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Abstract

Engagement in cognitively stimulating activities is gaining prominence as a potential strategy to
maintain cognitive functioning in old age. In a population-based cohort of individuals aged 65+
years, we examined patterns of change in frequency of engagement in total cognitive activity
(TCA), higher cognitive activity, (HCA) and frequent cognitive activity (FCA) based on the
Florida Cognitive Activities Scale over an average of 3.62 years, and whether these patterns were
associated with incident mild cognitive impairment (MCI) during this same period. Among 867
cognitively normal participants, 129 (15%) progressed to MCI. Latent class trajectory modeling
identified high and stable, slowly, and quickly declining patterns for TCA,; high and stable, slowly
declining, and slowing increasing patterns for FCA; and high and stable, and slowly declining
patterns for HCA. Separate, adjusted Cox proportional hazard models, revealed that compared to
the high, stable pattern, both slow decline (HR = 2.5, 95% CI: 1.5-4.0) and quick decline (HR
=11.0, 95% ClI: 6.3-19.2) in TCA, and slow decline in the FCA (HR = 8.7, 95% CI: 5.3-14.3)
and HCA (HR= 3.4, 95% CI: 2.0-5.6) subscales increased risk for incident MCI. Maintaining
engagement in cognitive activities may be protective against progression to MCl, alternatively,
declining engagement may be a marker for impending cognitive impairment.
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Introduction

Engagement in cognitively stimulating activities is gaining prominence as a potential
behavioral strategy to maintain cognitive functioning in old age. Observational studies
suggest that those who report participating in mentally effortful activities, with both higher
frequency and greater variety, have slower age-related cognitive declinel-3 and a lower risk
of mild cognitive impairment*® and dementia’®. In the same vein, a variety of intervention
trials that provide cognitive stimulation; ranging from training specific cognitive domains
such as the Advanced Cognitive Training for Vital Elderly (ACTIVE) study?, to programs
that provide the opportunity for activities that may stimulate multiple cognitive domains
through activities such as volunteering!!, video games'2-14, computer games!®, creative
problem solvingl6, and creative expressionl’ have shown to benefit cognitive performance
and/or to lower risk for cognitive impairment in older adults. However, results from both
observational studies and interventions have produced inconclusive results18-20, which are
likely explained by differences in study methodology9: 21-23,

Longitudinal studies that examine patterns of change in activity, rather than only initial level
of activity, may help clarify whether modifying (i.e., changing) the level of engagement

in activities would influence the development of cognitive impairment over time, and thus
would support interventional approaches to increase everyday cognitive stimulation. Further,
examining predictors of change in engagement in cognitive activity may help identify those
with declining engagement that may benefit from such interventions. For example, we would
hypothesize that older participants, men, those with lower education, and are unmarried or
living alone would be less likely to remain engaged in activities. Poor sensory and health
functioning would also be expected to negatively influence frequency of engagement in
cognitive activity with aging.

The purpose of the present study is to examine patterns of change in cognitive activity

over time, predictors of these patterns, and whether these patterns are associated with risk
of developing mild cognitive impairment (MCI) in initially cognitively normal participants.
A limitation of this line of research has been the variety of measurements of everyday
engagement in cognitive activities that have been employed in different studies?l. This has
limited not only comparisons across studies, but also our understanding of the parameters
of cognitive activity for intervention trials. We therefore utilized the Florida Cognitive
Activities Scale (FCAS) that was developed and validated by Schinka and colleagues®* as a
psychometrically sound measure of cognitive engagement. We hypothesized that cognitively
normal older adults who experience a decline in activities, compared to those maintaining
their levels of engagement, are more likely to develop subsequent cognitive impairment.

Methods

Participants

Participants were members of a prospective cohort study designed to investigate MCI in the
community, locally known as Monongahela-Youghiogheny Healthy Aging Team (MYHAT).
Details of the study design and methods are published elsewhere?®. Briefly, community-
dwelling elders aged 65 years or older were drawn as an age-stratified random sample from
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voter registration lists of select towns in a geographically defined region of Southwestern
Pennsylvania between 2006 and 2008. A total of 2,036 participants were initially recruited;
based on an age-education adjusted Mini-Mental Status Examination (MMSE) score <
21/3026: 27 54 were considered too cognitively impaired for a study of MCI. The remaining
1,982 had a mean age of 77.6 years, were 61% female, and 94.8% White. They had

a median education level of high school graduate; 41.1% had more than a high school
education. Their average MMSE score was 26.9 (SD=2.4; Range 15-30). These participants
were assessed in detail at study entry and reassessed in annual cycles. The MYHAT study
protocol was reviewed and approved by the Institutional Review Board of the University of
Pittsburgh and all participants provided written informed consent.

