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INTRODUCTION

Studies of the effects of physical fitness on cognition suggest that exercise can improve
cognitive abilities in healthy older adults, as well as delay the onset of age-related cognitive
decline. The mechanisms for the positive benefit of exercise and how these effects interact
with other variables known to influence cognitive function (e.g., involvement in cognitive
activities) are less well understood. The current study examined the associations between the
physical fitness, cerebrovascular blood flow regulation and involvement in cognitive activities
with neuropsychological function in healthy post-menopausal women. Methods: Forty-two
healthy women between the ages of 55 and 90 were recruited. Physical fitness (\'/O2 max),
cerebrovascular reserve (cerebral blood flow during rest and response to an increase in end-tidal
(i.e., arterial) PCO,), and cognitive activity (self-reported number and hours of involvement in
cognitive activities) were assessed. The association of these variables with neuropsychological
performance was examined through linear regression. Results: Physical fitness, cerebrovascular
reserve and total number of cognitive activities (but not total hours) were independent predictors
of cognitive function, particularly measures of overall cognitive performance, attention and
executive function. In addition, prediction of neuropsychological performance was better with
multiple variables than each alone. Conclusions: Cognitive function in older adults is associated
with multiple factors, including physical fitness, cerebrovascular health and cognitive stimulation.
Interestingly, cognitive stimulation effects appear related more to the diversity of activities,
rather than the duration of activity. Further examination of these relationships is ongoing in a
prospective cohort studly.
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In addition to physiological and clinical factors, intellectual

Declines in certain cognitive domains with aging and an increase
in the likelihood of dementia have been shown consistently in
a number of large cross-sectional or longitudinal studies (e.g.,
Salthouse, 1998; Wilson et al., 2002; Seshadri and Wolf, 2007).
With societal aging and the concomitant anticipated increase in
the number of individuals suffering from a dementia, the need
to identify risk as well as protective factors for age-associated
cognitive decline has lead to a large body of research and con-
troversy on this topic (Salthouse, 2006; Hertzog et al., 2009).
Potential determinants of cognitive status with aging include
a variety of genetic and environmental factors, such as apoli-
poprotein E genotype, obesity, diabetes, hypertension, head
trauma, and systemic illnesses (Fotuhi et al., 2009; Oveisgharan
and Hachinski, 2010).

stimulation (e.g., education) and psychosocial engagement (e.g.,
social interactions) may also play a modifying role, potentially
through the development of cognitive reserve (the availability
of additional neural or cognitive resources that allow increased
compensation for aging-related deterioration; Mortimer, 1997;
Scarmeas et al., 2001; Bennett et al., 2005). An oft-quoted example
of research supporting this proposition is found in the Nun study
(Snowdon et al., 1996), in which linguistic abilities early in life
predicted the likelihood of developing Alzheimer’s disease in later
years. A number of studies have also found that higher levels of self-
reported involvement in cognitively stimulating activities, either
early or later in life, are associated with better cognitive function or
a reduced risk of cognitive decline or dementia (Christensen and
MacKinnon, 1993; Fabrigoule et al., 1995; Wilson et al., 1999, 2003b;
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Friedland et al., 2001; Scarmeas et al., 2001; Verghese et al., 2003),
although not all studies find an association (Aartsen et al., 2002)
and the causal direction has been questioned (Hultsch etal., 1999).
While care has been taken in many longitudinal studies to try and
tease apart the causal direction of the association, it remains impos-
sible to determine whether cognitive activity delays or prevents the
onset of dementia per se, or if those who are more prone to develop
dementia spontaneously engage in fewer cognitive activities. The
ability of cognitive training to improve cognitive function in older
adults and/or in those with pre-existing cognitive dysfunction has
been shown in some intervention trials (Ball et al., 2002; Belleville,
2008), suggesting that stimulation from a cognitively active lifestyle
could play a causal role.

