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Abstract

The authors first examined the concurrent moderating role of lifestyle engagement on the relation between cognitive status (cognitively elite,

cognitively normal [CN], and cognitively impaired [CI]) and executive functioning (EF) in older adults. Second, the authors examined whether

baseline participation in lifestyle activities predicted differential 4.5-year stabilities and transitions in cognitive status. Participants (initial N ¼

501; 53–90 years) were from the Victoria Longitudinal Study. EF was represented by a 1-factor structure. Lifestyle activities were measured in

multiple domains of engagement (e.g., cognitive, physical, and social). Two-wave status stability groups included sustained normal aging, tran-

sitional early impairment, and chronic impairment. Hierarchical regressions showed that baseline participation in social activities moderated

cognitive status differences in EF. CI adults with high (but not low) social engagement performed equivalently to CN adults on EF.

Longitudinally, logistic regressions showed that engagement in physical activities was a significant predictor of stability of cognitive status.

CI adults who were more engaged in physical activities were more likely to improve in their cognitive status over time than their more sedentary

peers. Participation in cognitive activities was a significant predictor of maintenance in a higher cognitive status group. Given that lifestyle en-

gagement plays a detectable role in healthy, normal, and impaired neuropsychological aging, further research in activity-related associations and

interventions is recommended.
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Introduction

According to such hypotheses as “use it or lose it” (Bielak, 2010; Small, Hughes, Hultsch, & Dixon, 2007) or activities enrich-

ment (Carlson et al., 2012; Schooler & Mulatu, 2001), leading a lifestyle rich with engaging activities orenvironmental complexity

may have enhancing effects on brain and cognitive health with aging. Numerous neuropsychological studies using experimental

and correlational methods have shown various patterns of associations among aspects of an engaged lifestyle and domains of cog-

nitive functioning in normal aging (e.g., Agrigoroaei & Lachman, 2011; Kramer, Bherer, Colcombe, Dong, & Greenough, 2004;

Salthouse, 2006; Schooler & Mulatu, 2001; Small, Dixon, McArdle, & Grimm, 2012) and even dementia (e.g., Fratiglioni,

Paillard-Borg, & Winblad, 2004). However, other studies have found little to no activity–cognition relationships (e.g.,

Aartsen, Smits, van Tilberg, Knipscheer, & Deeg, 2002; Brown et al., 2012; Mackinnon, Christensen, Hofer, Korten, & Jorm,

2003). Among other factors, the mixed pattern of findings may be attributed to (a) how lifestyle engagement has been measured,

(b) the presence of unmeasured sample heterogeneity, and (c) the match between specific domains of lifestyle activities and cog-

nitive performance.

Three key lifestyle domains (i.e., cognitive, physical, social) have shown some promising benefits in the cognitive and epi-

demiological aging literature. First, the benefits of concurrent cognitive stimulation on cognitive functioning in healthy older

adults have been demonstrated through self-reported active participation in novel or complex cognitive tasks (Bielak, Hughes,

Small, & Dixon, 2007). Recently, longitudinal and dynamic coupling between changes in lifestyle engagement and cognitive
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neuropsychological performance in healthy older adults has been supported, such that poor cognitive performance was related to

future reduction in lifestyle engagement (Mitchell et al., 2012; Schooler & Mulatu, 2001; Small et al., 2012). Reviews of patho-

logical aging (Fratiglioni et al., 2004; Hertzog, Kramer, Wilson, & Lindenberger, 2008) conclude that cognitive engagement may

help to delay decline attributed to impairment or dementia. Second, some recent reviews and studies suggest that physical activity

may promote or improve cognitive function and perhaps delay the onset of cognitive decline (Brown et al., 2012; Kramer et al.,

2004; Lindwall et al., 2012; Rockwood & Middleton, 2007). Third, some studies show that participation in social activities may

facilitate continued cognitive health in older adults (Bassuk, Glass, & Berkman, 1999; Hughes, Andel, Small, Borenstein, &

Mortimer, 2008; Seeman, Lusignolo, Albert, & Berkman, 2001), but the evidence is mixed in normal aging (e.g., Brown et al.,

