaches offer both unique and complementary evaluations of individual- or group-level

stabilities, instabilities, trajectories, and transitions (e.g., Anstey, 2012; Hertzog, 2008;

Josefsson, de Luna, Pudas, Nilsson, & Nyberg, 2012; Mungas et al., 2010). For example, a

recent longitudinal study presented group-level growth curves showing gradual overall

episodic and semantic memory decline (Dixon, Small, MacDonald, & McArdle, 2012).

Informal inspection of the “spaghetti plots” (tracking individuals’ actual trajectories over

time) suggested that three clusters might be recoverable: (a) typical or normal aging, with

intermediate levels of performance, moderate variability, and gradual decline across waves,

(b) lower levels of concurrent performance and longer-term or steeper longitudinal decline

(consistent with amnestic MCI), and (c) sustained high levels of performance over time or

into late life (consistent with continuing cognitive or memory health and success). Although

promising, these informal memory aging clusters would be more informative if they were

linked to prior objective and systematic classification procedures representing underlying

clinical neurocognitive status.

The present goal was to examine whether concurrent and four-year memory performance

differences were related to continuous but clinically classifiable and objectively separable

clusters of neurocognitive status in older adults. We assembled a two-wave data set from the

latest VLS sample and compared memory performance (across episodic, semantic, and
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working memory domains) for three objectively defined neurocognitive status groups:

Cognitively Normal (CN), Cognitively Impaired (CI), and Cognitively Exceptional or Elite

(CE). Although the literature establishing differences between normal and cognitively

impaired groups is growing (e.g., Albert et al., 2011; Cosentino, Brickman, & Manly, 2011),

there is very little research on memory performance and change by cognitively advantaged

groups. Increasingly, with demographic changes, further information on the characteristics,

precursors, and profiles of cognitively healthy, advantaged, or elite older adults is of

theoretical, clinical, and even broader interest (Dixon, 2010; Harrison et al., 2011a; Park &

Reuter-Lorenz, 2009).

We adapt a perspective that focuses on linking adaptive brain and cognitive aging

approaches to available theory, deployable methods, empirical precedents, and

demonstrations of potential sustained high levels of neurocognitive performance among

older adults (e.g., Nyberg et al., 2012; Park & Reuter-Lorenz, 2009; Royall, Palmer, Chiodo,

& Polk, 2005). For example, epidemiological approaches have established that a variety of

clusters of risk and protective influences may be associated with differential clinical

outcomes, including dementia but also sustained cognitive health (e.g., Dixon, 2010; Fotuhi

et al., 2009). In one study of the neuroanatomy of superagers (defined as individuals over 80

who have maintained high memory performance), Harrison and colleagues (2011a) found

that indices of cortical atrophy (thinning) were comparable to those of cognitively matched

middle-aged controls. In addition, these researchers observed thickening in the anterior

cingulate cortex, suggesting the possibility that sustained memory performance may be

supported by spared medial executive and attentional processes. Genetic-related examples

have also appeared, with early suggestions that protective allelic combinations may

influence brain and cognitive maintenance (Nyberg et al., 2012) even in the presence of

biohealth risk factors (e.g., McFall et al., in press). At a cognitive level, supportive functions

may derive from strategic (e.g., developing awareness and use of memory compensation

techniques; Dixon & de Frias, 2007; Garrett, Grady, & Hasher, 2010), relatively intact basic

or support processes (e.g., cognitive or brain reserve; Fratiglioni & Wang, 2007; Reuter-

Lorenz & Cappell, 2008; Stern, 2007, 2009), and activity or environmental interventions

(Brown, Peiffer, & Martins, 2012; Carlson et al., 2012; de Frias & Dixon, in press; Gross,

Rebok, Unverzagt, Willis, & Brandt, 2011; Hertzog, Kramer, Wilson, & Lindenberger,

2008; Small, Dixon, McArdle, & Grimm, 2012). In general, attention has been devoted to

the concept and potential mechanisms for exceptional or sustained brain and cognitive

aging.

In our own recent work, we have explored one cognitive phenotype (executive function) in

the context of cognitive status differences. Three main dimensions of executive functions

identified in structural analyses with younger adults (Luszcz, 2011; Miyake et al., 2000)

appeared to be undifferentiated (possibly de-differentiated) into one global factor in normal

older adults (de Frias, Dixon, & Strauss, 2006). However, subsequently using two-wave

longitudinal data and three cognitive status groups (CN, CI, and CE), we observed that an

undifferentiated (single-factor) structure fit the data for the CN and CI groups, but that a

differentiated (3-factor) structure fit the data for a CE group (de Frias, Dixon, & Strauss,

2009). Not only was the CE group structurally more similar to healthy younger adults, but it

performed at a level that was superior to its counterparts. More recently, we extended this
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research to show that lifestyle activities (cognitive, physical, social) moderated some

cognitive status effects on executive functions (de Frias & Dixon, press).