Given the potential role of risk factors for vascular disease
in the expression of cognitive decline, physical activity has
attracted attention as a potential protective agent. Physical activ-
ity improves cardiovascular health and decreases the occurrence
of obesity, diabetes mellitus, and other diseases (Rodriguez-
Colon et al., 2009). Being overweight, even after controlling for
obesity-related diseases and type II diabetes, is associated with
greater age-related cognitive decline (Cukierman et al., 2005;
Nilsson and Nilsson, 2009). The effects of cardiovascular activ-
ity on brain health have been a recent focus of attention in both
animal and human studies (Cotman et al., 2007; Kramer and
Erickson, 2007). Experimental animal studies have shown that
aerobic exercise results in increases in neuroplasticity-associated
proteins (e.g., BDNF and FGF2) (Gomez-Pinilla et al., 2002; Ding
et al., 2006) and angiogenesis (Swain et al., 2003) and improves
learning and memory (van Praag et al., 1999). In humans both
retrospective and prospective studies have linked physical exer-
cise to an attenuation of cognitive decline with aging (Friedland
etal.,2001; Laurin et al., 2001; Andel et al., 2008). Other potential
mechanisms for the protective effects of exercise include increases
in cerebrovascular conductance, decreases in blood pressure,
increases in serum antioxidant protein markers, decreases in
oxidative stress, and changes in plasma viscosity (Pialoux et al.,
2009; Brown et al., 2008).

The interaction between physical activity and cognitive activ-
ity in terms of potential effects on cognition has not been looked
at in detail. One retrospective study examined this phenomenon
and found that an increase in the diversity of physical and intel-
lectual activities was associated with a lower incidence of dementia
(Friedland etal.,2001). In this study, however, there was no detailed
description of benefits for specific cognitive domains (e.g. attention,
speed, or executive function). Bielak et al. (2007) examined reported
physical and cognitive activity in the Victoria Longitudinal Study
and found that both types of activity were significant predictors of
information processing efficiency in older adults. The joint contri-
bution of cognitive and physical activity to fluid intelligence in older
subjects was also reported in a cross-sectional study (Christensen
and MacKinnon, 1993).

We sought to further investigate the interaction between effects
of physical activity and cognitive activity on cognitive function
and a potential mediating factor, cerebrovascular reserve. In the
current study of healthy older post-menopausal women, we
assessed the impact of the amount and diversity of self-reported
cognitive activities on cerebrovascular conductance, \'/O2 max,
and cognition using a detailed neuropsychological battery. Our

main question of interest was whether cognitive activity predicted
cognitive function when the effects of physical fitness and/or cer-
ebrovascular reserve were taken into account, i.e., does cogni-
tive activity have independent effects on cognitive function? In
addition, we were interested in examining whether prediction of
cognitive function was enhanced when multiple variables were
taken into account.

MATERIALS AND METHODS
SUBJECTS
The methods used in this cross-sectional study have been
described before (Brown et al., 2008). For the purposes of these
analyses, the final sample of subjects included 42 post-menopausal
women recruited from the community (mean age = 65.1 years;
standard deviation, SD = 8.4; range = 50-90 years), mean educa-
tion = 15.2 years (SD = 2.0; range = 11-19; see Table 1). Eligibility
criteria included being non-smoking, able to perform moder-
ate exercise (determined by the study physician), not morbidly
obese (BMI < 37 kg/m?), and free of significant respiratory/
cerebrovascular disease (including normal spirometry and no
significant carotid artery stenosis on carotid Doppler studies)
or any other major co-morbidities (e.g., recent surgery, major
trauma in last 6 months, asthma, sleep apnea, stroke, chronic
migraine, blood clots/thrombosis). Subjects were also excluded
if taking select prescription medicine such as hormone replace-
ment therapy, beta-blockers, anti-depressants, blood thinners,
tamoxifen, raloxifene, corticosteroids, adrenaline/epinephrine
or anti-arrhythmics.

The study was approved by the Conjoint Health Research Ethics
Board, University of Calgary. Informed consent was obtained from
all subjects.

TESTING

There were four testing sessions, described in detail previously
(Brown et al., 2008). These sessions consisted of a screening visit,
agraded exercise test, vascular flow testing, and neuropsychological
testing. Briefly, the screening visit included collection of demo-
graphic and anthropometric measures, completion of physical and
cognitive activity questionnaires (see below), spirometry testing,
and a carotid artery ultrasound.