2012). The exact mechanism underlying these potential protective factors on cognitive health is unclear. However, likely candi-

dates include greater neural reserve capacity, increased cerebral blood flow, decreased neuroinflammation and brain atrophy, and

neural or functional compensation (Colcombe et al., 2003; Cotman, Berchtold, & Christie, 2007; Dixon, Garrett, & Bäckman,

2008; Stern, 2009). Regarding stability and change in cognitive health, current issues include the identity and variety of measured

activities, the match between activity and the assessed domain of neuropsychological functioning, the longitudinal implications of

lifestyle activities, and how they may operate across different levels of cognitive status.

The selection of cognitive domains in prior studies of lifestyle engagement has mainly focused on perceptual speed, verbal

speed, visuo-spatial ability, and declarative memory (e.g., Fratiglioni et al., 2004; Ghisletta, Bickel, & Lövdén, 2006; Small

et al., 2012). Cognitive processes and products that represent a single domain may not closely match the skill that is used in

any given environmental context. The cognitive control processes that are required to effectively monitor and regulate thought

and action are referred to as executive functions (EFs; Friedman et al., 2008). These related but separable EF abilities include a

system of control processes that reflect response inhibition, updating working memory representations, and set shifting

(Luszcz, 2011). Complicating the study of lifestyle activity and EF performance is the fact that EF has been previously represented

as either a unitary (i.e., common) or diverse (i.e., multidimensional) set of abilities. A multidimensional structure (i.e., inhibition,

shifting, and updating) was supported in samples of healthy young adults (Miyake et al., 2000) and cognitively healthy or elite (CE)

older adults, with cognitively normal (CN) older adults producing intermediate evidence (i.e., both single and multiple factor evi-

dence, with the latter accompanied by high inter-factor correlations; de Frias, Dixon, & Strauss, 2009). In contrast, only a unitary

structure was representative of the cognitively impaired (CI) older adults, suggesting dedifferentiation of EFs (de Frias, Dixon, &

Strauss, 2006; de Frias et al., 2009). Notably, longitudinal data have shown that EF structures display two-wave temporal invari-

ance (i.e., the relations between the observed measure and the underlying construct are equivalent across time; de Frias et al., 2009;

McFall et al., 2013). A unitary structure also fit the CN and CE groups, suggesting that quantitative comparisons along a continuum

of cognitive status may require treating EF as a single ability. In addition, the two-wave stability of cognitive status was related to

EF performance in these three neuropsychological groups (i.e., CE, CN, and CI) such that maintaining a higher cognitive status or

improving one’s status was related to better concurrent EF (de Frias et al., 2009). These findings indicate that the pattern of indi-

vidual differences in EF is affected by sample composition (e.g., cognitive status) and a function of individual differences in neural

integrity and life experience. Conceivably, the mixed pattern of findings for activity–cognition relationships may be partly attrib-

uted not only to baseline cognitive status but also to the extent to which these statuses are stable or changing over a subsequent

period. The present study (a) expands the range of cognitive domains to include EF and (b) assesses whether the cognitive

benefit of active living is affected by concurrent cognitive status (e.g., cognitively healthy vs. CI at baseline) and cognitive

status stability and change.

The goals of the present study are two-fold. The first goal was to test whether initial lifestyle engagement moderated the con-

current effect of cognitive status on EF performance. We hypothesized that greater lifestyle engagement would be beneficial to EF,

especially for more cognitively vulnerable adults. The second goal was to test whether lifestyle engagement at baseline predicts the

stability of cognitive status (i.e., maintenance vs. non-stability [decline/improvement] in status) and maintenance across cognitive

status groups in CI, CN, and CE adults over a 4.5-year period. We hypothesized that greater lifestyle engagement at baseline would

aid in the maintenance of classification status (for CN and CE adults) over a two-wave period. We explored whether improvement

in classification status over a 4.5-year period was predicted by lifestyle engagement levels.

