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Abstract

Background: Few studies have examined the relationship between lifestyle activity engagement
and cognitive trajectories among individuals who were cognitively normal at baseline.

Obijective: To examine the relationship of current engagement in lifestyle activities to prior
cognitive performance among individuals who were cognitively normal at baseline, and whether
this relationship differed for individuals who subsequently developed Mild Cognitive Impairment
(MCI), or by APOE-4 genotype, age, and level of cognitive reserve.

Methods: Participants (AV=189) were primarily middle-aged (M=56.6 years) at baseline and have
been prospectively followed with annual assessments (M follow-up=14.3 years). Engagement in
physical, cognitive, and social activities was measured by the CHAMPS activity questionnaire.
Longitudinal cognitive performance was measured by a global composite score.

Results: Among individuals who progressed to MCI (7=27), higher lifestyle activity engagement
was associated with less decline in prior cognitive performance. In contrast, among individuals
who remained cognitively normal, lifestyle activity engagement was not associated with prior
cognitive trajectories. These effects were largely independent of APOE-4 genotype, age, and
cognitive reserve.

Conclusions: Greater engagement in lifestyle activities may modify the rate of cognitive decline
among those who develop symptoms of MCI, but these findings need to be confirmed in
prospective studies.
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Introduction

Methods

With dementia prevalence expected to triple by 2050,1 and limited treatment options, it is
important to identify lifestyle factors that may alter risk of cognitive decline. As summarized
by a number of recent reports,1=3 the existing literature provides encouraging evidence that
engagement in physical, cognitive, and social lifestyle activities may modify patterns of
cognitive change over time.

Prior longitudinal observational and epidemiological studies suggest that higher levels of
engagement in lifestyle activities are associated with a reduced risk of incident Mild
Cognitive Impairment (MCI)*-8 and dementia.>8:9 Although some studies among
individuals who were non-demented at baseline have found that engagement in lifestyle
activities is associated with reduced rates of cognitive decline,>8-1% findings have been
inconsistent,16-18

Only a small number of observational studies have examined the association between
lifestyle activities and longitudinal cognitive trajectories among individuals who were
cognitively normal at baseline.®"1%-22 To our knowledge, the relationship of physical,
cognitive, and social activities to longitudinal cognitive trajectories has not been examined
within the same group of initially cognitively normal individuals. It also remains unclear if
the associations between lifestyle activities and cognitive trajectories differ among
individuals who have remained cognitively normal over time versus those who progress to
MCI, and whether these relationships are modified by other factors that may affect cognitive
decline.

This study examined the relationship between current engagement in physical, cognitive,
and social activities and prior cognitive trajectories in a well-characterized cohort of
individuals who were cognitively normal and primarily middle-aged at baseline, allowing us
to extend prior studies in number of ways. First, we examined these lifestyle factors within a
cohort that has been followed annually for a mean of 14 years, a longer period of time than
most prior studies. This long period of follow-up also made it feasible to test whether the
association between engagement in lifestyle activities and prior cognitive trajectories
differed for individuals who were initially cognitively normal but subsequently progressed to
MCI (relative to individuals who remained cognitive normal). Second, we examined whether
the associations between lifestyle activities and cognitive trajectories were modified by
APOE-4 genetic status, age, or level of cognitive reserve (CR). We hypothesized that
individuals with higher engagement in lifestyle activities would have reduced rates of
decline in prior cognitive trajectories, and that these effects might be stronger among
individuals at greater risk for cognitive decline.

Study Design and Participant Selection

Data were derived from the BIOCARD study, an ongoing longitudinal prospective cohort
study designed to identify variables among cognitively normal individuals that predict
subsequent development of mild to moderate symptoms of Alzheimer’s disease (AD).23 The
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study was initiated in 1995 at the National Institutes of Health (NIH). At baseline, following
a comprehensive evaluation, 349 cognitively normal individuals were enrolled after
providing written informed consent. By design, approximately 75% of the cohort had a first
degree relative with dementia of the Alzheimer type. The study was stopped in 2005 for
administrative reasons, and re-established in 2009 by a team from Johns Hopkins University
(JHU). In 2015, the collection of additional measures, including a questionnaire about
engagement in lifestyle activities, was initiated (see Figure 1 for a study timeline; for
additional details, see Supplemental Digital Content 1). This study was approved by the JHU
Institutional Review Board.