Table 1 | Characteristics of subjects.

N Mean SD

Age (years) 42 65.1 8.4
Education (years) 42 15.2 2.0
VO, max, relative (ml kg™ min-) 40 25.6 5.6
VO, max, absolute (I min-') 40 167 0.31
\'/O2 max, % predicted 40 101.2 22.6
MAP, .., (mmHg) 42 4.2 13.2
CVC,; (cm s mmHg™) 34 0.95 0.20
MAP,, (mmHg) M 79.3 9.9
CVC,, (cm s~ mmHg™) 34 0.77 0.15
Number of different cognitive 42 4.4 1.9
activities (per year)

Number of cognitive activity 42 18.0 1.1

hours (per week)
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On the second visit, a graded exercise test was conducted on a
modified recumbent cycle ergometer and maximal oxygen con-
sumption (VO , max) was calculated for each individual as a meas-
ure of fitness. Percent of predicted values for VO, max were used
as a measure of fitness in the analyses.

The procedures in the third visit included blood sampling for
hormone levels (used to verify post-menopausal status and absence
of hormone replacement therapy), and measurements of right mid-
dle cerebral artery flow velocity via transcranial Doppler ultrasound
during resting conditions, as well as during euoxic hypercapnia
(4-5 min each at 1.0, 5, 8 Torr, above resting end-tidal PCO, values
while holding end-tidal PO, levels constant at resting values) and then
returning to end-tidal PCO, values to 1 Torr above resting levels),
and sub-maximal exercise (two 6-min periods of peddling at 40% of
VO, max output separated by a 6-min rest period). Measurements
of cerebral blood flow indices were made via transcranial Doppler
ultrasound and variables of interest included resting velocity associ-
ated with the maximum frequency of the Doppler shift (averaged
over each heart beat; VP), and two indices of cerebrovascular health
(MAP, mean arterial blood pressure, and CVC, cerebrovascular con-
ductance or tone, calculated as VP/MAP). Indices of cerebrovascular
health used for the current analyses included resting MAP and CVC
(MAP, ., CVCREST)’ and isocapnic MAP and CVC, when end-tidal
values were held constant at near-restinglevels (MAP . and CVC ).
Some subjects were not able to complete all tests and the number for
each analysis is noted in Table 1.

The fourth visit took place 1-3 weeks after Visit 3 and involved a
neuropsychological assessment with a test battery listed in Table 2.
Individual subtest raw scores were converted to Z-scores, based on
the mean and SD of the entire group (n = 42; Table 2) and summed
to provide relative domain scores for each subject. To represent
overall cognitive ability, a global cognitive score was derived from
the summation of domain Z-scores.

COGNITIVE ACTIVITY QUESTIONNAIRE

Subjects were asked to estimate the frequency and amount of time
they spent in a list of 12 activity categories judged to be associated
mainly with cognitive integration and/or activity. These activity

Table 2 | Neuropsychological performance of overall group.

Cognitive domain Neuropsychological tests Mean (SD)
Verbal ability WASI Vocabulary 51.9(10.9)
D-KEFS Verbal Fluency (C score) 12.6 (3.3)
Perception WASI Matrix Reasoning 60.8 (11.9)
Benton Judgment of Line Orientation 24.8 (5.3)
Processing Digit Symbol Modality Test 46.6 (7.6)
Speed D-KEFS ColorWord Interference 11.3(2.1)
Test (conditions 1, 2) 11.5(2.1)
Attention Auditory Consonant Trigrams Test 45.3 (6.3)
Verbal memory Buschke Selective Reminding Test 48.9(9.1)
Visual memory Medical College of Georgia Complex 270 (74)
Figures Test 26.7 (76)
Executive function D-KEFS Card Sorting Test 12.4 (2.3)
ColorWord Interference 1.5(2.5)
Test (conditions 3,4) 11.9(1.7)
Verbal Fluency (LF score) 13.2 (4.2)

