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Abstract—Background: Frequent participation in cognitively stimulating activities has been associated with reduced risk
of AD in several prospective studies. However, the association of cognitive activity with cognitive decline, the principal
manifestation of AD, is not well understood. Methods: More than 4,000 older residents of a geographically defined biracial
community of Chicago were interviewed at approximately 3-year intervals for an average of 5.3 years. Each interview
included administration of four cognitive function tests from which a previously established global measure was derived.
At baseline, each person rated frequency of participation in cognitively stimulating activities (e.g., reading a magazine)
from which a previously established composite measure of cognitive activity was derived. Results: Cognitive activity scores
ranged from 1 to 5 (mean ! 3.14, SD ! 0.66), with higher scores indicating more frequent participation. More frequent
cognitive activity was associated with reduced cognitive decline during follow-up. In a model that controlled for baseline
level of cognition, age, sex, race, and education, a 1-point increase in cognitive activity score was associated with an
approximately 19% decrease in annual rate of cognitive decline (p " 0.001). This effect remained when we controlled for
depressive symptoms and chronic medical conditions (p " 0.001), and when we excluded persons with evidence of memory
impairment at baseline (p " 0.001). Conclusion: Frequent participation in cognitively stimulating activities is associated
with reduced cognitive decline in older persons.
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Frequent participation in cognitively stimulating ac-
tivities has been associated with reduced risk of de-
veloping dementia and Alzheimer disease (AD) in
several recent studies.1-4 Because AD is the leading
cause of dementia in older persons and few poten-
tially modifiable risk factors have been identified,
understanding the basis of the association of cogni-
tive activity with disease incidence is a matter of
substantial public health significance.5

The association between frequency of cognitive ac-
tivity and risk of AD is probably due in part to the
correlation between cognitive activity and cognitive
function. That is, people who report more frequent
participation in cognitive activity tend to perform
better on tests of cognitive function than persons
who report less frequent activity.6-9 On average,
therefore, those who have been cognitively active are
likely to begin old age at a higher level of cognitive
function than their less cognitively active peers. As a
result, a cognitively active person would need to ex-
perience a greater amount of cognitive decline than a
less cognitively active person before reaching a level
of cognitive dysfunction commensurate with
dementia.

Another way in which cognitive activity might in-
fluence AD risk is through an association with the
principal manifestation of the disease, progressive

decline in cognitive function. That is, cognitively ac-
tive people may not only begin old age with better
cognitive skills than less cognitively active persons,
but these skills may also be less subject to decline.
An association between cognitive activity and cogni-
tive decline would be important because it would
imply that cognitive activity, or something associ-
ated with it, may modify the functional consequences
of AD pathology. In laboratory animals, exposure to
complex stimulating environments has been associ-
ated with increased neurons and synapses. In a sim-
ilar fashion, human cognitive activity may give rise
to changes that result in some neural systems being
less vulnerable to AD pathology.5,10-12

There have been few studies of the association of
cognitive activity with cognitive decline in old age,
and their results have been mixed. Two studies
found that frequent cognitive activity was associated
with reduced cognitive decline,3,13 but the effect was
present for only one of nine cognitive measures in
one study,13 and both cohorts were selected. By con-
trast, a population-based study found no association
between participation in everyday activities, includ-
ing several cognitively stimulating ones, and change
in several measures of cognitive function.14

We examined the relation of cognitive activity to
cognitive decline using data from the Chicago Health
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and Aging Project, a population-based longitudinal
study of aging and AD.15 More than 4,000 older per-
sons from a biracial community were interviewed at
approximately 3-year intervals for a mean of 5.3
years. At baseline, persons rated frequency of partic-
ipation in seven common cognitive activities from
which a previously established composite measure of
cognitive activity was derived. At each interview four
brief cognitive performance tests were administered
and used to form a global measure of cognition. We
used random effects regression models to test the
association of cognitive activity with annual rate of
cognitive decline, controlling for baseline level of cog-
nitive function and selected demographic and clinical
variables.