To be included in the present analyses, participants needed to have complete data on the
FCAS, which was added to the MYHAT assessment battery in January 2010, at which time
participants were in their 34, 41, or 5 annual follow-up cycle. A total of 1322 participants
were assessed on the FCAS for the first time at cycle 3 (n = 322), cycle 4 (n = 703), or cycle
5 (n = 297), which was considered his/her “baseline” for the present analyses. The survey
has since been repeated at annual assessments. In addition, participants had to be cognitively
normal, i.e., to have a Clinical Dementia Rating (CDR; described below)=028. 29 at the
“baseline” assessment, which further excluded 380 participants. Finally, 75 participants were
excluded because they did not have at least one year of follow-up, resulting a final sample of
867 participants.

Incident MCIl.—The Clinical Dementia Rating scale?8 is a used to rate cognitive function
based on everyday performance. A summary CDR rating of 0 (no dementia), 0.5 (very mild
dementia), and 1.0 through 3.0 (mild, moderate, and severe dementia) is generated using an
algorithm that is weighted towards memory. Incident MCI was defined as a CDR rating of
0.5 occurring for the first time in an individual with a previous annual rating of CDR=0,
with the time of onset defined as the midpoint between the two ratings.

Cognitive Activity.—The FCAS?4 is a 25-item, reliable and valid scale designed to
measure self-reported frequency of engagement across a spectrum of activities varying in
cognitive demand. Participants report the frequency of engagement in each activity during
the past year, with response choices being “ never or used to do, but not in the past year”,
“less than 1 time per month”, “1-4 times per month”, “5 or more times per month, but

not every day”, and “every day.” A total cognitive activity (TCA) score is calculated by
summing scores on all 25-tems. Two, non-mutually exclusive subscales are calculated to
assess activities with higher cognitive demand and engaged in frequently, referred to as
higher cognitive activity (HCA) and frequent cognitive activity (FCA), respectively. The
HCA subscale score is calculated by summing ten items found to be correlated with a
cognitive composite score, and the FCA subscale score is calculated by summing eight items
found to be engaged in at least weekly in the initial scale development.24 The FCAS score
was not calculated if a participant was missing item-level data, which occurred in only 9
participants at their own “baselines.”
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Since the FCAS was developed as a self-administered survey, and the MYHAT study
assessment is interviewer-administered, we implemented additional guidelines to assist
interviewers in coding the “average” frequency over the past year since frequency can vary
over the course of the year. We also provided guidelines regarding acceptable activities

not explicitly listed on the survey, e.g., “writing emails” was acceptable under the original
survey question “writing letters to friends or relatives.” The adapted FCAS survey can be
viewed as Supplemental Digital Content 1, with activities contributing to the HCA and FCA
subscales denoted.

Other variables.—The following baseline variables were considered for inclusion in the
statistical models. Sociodemographic characteristics included age (continuous), gender, race
(White vs. non-White), apolipoprotein E allele status (absence vs. presence of e4 allele),
education (< high school vs. = high school), marital status (not married vs. married or

living as married), living arrangement (alone vs. with others) and employment status (not
working vs. working (full- or part-time)). Physical health included subjective rating of health
(poor/fair/good vs. very good/excellent), number of prescription medications (0-3 vs. = 4),
vision and hearing (no correction needed vs. correction needed), the timed Get-Up-and-Go
test measured in seconds (continuous), and waist-to-hip ratio (continuous). Vascular health
included history of self-report s (yes vs. no) medical diagnosis of stroke, hypertension,
hypercholesterolemia, diabetes mellitus, heart attack, and congestive heart failure, as well
as objective measures of systolic and diastolic blood pressure (continuous). Depression was
assessed by the number of depressive symptoms on the modified Center for Epidemiologic
Scale (MCES-D)30 (0 vs. = 1 symptom based on median score). Cognitive ability was
measured with the Mini-Mental State Examination26 (MMSE; continuous), and subjective
cognitive concerns were based on a 21item scale (0 vs. = 2 complaints based on median
score) and a self-report of memory being worse than it was one year ago (yes vs. no)3L.
Lifestyle behaviors included physical activity of at least moderate intensity in the past year
(yes vs. no), smoking (current vs. not current), and drinking (never/previous use vs. in past
year). Self-report of medical history and lifestyle behaviors is standard in population —based
surveys and sufficiently reliable in individuals without dementia32: 33,