categories included: board games/chess/checkers; playing bridge;
crosswords/word search/sudoku; reading/book club; playing a
musical instrument; using the computer/internet; drawing/paint-
ing/photography; trivia; arts/crafts/scrapbooking; knitting/sewing/
quilting; puzzles (See Appendix for questionnaire). They rated how
many times per week and/or per month throughout the past year
they engaged in these activities and estimated the number of min-
utes spent in each session. Subjects were also allowed to indicate
other activities not on the list. This open-ended category was used
by 14 respondents and subjects reported activities such as attend-
ing or teaching classes, writing, volunteer work, baking, singing,
video shooting/editing, social activity, and bird watching. We used
an approach similar to Friedland et al., (2001) and calculated two
measures for each subject: (1) the total number of different cat-
egories of activities a subject engaged in throughout the past year
(“Diversity”); and (2) the total time spent in cognitive activities
summed over all activities for the last year (“Duration”).

ANALYSES

Descriptive statistics (mean and standard deviation) were derived
for age, education, fitness (\'/O2 max), and vascular health (MAP,
CVC) for the entire group (see Table 1). Correlations were com-
puted to examine the relationships between our two measures of
cognitive activity and select demographic characteristics (age, edu-
cation) and measures of fitness and vascular health, and cognition.
Since the predictive value of cerebrovascular reserve and fitness in
relation to cognitive function was previously reported by Brown
etal. (2008), we conducted a series of hierarchical linear regressions
to examine the additional value of including cognitive activities in
predicting cognitive function. The predictive relationship between
demographics, vascular health and cognitive activities with cogni-
tive domain scores was examined by a series of hierarchical linear
regressions using SPSS 17 with age (years) and education (years)
introduced in Step 1 of the equation, followed by fitness (VO, max,
% predicted) or each cerebrovascular reserve variable (MAP or
CVCQ) in Step 2 and cognitive activities (both number of activities
and duration) in Step 3.

RESULTS

CORRELATIONS

Table 3 presents Pearson correlations between our two measures of
cognitive activity and select variables of interest. Number of cogni-
tive activities (but not duration) was significantly related to a variety
of measures of cognitive ability, including global cognition, speed
of processing, attention, verbal and visual memory, verbal ability
and executive function. Cognitive activity was not directly related
to fitness (predicted \702 max) or vascular health variables.

PREDICTION OF COGNITIVE DOMAIN SCORES

The final models of the 3-step hierarchical regressions for predict-
ing global cognitive performance are presented in Tables 4-6. These
results show that the diversity of cognitive activities (but not the
overall duration spent in these activities) added significantly to the
prediction of global cognitive performance, after demographic vari-
ables and measures of fitness and vascular health were first taken
into account. Table 4 demonstrates that, with age and education
entered as a first step, the model accounted for 22% of the vari-
ance. When fitness (\702 max) was entered in the second step, an
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Table 3 | Correlation of cognitive activity with demographic variables,
fitness, vascular health and relative cognitive domain scores.

Table 6 | Summary of final significant model for prediction of global
cognitive function when CVC variables are included.

Variables Cognitive activity Cognitive activity
(number) (duration)

Age 0.19 0.21
Education 0.21 0.20

VO, max (% predicted) 0.27 0.16
MAP o -0.03 0.15
MAP,, -0.30 0.08
CVCpesr 0.17 0.07
CVCy 0.18 -0.17
Global score 0.49*** -0.01
Verbal ability 0.36* -0.12
Perception 0.30 -0.05
Processing speed 0.46%* 0
Attention 0.36* 0.14
Verbal memory 0.35% -0.02
Visual memory 0.39%* -0.06
Executive function 0.45** 0.06

*p < 0.05; **p < 0.01; ***p < 0.001.

Table 4 | Summary of final significant model for prediction of global
cognitive score when \'IO2 max is included.