Clinical and Cognitive Assessments

Detailed cognitive and clinical assessments and consensus diagnoses were completed
annually at the NIH and continue to be completed annually at JHU (see Supplemental
Digital Content 1 for details). Participants received consensus diagnoses by the JHU
BIOCARD Clinical Core, following the National Institute on Aging/Alzheimer’s
Association working group recommendations for the diagnosis of MCI124 and dementia due
to AD.25 For individuals with evidence of cognitive impairment, the age at which the clinical
symptoms began was estimated.

The main outcome variable in these analyses was a global cognitive composite score based
on four measures previously identified to be the best combination of cognitive predictors of
time to progress from normal cognition to clinical symptom onset of MCI.22 These measures
have been administered annually since baseline, and include: Paired Associates immediate
recall,28 Logical Memory delayed recall, 26 Boston Naming,2” and Digit-Symbol
Substitution.?8 To calculate the composite, individual measures were z-transformed and then
averaged, with the requirement that at least 2/4 scores were present at a given time point.

Lifestyle Activities Assessment

Engagement in lifestyle activities was assessed with the CHAMPS activity questionnaire,2®
which measures self-reported frequency and duration of engagement in 40 physical,
cognitive, and social activities ‘during a typical week in the past month’. Physical activities
were divided into low and moderate-to-high intensity activities according to their Metabolic
Equivalent of Task (MET) values; non-physical activities were categorized as either
cognitive or social activities based on previous literature (see Supplemental Digital Content
2 for additional details).

Low intensity physical, high intensity physical, cognitive, and social activities were each
quantified based on frequency of engagement (times/week), reflecting the sum of all relevant
item frequencies within an activity category. Using the formula provided by Stewart et al.,2
low and high intensity physical activities were also quantified based on estimated caloric
expenditure per week, calculated as the product of an activity’s self-reported duration,
intensity (using MET values adjusted for older adults), and participant body weight, and
then summed across all relevant items. We also created a seventh measure reflecting total
engagement in all activities to capture the variety of activity engagement, independent of
frequency and category.10 For this measure, 1 point was given for each activity endorsed.
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The lifestyle questionnaire was administered starting in 2015. The analyses reported here
were a retrospective evaluation of cognitive changes from visits prior to and including the
time that the participants completed the questionnaire. These analyses include 189
participants. However, collection is ongoing so that additional data will ultimately be
available (see Supplemental Digital Content 3 for details regarding participant exclusion).

Cognitive Reserve Composite Score

The proxy for CR was a composite score based on three measures collected at baseline:
National Adult Reading Test scores,3? WAIS-R vocabulary scores,?8 and years of education.
To calculate the composite, these measures were z-transformed and then averaged.3!

APOE Genotype Coding

APOE genotypes were determined by restriction endonuclease digestion of polymerase
chain reaction amplified genomic DNA (Athena Diagnostics, Worcester, MA). Genotype
was coded dichotomously (APOE-4 carriers = 1, non-carriers = 0). Analyses including
APOE excluded three APOE e2/e4 carriers, given these alleles have contrasting effects on
dementia risk.32:33

Statistical Analyses

Group differences in sample characteristics were tested by t-tests, Wilcoxon rank sum tests,
or chi-square tests as appropriate.

Cross-sectional analyses.—Linear regression models tested the relationship of current
engagement in lifestyle activities, referred to as ‘lifestyle variables’, with demographic and
genetic variables. Separate models were run for each lifestyle variable, which served as the
dependent variable. Model predictors included age at lifestyle questionnaire administration,
sex, diagnosis, baseline CR, and APOE-4 genetic status. Diagnosis was coded
dichotomously based on diagnosis on the date of completion of the lifestyle questionnaire
(remained normal = 0; progressed to MCI = 1).