Method

Participants

Characteristics. The participants were community-dwelling adults from the Victoria Longitudinal Study (VLS), an ongoing mul-

tisample sequential study of cognitive, neuropsychological, health, and biological aging. They were originally recruited through

advertisements in the public media and from community groups. They were paid nominal fees for their participation. The VLS and

all present data collection procedures are in full and certified compliance with prevailing human research ethics guidelines and
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boards. Written informed consent was obtained from all participants. The data used for this study were from the available first two

waves of testing for VLS Sample 3. From the VLS neuropsychological battery, six tasks measuring EF were included. We used this

source sample to develop the classification procedures. Briefly, at Wave 1 (W1), the source sample consisted of n ¼ 570 partici-

pants (385 women and 185 men) who were aged 53–90 (M age ¼ 68.2 years, SD ¼ 8.6 years). The average level of education was

15.2 years (SD ¼ 3.0 years). At W2, the source sample consisted of n ¼ 399 participants (270 women and 129 men; M age ¼ 72.2

years, SD ¼ 8.5 years). The overall average education was 15.6 years (SD ¼ 2.9). The interval between W1 and W2 was 4.5 years.

All participants attained scores above 23 on the Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975).

Self-reported health was referenced by two indicators: Absolute health (i.e., health relative to a perfect state) and relative health

(i.e., health relative to same-age peers). For both indicators, the participants rated their health as being good to very good on a

5-point scale, in which 1 indicated very good health. Published overviews present further background information on the VLS

methods, procedures, and samples (Dixon & de Frias, 2004; Hultsch, Hertzog, Dixon, & Small, 1998).

Cognitive status classification: W1. Participants at W1 were classified into three groups representing a continuum of provisional

cognitive status: CE, CN, and CI. Cognitive status classification was determined by an objective and replicable procedure adapted

from previous VLS and other research, as focused on the separation of older adults experiencing potential mild cognitive impair-

ment from those functioning in the normal range (e.g., Dixon et al., 2007; Dolcos, MacDonald, Braslavsky, Camicioli, & Dixon,

2012; de Frias et al., 2009; Ritchie, Artero, & Touchon, 2001; see also Albert et al., 2011). First, the participants were stratified by

age (53–70 or 71–90 years) and level of education (0–12 or 13+ years) and placed into one of four groups: (a) Young–old (YO;

low education) n ¼ 58; (b) YO (high education) n ¼ 292; (c) Old–old (OO; low education) n ¼ 49; and (d) OO (high education)

n ¼ 171. Second, for each of the four groups, mean performance was calculated for five cognitive reference tests, representing the

cognitive domains of perceptual speed, inductive reasoning, episodic memory, verbal fluency, and semantic memory. The result-

ing distributions served as within-sample norms for cognitive status classification. Third, we classified participants into one of

three mutually exclusive cognitive status groups as follows. All members of the CE group (n ¼ 80) scored above the mean on

all five reference tests at W1. All members of the CN group (n ¼ 284) scored between 21.5 SD and +1.5 SD on all five reference

tests. All members of the CI group (n ¼ 137) scored at least 1.5 SD below the group mean on one or more tests. This procedure

resulted in n ¼ 501 successful classifications; n ¼ 69 participants did not fit any of the classifications (e.g., having a score

within the 21.5 SD to +1.5 SD band for four tests, but above +1.5 SD on a fifth test) and were excluded from further analyses.

Cognitive status classification: W2 and stability. Next, the above three-step procedure was repeated independently at W2. The

norms at W2 were used to classify performance at W2. The resulting W2 classifications permitted us to establish the six respective

status stability groups. These included three stable status groups: (a) CE–CE (continued cognitively healthy): n ¼ 31, (b) CN–CN

(continued CN): n ¼ 137, and (c) CI–CI (chronic impaired): n ¼ 57. The three non-stable status groups were: (d) CE–CN (de-

clining to normal): n ¼ 20, (e) CN–CI (transitioning to impairment): n ¼ 32, and (f) CI–CN (apparent improvement or variability

in status): n ¼ 21. As established, the CI group—and especially the chronic CI–CI subgroup—is comparable with parallel groups

classified with mild cognitive impairment (e.g., Albert et al., 2011; Dolcos et al., 2012).

