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Objectives. To examine the association of engagement in cognitively stimulating activities with cognitive and func-
tional decline in a population-based sample of incident Alzheimer’s disease (AD).

Method. After diagnosis, 187 participants (65% females) were followed semiannually for a mean 2.7 (SD = 0.4)
years. Mean age and education were 84.6 (SD = 5.8) and 13.2 (SD = 2.9) years. Caregivers enumerated cognitively
stimulating leisure activities via the Lifestyle Activities Questionnaire. Cognition was assessed using the Mini-Mental
State Examination and functional ability via the Clinical Dementia Rating sum of boxes. Linear mixed models tested the
association between stimulating activities and change over time in each outcome. Covariates were demographic factors,
estimated premorbid I1Q, presence/absence of the APOE €4 allele, duration of dementia, level of physical activity, and
general health.

Results. Atinitial assessment, 87% of participants were engaged in one or more stimulating activities, with mean (SD)
activities = 4.0 (3.0). This number declined to 2.4 (2.0) at the final visit. There was a statistical interaction between
dementia duration and number of activities in predicting rate of cognitive decline (p = .02) and overall functional ability

(p = .006).

Discussion. Active involvement in cognitively stimulating pursuits may be beneficial for persons with AD.

Key Words: Alzheimer’s disease—Cognitive activity—Cognitive decline—Dementia.

LZHEIMER'’S disease (AD) is a neurodegenerative

disorder that leads to cognitive and functional deterio-
ration. Despite its progressive course, there is considerable
variability in the rates of cognitive and functional decline
among those with the condition (Tschanz et al., in press).
Little is known about the factors that influence the progres-
sion of the illness, but some studies have suggested that
educational and occupational attainment predict rates of de-
cline in cognition or functional ability (e.g., Andel, Vigen,
Mack, Clark, & Gatz, 2006; Fritsch et al., 2001; Schooler,
Mulatu, & Oates, 1999; Stern, Albert, Tang, & Tsai, 1999).
Such observations are consistent with the notion of brain or
cognitive reserve, which has been postulated to explain re-
silience against the effects of brain damage (e.g., Brickman
et al., 2009; Scarmeas et al., 2003). Two distinctions raised
in the literature concern passive versus active reserve. The

former may reflect brain size or synaptic density so that
clinical symptoms emerge when a certain threshold of dam-
age is reached, whereas the latter may reflect greater effi-
ciency of neural networks or the recruitment of alternative
networks when compensatory strategies are used (Stern,
2006). Both brain and cognitive reserve are malleable, re-
flecting a lifetime of cognitively enriching experiences. In
the case of AD, it is theorized that individuals with greater
reserve are better able to compensate for the advancing pa-
thology of the condition, resulting in a delay in the clinical
expression of dementia (Scarmeas & Stern, 2003; Stern et
al., 1999).

It is difficult to directly assess the construct of cognitive
reserve, and most studies have relied on proxy indicators such
as educational or occupational attainment, literacy, or socio-
economic status (Stern, 2006). This approach, particularly in

© The Author 2011. Published by Oxford University Press on behalf of The Gerontological Society of America.
1

All rights reserved. For permissions, please e-mail: journals.permissions @ oup.com.
Received August 9, 2010; Accepted February 6, 2011
Decision Editor: Robert West, PhD



COGNITIVE ACTIVITY AND RATE OF DECLINE IN AD 417

relation to older retired persons, relies on past achievements,
which does not take into account current leisure time activi-
ties that arguably may also contribute to reserve. The use of
multiple indicators from the past as well as the present may
provide a better overall indicator and may also allow one to
test the relevance of past versus more recent activities in pro-
viding resilience to brain pathology.

Recent studies suggest that ongoing experiences help
maintain or enhance cognitive reserve. Several authors have
posited, for instance, that later life engagement in intellec-
tually and socially stimulating activities (e.g., reading books
or newspapers, working on crossword puzzles, engaging in
volunteer work, traveling, or playing card games) may en-
hance thinking, memory, and attention control processes,
thereby maintaining or increasing brain reserve capacity
(e.g., Carlson et al., 2009; Fabrigoule et al., 1995; Schooler
et al., 1999; Staff, Murray, Deary, & Whalley, 2004; Wang,
Karp, Winblad, & Fratiglioni, 2002).