Longitudinal analyses.—Linear mixed regression models tested the relationship
between current engagement in lifestyle activities and prior cognitive trajectories; models
included linear effects of time and were specified with random intercepts and slopes. The
dependent variable was the cognitive composite score, including baseline measures and all
available scores up to and including the visit at which the lifestyle questionnaire was
completed. The primary models, run in all participants, included the following predictors:
baseline age, sex, education (years), diagnosis, lifestyle variable, time (years from baseline),
and the interaction (cross-product) of each predictor with time. For these models, the
lifestyle variable x time interactions, reflecting differences in slopes of cognitive trajectories
by level of activity engagement, were of primary interest.

These models were then re-run to test whether other variables modify the observed
associations. Separate sets of models were run for each of the following variables, with
additional model predictors shown in parentheses: diagnosis (diagnosis x lifestyle variable,
diagnosis x lifestyle variable x time); level of baseline CR (baseline CR, baseline CR x time,
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baseline CR x lifestyle variable, baseline CR x lifestyle variable x time); APOE-4 genetic
status (APOE, APOE x time, APOE x lifestyle variable, APOE x lifestyle variable x time);
and age (baseline age x lifestyle variable, baseline age x lifestyle variable x time). Terms for
education were removed from models that included terms for baseline CR. For these models,
the three-way interactions were of primary interest.

All continuous variables except time were standardized before regression model fitting.
Analyses were run in R.34

At baseline, all participants were cognitively normal and primarily middle-aged. Participant
characteristics are shown Table 1, subdivided by diagnosis at the time of completion of the
lifestyle questionnaire. Baseline characteristics for the entire BIOCARD cohort and
participants included in the analyses are shown in Supplemental Digital Content 3.

On average, the lifestyle questionnaire was completed 14.3 years after baseline and
participants had 9.8 cognitive assessments over time. Of the 189 participants, 27 progressed
from normal cognition to MCI at some point during follow-up; on average, their estimated
age of onset of symptoms, which preceded the date of diagnosis, was 7.0 (SD = 2.4) years
prior to the completion of the lifestyle questionnaire. Participants who progressed to MCI
were older, had lower baseline CR composite scores, and lower cognitive composite scores
both at baseline and at the visit at which the lifestyle questionnaire was completed.
Correlations among the lifestyle variables are shown in Supplemental Digital Content 4.

Cross-Sectional Relationships of Lifestyle Activities to Demographic and Genetic

Variables

The full results of the cross-sectional models are shown in Supplemental Digital Content 5.
Briefly, engagement in lifestyle activities did not differ by diagnosis or APOE-4 genetic
status. Younger participants tended to report higher levels of engagement in lifestyle
activities. Males and participants with higher baseline CR reported a higher frequency of
engagement in cognitive activities.

Longitudinal Relationships of Current Lifestyle Activity Engagement to Prior Cognitive
Trajectories

In the linear mixed effects models (Table 2), there were significant main effects of time
(reflecting practice-related improvements in prior cognitive performance), education
(reflecting better cognitive performance with higher education), sex (reflecting lower
cognitive performance among men), and diagnosis (reflecting lower cognitive performance
among the participants who progressed to MCI). Significant age x time interactions also
indicated less practice-related improvements in prior cognitive performance with increasing
age. Importantly, the significant lifestyle variable x time interaction for total engagement in
all activities indicated more practice-related improvements in prior cognitive performance in
participants who endorsed a greater overall number of activities.
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Longitudinal Analyses Testing Whether Other Variables Modify the Association Between
Current Lifestyle Activity Engagement and Prior Cognitive Trajectories