Predictors Beta

Age (years) —0.549%**
Education (years) 0.158
VO, max 0.252
Cognitive activities (number) 0.5***
Cognitive activities (hrs) -0.044

Models 1 and 2 are not shown. R? = 0.22 for Step 1 (p < 0.01), AR? = 0.12 for
Step 2 (p < 0.05) and 0.21 for Step 3 (p < 0.01). See text for predictors at each

step. \/Oz max = maximal oxygen consumption (% predicted).
*0 < 0.05, **p < 0.01, ***p < 0.001.

Table 5 | Summary of final significant model for prediction of global
cognitive score when MAP variables are included.

Predictors Beta Predictors Beta

Age (years) -0.436** Age (years) —0.449%**
Education (years) 0.111 Education (years) 0.141
MAP o -0.091 MAP -0.138
Cognitive activities 0.5648*** Cognitive 0.468***
(number) activities (number)

Cognitive activities -0.023 Cognitive -0.018

(hrs) activities (hrs)

Models 1 and 2 are not shown. For models including MAP,,_.. (n = 42), R? = 0.21 for

Step 1(p < 0.01), AR? = 0.02 for Step 2 and 0.27 for Step 3REF; < 0.001). For models
including MAP,, (n = 41), R? = 0.25 for Step 1 (p < 0.01), AR? = 0.08 (p < 0.05) for
Step 2 and 0.18 for Step 3 (p< 0.01). See text for predictors at each step.
MAP, .., = resting Mean Arterial Blood Pressure; MAP, = isocapnic Mean
Arterial Blood Pressure.

Beta = standardized coefficient.

*0 < 0.05, **p < 0.01, ***p < 0.001.

Predictors Beta Predictors Beta
Age (years) -0.481** Age (years) -0.431**
Education (years) 0.22 Education (years) 0.233
CVCpper 0.092 CVCy, 0.204
Cognitive activities 0.514%** Cognitive activities 0.461**
(number) (number)

Cognitive activities -0.04 Cognitive activities -0.024

(hrs) (hrs)

Models 1 and 2 are not shown. For models including CVC,_, (n = 34), R? = 0.25

for Step 1 (p < 0.05), AR? = 0.03 for Step 2 and 0.23 for Step 3 (p < 0.01). For
models including CVC, (n = 34), R? = 0.26 for Step 1 (p < 0.01), AR? = 0.10 for
Step 2 and 0.18 for Step 3 (p < 0.05). See text for predictors at each step.

CVC,,, = resting cerebrovascular conductance; CVC,, = isocapnic cerebrova-

scular conductance.
Beta = standardized coefficient.
*0 < 0.05, **p < 0.01, ***p < 0.001.

additional 12% of the variance was explained, with higher fitness
associated with better cognitive performance (as reported by Brown
et al. 2008). The number and duration of cognitive activities was
entered in the third step and accounted for an additional 21% of the
variance, with the final model having an R* = 55% (F(5,34) = 8.15,
p < 0.001). In the final model age and the number of cognitive
activities were the only significant predictors, with age inversely
and cognitive activities directly associated with better cognitive
performance. A similar pattern was seen in terms of the addition
of cognitive activities in the third step for all models containing
MAP, .., MAP , CVC, ., or CVC_  in the second step, i.e., age
and number of cognitive activities were significant negative and
positive predictors of global cognitive performance in the third
step, respectively (Tables 5 and 6). In addition, this same pattern
was consistently seen for prediction of other cognitive domains as
well, particularly speed of processing, verbal ability, and executive
function (Table Al in Appendix).

DISCUSSION

The first purpose of this study was to determine whether cognitive
activity predicted cognitive function when the effects of physical
fitness and/or cerebrovascular reserve were taken into account.
Previous analyses with the current population under study iden-
tified the importance of fitness and vascular health to cognitive
function. In the current report, we extend these findings to show
that the diversity (but not the duration) of current engagement in
cognitive activity was also an important and statistically significant
predictor of cognitive function (after controlling for age), particu-
larly in the domains of global function, processing speed, verbal
ability, and executive function.