Executive function measures

We used six cognitive neuropsychological tests to measure EFs that represent a common set of abilities that cover three key

aspects, namely inhibition (Hayling, Stroop), shifting (Brixton, Color Trails 2), and updating (Computational Span, Reading

Span). Psychometric and structural properties of these tests havebeen reported and all have been used in multiple studies, including

healthy aging and clinical populations (Bielak et al., 2007; de Frias et al., 2006, 2009; McFall et al., 2013; Strauss, Sherman, &

Spreen, 2006).

Hayling sentence completion test. This test (Burgess & Shallice, 1997) consists of two sets of 15 sentences, each having the last

word missing. In Section 1, the examiner reads each sentence aloud and the participant completes the sentence as quickly as pos-

sible. This section yields a measure of response speed. In Section 2, the participant completes the sentence with a word that is un-

connected to the sentence. The participant has to inhibit a strongly activated (automatic) response before generating a new

response. Completing the sentence with a word that is connected to the sentence in meaning would be coded as an error.

Scaled scores (range ¼ 1–10) were derived from cutoffs of the raw score latencies and errors. The score used for this analysis

was based on a scale ranging from 1 (“impaired”) to 10 (“very superior”).

Stroop test. This task measures inhibition by requiring the respondent to ignore the automatic response of reading a printed word

and to instead name the color of ink in which the word is printed (Regard, 1981). In Part A, the participant names as fast as possible
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the color of 24 dots printed in blue, green, red, or yellow. In Part C, the colored stimuli are the color names (i.e., blue, green, red, and

yellow) printed in lower case with the color being incongruent to the color name. The performance scorewas the interference index

([Part C2Part A]/Part A), with higher scores indicating more interference.

Brixton test. The Brixton Spatial Anticipation Test (Burgess & Shallice, 1997) is a rule-attainment (or shifting) task based on the

Wisconsin Card Sorting Task (Psychological Assessment Resources, 1990). This test consists of a 56-page stimulus booklet, with

each page showing the same basic array of 10 circles set in two rows of five, with each circle numbered from 1 to 10. On each page,

one of the circles is filled with a blue color and its position changes from one page to another. The changes in position are governed

bya series of simple rules thatvary without warning. The participant is shown one page at a time and is asked to decide (by pointing)

the position of the next filled circle. The total errors were recorded and these errors (maximum 54) were converted to scaled scores

(e.g., 0–7 raw errors were converted to a scaled score of 10, which is classified as “very superior performance”). An overall stan-

dardized scaled score based on a scale ranging from 1 (impaired) to 10 (very superior) was used for analysis.

Color Trails Test. The Color Trails Test (CTT; D’Elia, Satz, Uchiyama, & White, 1996) is a shifting task similar to the Trail

Making Test (Reitan & Wolfson, 1985) but it was designed to minimize the influence of language. The second part (CTT-2)

shows encircled numbers from 1 to 25 twice (one sequence with a yellow background, the other in pink). The participant is required

to connect the numbers from 1 to 25 alternating between pink and yellow circles and disregarding the numbers in circles of the

alternate color (D’Elia et al., 1996). The latency score (in seconds) for CTT-2 was used for analysis with higher scores indicating

slower performance.

Computational span. The computational span task, an indicator of working memory (updating), requires the storage and simul-

taneous processing of information (Salthouse & Babcock, 1991). Participants are asked to solve a series of arithmetic problems

while holding the final digit from each problem in memory for later recall. The number of problems in a series increases from 1 to 7,

with three trials at each series length. The highest span correctly recalled for two of three trials was the measure used.

Reading span. The reading span task, an indicator of working memory (updating), requires 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. The number of sentences in a passage increases from 1 to 7 with three trials at each series length. The target measure

was the highest span correctly recalled for two of three trials.

Each of the six EF tests were converted into T-score units, then a summary EF variable score was computed.