Methods. Subjects. From October 1993 to May 1997, all house-
holds in a geographically defined area on the south side of Chicago
were censused, persons aged 65 years or older were invited to
participate in an in-home interview, and 6,158 of 7,826 (79%)
eligible persons did so. The interview, which included four brief
performance tests of cognitive function, was repeated twice at
approximately 3-year intervals. The study was approved by the
Institutional Review Board of Rush-Presbyterian-St. Luke’s Med-
ical Center.

Of 6,158 persons at baseline, 1,175 died before the first
follow-up interview. Of the remaining 4,983 people, 4,392 (88.1%)
completed at least one follow-up interview. Analyses are based on
this group, which completed a mean of 2.6 interviews per individ-
ual during a mean of 5.3 years of observation. Table 1 provides
information on demographic characteristics and key study vari-
ables in these persons at baseline.

Assessment of cognitive function. Each interview included ad-
ministration of four brief tests of cognitive function. There were
two measures of episodic memory: immediate and delayed recall of
12 ideas contained in the East Boston Story.16 There was one
measure of perceptual speed: the oral version of the Symbol Digit
Modalities Test,17 in which persons match as many digit-symbol
pairs as possible in 90 seconds. The fourth test was the Mini-
Mental State Examination,18 a widely used 30-item measure of
global cognition.

Because we wanted to minimize floor and ceiling artifacts and
other sources of measurement error and because in a previous
factor analysis9 all four tests loaded on a single factor that ac-
counted for about 75% of the variance, we used a composite of all
four tests in longitudinal analyses. As previously described,9 we
formed the composite by converting raw scores on each test to z

scores, using the baseline mean and SD in the population, and
then averaging the z scores.

To identify subgroups with impaired memory at baseline, we
used the average score from immediate and delayed recall of the
East Boston Story.

Assessment of cognitive activity. We used a previously estab-
lished composite measure of frequency of participation in cognitively
stimulating activities.9 At the baseline interview, we asked about
seven activities that mainly involve seeking or processing informa-
tion and make minimal physical or social demands: viewing televi-
sion; listening to radio; reading newspapers; reading magazines;
reading books; playing games like cards, checkers, crosswords, or
other puzzles; and going to a museum. Persons rated their current
frequency of participation in each activity on a five-point scale: 5)
every day or about every day; 4) several times a week; 3) several
times a month; 2) several times a year; 1) once a year or less. The
ratings were averaged to yield the composite measure of cognitive
activity, which ranged from 1 to 5, with higher scores indicating
more frequent participation.

We used a summary measure of cognitive activity instead of
individual activities to reduce floor and ceiling artifacts and other
forms of measurement error. As previously reported,9 participa-
tion in each activity is positively related to level of participation in
the remaining six, supporting the use of a summary measure. We
based the summary score on the average frequency of participa-
tion because we found that accounting for differences in the esti-
mated cognitive demand of each activity resulted in a measure
nearly identical to a measure based only on frequency, which we
chose for reasons of parsimony. In prior research this composite
measure has been associated with incident AD3,4 and, in a differ-
ent cohort, with rate of cognitive decline.3

Assessment of other variables. Depressive symptoms were as-
sessed at the baseline interview with a 10-item form19,20 of the
Center for Epidemiologic Studies Depression (CES-D) scale.21 The
score is the number of symptoms experienced during the last
week.

Seven chronic medical conditions were reported by at least 5%
of the population at baseline: heart disease, stroke, hypertension,
diabetes, cancer, thyroid disease, and shingles or herpes zoster.
We used the number of these conditions present at baseline as an
indicator of chronic illness, as previously described.4

We assessed disability at baseline with the Katz scale.22 The
score is the number of daily activities out of six that the persons
reported being unable to perform.

Data analysis. We used random effects models to characterize
change in the global measure of cognitive function during the
observation period and to test the association of cognitive activity
with initial level of cognition and rate of change.23 In this ap-
proach, each individual path of change is assumed to follow the
path of the population except for random effects that cause the
initial level of function to be higher or lower and the rate of
change to be faster or slower. An important advantage of this
approach is that baseline level of cognition is explicitly modeled as
a source of random variability and a possible correlate of how
rapidly people change. Further information on the application of
these models to cognitive function data is published elsewhere.24,25

The core model included terms for time since baseline in years,
cognitive activity score (centered at 3), and the interaction of
cognitive activity with time. The term for time indicates the aver-
age annual change in the global cognitive score. The term for
cognitive activity indicates the effect of one unit of cognitive activ-
ity on the baseline global cognitive score. The interaction denotes
the effect of one unit of cognitive activity on annual rate of change
in global cognition. This and all subsequent models also included
terms to account for the potentially confounding effects of age, sex,
race (black/non-black), and education on initial level of cognition
and rate of change.