The discovery of neural plasticity in older animals offers
insight into the role of late-life activity on cognitive health.
Animal models of exercise and enriched environment demon-
strate that brain plasticity through the reorganization and de-
velopment of new neurons (neurogenisis) is possible in the
adult brain (Dong & Greenough, 2004; Ming & Song, 2005;
Pham, Winblad, Granholm, & Mohammed, 2002; Rakic,
2002). Exercise in mice improves both learning and neurogen-
esis well into late life (Farmer et al., 2004; van Praag, Christie,
Sejnowski, & Gage, 1999). Rats of various ages raised in com-
plex environments have more synapses per nerve cell than rats
raised in standard laboratory cages (Briones, Klintosova, &
Greenough, 2004; Turner & Greenough, 1985).

In humans, increased engagement in late-life cognitive
activity has been associated with slower cognitive decline
(e.g., Hall et al., 2009; Wilson et al., 2003). Other studies
have examined the effect of cognitive engagement on risk
for AD, suggesting that higher levels of reserve may delay
the onset of symptoms (e.g., Akbaraly et al., 2009; Friedland
et al., 2001; Scarmeas et al., 2003; Verghese et al., 2003;
Wilson et al., 2002). By contrast, little attention has been
paid to the association between cognitive activity among
individuals diagnosed with AD. Two studies have examined
the association between cognitively stimulating activities
prior to the onset of dementia and rate of cognitive decline
thereafter. In a study of 417 individuals with incident AD,
Wilson and colleagues (2000) reported that more frequent
premorbid reading predicted faster decline on a global cog-
nitive measure. However, Helzner, Scarmeas, Cosentino,
Portet, and Stern (2007) found no relationship between pre-
morbid engagement in intellectually stimulating activities
and cognitive decline after AD onset. These conflicting
findings may reflect differences in methods for assessment
of cognitive activity (reading only vs. a broader measure of
activities). Both studies examined stimulating activity prior
to the onset of dementia, possibly overlooking its effects
across the course of the illness.

Here, we report on the association between ongoing cog-
nitive stimulation and the rate of cognitive or functional de-
cline in AD in a population-based sample of persons with
incident AD. We also test whether other indicators of cogni-
tive reserve (education, estimated premorbid IQ, and occu-
pational attainment) are associated with these outcomes.

METHOD

Participant Screening and Diagnosis

The Cache County Dementia Progression Study (DPS) is
an ongoing longitudinal cohort study of persons with inci-
dent AD and other dementias identified from the Cache
County Study on Memory in Aging (CCSMA). Since 2002,
the DPS has followed 328 persons with dementia and their
caregivers (Norton et al., 2009) using semiannual measures
of cognition, function, health, and behavior.

The CCSMA enrolled 90% of 5,677 residents of Cache
County, Utah, who were aged 65 years or older on January
1, 1995. Through four waves (1995-1996; 1998-2000;
2002-2004; and 2005-2007), the CCSMA examined the
prevalence and incidence of dementia in the county. The
multistage screening and assessment procedures of the
study have been reported in detail elsewhere (Breitner et al.,
1999; Miech et al., 2002). Briefly, participants were
screened for dementia at each wave using a revision of the
Modified Mini-Mental State Examination (Tschanz et al.,
2002). Individuals whose sensory and education adjusted
screening scores fell below 87 of 100 were studied further
using the Dementia Questionnaire (DQ; Silverman, Breitner,
Mohs, & Davis, 1986). Persons identified as having moderate
to severe cognitive impairment by a study neuropsychologist
or who were members of a designated subsample selected
to complete all stages of assessment underwent a com-
prehensive clinical assessment (CA) conducted by a
trained research nurse and psychometric technician. The
CA included a neurological exam, neuropsychological
testing (Tschanz et al., 2000), and a clinical interview to
ascertain medical/psychiatric history and demographic
information.