Accordingly, from established techniques for classifying normal and impaired groups we

derive coordinated techniques for objectively classifying a cognitively exceptional (or elite)

group. The three groups are then compared on baseline episodic, semantic, and working

memory performance. After a 4-year longitudinal interval, we apply the same and

independent procedures to all returning participants. We then evaluate the stability of the

tripartite classification (for the CE, CN, and CI groups) and the effect of subsequent stability

(or unstable group patterns) on baseline and 2-wave performance. For the CI group, we note

that mild cognitive impairment groups may range widely in longitudinal status stability

(Albert et al., 2011; Dolcos et al., 2012; Palmer, Bäckman, Small, & Fratiglioni, 2006;

Palmer, Wang, Bäckman, Winblad, & Fratiglioni, 2002). Therefore, stability levels in

classified cognitive status may modulate both initial memory differences and subsequent

memory changes for all status groups. Our brief rationale of expectations for group-related

memory performance is as follows. The CN group is intended to represent typical aging,

complete with normal and variable brain and cognitive decrements. Because preclinical

effects of impending dementia (e.g., in both Alzheimer’s and Parkinson’s diseases) have

been observed in apparently normal aging (e.g., de Frias, Dixon, & Camicioli, 2012;

Sliwinski, Hofer, & Hall, 2003; Small, Fratiglioni, Viitanen, Winblad, & Bäckman, 2000)

both baseline and second-wave confirmation of objective CN status is tested in this study.

Using standard and recommended procedures, the CI group is objectively discriminated

from the CN group on the basis of provisionally classified mild cognitive impairment, and

these classifications occur independently both at baseline and at the follow-up wave. The

associated expectation is that the baseline CN (and stable CN) group will perform memory

tasks better than the CI (and stable CI) group. Informal and empirical evidence has also

indicated that apparent CN groups may include some subset of neurologically and

cognitively advantaged older adults (e.g., de Frias & Dixon, in press; Dixon et al., 2012;

Harrison et al., 2011a). Therefore, applying parallel classification procedures, we develop an

objectively discriminable CE group, as separated from the established CN group. For the

cognitively advantaged CE group, the prospective mechanisms noted above (e.g., brain and

cognitive reserve; Stern, 2009) could support or buffer against concurrent and 2-wave

memory decline, detectable even among older adults. The expectation is that the CE group

will perform better than the CN group across the three domains of memory. Four research

questions comparing the classified group performances were addressed. First, do CE, CN,

and CI groups differ systematically in baseline memory performance? Second, does 2-wave

stability of cognitive status modulate memory performance differences at baseline? For

example, we expect that the CN-stable group would perform better on memory than the CN-

declining (to CI) group. Third, does initial cognitive status predict differential longitudinal

change in memory performance? Fourth, does differential cognitive status stability relate to

2-wave changes in memory performance? We emphasize that all research questions and

analyses are addressed to the noted group-level differences, with two-wave individualized

trajectories not evaluated.
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Method

Participants and Classification

The VLS is a multi-cohort longitudinal study of biomedical, health, cognitive, and

neuropsychological aspects of aging. Successive cohorts of 55–85-year-old community-

dwelling volunteers were initially recruited in the 1980s, 1990s, and 2000s and followed at

3–4-year intervals (see Dixon & de Frias, 2004, for methodological details). The VLS and

all present data collection procedures are in full and certified compliance with prevailing

human research ethics guidelines and boards. Written informed consent was obtained from

all participants. The participants selected for this study were community-dwelling adults

from a larger source VLS sample (VLS Sample 3, S3). For general background information,

at Wave 1 (W1) the larger source sample (S3) included n = 570 participants (385 women

and 185 men) who were aged 53 to 90 years (M age = 68.2 years, SD = 8.6 years). At Wave

2 (W2), n = 399 participants (270 women and 129 men) (M age = 72.2 years, SD = 8.5

years) were tested. The overall average education was 15.6 years (SD = 2.9). All participants

attained scores above 23 on the Mini-Mental State Examination (MMSE; Folstein, Folstein,

& McHugh, 1975). Only minor differences were observed in selectivity analyses comparing

age, education, and MMSE scores for 2-wave continuers and dropouts. Specifically, the

returnees were (a) slightly younger (M = 67.47, SE = .47) than dropouts, (b) somewhat more

schooled (M = 15.63, SE = .16) than dropouts (M = 14.44, SE= .22), and (c) equivalent in

MMSE performance (M = 28.83, SE = .07) with dropouts (M = 28.50, SE = .09). From this

source sample we developed an intended or study sample based on several selection

operations. These included (a) the application of objective cognitive status classifications

independently at W1 and W2 and (b) the selection of 2-wave enrollees (only) for the

planned stability analyses. The selections and study sample are described in the next section.