Associations between engagement in lifestyle activities and prior cognitive trajectories
differed by diagnosis, as indicated by significant diagnosis x lifestyle variable x time
interactions for frequency of engagement in low and high intensity physical activities,
cognitive activities, and social activities, as well as total engagement in all activities (Table
3, top). In post hoc models run separately by diagnostic group, among participants who
progressed to MCI, significant lifestyle variable x time interactions indicated that higher
engagement in physical, cognitive, and social activities, as well as total engagement in all
activities, were associated with less decline in prior cognitive performance (Table 3, bottom;
Figure 2). The pattern of results was similar when excluding the 5 non-white participants,
and when number of years impaired was included as an additional covariate, except that the
interaction for low intensity physical activities was no longer significant (results not shown).
The pattern of results was also similar when variables reflecting baseline vascular risk (i.e.,
hypertension, diabetes) were included as additional covariates (see Supplemental Digital
Content 6). Additionally, higher frequency of engagement in cognitive and social activities
was significantly associated with an older age of symptom onset (r=0.18, p=.003 and r=
0.19, p=.002, respectively). In contrast, among cognitively normal participants, lifestyle
activity engagement did not modify prior cognitive trajectories (all p > .30; results not
shown).

Associations between current lifestyle activity engagement and prior cognitive trajectories
were not modified by APOE or baseline age (all p> .28). Associations between current
lifestyle activity engagement and prior cognitive trajectories were also not modified by
baseline CR, with the exception of frequency of engagement in social activities (CR x
lifestyle variable x time, beta (SE) = -0.009 (0.003), p=.01). Post hoc models indicated
higher engagement in social activities was associated with more practice-related
improvements in prior cognitive performance among participants with low CR scores (i.e.,
below the median, beta (SE) = 0.018 (0.008), p=.03), but not high CR scores (i.e., above
median, p=.57).

Follow-up models among participants who have remained cognitively normal.
—Additional follow-up models examined the above-mentioned three-way interactions
among the subset of participants who have remained cognitively normal over time. The
relationships between engagement in lifestyle activities and prior cognitive trajectories were
not modified by baseline CR, APOE-4 status, or age (all p> .11).

Discussion

This study examined the relationship of current engagement in lifestyle activities with prior
cognitive trajectories in a cohort of individuals who were cognitively normal and primarily
middle-age at baseline. In the primary analyses, only total number of activities endorsed (but
not the individual lifestyle activities) was associated with better cognitive trajectories.
However, the relationship between engagement in lifestyle activities and prior longitudinal
cognitive trajectories differed by diagnostic outcome. Among individuals who progressed to
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MCI over the course of follow-up, higher engagement in lifestyle activities was associated
with less decline in prior cognitive performance. In addition, higher frequency of
engagement in cognitive and social activities was associated with an older age of onset of
clinical symptoms of MCI.

In contrast, among individuals who remained cognitively normal over time, engagement in
lifestyle activities was not associated with prior cognitive trajectories, and the association
between engagement in lifestyle activities and prior cognitive trajectories was not modified
by CR, APOE-4 status, or age. This may reflect the fact that individuals who remained
cognitively normal demonstrated practice-related improvements in cognitive performance
over time, suggesting that any differential impact of lifestyle activities may be difficult to
discern.

Taken together, these findings raise the possibility that lifestyle activities provide resilience
that allows individuals with preclinical disease to remain asymptomatic for longer periods of
time by enhancing their capacity to tolerate accumulating AD pathology,3°-36 though
biomarker studies (e.g., including PET or MRI) are needed to explicitly test this hypothesis.
By comparison, there appears to be less of an impact of lifestyle activities on cognitive
changes due to normal aging, at least among individuals who were primarily middle aged at
baseline.

Because lifestyle activities were not assessed at baseline, we cannot rule out the possibility
of reverse causation. For example, those who progressed to MCI may have declined in their
levels of engagement in lifestyle activities as cognitive problems were developing (see37:38
for a discussion), or had difficultly recalling their levels of lifestyle activity engagement,
rather than activities being protective. Although this explanation seems less likely given that
diagnostic status was unrelated to cross-sectional measures of lifestyle activity engagement,
it cannot be ruled out. The causal relationship between changes in cognition and changes in
lifestyle activity engagement is an issue for any study that assesses activity engagement
among non-demented or mixed diagnosis groups, which includes a large number of studies
on this topic. These findings therefore require replication by future studies among
cognitively normal individuals that include baseline measures of lifestyle activity
engagement, measures of cognition over time, and longitudinal clinical outcomes.