The results of the CA were reviewed by a geriatric psy-
chiatrist and neuropsychologist who assigned preliminary
diagnoses of dementia using DSM-III-R criteria (American
Psychiatric Association, 1987). Dementia severity was rated
by stage or severity using the Clinical Dementia Rating
Scale (CDR; Hughes, Berg, Danziger, Coben, & Martin,
1982; Morris, 1993), and age of onset was assigned as the
age the individual unambiguously met criteria for dementia.
Individuals with dementia underwent follow-up laboratory
testing, neuroimaging, and an examination by a geriatric
psychiatrist. A panel of experts in neurology, geropsychia-
try, and neuropsychology then reviewed all available data
and assigned final diagnoses of dementia. Diagnosis of Pos-
sible or Probable AD followed NINCDS-ADRDA criteria
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(McKhann et al., 1984). In the present analyses, we in-
cluded incident cases of AD that occurred singly or mixed
cases of AD that occurred with other dementias (e.g., AD
with vascular dementia; Breitner et al., 1999). Study proce-
dures remained identical in each wave, except that more
sensitive screening cut-off scores were used in later waves,
and we omitted use of the DQ in the screening process for
Waves 3 and 4. All CCSMA procedures were approved by
the Institutional Review Boards (IRBs) of Duke University,
Utah State University, the Johns Hopkins University, and
the University of Washington.

Procedures of the DPS

We investigated individuals with incident AD and en-
rolled in the DPS (n = 187). Participants were visited semi
annually by a research nurse and a psychometric technician
for up to three assessments over three years. Interviews with
caregivers provided information regarding participants’
current medical conditions, medications, nutrition, neuro-
psychiatric symptoms, and participation in leisure activi-
ties. Participants also completed a neuropsychological test
battery. All procedures were approved by the IRBs of Utah
State University and Johns Hopkins University. Participant
assent and caregiver informed consent were obtained at
each visit.

Exposure Measurement: Lifestyle Activities Questionnaire

At the initial (baseline) and alternate follow-up visits,
caregivers were queried about participants’ engagement in
physical and leisure pursuits using an adaptation of the Life-
style Activities Questionnaire (Carlson et al., in press). This
instrument enumerates 31 activities with varying levels of
cognitive processing demand (e.g., working on crossword
puzzles, reading, attending cultural events, and listening to
music). Frequency of these activities was recorded as: 1 =
never or less than once per month; 2 = once per month; 3 =
2-3 times per month; 4 = once per week; 5 = a few times per
week; 6 = every day. We discriminated activities involving
novel information processing from other cognitively passive
or receptive activities, as recently described (Carlson et al.,
in press). Active leisure pursuits were defined as those re-
quiring explicit processing or an action relying on novel in-
formation (e.g., doing crossword puzzles, reading, taking a
course). Passive activities involved predominantly receptive
processing demands, such as watching television and listen-
ing to the radio or to music. “Intermediate” activities in-
cluded visiting with friends and relatives, driving or using
public transportation, and cooking or baking. Two trained
judges (a neuropsychologist [J. T. Tschanz] and the first au-
thor, K. A. Treiber) rated each activity. Interrater agreement
was 84%, corrected for chance by a kappa score of .75. An
expert judge (cognitive neuropsychologist, M.C. Carlson)
was consulted when needed to arrive at consensus among
the raters.

We analyzed activities endorsed at least weekly. At base-
line, the majority of participants engaged in only one or two
such active pursuits. Because of a moderate correlation be-
tween the number of intermediate and more demanding
baseline activities (r = .46, p < .001), the two categories
were summed to an aggregate variable for number of cogni-
tively stimulating activities endorsed (of 24 possible).

Other Indicators of Cognitive Reserve

Other indicators of cognitive reserve examined in these
analyses included years of formal education, occupational
attainment, years of occupation, and estimated premorbid
1Q. Data on educational and occupational history were ob-
tained from the CCSMA prior to the onset of dementia.
Participants’ primary occupation was categorized as
professional, technical, office/business manager, clerical,
skilled labor, semiskilled labor, unskilled, and never em-
ployed. For analyses, the categories were summarized as:
professional/technical, office/business/managerial, clerical,
skilled labor, unskilled/semi-skilled labor, and never/mini-
mally employed. Premorbid IQ was also estimated from the
CCSMA'’s Vocabulary subtest of the Shipley Institute of
Living Scale (Shipley, 1967), administered at the initial CC-
SMA diagnostic assessment.