Cognitive Status Classification Procedure—We began with participants at W1 who

were classified into three strictly defined groups representing a continuum of initial

cognitive status: Cognitively Elite (CE), Cognitively Normal (CN), and Cognitively

Impaired (CI). The tripartite classification procedure was adapted from previous VLS

research and consensus statements (e.g., Albert et al., 2011; de Frias et al., 2009; Dixon &

de Frias, 2007; Dixon et al., 2007; Dolcos et al., 2012; Ritchie, Artero, & Touchon, 2001).

The participants were first stratified by age (53 to 70 and 71 to 90 years) and level of

education (0 to 12 or 13+ years), and placed into one of four groups: Young-old (YO low

education, n=58; YO high education, n=292) and Old-old (OO low education, n=49; OO

high education n=171). Within each group, mean performance was calculated for a three-test

cognitive reference battery (digit symbol substitution, letter series, and verbal fluency),

representing the cognitive domains of perceptual speed, inductive reasoning, and verbal

fluency. See Table 1 for descriptive information representing the classification tests by

group and Table 2 for inter-test correlations. Our typical classification procedures are based

on an established five-test reference battery. Because two of the five standard tests have

memory components, we implemented the 3-test (non-memory) version of the battery for

this study. We conducted classification checks (i.e., we compared group-related composition

and performance results using MANCOVAs), confirming similar patterns for both the 3-

and 5-test versions of the battery. The resulting distributions served as within-sample norms
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for cognitive status classification. Following and extending previous logic and procedures,

we distinguished the CI group from the remainder of the sample, which would have

typically been considered a normal control group (CN). However, we reasoned that an

apparent but large CN group could contain members at the other (upper) end of the cognitive

reference performance distribution (i.e., CE group).Therefore, the three operational

definitions were: (a) the CI group included members with at least one score on the cognitive

reference tests that was > 1.5 SD below the group mean, (b) the CN group included

members who scored between −1.5 SD and +1.5 SD (with at least one score falling below

the mean) on the three cognitive reference tests, and (c) the CE group included members

who scored above the relevant group mean on all three reference tests. For the latter, we

reasoned that this criterion would capture a neighboring group with relatively (but not

extremely) higher cognitive abilities and at the same time produce a conservative test of the

expected group differences.

Independent W1 and W2 Cognitive Status Classifications—At W1 the strict,

objective, and replicable classification procedures produced n=464 participants who fit the

exact standards of only one of the three groups. Conversely, n = 106 did not fit precisely into

any of the three group characteristics and were excluded from the study sample. Examples

of non-fitting reference battery patterns are (a) having a score within the −1.5 to +1.5 SD

band for two tests, but above +1.5 SD on a third test (not eligible for CN) and (b) having

most but not all scores above the mean (not eligible for CE). This classification procedure

was conducted independently at both W1 (n=464) and W2 (n=323), resulting in the

following independent groups: (a) CE (W1 n=80, W2 n=65, (b) CN (W1 n=284, W2

n=200), and (c) CI (W1 n=100, W2 n=58). At both waves, the percentages of the total

sample classified as CE (17%, 20%), CN (61, 62%), and CI (22%, 18%) were similar and

clinically reasonable. The retest reliability coefficients for the three cognitive reference tests

were as follows: digit symbol substitution, r = .84; letter series, r = .82; and verbal fluency, r

= .69. See Table 3 for descriptive information.

Cognitive Status Stability Groups—By definition, in order to address status stability

research questions, we required a sample that included only classifiable participants enrolled

at both waves. Stability cannot be addressed without two linked waves of measurement for

all individuals. Of the n=323 participants at W2, a total of n=276 participants were enrolled

and classified in both W1 and W2, thus defining the stability study group, a fully-enrolled

subsample. Overall, regarding the group stability results, n=209 (76%) remained (i.e., were

stable over the four-year interval) in their initial cognitive status groups. For the initial CE

group (n=59), 34 (58%) continued as CE (CE-CE, indicating stable cognitively healthy) and

25 (42%) declined to CN status (CE-CN, normal decline or variability). For the initial CN

group (n=185), 140 (76%) continued as CN (CN-CN), 20 (11%) declined to CI (CN-CI,

indicating transition to impairment), and 25 (14%) appeared as CE (CN-CE, likely

borderline variability). For the initial CI group (n=57), 35 (61%) continued as CI (CI-CI,

indicating chronic impairment), 19 (33%) appeared as CN (CI-CN, likely borderline or

transitional), and 3 (6%) appeared as CE (CI-CE). See Table 4 for a summary of the

proportion of changers and non-changers in cognitive status. We compared the stable status

groups with their main corresponding unstable status groups for both W1 and W1-W2
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memory performance. Therefore, we focused on contrasts of CE-CE vs. CE-CN, CN-CN vs.