The results of this study extend prior literature in a number of ways. First, this is the first
study to our knowledge that has examined multiple categories of lifestyle activities in
cognitively normal individuals with extensive longitudinal follow-up. Second, prior studies
examining the relationship between lifestyle activities and cognitive trajectories among
initially cognitively normal individuals have tended to include individuals who were older at
baseline (70s-80s) or had relatively short follow-up (< 5 years).57:19-22

Third, although prior studies have reported a reduced risk of progressing to MCI among
those with greater lifestyle activity engagement, few have examined the impact of other
factors known to affect MCI risk (i.e., APOE status, level of CR, age). For example, in a
prior study among primarily middle-aged, cognitively normal individuals, higher

engagement in physical activities was associated with small working memory/executive
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function performance gains among APOE-4 carriers, but not APOE-4 non-carriers.1?
Although we found no interactions between physical activity engagement and APOE in the
present study, this discrepancy may be attributed to differences in outcome variables.
Additionally, aside from engagement in social activities, baseline CR did not modify the
relationship between lifestyle activity engagement and prior cognitive trajectories. These
effects were likely driven by the subset of individuals who progressed to MCI, given that
baseline CR did not modify prior cognitive trajectories among those who remained
cognitively normal. Although some prior studies among non-demented individuals found
social activities to reduce the likelihood of cognitive decline,12:14 findings have been
inconsistent.16:38 Taken together with the existing literature, the results of the present study
suggest that the protective effects of lifestyle activities on longitudinal cognitive trajectories
may be most evident in the subset of cognitively normal individuals at greatest risk for
cognitive decline, such as those at increased risk of progressing to MCI who likely have
higher levels of brain pathology, or those with low levels of CR.

One of the primary findings of this study, that higher current lifestyle activity engagement
was associated with /essdecline in prior cognitive performance among those who progressed
to MCI, appears to contrast with our previous findings showing that higher levels of baseline
CR were associated with greater cognitive decline after symptom onset among those who
progressed to MCI.39 One possible explanation for this difference is that the protective
effects of CR and lifestyle activity engagement operate through different mechanisms, with
subtly different neural implementations. We hypothesize that baseline CR, measured here by
proxy variables that peak around middle age and remain relatively stable thereafter (e.g.,
education, vocabulary), may be most directly related to neural reserve, such as the
development of brain networks with greater efficiency, capacity, and/or flexibility.36 These
networks may function normally until a threshold of pathology is reached, at which point
cognition begins to decline and symptoms of MCI emerge. As hypothesized by theoretical
models of CR,36:3% individuals with higher levels of baseline CR show a later age of MCI
symptom onset, followed by greater cognitive decline after symptom onset. By comparison,
continued engagement in lifestyle activities may be more closely related to neural
compensation, reflected in the ability to use brain networks more flexibly in the face of
accumulating pathology,3® and could be one mechanism by which lifestyle activities modify
cognitive decline among those who develop symptoms of MCI. Future studies could
explicitly test this hypothesis, for example, by comparing neural outcomes (e.g., functional
imaging measures) for individuals with equivalent levels of education/vocabulary, equivalent
levels of AD pathology (measured by biomarkers), but different levels of lifestyle activity
engagement.

The present study has several limitations. Participants were primarily white, highly
educated, and have a strong family history of dementia, limiting the generalizability of these
findings to the population at large. Additionally, lifestyle activity engagement was not
assessed at baseline. Although all participants were cognitively normal at baseline, a subset
had progressed to MCI by the time they completed the lifestyle activities questionnaire.
Accordingly, we cannot rule out the possibility that those who progressed to MCI had
corresponding declines in, or more difficulty recalling, their levels of activity engagement
(as discussed above). Additionally, although we examined the potential impact of a subset of
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vascular risks, these analyses did not comprehensively examine other potential risk factors
(e.g., obesity, smoking) that may also impact rates of cognitive decline and/or levels of
engagement in lifestyle activities. Future prospective studies are needed to examine larger
groups of initially cognitively normal individuals who progress to MCI, with lifestyle
activity measures collected prior to development of cognitive impairment.