Cognitive Reference Measures

For the cognitive status classification, we used indicators of five cognitive domains (i.e., perceptual speed, inductive reasoning,

episodic memory, verbal fluency, and vocabulary). The reliability and validity of these standard and widely used measures are

presented elsewhere (e.g., Hultsch et al., 1998). The classification procedure is described above.

Perceptual speed. Perceptual processing speed was assessed with the Wechsler Adult Intelligence Scale-Revised Digit Symbol

Substitution task (Wechsler, 1981). Participants are presented with a coding key pairing nine numbers (1–9) with nine different

symbols. Printed under the coding key are rows of randomly ordered numbers with empty boxes below. Participants were given

90 s to transcribe as many symbols as possible into the empty boxes on the basis of the digit—symbol associations specified in the

coding key. The number of correctly completed items represented the outcome measure.

Inductive reasoning. Inductive reasoning was assessed with the Letter Series test (Thurstone, 1962). Participants are presented

with a string of letters forming a distinct pattern. The task requires inductively deciphering the pattern in the target string and pro-

viding the next letter in the string congruent with the pattern presented. The outcome measure used was the total number correct out

of 20 patterns.

Episodic memory. The word recall task consists of immediate free recall of two lists of 30 English words (Dixon et al., 2004). Each

list consistsof six words from each of five taxonomic categories and participants had 2 min to studyeach list and 5 min towrite their

recall. The number of correctly recalled words averaged across the two lists was used as the measure.

Verbal fluency. Participants’ verbal fluency was assessed with the Controlled Associations test from the Educational Testing

Service (ETS) kit of factor-referenced cognitive tests (Ekstrom, French, Harman, & Dermen, 1976). The test requires the
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generation of as many synonyms as possible in response to a set of target words. Participants were given 6 min to complete the test,

with the total number of correct synonyms representing the fluency score.

Vocabulary. A recognition vocabulary test represented semantic memory and consisted of a 54-item multiple-choice test from the

ETS kit (Ekstrom et al., 1976). Participants were given 15 min, with the total number of correct items representing the vocabulary

score.

Lifestyle Engagement Measure

We used the VLS Activity Lifestyle Questionnaire (VLS-ALQ) to measure the frequency of engagement in seven types of

everyday activities over the past 2 years (for measurement properties, see Bielak et al., 2007; Hultsch, Hertzog, Small, &

Dixon, 1999; Small et al., 2012). Frequency of participation was rated on a 9-point scale (from “never” to “daily”). The seven

standard categories were created based on 67 items: (a) physical, such as jogging (n ¼ 4); (b) self-maintenance, such as preparing

a meal (n ¼ 6); (c) social, such as visiting friends (n ¼ 7); (d) travel, such as nearby holiday travel (n ¼ 3); (e) passive information

processing, such as reading the newspaper (n ¼ 8); (f) integrative information processing, such as playing a musical instrument

(n ¼ 12); and (g) novel information processing, such as completing income tax forms (n ¼ 27). Composite variables were created

by summing the average responses on items within each subscale. All seven subscales were examined separately.

Analyses

Alpha levels of p , .05 were specified as the threshold to indicate statistical significance. The CTT-2 latency and Stroop inter-

ference scores were reverse coded to be commensurate with all other cognitive tasks (i.e., higher score ¼ better performance).

Research Goal 1: Everyday Lifestyle Activities as a Moderator of Cognitive Status Differences

For research goal 1, we applied one hierarchical regression model to examine the possible moderating influences of everyday

lifestyle activities. The order of correlates was as follows: (a) One cognitive status (at W1) variable (Block 1), (b) seven everyday

lifestyle activities (Block 2), and (c) seven two-way interactions between cognitive status and activity (Block 3). Prior research

using the present six EF tasks (de Frias et al., 2009) has shown that the three-factor structure of EF does not fit for the CI

group, but the single-factor model fit for all the cognitive status groups. Therefore, EF will be assessed as a unidimensional con-

struct. The purpose was to examine the independent and relative contribution of cognitive status and activity levels, and their

two-way interactions on EF performance.

Research Goal 2: Does Lifestyle Engagement Affect the Stability of Cognitive Status Over Time?