Cognitive Outcome Measurement: Mini-Mental State
Examination

Global cognitive ability was assessed at each visit using
the Mini-Mental State Examination (MMSE; Folstein,
Folstein, & McHugh, 1975). The MMSE assesses five areas
of cognition, including orientation, registration of new in-
formation, attention, constructional praxis, recall, and lan-
guage. Scores range from 0 to 30. When <10% of test items
(up to three points) were invalidated by sensory or motor
impairment, we used percent correct to calculate an ad-
justed score that ignored these items and rescaled the over-
all result on a 30-point scale. If more than 10% of items
were unavailable, we instead categorized the entire score as
“missing” (Tschanz et al., in press).

Functional Outcome Measurement: CDR Scale

Functional ability was measured using the CDR (Hughes
et al., 1982; Morris, 1993), as completed by a trained re-
search nurse at each DPS follow-up visit. The CDR is a
5-point scale used to characterize six domains of cognitive
and functional performance applicable to AD and related
dementias: memory, orientation, judgment, community ac-
tivities, hobbies, and personal care. Scored using a specified
algorithm, the CDR yields a score of dementia severity
ranging from questionable (CDR = .5) to mild (CDR = 1),
moderate (CDR = 2), severe (CDR = 3), profound (CDR =
4), or terminal (CDR = 5). Following recent practice
(O’Bryant et al., 2008), we used the instrument to assess
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functional impairment by summing the ratings in each of
the six interview domains. Because these ratings are entered
into six individual boxes on the instrument, their sum is
commonly described as the CDR Sum of Boxes or CDR-
SB. The CDR-SB can range from 0 (no impairment) to 30
(maximum impairment in all domains).

Selection and Assessment of Covariates

Factors that previously had been shown to affect demen-
tia progression or those that could confound the relationship
between engagement in cognitively stimulating activity and
dementia progression were selected a priori and tested as
covariates. These included demographic factors (age and
sex), duration of dementia at the initial DPS visit, genotype
at the polymorphic genetic locus for apolipoprotein E
(APOE), physical health, and frequency of physical activity.
Buccal DNA, obtained at the initial CCSMA visit, was
treated by polymerase chain reaction amplification and re-
striction isotyping (Richards et al., 1993; Saunders et al.,
1993) for APOE genotyping. Genotype information was
simplified to a binary classification based on presence of
one or more €4 alleles at this locus (an important AD risk
factor).

Data from the CCSMA dementia diagnostic visit indi-
cated each participant’s overall health from consensus rat-
ings of the examining research nurse and study
neuropsychologist and geropsychiatrist using the General
Medical Health Rating (GMHR; Lyketsos et al., 1999).
Thereafter, in the DPS, the GMHR was completed by the
research nurse in consultation with a neuropsychologist or
geropsychiatrist. The GMHR is a measure of general medi-
cal comorbidity developed specifically for use with demen-
tia patients and results in a rating on an ordinal scale of 1
(poor), 2 (fair), 3 (good), and 4 (excellent). Caregivers pro-
vided information about each participant’s level of physical
activity during the previous year. Information included the
frequency and duration of activities that included walking,
lifting weights, gardening, and using an exercise machine.
We summed frequency and duration of participation across
such activities to compute an estimate of physical exercise
hours per month.

Statistical Analyses

Exploratory analyses assessed sample characteristics,
cognitive and functional trajectories, survival across time
points, and differences between individuals who com-
pleted all visits and those who dropped out prior to the fi-
nal visit. Using a two-tailed alpha of .05 throughout, we
examined marginal associations between each indepen-
dent variable, covariate, and outcome variable to identify
variables that confounded the primary variables of interest
or modified their relationships to other independent vari-
ables. Relationships between categorical variables were
examined using chi-square tests of independence, whereas

Pearson correlations were used to probe associations be-
tween continuous variables. Group differences were exam-
ined using ¢ tests. We used linear mixed effects models to
examine the association between cognitively stimulating
activities and rate of decline across time. This type of anal-
ysis can model mean response as a combination of popula-
tion characteristics (fixed effects) and subject-specific
characteristics (random effects). Linear mixed effects
models are also flexible in accommodating imbalance in
longitudinal data and thus incorporating all available data
from participants with incomplete participation at follow-
up (Fitzmaurice, Laird, & Ware, 2004). Additionally, we
tested whether random intercepts and slopes best fit the
data, retaining both terms if there was a significant im-
provement in model fit (likelihood ratio test, p < .05).
Number of stimulating activities, physical activity, and
general health rating were treated as time-varying vari-
ables, testing an interaction with time to determine differ-
ential rate of decline. As with the primary predictors of
interest, covariates were entered sequentially, and each
new model was compared with the previous simpler model
using the likelihood ratio test.