We repeated the core model with two additional interaction
terms: race # cognitive activity and race # cognitive activity #
time. The latter term indicates whether the association of cogni-
tive activity with cognitive decline varied by race. We constructed
similar models for age, for sex, and for education.

In subsequent analyses, we repeated the core model excluding
persons with evidence of memory impairment at baseline, and
then again including terms to control for the effects of depressive
symptomatology, ill health, and disability.

Programming was done in SAS.26 All models were validated

Table 1 Baseline characteristics of 4,392 participants with
follow-up data

Characteristic Value

Age, y 73.9 (6.5)

Education, y 12.0 (3.7)

Women 62.1

African American 61.7

Cognitive activity score 3.14 (0.66)

Global cognitive score 0.12 (0.78)

CES-D score 1.53 (1.97)

Number of medical conditions 1.05 (0.96)

Disability 10.6

Data are presented as mean (SD) or %. Disability was defined as
inability to perform one or more activities of daily living on the
Katz scale.

CES-D ! Center for Epidemiologic Studies Depression Scale.
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graphically and analytically, and assumptions were judged to be
adequately met.

Results. At baseline, the global measure of cognition
ranged from $3.497 to 1.541 (mean ! 0.124, SD ! 0.779),
with higher scores indicating better cognitive function. The
composite measure of frequency of participation in cogni-
tive activity ranged from 1.00 to 5.00 (mean ! 3.14, SD !
0.66), with higher scores indicating more frequent partici-
pation. We assessed the relation of frequency of cognitive
activity to initial level of cognitive function and rate of
cognitive decline in a core random effects model that also
included terms to account for the effects of age, sex, educa-
tion, and race on baseline level of cognition and annual
rate of change (table 2). In this model, there was an aver-
age decline of 0.064 unit per year on the global measure of
cognition, as shown by the term for time. Frequency of
cognitive activity was positively correlated with baseline
level of cognitive function. On average, for each point on
the composite measure of cognitive activity, baseline cogni-
tive score was 0.294 unit higher, as shown by the term for
cognitive activity. Frequency of cognitive activity was also
associated with rate of cognitive decline, with a reduction
of 0.012 unit, or about 19%, for each point on the cognitive
activity scale, as shown by the interaction term. Compared
to a person with infrequent cognitive activity (score ! 2.14,
10th percentile), therefore, rate of global cognitive decline
was reduced by about 35% in a person with frequent cogni-
tive activity (score ! 4.00, 90th percentile).

Because little is known about factors that may influence
the association of cognitive activity with cognitive decline,
we conducted further analyses with interaction terms to
test whether the association of cognitive activity with cog-
nitive decline varied by age, sex, race, or education. None
of these interaction terms was significant, suggesting that
the association of cognitive activity with cognitive decline
did not vary along demographic lines. This is important
because it suggests that all older persons have the poten-
tial to benefit from cognitive activity.

We conducted additional analyses to see if the results
depended on a subset of persons with very early manifes-
tations of AD. Because impaired episodic memory is an
early sign of AD,27,28 we repeated the core analysis exclud-
ing persons whose average immediate and delayed recall of
the East Boston Story at baseline was at or below the fifth
percentile, and the interaction of cognitive activity with
time remained (estimate ! 0.014, SE ! 0.004, p " 0.001).
Results were similar when we excluded those with base-
line memory at or below the 10th (estimate ! 0.014, SE !
0.004, p " 0.001) or 15th (estimate ! 0.015, SE ! 0.004,
p " 0.001) percentiles.