Six logistic regression models were conducted as follows: (a) CE–CE versus CE–CN; (b) CN–CN versus CN–CI; (c) CI–CI

versus CI–CN; (d) CE–CE versus CN–CN; (e) CE–CE versus CI–CI; and (f) CN–CN versus CI–CI to examine whether base-

line lifestyle engagement predicted group membership (i.e., maintenance within a cognitive status group, and also the odds of

being in a maintenance group with higher cognitive status). All seven activity subscales were included together in each of the

six logistic regression models.

Results

Research Goal 1: Everyday Lifestyle Activities as a Moderator of Cognitive Status Differences

We applied a hierarchical regression model as described above. Table 1 presents a summary of the regression results. Cognitive

status accounted for 12% of the variance in executive functioning (EF). Higher cognitive status was correlated with better EF.

Overall, the everyday lifestyle activities accounted for an additional 7% of the variance after controlling for cognitive status.

One activity subscale was significant: Greater engagement in novel information processing activities was related to better EF.

Interactions between cognitive status and each activity did not significantly account for additional variance. However, self-

maintenance and socialactivities independently moderated cognitive status differences in EF. To further explore these two

effects, we used median split to create low and high activity levels (i.e., for self-maintenance and social activities). Follow-up

general linear models showed no differences within groups for self-maintenance. For social activities, the 95% CI around the

lower and upper bounds showed differences in level of social activities for the CI group only. As shown in Fig. 1, CI adults
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who are more engaged in social activities have better EF than those who are less involved. CE adults performed highest irrespective

of the activity level. CN adults performed lower than CE.

Research Goal 2: Lifestyle Engagement and Maintenance of Cognitive Status Over Time

Six logistic regression models were conducted: CE–CE versus CN–CN; CE–CE versus CI–CI; CN–CN versus CI–CI; CE–

CE versus CE–CN; CN–CN versus CN–CI; and CI–CI versus CI–CN. For the CE–CE versus CN–CN comparison, engage-

ment in novel information processing activities predicted group membership, Exp(b) ¼ 3.52, 95% CI ¼ 1.49–8.28, p , .01.

Table 1. Interaction effects among cognitive status (W1) and everyday lifestyle activities using hierarchical multiple regressions

Correlates EF factor

Cognitive status (CS) 0.34***

R2 0.12***

F-Change 37.60***

Activities

Physical 0.07

Self-maintenance 0.05

Travel 0.07

Passive Information Processing 20.06

Social 20.08

Integrative Information Processing 0.02

Novel Information Processing 0.22**

R2 0.18

DR2 0.07**

F-Change 3.17**

Two-way interactions

CS × Physical 20.13

CS × Self-maintenance 0.37*

CS × Travel 0.29

CS × Passive Information Processing 0.06

CS × Social 20.42*

CS × Integrative Information Processing 0.04

CS × Novel Information Processing 0.17

R2 0.21

DR2 0.03

F-Change 1.40

Note: EF ¼ executive functioning. N ¼ 469.

*p , .05.

**p , .01.

***p , .001.

Fig. 1. CI older adults who are engaged in social activities have better EF than those who are less socially engaged. CE adults performed highest irrespective of the

activity level. CN adults performed lower than CE.
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The probability of being in the CE stability group (rather than the CN stability group) over the two-wave period increased 3.52

times per unit increase in activity. For the CE–CE versus CI–CI comparison, engagement in novel information processing activ-

ities also predicted group membership, Exp(b) ¼ 5.23, 95% CI ¼ 1.49–8.28, p , .001. The probability of being in the CE sta-

bility group (rather than the CI stability group) over the two-wave period increased 5.23 times per unit increase in activity. For

the CN–CN versus CI–CI comparison, engagement in novel information processing activities also predicted group membership,