RESULTS

Sample characteristics are displayed in Table 1. We ana-
lyzed data from 187 individuals with a diagnosis of AD
(87.2% with AD only, 8.6% with AD and VaD, and 4.3%
with AD and another form of dementia). The sample was
predominantly Caucasian (99%) and female (64.7%). Males
had completed more years of education (M = 13.9, SD =
3.3) than females, M = 12.8, SD = 2.6; #(111) = -2.3, p =
0.02. Mean age of AD onset was 82.4 (SD = 6.0), and sever-
ity of dementia at diagnosis was generally mild with mean
CDR of 1.4 (SD = 0.9). Mean duration of dementia at the
initial DPS visit was 4.0 (SD = 2.0) years. Most participants
(84.4%) were rated as either in good or in better physical
health on the GMHR.

Participants in these analyses were examined up to five
times, including the initial DPS visit. Of the original 187, 66
(35.3%) completed the fifth visit. Reflecting the ongoing
status of the work, an additional 25 participants are pending
their fifth assessment. Reasons for losses to follow-up in-
cluded death (n = 89), moving (n = 1), and refusal (n = 6).
Individuals who were pending or who dropped out prior to
the final visit were older, M = 87.5, SD = 5.4 for drop-out/
pending vs. M =84.5, SD = 5.9 for completers, #(185) =3.5,
p =.001; in worse physical health (19.2% of pending/drop-
out were in fair to poor health vs. 9.2% of completers, (2,
N=185)=17.7, p=.02; were less physically active, M = 8.3,
SD = 16.0 for drop-out/pending versus M = 16.2, SD =26.0
for completers, #(90) = 2.2, p = .03; had completed fewer
years of formal education, M = 12.8, SD = 2.8 for drop-out/
pending versus M = 13.8, SD = 3.0 for completers, #(185) =
—2.2, p = .03; and engaged in fewer cognitively stimulating
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Table 1. Sample Characteristics at the Initial Dementia Progression

Study Visit
Group/demographic data M SD Minimum/maximum
Dementia duration in years 4.0 2.0 1711
Dementia severity 1.4 0.9 0/4
(CDR; range: 0.5-5)
Age at baseline 84.6 5.8 73/99
Age of AD onset 82.4 6.0 68/95
Education in years 132 2.9 3/20
Shipley scores 49.7 9.7 17/69
(estimated premorbid I1Q; T-scores)
Aggregate years worked?® 33.1 264 0/103
Physical activity (hr/month) 1.2 205
N %
Sex (male) 66 353
Sex (female) 121 64.7
APOE genotype (no e4) 97 51.9
APOE genotype (>1 e4) 90 48.1
Health status (GMHR)
Excellent 36 19.5
Good 120 649
Fair 29 15.7
Poor 0 0.0
Occupational attainment
Never/minimally employed 39 20.9
Unskilled/semi-skilled labor 26 13.9
Skilled labor 21 11.2
Clerical 41 21.9
Office/business/managerial 6 32
Professional/technical 54 28.9
Number of cognitive activities
0 activities 24 12.8
1 activity 19 10.2
2-5 activities 89 47.6
>5 activities 55 294

Notes: AD = Alzheimer’s disease; CDR = Clinical Dementia Rating;
GMHR = General Medical Health Rating.

2The maximum aggregate years worked exceeds expected human capabil-
ities as it reflects a number of individuals who held more than one job simulta-
neously. Because the data do not support determination of whether an
occupation was full or part time, it is not possible to indicate whether multiple
occupations were held simultaneously.

activities, M = 3.6, SD = 2.8 for drop-out/pending versus
M =5.2, SD = 3.0 for completers, #(185) = -3.5, p = .001.
At the initial DPS visit, most individuals (87.2%) re-
ported weekly or daily participation in at least one cogni-
tively stimulating activity. A majority reported two or more
activities, whereas 29.4% reported engaging in over five.
Number of such activities declined with follow-up, from an
initial mean of 4.0 (SD = 3.0) to 2.4 (SD = 2.0, #(65) = 8.4,
p < .0001) at the final visit. As expected, moderate correla-
tions were found between number of cognitively stimulat-
ing activities and dementia duration at each visit, such that
increasing duration was associated with fewer activities.
For instance, at Visit 1, the association between dementia
duration and cognitive activity at the initial DPS visit was
—-0.34 (p < .0001). At Visit 4, the correlation was —.47 (p <
.0001). Initially, mean physical activity totaled 11.2 (SD =
20.5) hrs per month, but this figure also declined over time