CN-CI, and CI-CI vs. CI-CN, with the latter being notable for a comparison with an

improving-status group. Two small unstable variability groups for which we had no

predictions (CN-CE; n=25 and CI-CE; n=3) were excluded for theoretical (e.g., no readily

available interpretations for status improvement and no possibility for CI status decline) and

methodological (e.g., limiting multiple comparisons, no hypotheses, small n groups)

reasons.

Memory Measures

Two standard VLS tasks were used to mark each memory cluster. All composite measures

were converted to T-score units.

Episodic Memory—Two VLS tasks were used (Dixon et al., 2004). The word recall task

requires participants to remember two equivalent 30-word lists. The VLS story recall task

requires participants to remember two structurally equivalent narratives (about 300 words

and 160 propositions). The initial outcome measure for both was the percent of correctly

recalled information (word, propositions). The composite was used for the concurrent

analyses (W1). Only the word recall measure was available for the longitudinal stability

analyses. The retest reliability for the word recall measure was r = .78.

Semantic Memory—The vocabulary test (Ekstrom, French, Harman, & Derman, 1976)

has 54 multiple-choice items and the participants were asked to provide the best response

and complete the task within 15 min. The fact recall task (Nelson & Narens, 1980) has two

sets of 40 questions that tested individuals’ recall of various world facts. The initial outcome

measures were percentages of correct responses. The retest reliability for the semantic

memory composite measure was r = .90.

Working Memory—The Computation Span task (Salthouse & Babcock, 1991) required

participants to solve a series of arithmetic problems while holding the final digit from each

problem in memory for later recall. The highest span correctly recalled for two out of three

trials was the measure used. The VLS reading span task required participants to answer

questions about simple sentences that were orally presented while simultaneously trying to

remember the final word of each sentence for later recall. Initial score was the highest span

correctly recalled for two out of three trials. The retest reliability for the working memory

composite measure was r = .69.

Statistical Analyses

Alpha levels of p < .05 were specified as the threshold to indicate significance. Given that

there were cognitive status differences by education and MMSE scores (see Table 3), all

subsequent analyses covaried for baseline education and MMSE scores. Analyses are

described according to four research questions. For longitudinal stability analyses,

MANCOVAs were appropriate given the full enrollment (no attrition) at both waves.

Because the memory variables reflect theoretically distinct memory systems, we selectively

examined the individual variable results even in the absence of an overall significant effect

for the linear combination: these are interpreted with caution.
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Research Question 1: Do CE, CN, and CI groups differ in baseline (W1)
memory performance?—A one-way cognitive status groups (3: CE, CN, CI)

multivariate analysis of covariance (MANCOVA), covarying for education and MMSE was

conducted on the three memory composites at W1.

Research Question 2: Does 2-wave stability of cognitive status by the three
status groups modulate W1 memory performance?—After identifying and

subdividing the CE, CN, and CI groups into two-wave stability subgroups, we conducted

three separate one-way MANCOVAs, each with two levels of stability-status group (i.e.,

CE-CE and CE-CN; CN-CN and CN-CI; CI-CI and CI-CN).

Research Question 3: Does initial cognitive status relate to memory change
over the 2-wave interval?—A cognitive status group (3: CE, CN, CI) by wave (2: W1,

W2) repeated measures MANCOVA was conducted on the composite memory measures. Of

direct interest were group by wave interactions.

Research Question 4: Does cognitive status stability relate to 2-wave memory
change?—We conducted three separate two-way stability-status group (CE-CE, CE-CN;

CN-CN, CN-CI; CI-CI, CI-CN) by wave (2: W1, W2) repeated measures MANCOVAs on

the three memory composites.

Results

Research Question 1: Group Differences in Baseline (W1) Memory Performance

The analyses showed that the main effect of group was significant for episodic memory,

F(2,277) = 32.92, p < .001, η2 = .19; semantic memory, F(2,277) = 41.67, p < .001, η2 = .23;

and working memory, F(2,277) = 24.95, p < .001, η2 = .15. As seen in Figure 1, all groups

differed from each other, with each level of cognitive status performing significantly better

than correspondingly lower status groups.