Exp(b) ¼ 1.97, 95% CI ¼ 1.05–3.67, p , .05. The probability of being in the CN stability group (rather than the CI stability

group) over the two-wave period increased nearly two times per unit increase in activity. For the CI–CI versus CI–CN compari-

son, engagement in physical activities predicted group membership, Exp(b) ¼ 1.63, 95% CI ¼ 0.99–2.69, p , .05; and engage-

ment in travel predicted group membership, Exp(b) ¼ 0.46, 95% CI ¼ 0.22–0.94, p , .05. The probability of improving

cognitive status over the two-wave period increased 1.63 times per unit increase in physical activity in the CI group. The probabil-

ity of improving cognitive status over the two-wave period in the same group increased 0.46 times per unit decrease in travel

activities. Physical activities and travel did not predict group membership between CE–CE versus CE–CN and also CN–CN

versus CN–CI comparisons. None of the other lifestyle activity variables were significant in predicting change in cognitive

status. Table 2 presents a summary of the regression results.

Discussion

We investigated two research goals, both pertaining to the potential effects of lifestyle activities on performance or stability

related to cognitive status: (a) the potential moderating effects of lifestyle engagement on cognitive status differences in EF per-

formance, and (b) whether lifestyle engagement predicts two-wave maintenance (vs. transitions) of cognitive status. Our three

cognitive status groups were defined using our standard objective classification procedure (e.g., Dixon et al., 2007; Dolcos

et al., 2012; de Frias et al., 2009). Namely, we empirically defined a CN older group (i.e., CN), differentiating it from a relatively

CI group (i.e., CI) and cognitively higher performing group (i.e., CE) of older adults. The EF domain was handled as a single factor

as per our prior findings showing that a unidimensional structure fit all three groups (de Frias et al., 2009) and other samples from

the VLS (McFall et al., 2013).

The first research goal was to examine the moderating role of lifestyle engagement. We found support for social engagement as a

moderator of cognitive status differences in general EF performance. Specifically, CI adults who have more engaged social lives

also have better EF when compared with their CI counterparts who are less socially active. In contrast, the CE group performed the

highest on EF and steadily across two levels (above/below median) of the social engagement domain. The CN group performed

lower on EF yet also at a steady level across the same activity domain. These findings extend other studies by supporting the social

engagement hypothesis such that higher social activity among CE, CN, and CI older adults is associated with better EF (Fratiglioni

et al., 2004; Hughes et al., 2008; Krueger et al., 2009; Seeman et al., 2001; Small et al., 2012), whereas low levels of social activity

in CI adults is related to an EF deficit. Our results suggest that the ability to maintain a healthy level of social activity (e.g., man-

aging relationships or skill in the cognitive component of social interactions or variety in activity) may be challenging in some CI

adults which may further compromise their EF performance. Future research should assess the exact social mechanism (e.g.,

changes in access to activities or social support, motivational shifts) that may become vulnerable in CI adults. In addition,

however, it is possible that related cognitive mechanisms (and perhaps especially executive functions) may support social engage-

ment, at least in the sense that high levels of social activities offer ample opportunities for practice in essential cognitive processes.

Decline in these skills (e.g., memory, planning) may affect level, variety, and challenge of social activities (Small et al., 2012).

Conceivably, since the CI adults may develop more severe deficits further compromising their independence, it becomes vital

Table 2. Using logistic regression analyses to examine everyday lifestyle activities as a predictor of stability transition of cognitive status over a two-wave period

Cognitive status B Odds ratio Exp(b) CI p

CE–CE versus CE–CN

Physical Activities 0.04 1.04 0.51–2.12 .91

Travel 0.28 1.32 0.47–3.70 .60

CN–CN versus CN–CI

Physical Activities 0.16 1.17 0.87–1.58 .30

Travel 0.16 1.17 0.68–2.02 .57

CI–CI versus CI–CN

Physical Activities 0.49 1.63 0.99–2.69 .05

Travel 20.78 0.46 0.22–0.94 .03

Note: Comparisons between stability groups are reported in the text.
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to ensure that they remain socially connected. Since the benefits of cognitive collaboration have been demonstrated in older adults

(Dixon, 2011), future research should focus on cognitive interventions geared toward facilitating socially charged or collaborative

tasks for CI adults. Similar to other studies, we did not find that physical activity was a significant moderator after accounting for

variance in all other lifestyle activity categories (see Kramer et al., 2004, for review). The kind and intensity of physical activity

may need to be assessed in future research on this topic.