t05.8,SD=11.1, #60) =3.9, p <.0001, hrs per month at the
last visit, an average of 2.7 years later. Unlike cognitive ac-
tivity, however, hours of physical activity and dementia
duration were not significantly correlated, 7(173) = —0.11,
p = .16. Participants were relatively highly educated with a
mean (SD) of 13.2 (2.9) years.

Prior to modeling the association between engagement in
cognitively stimulating activities, other indicators of cogni-
tive reserve, and the other covariates, we examined their
correlations with each other as a check for collinearity. Al-
though education was statistically correlated with premor-
bid 1Q, (187) = .36, p < .0001, and with occupational
attainment, r(187) = .40, p < .001, and number of cognitive
activities was statistically correlated with occupational at-
tainment, r(187) = .16, p = .037, the magnitude of each as-
sociation was low, suggesting that each variable would add
unique information when added to the linear mixed models.

Lower cognitive activity was associated with increasing
duration of dementia, 7(180) =—.33, p <.001, and varied by
sex, with men engaging in significantly more cognitively
stimulating activities than females, #(185) =-2.83, p = .005.
Number of cognitive activities was negatively associated
with age r(187) = —.18, p = .01, and positively associated
with overall health, 7(185) =.19, p = .01, and physical activ-
ity, r(173) = .29, p < .001. APOE status was not signifi-
cantly associated with cognitive activity, M = 4.6, SD = 3.2
for APOE E4+ vs. M = 3.8, SD = 2.7 for APOE E4-, #(185)
=—1.84,p=.07.

Association of Cognitive Activities, Other Indicators of
Cognitive Reserve, and Rate of Cognitive Decline

As expected, in linear mixed models significant negative
estimates for time indicated deterioration in MMSE scores.
A significant three-way interaction between number of ac-
tivities, dementia duration, and time observed in initial
models remained significant with the addition of covariates.
In the final model, a significant three-way interaction (F =
5.5, p = .02) indicated a differential effect for stimulating
activity on decline in MMSE performance depending upon
duration of dementia at the initial DPS visit. Specifically,
with shorter illness duration, increased engagement in cog-
nitively stimulating activities was associated with a slower
rate of decline. For example, the model predicted that for
those with less than one-year dementia duration, engage-
ment in zero activities would be associated with a decline of
3.9 points per year on the MMSE (Figure 1a), whereas those
engaged in five stimulating activities would experience a
decline of 2.2 points per year, a difference of 1.7 points. By
contrast, among those with a three-year dementia duration,
the model predicted a decline of 2.2 points per year for
those engaged in zero activities and a rate of decline of 2.1
points per year for engagement in five activities (Figure 1b).

Estimate of premorbid IQ on average was associated with
higher MMSE score (Estimate = 0.11, p = .02) but not with
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Figure 1. (a) and (b) The graphs display the predicted decline in Mini-Men-
tal State Examination (MMSE) scores for varying numbers of cognitively stim-
ulating activities by dementia duration at Visit 1. Note that the graph is based on
the regression equation for the final model and represents mean MMSE scores
by frequency of engagement in cognitive activities for one and three years of
Alzheimer’s disease duration. Dementia durations of one and three years were
selected for illustrative purposes.

rate of decline (Estimate =—0.01, p = .62). Occupational at-
tainment (Estimate = 0.15, p = .55) and years of education
(Estimate = 0.09, p = .61) were not significantly associated
with MMSE. However, these were retained in the final
model because of their theoretical importance as indicators of
cognitive reserve. Engagement in physical activity was not
associated with cognitive performance (Estimate = —0.01,
p = .54). The results of the final model are displayed in
Table 2.