Statistical Analyses

We first summarized the baseline characteristics of the sample. Next, we used latent

class trajectory modeling (LCTM)34 to identify participants with homogeneous longitudinal
trajectories (i.e., stable, increasing, or decreasing) of TCA, FCA, and HCA scores. Bayesian
information criteria (BIC) and likelihood ratio tests were combined to determine the number
of components in a latent trajectory model and the appropriate functional form of each
component (linear, quadratic, etc.). The model with the smallest BIC value among all the
candidate models with a significant likelihood ratio test statistic was used to select the
number of underlying trajectory groups. Each participant was then assigned to the trajectory
group with the largest estimated posterior probability of his/her belonging to that group.
Intercepts and slopes were estimated for each trajectory group.
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After determining the trajectory group, we further explored the association between baseline
characteristics and trajectory group membership by fitting univariable multinomial logistic
regression models.

Finally, we used weighted Cox proportional hazards regression models to estimate the
association between trajectory patterns of each cognitive activity scale and time to MCI
incidence. To account for differences between those who were still in the study at wave 3, 4,
or 5 and those who had been lost prior to the addition of FCAS, inverse probability weights
were estimated for each participant using multiple logistic regression models. This method
estimates the probability of being in the study at the cycle when FCAS was first asked,

with the weights adjusting for potential attrition bias. 3% In these models, we also adjusted
for covariates that were associated with risk for MCI in the univariable models (p < 0.15).
(Supplemental Digital Content 2 shows the univariable model results).

LCTM analysis was performed using /cmm package in R v3.1.0, and all other analyses were
performed in SAS 9.336,

A total of 867 participants were included in the present study and were followed from cycle
3, 4 or 5 (depending on the cycle when FCAS was first assessed) through cycle 8, with an
average of 3.6 years (maximum = 5 years) of follow-up. Table 1 shows the characteristics of
the participants at baseline.

The latent class trajectory models predicted 3 trajectory patterns for TCA, 3 trajectory
patterns for FCA, and 2 trajectory patterns for HCA (Figure 1, panels A-C). The intercept
and slope estimates of fitted trajectories for each scale are shown in Table 2. For the TCA
scale, participants started out with a similar high level of engagement. The majority (n =
735) continued this level of engagement over time (high, stable), while some slowly declined
(n =101) or quickly declined (n = 31). For the FCA subscale, the majority of participants
(n=777) had a high, stable pattern of activity in engagement, while others started high and
then slowly declined over time (n = 57). A small number of participants (n = 37) began at
a significantly lower level of engagement in FCA compared to the high, stable and slowly
declining groups, but had a slow increase in engagement. For the HCA subscale, most

(n = 807) participants showed a high, stable pattern of activity, while 60 participants had
significantly higher baseline level of engagement compared to the high, stable pattern, but
slowly declined over time.

Table 3 shows baseline predictors of the cognitive activity patterns. Older participants,
those with lower education, lower MMSE, more subjective cognitive concerns, slower gait
speed, and who were physically inactive were more likely to decline in all three cognitive
activity scales. Slow decline in FCA was associated with being unmarried, living alone,
never or previous alcohol consumption, and taking 4 or more prescription medications;
whereas being a current smoker was associated with the increasing pattern of activity in
FCA. Congestive heart failure was associated with slow decline in TCA and HCA only,
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more depressive symptoms were associated with slow and quick decline in TCA only, and
hypercholesterolemia was associated with lower risk for slow decline in HCA only.

During the follow-up period, 129 (15%) participants progressed from normal cognitive
status to mild cognitive impairment. Table 4 show the results of the Cox proportional
hazards regression models estimating the association of the trajectory patterns for each
cognitive activity scale, compared to the high, stable group, and incident MCI after adjusting
for covariates and different baseline levels of engagement. Decline in TCA was found

to increase risk for incident MCI, ranging from 3 to 11-fold for the slowly and quickly
declining patterns, respectively. Slow decline in FCA also significantly increased risk for
incident MCI by over 8-fold, while the slowly increasing pattern was not associated with
risk for MCI. Finally, slowly declining engagement in HCA was found to increase risk for
incident MCI over 3-fold. Kaplan-Meier estimators display the probability of progressing to
MCI for each cognitive activity trajectory pattern (Figure 2, panels A-C).