Research Question 2: Three-year Stability of Cognitive Status and Memory Performance at
W1

We first tested whether the two stable groups (i.e., CE-CE and CN-CN) would perform

better on the three W1 memory composites than their corresponding declining status groups

(i.e., CE-CN and CN-CI), after controlling for MMSE and education. Next, we tested

whether the third stable group (CI-CI) would perform worse than the corresponding

improving group (CI-CN) on the W1 memory composites, after controlling for MMSE and

education. All three separate MANCOVAs revealed significant effects in the expected

direction. First (comparing CE-CE, CE-CN), the main effect of stability status was

significant for episodic memory, F(1,47) = 4.42, p < .05, η2 = .09; and working memory,

F(1,47) = 12.35, p < .001, η2 = .21. Second (comparing CN-CN, CN-CI), the main effect of

stability status was significant for episodic memory, F(1,165) = 15.88, p < .001, η2 = .09;

and semantic memory, F(1,165) = 6.37, p < .01, η2 = .04. Third (comparing CI-CI, CI-CN),

the main effect of stability status was significant for semantic memory, F(1,74) = 14.57, p

< .001, η2 = .16; and working memory, F(1,74) = 5.45, p < .05, η2 = .07. As expected the
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CE and CN groups showing future 2-wave status stability (CE-CE, CN-CN) had better

memory performance, as compared with their counterparts who experienced subsequent

cognitive status decline (CE-CN, CN-CI) (see Figures 2a–2b). In contrast, as expected, the

stable lower performers (CI-CI) had worse initial memory performance than did those who

improved over the subsequent period (CI-CN) (see Figure 2c).

Research Question 3: Baseline Cognitive Status and Subsequent Memory Change

MANCOVAs for cognitive status group (3: CE, CN, CI) by wave (2: W1, W2) showed that

the overall main effect of wave, F(3,272) = 14.73, p < .001, η2 = .14, and the overall main

effect of group, F(6,544) = 22.53, p < .001, η2 = .20, were significant. The overall wave by

group interaction was significant, F(6,544) = 19.59, p < .001, η2 = .18. The univariate effect

of wave was significant for episodic memory, F(1,274) = 42.71, p < .001, η2 = .22 but not

for semantic memory or working memory. There was a slight overall decline in episodic

memory (W1: M = 52.32, SE = .50; W2: M = 52.25, SE = .50). The univariate main effect of

group (all CE>CN>CI) was significant for episodic memory, F(2,274) = 37.89, p < .001, η2

= .22, semantic memory, F(2,274) = 41.35, p < .001, η2 = .23, and working memory,

F(2,274) = 32.39, p < .001, η2 = .19. The wave by group interaction was significant for

episodic memory, F(2,274) = 37.88, p < .001, η2 = .22, and semantic memory, F(2,274) =

41.35, p < .001, η2 = .23, but not for working memory. To further probe the interactions,

three follow-up MANCOVAs (one for each cognitive status group) were conducted. For the

CN group, there was a significant main effect of wave for episodic memory only, F(1,164) =

27.61, p < .001, η2 = .14, indicating decline (W1: M = 50.81, SE = .58; W2: M = 50.76, SE

= .58). For the CI group, there was a significant main effect of wave for episodic memory,

F(1,58) = 10.68, p < .01, η2 = .16, indicating decline (W1: M = 46.47, SE = 1.03; W2: M =

46.46, SE = 1.02). The CE group did not show significant change in episodic memory.

Follow-up MANCOVAs by cognitive status group did not show significant main effects of

wave for semantic memory.

Research Question 4: Does Stability of Cognitive Status Affect Memory Change

For the first group comparison (CE-CE vs. CE-CN), the overall effect of stability-status

group, F(3,45) = 5.84, p < .01, η2 = .28, was significant, but the overall effect of wave, and

the wave by group interaction were not significant. The univariate main effect of wave was

not significant for any of the memory measures. The univariate main effect of group was

significant for episodic memory, F(1,47) = 4.64, p < .05, η2 = .09 and working memory,

F(1,47) = 14.76, p < .001, η2 = .24, but not semantic memory. For episodic memory, the

stable group (CE-CE) performed better (M = 61.67, SE = 1.08) than the unstable group (CE-

CN) (M = 57.70, SE = 1.38). For working memory, the stable group (CE-CE) performed

better (M = 60.16, SE = 1.41) than the unstable group (CE-CN) (M = 50.86, SE = 1.80). The

univariate wave by group interaction was significant for episodic memory, F(1,47) = 4.64, p

< .05, η2 = .09, but not for semantic memory and working memory. The groups slightly

declined on episodic memory (CE-CE: W1 M = 61.75, SE = 1.08, W2 M = 61.59, SE =

1.07; CE-CN: W1 M = 57.76, SE = 1.38, W2 M = 57.63, SE = 1.37).

For the second group comparison (CN-CN vs. CN-CI), the overall effects of wave, F(3,145)

= 10.31, p < .001, η2 = .18, was significant, but the overall stability-status group and overall
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wave by group interaction, were not significant. The univariate main effect of wave was

significant for episodic memory, F(1,147) = 30.75, p < .001, η2 = .17, but not for semantic

memory and working memory. There was an overall significant decline in episodic memory

(W1: M = 49.62, SE = .90; W2: M = 49.58, SE = .89). The univariate main effect of group

was not significant for episodic memory, semantic memory, or working memory. The

univariate wave by group interaction was not significant for any of the memory measures.