The second research goal was to examine whether maintenance of cognitive status over a two-wave (4.5 years) period was pre-

dicted by the frequency of participating in activities at baseline. Using logistic regression models, we found that among the CI

group, those individuals who reported greater participation in physical activities were more likely to improve their cognitive

status than their more sedentary peers. The cognitive trajectory of CI adults is variable, with improvement, maintenance, and

decline as viable pathways (de Frias et al., 2009; Dixon et al., 2007). Our findings show that one mechanism promoting long-term

cognitive status improvement is physical activity, especially among already cognitively less healthy older adults (see Fratiglioni

et al., 2004; Kramer et al., 2004, for reviews). We also found that among individuals who maintained their classification status over

a two-wave period, membership into a higher cognitive status group (i.e., CE–CE relative to CN–CN, CE–CE relative to CI–CI,

and CN–CN relative to CI–CI) was consistently predicted by cognitive activities that involve novel information processing. The

largest effect was the five-fold increase (odds ratio ¼ 5.23) in being in the CE–CE (sustained cognitively healthy) group than the

CI–CI (chronic CI) group with greater involvement in this form of cognitive activity. The odds of being in the CN–CN (stable

normal aging) group, relative to the CI–CI group, were nearly two-fold with every increase in the frequency of participating in

cognitive activities that demand novel information processing. The protective cognitive effects of cognitively stimulating activ-

ities thatdemand novel information processing has been consistently supported (e.g., Mitchell et al., 2012). Formal cognitive inter-

ventions targeting novel information processing skills compounded with a boost in cognitively stimulating activities in everyday

life may be most effective in preserving cognition.

Several limitations of this study are noteworthy. First, our measure of lifestyle engagement specifically addressed frequency of

participation in a given activity. Recent research by Carlson and colleagues (2012) has shown that participation in a variety of

lifestyle activities is also a powerful predictor of cognitive health, at least supplementing the standard frequency of participation

in any single activity. To some extent, we observed a result consistent with this perspective initially in the first research goal. The

full (and diverse) complement of lifestyle activities were a significant predictor of EF performance even after controlling for cog-

nitive status. Notably, more domain-specific relationships were subsequently also observed. Second, although the overall sample

size is adequate, the subgroups that are formed through classification are relatively small for some subgroups. Third, although EF

was adequately sampled, the five cognitive (non-EF) domains used for classification had fewer indicators for each domain listed.

Fourth, while the analysis for the second research goal focused on change in cognitive classification, another approach could be

to examine change in the cognitive level. Fifth, while environmental/lifestyle factors provide important influences on healthy cog-

nitive aging, biological/mood/genetic factors or their interactions are also viable contributors. For example, it is plausible that

physical activity may moderate the cognitive status-EF relation for specific genotypes.

In sum, we found that different but potentially complementary domains of lifestyle activities (social, physical, cognitive) oper-

ated to moderate cognitive status effects both at baseline (in terms of the specific cognitive outcome of EF) and over time (in terms

of the stability or transitions in status). Regarding the former, cognitive status differences in EF were moderated by social engage-

ment for CI adults. Regarding the latter, two results are especially noteworthy. First, among CI adults, improvement in cognitive

status over a two-wave period was provided by greater participation in physical activities. Second, among the stable groups, being

in a higher cognitive status group was associated with by greater participation in novel cognitive activities. We examined cognitive

status along a continuum which allowed us to pinpoint the critical stage that is most conducive to the benefits of active living (e.g.,

CI adults). Notably, our results confirm the general trend in the literature to focus on the lifestyle engagement domains of cognitive,

social, and physical activities, as the other domains covered by the VLS-ALQ did not play a role in these results. Future clinical

research on cognitive interventions in normal and impaired aging should target lower performing and perhaps clinically notable

groups of CI older adults, perhaps with a tripartite engagement regimen, examining either separately or interactively elements of

physical, cognitive, and social activities or training, namely, a holistic approach.
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