Association of Cognitive Activities, Other Indicators of
Cognitive Reserve, and Rate of Functional Decline

Linear mixed models of the CDR-SB yielded a signifi-
cant positive estimate for time, indicating that functional
impairment increased over time. Models examining the ef-
fects of covariates and their interactions with time also re-
vealed a significant main effect for GMHR rating, indicating
better functional ability with better physical health. The fi-
nal model, controlling for physical health, revealed a sig-
nificant interaction between dementia duration at the initial
visit and number of cognitive activities (F = 7.5, p = .006).
Specifically, a higher number of cognitive activities was as-
sociated, on average, with better functional performance,
particularly with longer dementia duration. For every 5-unit
increase in dementia duration and cognitive activity, there
was a corresponding reduction of 0.5 points on the CDR-
SB. Figure 2a and b depicts the relationship between cogni-
tive activities and dementia duration on functional ability.
Engagement in physical activity (Estimate = 0.01, p = .24),
estimate of premorbid IQ (Estimate =—0.05, p = .15), edu-
cation (Estimate = 0.06, p = .61), and occupational attain-
ment (Estimate = —0.09, p = .64) were not associated with
overall functional ability or rate of decline. However, in
view of their theoretical importance as indicators of cogni-
tive reserve, the latter terms were retained in the final model
(see Table 3).

DiscussioN

In this population-based study of incident AD, engage-
ment in cognitively stimulating activities early in the course
of AD was associated with slower cognitive decline. This
effect was striking, particularly at two and a half years of
follow-up where, for example, statistical modeling pre-
dicted that those engaged in four or more activities scored
approximately four points higher on the MMSE than those
engaged in no stimulating activities. Although differences
in methodology prohibit direct comparisons, the results dif-
fer from those of Helzner and colleagues (2007) and Wilson

Table 2. Effect of Engagement in Cognitively Stimulating Activities and Other Indicators of Cognitive Reserve on Mini-Mental State Examina-
tion Scores: Results of the Final Model

95% Confidence
interval
Model term Estimate (SE) df t Significance Lower Upper
Intercept 19.99 (2.87) 143.50 6.97 <0.001 14.32 25.65
Time -3.90 (0.81) 193.85 —4.83 <0.001 -5.49 -2.31
Dementia duration in years -2.28 (0.28) 221.36 -8.27 <0.001 -2.82 -1.73
# Cognitive activities -0.52 (0.19) 237.29 -2.10 0.037 -0.79 -0.02
Education 0.09 (0.17) 140.40 0.51 0.610 -0.25 0.42
Estimated premorbid 1Q 0.11 (0.05) 138.84 2.36 0.020 0.02 0.21
Occupation 0.15 (0.26) 149.73 0.60 0.55 -0.35 0.66
Dementia Duration x # Cognitive Activities 0.19 (0.05) 246.73 4.20 <0.001 0.10 0.28
Time x Dementia Duration 0.56 (0.18) 176.19 3.10 0.002 0.20 0.91
Time x # Cognitive Activities 0.34 (0.16) 303.13 2.11 0.035 0.02 0.66
Time x Dementia Duration x # Cognitive Activities —-0.10 (0.04) 286.42 -2.35 0.02 -0.19 -0.02
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Figure 2. (a) and (b) The graphs 2 display the predicted change in Clinical
Dementia Rating sum of boxes (CDR-SB) scores for varying numbers of cogni-
tively stimulating activities by dementia duration at Visit 1. Note that the graph
is based on the regression equation for the final model and represents mean
CDR-SB scores by frequency of engagement in cognitive activities for one and
three years of Alzheimer’s disease duration. Dementia durations of one and
three years were selected for illustrative purposes.

and colleagues (2000) who reported, respectively, no effect
or a faster deterioration in cognitive functioning with greater
engagement in premorbid mental activity. The latter study
restricted the assessment to reading activity five years prior
to dementia onset and did not reassess the activity through
the course of dementia. Unlike these studies, we required at
least weekly participation in cognitive pursuits, which could
suggest that higher levels of engagement are needed to ob-
serve a relationship with slower decline. Alternatively,

higher levels of engagement in stimulating activities may be
a reflection of less severe dementia. Indeed, over time, par-
ticipants declined in their level of engagement in stimulat-
ing activities. Furthermore, the association between
stimulating activity and cognition was evident only early in
the course of AD.

Engagement in cognitively stimulating activities was also
associated with better functional ability, but here, the asso-
ciations were greater for those with longer dementia dura-
tion at assessment. Our lack of observation for similar
association in early dementia may reflect the nature of the
CDR, a measure that emphasizes functional abilities that
are more routinized and exhibit greater declines later in the
course of dementia (Hughes et al., 1982; Morris, 1993).
There was no association between engagement in cognitive
activity and rate of functional decline.