For the third group comparison (CI-CI vs. CI-CN), the overall effects of wave, stability-

status group and the wave by group interaction, were not significant. The univariate main

effect of wave was significant for episodic memory, F(1,53) = 6.17, p < .05, η2 = .10, but

not for semantic memory or working memory.. However, inspection of the means shows

that the magnitude of change was minuscule (W1: M = 46.54, SE = 1.06, W2: M = 46.53,

SE = 1.05), indicating that there was minimal change in episodic memory. The univariate

main effect of group was not significant for any memory measures. The univariate wave by

group interaction was not significant for any memory measures.

Discussion

Much cognitive neuropsychological research on aging focuses on clinical conditions that (a)

are associated with underlying neurodegeneration, impairment, injury, or disease (e.g.,

Cosentino et al., 2011; Fotuhi et al., 2009; Jack et al., 2011) or (b) may produce cognitive

performance that varies from that of normal aging or preclinical impaired phases (e.g.,

Albert et al., 2011; Small et al., 2000). Given the growing population of seemingly healthy

and active older adults, some researchers have begun investigating the extent to which

sustained high levels of cognitive status may constitute more than just intriguing but widely

varying anecdotal cases of exceptional older adults (Depp & Jeste, 2006). Theoretically, the

differences between cognitively adaptive or healthy (even putative “superagers”) and normal

aging are likely continuous, with neurologically, genetically, or environmentally favored

aging individuals occupying an upper cluster of a distribution of cognitive health (Dixon,

2010; National Institute on Aging, 2008; Nyberg et al., 2012). Accordingly, we adapted

standard objective procedures of classifying neighboring clusters of impaired (e.g., MCI)

and normal (e.g., typical) older adults to the identification of a cognitively advantaged

group. We then focused on three memory systems that have been identified as an early

markers of precipitous cognitive decline (episodic), relatively preserved over adulthood

(semantic), and a basic resource associated with aging decline (working memory). Although

the present status-group-based goals were considerably different, some traditional large-

scale longitudinal memory change research informed our perspective, as they have

demonstrated interpretable variability in late-life performance trajectories (e.g., Anstey,

2012; Dixon et al., 2012; Josefsson et al., 2012; Nyberg et al., 2003). However, this study

did not track or address individualized performance trajectories. Overall, we observed

predicted performance patterns consistent with favored initial cognitive status and 2-wave

status stability.

The answer to our first research question was as straightforward as predicted. The three

status groups differed reliably from one another on all baseline average memory

performances. The results confirmed that objective classifications of contiguous status
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clusters can be at least tripartite. They also confirmed that CN and CI groups could be

distinguished on three memory systems. Moreover, novel results showed that cognitively

healthy (CE) adults performed differently from their normal-aging (CN) counterparts. Future

research should include potential modifier variables, ranging from lifestyle-activity (Carlson

et al., 2012; de Frias & Dixon, in press; Small et al., 2012) to neurobiological (e.g.,

individual differences in aging-related genotype or neurological changes; Harrison et al.,

2011a; Park & Reuter-Lorenz, 2009).

The results to our second question underscored the associated memory implications of

cognitive status group stability. First, although some cognitive status classification

procedures have produced groups that have limited stability, the present procedures

produced three groups of similar and substantial 4-year stabilities (overall stability = 73%).

The corresponding stabilities for each status group were within a reasonable range (CE-

CE=61%, CN-CN=77%, CI-CI=72%). In the context of good stabilities and aging adults,

some one-step status transitions would be expected. Reasons for this include naturally

occurring aging variability across 4-year intervals, genuine status decline over time, and

some residual imprecision in status assessment. Further research on individual

characteristics of unstable status patterns is recommended, but larger transition samples

would be helpful. Second, we evaluated baseline memory performance by comparing the

stable versus instable subgroups within each cognitive status group. Our predictions were

derived from theoretical and clinical literature (e.g., de Frias et al., 2012) for which

declining general cognitive status (e.g., CN-CI, transition to impairment) could be associated

with worse baseline performance than would stable status (e.g., CN-CN, stable

neurocognitive aging), due to subtle preclinical (perhaps neurodegenerative; Sliwinski et al.,

2003; Small et al., 2000) effects unfolding between the two waves. As expected, the W1

memory implications were evident across all three domains. Regarding the less-studied CE-

CE memory advantage (compared with CE-CN), sustained high general cognitive status

may signal notably sustained neural and cognitive health with aging—and such success may

be evident even at W1. Even status change to normal levels (from healthy or elite levels)

may be (a) detected with these classification procedures, (b) reflected in performance on

three domains of memory, and (c) identified when memory is measured prior to the status

decline. On the other hand, a previously puzzling result of other MCI stability studies (e.g.,

Koepsell et al., 2012; Palmer et al., 2002) is that some initially classified impaired

participants seem to “recover” to normal general classifications. Such a phenomenon is

likely linked to either (a) real variability in cognitive status, especially at the borderline

between normal and impaired aging or (b) limitations in the assessment procedure or to

other non-neurodegenerative influences present at W1 being absent at W2. Our results show

that CI stability differences are detectable at W1. Researchers and clinicians are advised to

check their classifications routinely by follow-up independent evaluations. This issue of

clinical classification (Albert et al., 2011; Dolcos et al., 2012) is also an issue that influences

initial memory performance (Fig. 2c).