Discussion

This study examined how changing patterns of engagement in everyday cognitive activities
are associated with risk for mild cognitive impairment over a period of up to 5 years

in a population-based cohort of older adults. The results suggest that declining frequency
of engagement in cognitive activities over time is associated with an increased risk of
progressing from normal cognitive status to mildly impaired status. The effect of declining
activity was most pronounced for quick decline in total cognitive activity with a 11-fold
increased risk. Slower decline in total cognitive activity and in the subscales of frequent and
higher cognitive activities were also associated with elevated risk for progressing to MCl,
with risk elevation ranging from 3 to 8-fold.

One interpretation of these results is that maintaining engagement in cognitive activities over
time may reduce the risk for cognitive impairment, while reducing time engaged in cognitive
activities increases risk. Thus, intervention studies may be warranted that encourage
participants to maintain or increase everyday engagement in cognitive activities. The
alternative interpretation of our findings is that declining engagement in cognitive activity
could be a marker for impending cognitive impairment. There is a long pre-symptomatic
phase prior to the onset of detectable cognitive impairment3’ during which underlying aging
and disease processes could begin to affect engagement in cognitive activities. To examine
this possibility further, we conducted sensitivity analyses excluding participants classified

as CDR > 0 at any cycle prior to their own “baselines”, i.e., fluctuated between normal

and MCI prior to the first FCAS assessment. The associations were slightly attenuated,

but remained significant (Supplemental Digital Content 3 shows the Cox proportional
hazards models of the associations between cognitive activity and incident MCI in this
restricted sample), hinting that the association of decline in cognitive activity with increased
risk for incident MCI could be driven by those who are already experiencing cognitive
decline. However, given that the results remained statistically significant after excluding
these fluctuating participants, the conclusion that maintaining engagement in activities offers
protection against the development of MCI remains plausible.
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We also examined factors that may influence engagement in cognitive activity over time
and found associations with demographic and health factors in the expected direction. Our
results suggest that there is a greater likelihood of declining frequency of engagement in
cognitive activities among those with increasing age, who are male, have a lower education,
live alone or are unmarried, and are physically inactive. In addition, lower objective and
subjective cognitive functioning and the presence of health problems as indicated by

slow gait speed, more prescription medications, and possibly heart failure or depressive
symptoms also are associated with less frequent engagement in cognitive activities over
time. If engagement in cognitive activity lowers risk for cognitive impairment, older adults
with these characteristics may be the appropriate target for everyday cognitive activity
interventions. In the final models examining the association between patterns of change in
cognitive activity and risk for MCI, we found that some of these factors also remained
significantly associated with risk for MCI and could perhaps partially explain the association
between cognitive activity and incident MCI. Taken together, the results suggest that factors
that influence the opportunity for (i.e., living with others), and interest in (i.e., educational
attainment) engagement, as well as cognitive ability (objective and subjective) to participate
in cognitive activities may play an important role in both maintaining engagement in
cognitive activities and cognitive function with aging.

The mechanisms underlying the benefits of cognitive activity on brain and cognitive health
currently being investigated3® may explain the lower risk of progression to MCI found in
this study. According to the STAC-r model3?, engaging in cognitively stimulating activities
may be a strategy to enhance brain structure and function and contribute to the process of
“neural resource enrichment.” Cognitive activity may reduce risk of cognitive impairment by
improving indicators of brain health (e.g., connectivity, greater synaptic density and cortical
thickness, and higher levels of brain-derived neurotropic factor), increasing the capacity for
compensatory scaffolding, or by directly lowering the level of neuropathology associated
with Alzheimer’s disease®? 41, While there is growing evidence from both observational
and intervention trials to support these potential pathways, additional evidence from
neuroimaging and brain biomarker studies are needed to fully understand the mechanisms.

The FCAS provides an overall picture of engagement in older adults’ activities requiring
cognitive demand, with some requiring more mental effort than others. Previous studies
examining the association between cognitive activity and cognitive outcomes suggest that
activities that are novel and more cognitively demanding have the greatest likelihood of
reducing the risk for cognitive decline and impairment among older adults#2. We did not
find that decline in engagement in HCA was associated with the greatest risk for MCI.