These findings are in agreement with previous studies in
healthy aging populations showing that the level of cognitive
activity in which an individual engages in daily life is related to
cognitive abilities as well as the risk of dementia (Christensen
and MacKinnon, 1993; Hultsch et al., 1999; Wilson et al., 1999,
2002, 2003b; Wang et al., 2002; Verghese et al., 2003). Our data
suggest a difference between diversity and duration of cognitive
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stimulation in predictive value, however. Diversity of activities
was predictive of cognitive function while overall duration of
engagement in these activities was not. A variety of measures
of cognitive activity have been used in prior studies, with most
using measures that focus on frequency of activity or a composite
measure of frequency and diversity. For example, a frequently
used activity scale developed by Wilson et al. (2003a) calculates
mean activity frequency for 5-6 cognitive activities in adulthood.
A composite approach was adopted by Bielak et al. (2007) in
the Activity Lifestyle Questionnaire that sums the frequency of
engagement ratings in a list of activities. Similar approaches were
used by Hultsch et al. in the Victoria Longitudinal Study (Hultsch
etal., 1999) and Verghese et al. in the Bronx Aging Study (Verghese
etal.,2003).In contrast, Friedland et al. (2001) examined diversity
(percent of total number of activities), intensity (sum of total
hours per month of activity), and percentage intensity (percent
of total activity hours/month in an activity category) in a case
control study and found that both diversity and intensity in early
and middle adulthood were significantly different in a group with
Alzheimer’s disease compared to a non-demented control group.
In addition, if the population was divided into two groups based
on the overall mean level of number of activities, the odds ratio
for Alzheimer’s disease status was 3.85 in those having less than
the mean value. Our data are consistent with the findings regard-
ing the importance of diversity of cognitive engagement as a fac-
tor in cognitive function in a healthy, normotensive population.
Diversity of stimulation also appears relevant in terms of enhanc-
ing the effects of cognitive training in older adults in past research.
For example, multi-dimensional cognitive training interventions
(e.g., Basak et al., 2008; Carlson et al., 2009) may be more suc-
cessful in generalizing benefits to untrained tasks compared to
more targeted training (Ball et al., 2002). More investigation of
the independent influence of diversity compared to frequency/
intensity is needed, particularly in terms of public health recom-
mendations that could be derived from these and related find-
ings by others for both healthy adults and those with a range of
risk factors.

The mechanisms underlying the higher scores for global cogni-
tion and other cognitive domains in the cognitively active group
compared to the inactive group are difficult to elucidate. The
mechanisms are likely complex and multi-factorial, and likely
involve molecular and neural processes. It is reasonable to specu-
late that both cognitive and physical activities share similar, or
perhaps overlapping, molecular mechanisms that may provide
benefits to brain health since both cardiovascular health (Brown
etal., 2008) and the number of cognitive activities independently
predicted cognitive function. In rat studies, voluntary wheel run-
ning increases levels of growth factors (Neeper et al., 1995; Gomez-
Pinilla et al., 2002) and combining physical activity with learning
and memory paradigms (e.g., Morris water maze) is associated
with a further increase in the levels of growth factors that are not
accounted for by either alone (Gomez-Pinilla et al., 1998). This
additive benefit in neural growth factors is important because
growth factors such as brain-derived neurotrophic factor (BDNF)
have been implicated in the recovery of cognitive function after
brain injury (Griesbach etal.,2009) and could also apply to neural
responses associated with aging-induced degeneration. Conversely,

antagonizing BDNF’s actions impedes recovery of function follow-
ing experimental ischemia (Ploughman et al., 2009). An increase
in proteins associated with enhanced neuroplasticity (i.e., BDNF
or FGF2) may help in the delay of cognitive decline due to nor-
mal aging processes as well as enhancing cognitive recovery after
trauma. In addition, previous research has shown that physical
exercise increases levels of serum antioxidant proteins and a reduc-
tion in oxidative stress (Pialoux et al., 2009). These changes may
lead to improvements in cognitive function, or at least they may
help delay the cognitive declines associated with advancing age.
The extent that cognitive activity also is associated with these
mechanisms in humans deserves investigation.