Physical activity was not associated with change in rate of
cognitive or functional decline in our participants. Physical
activity has known positive benefits in healthy individuals, and
engagement throughout mid- and late-life has been shown to
be protective against late-life cognitive decline and AD in
some studies (Colcombe et al., 2004; Dik, Deeg, Visser, &
Jonker, 2003; Laurin, Verreault, Lindsay, MacPherson, &
Rockwood, 2001; Weuve et al., 2004; Yaffe, Barnes, Nevitt,
Lui, & Covinsky, 2001) but not others (Carlson et al., 2008;
Scarmeas, Levy, Tang, Manly, & Stern, 2001; Verghese et al.,
2003, 2006). Thus, the effects of physical activity in AD are
not well understood. Although our results are negative, it is
possible that our crude measurement of total physical activity
was insufficient in capturing the effects of potentially neuro-
protective aerobic activities. Nonetheless, our results, while
observational, suggest limited benefits of physical activity to
cognition following the onset of dementia.

Among the strengths of the study were its large population-
based sample, systematic assessment of cognitive activity,
and examination of both cognitive and functional outcomes.
In addition, the six-month follow-up intervals allowed for
increased sensitivity in tracking decline. The comprehen-
sive protocol for determining a dementia diagnosis and high

Table 3. Effect of Engagement in Cognitively Stimulating Activities and Other Indicators of Cognitive Reserve on Clinical Dementia Rating
Sum of Boxes Scores: Results of the Final Model

95% Confidence interval

Model term Estimate (SE) daf t Significance Lower Upper
Intercept 8.28 (2.19) 162.50 3.78 <0.001 3.95 12.61
Time 1.31 (0.19) 94.33 7.02 <0.001 0.94 1.68
Dementia duration 1.43 (0.20) 225.41 7.27 <0.001 1.04 1.82
Estimated premorbid IQ —0.05 (0.03) 134.66 —-1.47 0.15 -0.12 0.02
Education 0.06 (0.12) 138.99 0.51 0.61 -0.18 0.30
Occupation —-0.09 (0.19) 144.59 -0.46 0.64 -0.45 0.28
# Cognitive activities —-0.01 (0.13) 301.47 -0.07 0.95 —-0.26 0.24
Overall health (GMHR) -0.89 (0.25) 447.80 -3.62 <0.001 -1.37 -0.41
Dementia Duration x # Cognitive Activities —0.10 (0.03) 266.03 -3.31 0.001 -0.16 -0.04

GMHR = General Medical Health Rating.
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participation rates among participants and their caregivers
were additional strengths.

Several limitations of this study merit discussion. We did
not examine differential effects of specific activities. Previous
research has suggested a positive effect for social engagement
and the maintenance of cognitive functioning (e.g., Barnes,
Mendes de Leon, Wilson, Bienias, & Evans, 2004). Addition-
ally, social disengagement may lead to a reduction in cogni-
tive stimulation (Wang et al., 2002). Given that many leisure
activities are both cognitive and social in nature, the relative
effect of each represents an area for future research. There
was also significant participant attrition (mostly due to death)
over the course of the study. This may have reduced statistical
power in examining the longitudinal effects of engagement in
stimulating activities. Our results may also reflect the effects
of differential attrition, for example, if greater attrition had
occurred among those with severe dementia or engaged in
fewer activities. Finally, our sample, while population based,
was 99% Caucasian and relatively well educated. Our results
may not generalize to other populations with more diverse
ethnic representation or levels of educational attainment.

A worthwhile endeavor may be to explicitly examine
whether engagement in cognitively stimulating activities
after dementia onset may produce beneficial effects. A ran-
domized controlled intervention trial of stimulating activi-
ties in early dementia may clarify this issue. To date, there
have been no such trials after the onset of dementia. Studies
among the non-demented elderly suggest some benefit of
cognitive intervention (Willis et al., 2006). From a cognitive
perspective, late-life volunteer activity in cognitively at-risk
older adults has been associated with protection (Carlson et
al., 2008, 2009). These findings suggest the potential for
use-dependent brain plasticity among those with dementia,
but their limits remain to be determined.
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