A recent consensus report on the current state of evidence regarding the effectiveness of
interventions for preventing cognitive decline and dementia indicated that physical and
cognitive interventions might be effective for delaying or slowing age-related cognitive
decline.? In contrast, there was insufficient evidence to indicate that such interventions
prevent or delay the development of MCI or dementia, and insufficient evidence for drawing
conclusions about social engagement interventions. The report noted, however, that most
interventions have very limited follow-up, which reduces their ability to detect effects on
longer-term clinical outcomes (but see??). This study’s results raise the possibility that
interventions among middle-aged, cognitively normal adults may be more effective among
subgroups at the greatest risk of progression to MCI. Consistent with this, the report
concluded, “targeting interventions to high-risk populations may increase the likelihood of
detecting a beneficial effect of an intervention and provide a more accurate assessment of its
efficacy” (p. 65). Future interventions could test this by comparing whether lifestyle
intervention efficacy varies by baseline risk factors such as AD biomarker positivity, though
extensive longitudinal follow-up would likely be required.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Timeline showing the design of the BIOCARD study, and types of data collected each year

from 1995-2017.
Abbreviations: CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; PET, positron
emission tomography; NIH, National Institutes of Health
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Relationship of engagement in lifestyle activities to prior cognitive trajectories, shown
separately by low and high activity levels (median split) and diagnosis (remained cognitively
normal; progressed to MCI). Figures depict frequency of engagement in (a) high intensity
physical, (b) cognitive, and (c) social activities, and (e) total engagement in all activities
(number). Level of activity engagement was modeled as a continuous variable; it was
dichotomized for illustration purposes only.
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Characteristics for participants included in the analyses, shown for all participants and stratified by diagnosis
(remain normal; progressed to MCI). Values reflect means (standard deviations) unless otherwise indicated.

All Remained normal | Progressed to MCI
N 189 162 27
Age at baseline 56.6 (8.5) 55.9 (8.0) 60.7 (10.3)
Age at lifestyle activities assessment 70.9 (8.8) 70.2 (8.6) 75.4 (8.8) el
Years of follow-up (baseline to lifestyle activities assessment) 14.3 (3.0) 14.3 (2.9) 14.8 (3.2)
Number of cognitive assessments over time 9.8 (3.0) 9.8(3.1) 9.8(2.8)
Female sex, % 60.8% 62.3% 51.9%
Race/ethnicity, white, % 97.4% 98.8% 88.9%
APOE &4 carriers, % 35.4% 35.2% 37.0%
Years of education 17.4(2.2) 17.5(2.1) 17.2 (2.7)
CR composite score at baseline 0.0 (1.0) 0.2 (0.9) -1.1(0.9) iid
Cognitive composite score at baseline -0.15 (0.6) -0.08 (0.6) -0.58 (0.5) A
Cognitive composite score at lifestyle activities assessment 0.08 (0.7) 0.21 (0.7) -0.75 (0.7) A
Low intensity physical activities, caloric expenditure/week 1508.8 (1169.2) 1505.2 (1183.8) 1530.6 (1098.5)
High intensity physical activities, caloric expenditure/week 2557.8 (2354.2) 2621.9 (2456.3) 2170.9 (1587.3)
Low intensity physical activities, frequency/week 11.3(7.9) 11.2(8.1) 12.0 (6.4)
High intensity physical activities, frequency/week 9.3(7.1) 9.3(7.4) 8.7 (5.5)
Cognitive activities, frequency/week 22.0(12.1) 22.7(12.7) 17.4 (6.6) *
Social activities, frequency/week 6.8(5.2) 6.8 (5.3) 6.5 (4.9)
Total engagement in all activities, number of activities/week 13.4(3.9) 13.5(3.9) 12.7 (3.6)

Asterisks indicate significant differences between diagnostic groups (remained normal vs. progressed to MCI);

*
p<.05;

Aok

p<.0l
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