For the third research question we examined whether two-wave group memory differences

were differentially affected by baseline cognitive status. We observed a statistically

significant group × wave interaction for episodic memory, indicating significant decline for

CN and CI, but not for the healthy CE group. However, an inspection of the modest mean
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differences and the associated 95% confidence intervals suggested caution in theoretical

interpretation. For the fourth research question we examined whether two-wave group

memory change was differentially affected by stability within each cognitive status group.

Again, statistically significant group × wave interactions suggested promising results for

episodic memory, but the means and confidence intervals indicated interpretive caution.

Although the results are encouraging, the expected slope-related interactions may appear

more slowly for the present initially healthy and mild cases of emerging cognitive

impairment. Longer follow-up intervals (and more waves) are recommended. Furthermore,

the high test-retest reliability for episodic and semantic memory indicates that these

psychometrically reliable measures may limit the ability to detect change.

In sum, the results of this study clearly show that a cognitively advantaged or exceptional

group of older adults can be objectively and clinically distinguished from typical cognitively

normal and impaired groups. As has been implied by other longitudinal research (e.g.,

Anstey, 2012; Dixon et al., 2012; Josefsson et al., 2012; Mungas et al., 2010), one

implication for neuropsychological aging is that the terms “normal” and “healthy” are not

necessarily interchangeable as applied to comparison or control groups for younger or

impaired older adults. Normal older groups should be documented not only to ensure the

absence of preclinical impairment (Sliwinski et al., 2003) but also the absence of subgroups

with atypically favorable brain and cognitive health. The objective classification procedures

produced (a) stable status groups over a two-wave interval, (b) baseline memory differences

in three different domains, and (c) stability-related subgroup memory differences. Regarding

status-related change, however, the results were promising but not definitive. We would

expect that additional years of aging as reflected in a third wave assessment would

contribute to more notably differential change patterns.

Several limitations and associated future directions should be noted. First, the slightly

truncated objective classification procedures worked very well for both concurrent and

short-term stability purposes, but future research could explore alternative definitions of the

cognitive elite group (e.g., setting a higher standard) and the cognitively impaired group

(e.g., setting a lower standard such that only substantial decliners are included). We

encourage future researchers to explore criteria that produce different diagnostic intensities.

Second, although the present research design and guiding questions are relatively novel in

the neuropsychological study of cognitively sustained or exceptional aging, a third wave will

provide additional power for testing slope (and non-linear) effects. Future research may

reflect that “healthy” and “normal” or “typical” aging are terms that are not synonymous and

should therefore be used advisedly (and with the presence of supportive evidence). Third,

the present study was not designed or intended to address directly earlier and ongoing

research in general “successful aging” (Baltes & Baltes, 1990; Rowe & Kahn, 1987, 1998).

As this research area develops further (see Depp & Jeste, 2006), it may both contribute to

and benefit from the approaches used in emerging research on brain and cognitive health in

aging. Fourth, we encourage further exploration of variables that might be associated with

differential levels, trajectories, and transitions in cognitive status groups over time (e.g.,

Dolcos et al., 2012; Koepsell et al., 2012). Whether such potential modifiers are the same for

cognitively advantaged older adults (our CE group) as they seem to be for cognitively

normal and impaired adults is a question of interest (e.g., Cherbuin et al., 2009; Nyberg et
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al., 2012). The modifiers that are especially relevant for predicting transitions (e.g.,

variations around the normal-impairment continuum) are clinically compelling. Specifically,

future researchers may explore the extent to which relative risk/protective factors from

lifestyle-activities, functional biological, neurogenetic, or neuroanatomical realms modulate

initial status, status change/stability, and memory implications (e.g., Albert et al., 2011;

Dolcos et al., 2012; Harrison et al., 2011a; Park & Reuter-Lorenz, 2009; Stern, 2007;

Zubenko, Hughes, Zubenko, & Maher, 2007). For example, success at distinguishing stable

subgroups from their corresponding decliners would bring us even closer to understanding

key precursors and patterns leading differentially to healthy or impaired aging.
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Figure 1.
Cognitive status classification at Wave 1 is associated with expected group differences in

three domains of memory performance (CE > CN > CI). Separate results for Wave 2 were

consistent.
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Figure 2.
Two-wave differential cognitive status stability is associated with baseline memory

performance in expected directions. Figures 2a and 2b reflect potential normal to preclinical

memory decline effects: 2a: CE-CE > CE-CN. 2b: CN-CN > CN-CI. Figure 2c reflects

stabilizing memory decrements among chronic impaired participants as compared with the

unstable or borderline group: CI-CI < CI-CN.