A limitation of the FCAS is that activities included in the higher cognition subscale are
based on exploratory factor analysis and expert opinion, and not on participants’ subjective
ratings of the level of cognitive demand of these activities. The finding that declining
overall engagement is associated with the greatest risk for MCI may reflect that activities
with cognitive as well as social (e.g., playing board games, talking on the phone, going to
social clubs or events) and physical (e.g., gardening, walking in unfamiliar places, shopping)
aspects offer the greatest benefit to cognition rather than cognitive stimulation alone.
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This study was conducted in a large population—based sample of community-dwelling
older adults with a focus on measuring cognitive outcomes over time. We enhanced the
generalizability of the study findings by adjusting for potential attrition bias that may have
been present due to different study “baselines.” Cognitive activity was measured annually
using a validated scale, allowing us to model and examine patterns of change in activity in
relation to incident MCI. Limitations of the FCAS have been previously noted. The outcome
of MCI was defined as CDR=0.5, which was assigned by trained study interviewers based
on the assessment of cognitively-driven everyday function at each annual visit. Participants
were not required to have an informant in this study, which may have underestimated the
degree of impairment and the strength of the association with cognitive activity; however,
all were cognitively normal (CDR=0) at baseline. Also, for analytic purposes we treated
MCI as a categorical variable with a distinct date of onset; however, cognition declines on
a continuum with the threshold for MCI being somewhat arbitrary. Therefore, the exact
date of onset is less important than the fact that a participant’s level of cognitive had
declined. Finally, the follow-up period of this study is relatively short in the context of the
development and progression of cognitive decline leading to MCI and dementia, which is
believed to occur over 20 years or more3’. The benefits of engagement in cognitive activity
for cognitive health would be more convincing if assessed over a longer period of time.

In conclusion, the majority of older adults in our sample maintained a relatively stable level
of engagement in cognitive activities, but those whose level of engagement declined over the
study period experienced a significantly elevated risk for developing MCI. This suggests that
either maintaining engagement in cognitive activities may offer protection for older adults
against developing cognitive impairment, or that declining engagement is an early warning
sign for cognitive problems to come. Older adults should be encouraged to remain actively
engaged in leisure and purposeful activities for successful aging as additional research

is conducted to clarify the specific association between cognitive activities and cognitive
outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel A.
Product-Limit Survival Estimates
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Panel C.
Product-Limit Survival Estimates
With Number of Subjects at Risk
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Figure2.
Kaplan-Meier survival plots showing the probability of progressing to MCI as a function

of (A) Total Cognitive Activity, (B) Frequent Cognitive Activity, and (C) Higher Cognitive
Activity.
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Characteristics of the study participants at baseline (N=867)

Table 1.

Continuous Variables Mean  Standard Deviation
Age 79.76 6.73
Total Cognitive Activity 44.00 9.21
Frequent Cognitive Activity 2525  3.69
Higher Cognitive Activity 14.12 5.48
MMSE 28.00 1.75
Systolic Blood Pressure 130.69 15.03
Diastolic Blood Pressure 73.06 824
Timed Get Up and Go (sec) 12.73 3.62
Waist-hip Ratio 0.90 0.09
Categorical Variables N %
Female 550 63.44
Education = high school 406 46.83
White 832 95.96
ApoE4 (+) 162 20.05
Married or living as married 425 49.02
Living alone 356 41.06
Working full or part time 109 12.57
Stroke 99 11.42
Hypertension 560 64.59
Hypercholesterolemia 473 54.56
Heart attack 7 0.81
Diabetes mellitus 184 21.22
Congestive heart failure 25 2.88
> 1 Depressive symptoms 125 14.43
Physically active 600 69.20
Currently smoking 50 5.77
= 2 Subjective memory concerns 250 18.84
Memory worse than 1 year ago 102 11.79
Alcohol in past year 137 15.80
Subjective Health (very good/excellent) 371 42.84
24 of Prescription medications 481 55.48
Vision correction 809 93.31

Note: MMSE = Mini-Mental State Exam
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Table 2.

Intercept and slope estimates of fitted trajectories of cognitive activity (n = 867)

Total Frequent Higher
Cognitive Activity Cognitive Activity Cognitive Activity

High, stable
Slowly Declining
Quickly Declining

Slowly Increasing

N Intercept Slope n Intercept Slope n Intercept  Slope
735 44.31 001 777 25.69 -0.05 807 14.05 -0.03
101 45.08 -2.06 57 25.92 -2.05 60 18.16 -2.14
31 5007  -6.05 ---
- 37 19.52 082 -
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