While these findings are consistent with previous human or
animal research on the effects of physical and cognitive activity
on cognitive function, there are limitations to this study that lead
to the need for caution in interpretation of our results. The sam-
ple size is small in this study compared to other studies due to
the intensive instrumentation and testing carried out. We only
examined healthy, highly educated post-menopausal women who
volunteered for this study because we were primarily interested in
the relationship between fitness and cognition after menopause. We
expect that the findings are applicable to both men and women, but
the generalizability of these findings to a larger and more diverse
population of men and women should be examined. In addition,
the estimates of cognitive activity were derived at the same time
as estimates of cognitive function and thus it is not possible to
determine cause-effect from these data. It may be that individuals
with reduced cognitive abilities spontaneously reduce their involve-
mentin cognitive activities. While current associations do not allow
causal interpretations, other longitudinal studies of cognitive activ-
ity by other investigators do provide temporal evidence for causal
links, however.

In summary, these findings reinforce the idea that cognitive
function with aging is multiply determined through a number of
factors, including both physical and cognitive activity and thus can
be moderated by lifestyle choices. A number of remaining questions
need further investigation, however, such as the impact of diversity
of activity compared to intensity, and how these effects interact in
underlying brain and vascular physiology.
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APPENDIX

COGNITIVE ACTIVITY QUESTIONNAIRE

Please fill in the following tables regarding your hobbies. There
are a number of hobbies listed for you. If there any hobbies you
participate in that are not listed please fill them in at the end of the
table in the space available for “other” activities.

The table first asks you for the number of times a week you
complete the activity. In the second column you are asked to fill in
the number of months a year you complete the activity. Please fill in
all your activities, not just those you are completing in this season.
The third column asks you the duration of the activity. This refers
to the duration of the activity per session in minutes.

As an example, the first line of the table is filled in for a per-
son who plays board games every Monday night (for 2 h) all year
round.

Activity Times/ Months/ Duration
week year (min)
Example: Board games 1 12 60

Board games/chess/checkers
Play bridge
Crosswords/word search/Sudoku
Reading/book club

Play musical instrument
Computer/internet
Draw/paint/ photography
Trivia

Arts/crafts/ scrapbooking
Knitting/sewing/ quilting
Puzzles

Other:

Other:

Table A1| Summary of R? and Beta (standardized) for Cognitive activity
(number of activities) in final predictive models of neuropsychological

function.
Cognitive Models?
domains
1 2 3 4 5
Global score
R? 0.50 0.51 0.51 0.53 0.54
Beta 0.548 *** 0.468*** 0.514*** 0.461**  0.50***
Speed of processing
R? 0.45 0.50 0.45 0.51 0.48
Beta 0.557*** 0.436**  0.473**  0.407**  0.521***
Attention
R? 0.32 0.38 0.32 0.34 0.36
Beta 0.318* 0.255(ns)  0.334(ns) 0.280(ns)  0.274(ns)
Executive function
R? 0.34 0.35 0.45 0.40 0.40
Beta 0.499%*** 0.448**  0.506**  0.418* 0.498**
Verbal memory
R? 0.29 0.30 ns ns 0.27
Beta 0.361* 0.268(ns) - - 0.302(ns)
Visual memory
R? 0.22 ns 0.29 0.33 ns
Beta 0.448** - 0.448*% 0.434* -
Verbal ability
R? 0.28 0.56 0.46 0.42 0.33
Beta 0.409**  0.39* 0.472**  0.448**  0.3756*
Perception
R? 0.41 0.38 0.41 0.39 0.47
Beta 0.374**  0.40** 0.393* 0.297(ns)  0.364*

“Models: 1 = Age, Education, MAP

REST

activity (hrs); 2 = Age, Education, MAP,,
activity (hrs); 3 = Age, Education, CVC

REST

Cognitive activity (number), Cognitive
Cognitive activity (number), Cognitive
Cognitive activity (number), Cognitive
activity (hrs); 4 = Age, Education, CVC,,, Cognitive activity (number), Cognitive
activity (hrs); 5 = Age, Education, VO, max, Cognitive activity (number), Cognitive
activity (hrs).
*=p<0.05 ** =p<0.01;, *** = p< 0.001, ns = not significant.
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