Dixon and de Frias Page 19

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 June 20.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Dixon and de Frias Page 20

T
ab

le
 1

D
es

cr
ip

tiv
es

 f
or

 C
la

ss
if

ic
at

io
n 

T
es

ts
 b

y 
C

og
ni

tiv
e 

St
at

us
 G

ro
up

 a
t W

av
e 

1

V
ar

ia
bl

e
C

E
C

N
C

I

M
SD

M
SD

M
SD

D
ig

it 
Sy

m
bo

l S
ub

st
itu

tio
n

59
.0

0
7.

13
48

.8
0

8.
96

43
.1

2
11

.7
7

L
et

te
r 

Se
ri

es
15

.4
2

2.
62

11
.6

1
3.

60
8.

45
4.

52

V
er

ba
l F

lu
en

cy
21

.4
5

5.
00

15
.3

1
4.

60
11

.7
1

6.
05

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 June 20.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Dixon and de Frias Page 21

Table 2

Correlations Between Classification Tests by Cognitive Status Group at Wave 1

1 2 3

Variables

Digit Symbol Substitution -

Letter Series -

CE .36***

CN .44***

CI .33***

Verbal Fluency -

CE .19 .40***

CN .26*** .28***

CI −.05 .12

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 June 20.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Dixon and de Frias Page 22

T
ab

le
 3

B
ac

kg
ro

un
d 

In
fo

rm
at

io
n 

fo
r 

th
e 

In
de

pe
nd

en
tly

 C
la

ss
if

ie
d 

C
og

ni
tiv

e 
St

at
us

 G
ro

up
s 

at
 W

av
e 

1 
(W

1)
 a

nd
 W

av
e 

2 
(W

2)

V
ar

ia
bl

e
C

E
 (

83
%

 w
om

en
)

C
N

 (
66

%
 w

om
en

)
C

I 
(6

8%
 w

om
en

)

M
SD

M
SD

M
SD

A
ge

W
1

66
.0

7
7.

83
68

.5
1

8.
65

68
.5

9
8.

33

W
2

69
.8

6
7.

66
72

.5
9

8.
56

72
.1

6
7.

47

E
du

ca
tio

n
W

1
15

.8
1*

3.
32

15
.2

9*
2.

74
14

.6
0*

3.
15

W
2

15
.5

7
3.

25
15

.7
4

2.
77

14
.8

8
2.

98

M
M

SE
W

1
29

.1
0*

*
1.

27
28

.7
3*

*
1.

20
28

.5
2*

*
1.

21

W
2

29
.2

6*
*

0.
87

28
.5

1*
*

1.
26

28
.2

7*
*

1.
33

A
bs

ol
ut

e 
H

ea
lth

W
1

1.
71

0.
78

1.
84

0.
72

1.
91

0.
89

W
2

1.
80

0.
81

1.
94

0.
80

1.
91

0.
73

R
el

at
iv

e 
H

ea
lth

W
1

1.
59

0.
77

1.
84

0.
72

1.
69

0.
83

W
2

1.
72

0.
74

1.
60

0.
68

1.
69

0.
64

N
ot

es
: 

T
he

 a
st

er
is

ks
 d

en
ot

e 
si

gn
if

ic
an

t g
ro

up
 d

if
fe

re
nc

es
. T

he
 C

E
 a

nd
 C

N
 g

ro
up

s 
ha

d 
m

or
e 

ye
ar

s 
of

 e
du

ca
tio

n 
th

an
 th

e 
C

I 
gr

ou
p.

 F
or

 M
M

SE
 a

t W
1 

an
d 

W
2,

 th
e 

C
E

 g
ro

up
 h

ad
 h

ig
he

r 
sc

or
es

 th
an

 th
e 

C
N

an
d 

C
I 

gr
ou

ps
. N

o 
ot

he
r 

gr
ou

p 
di

ff
er

en
ce

s 
w

er
e 

si
gn

if
ic

an
t.

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 June 20.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Dixon and de Frias Page 23

Table 4

Proportion of cognitive status changers and non-changers at Wave 1 and Wave 2

Group W1 W2

Status Changers Status Non-Changers

CE n=59 (20%) CE-CN n=25 (42%) 34 (58%)

CN n=185 (61%) CN-CI n=20 (11%)
CN-CE n=25 (14%)

140 (76%)

CI n=57 (19%) CI-CN 22 (39%) 35 (61%)
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