We also considered whether depressive symptomatology
or chronic illness contributed to the association of cognitive

activity with cognitive decline. We repeated the core model
with terms added for number of depressive symptoms on
the CES-D scale and for the number of chronic medical
conditions. In this analysis, the association of cognitive
activity with cognitive decline was comparable to the orig-
inal model (estimate ! 0.012, SE ! 0.003, p " 0.001).
Results were unchanged in subsequent analyses that con-
trolled for specific chronic illnesses instead of the total
number present (data not shown). Because chronic illness
can lead to disability, we constructed a final model with
terms for disability, number of medical conditions, CES-D
score, age, sex, race, and education. In this analysis, fre-
quent cognitive activity continued to be related to reduced
cognitive decline (estimate ! 0.010, SE ! 0.004, p !
0.003).

Discussion. In a biracial community of more than
4,000 older persons, we found that frequent partici-
pation in cognitively stimulating activities was asso-
ciated with reduced cognitive decline during a mean
of about 5 years of observation. On average, persons
with frequent cognitive activity (90th percentile) ex-
perienced about 35% less cognitive decline than per-
sons with infrequent cognitive activity (10th
percentile). The findings suggest that frequent cogni-
tive activity is associated with reduced cognitive de-
cline in old age.

These results are in agreement with two previous
studies of selected groups of highly educated, mostly
white participants,3,13 suggesting that the association
of cognitive activity with cognitive decline is general-
izable. By contrast, a recent population-based study
did not find an association between participation in
everyday activities and cognitive decline.14 In the lat-
ter study, however, individual cognitive tests rather
than composite measures were used in analyses and
very little decline was evident. In addition, cognitive
activities were not analyzed as a group but were
instead grouped with noncognitive activities into de-
velopmental (i.e., following an educational course
grouped with doing outdoor sports) and experiential
(i.e., visiting a cultural institution grouped with vis-
iting a restaurant) categories.

The current results suggest that cognitive activity
contributes to reduced risk of AD not only by an
association with level of premorbid cognitive function
but also by an association with rate of cognitive de-
cline. The basis of the association of cognitive activ-
ity with cognitive decline is uncertain, however. In
clinical trials, cognitive training has been shown to
have beneficial and long-lasting effects on cognitive
function in older persons,29 supporting the idea that
the association between cognitive activity and cogni-
tive decline may be causal. The benefits of cognitive
training are restricted to the skill being trained, and
evidence of this specificity can also be found in obser-
vational studies,5 suggesting that repetition is an im-
portant component of skill building.

The neurobiological mechanisms linking cognitive
activity with cognitive decline are unknown. Envi-
ronmental complexity has been related to a variety

Table 2 Association of cognitive activity with baseline level of
global cognition and annual rate of change, estimated from a
random effects model adjusted for age, sex, race, and education

Model term Estimate SE p Value

Time $0.064 0.004 "0.001

Cognitive activity 0.294 0.015 "0.001

Cognitive activity # time 0.012 0.003 "0.001

814 NEUROLOGY 61 September (2 of 2) 2003



of neuroplastic responses in adult animals, including
the formation of new neurons and synapses, in brain
regions that are critically involved in cognitive func-
tioning.30,31 In people, therefore, frequent mental ac-
tivity may contribute to structural and functional
reorganization that makes neural systems involved
in the activity less vulnerable to disruption by AD
pathology.5,32 Support for this hypothesis comes from
a recent clinicopathologic study in which the delete-
rious impact of AD pathology on cognitive function
proximate to death was reduced in persons with
more education compared to those with less educa-
tion.33 Further clinicopathologic research will be
needed to identify the structural, biochemical, and
molecular mechanisms that underlie the brain’s abil-
ity to tolerate AD pathology.

Assessment of cognitive activity is difficult. Most
activities involve some degree of cognitive function,
but it is uncertain how best to quantify that degree
or individual differences, particularly in persons
with diverse cultural and socioeconomic back-
grounds. The measure used in this study focused on
activities in which information processing is central
and that make minimal physical or social demands.
In previous research, the items on the scale have
been shown to be correlated with each other and the
total score has been related to education and cogni-
tive function, supporting the construct validity of the
scale.9 We acknowledge, however, that this brief
scale is unlikely to capture the full spectrum of indi-
vidual differences in participation in cognitively
stimulating activities and that improved methods of
assessing participation in cognitive activity are
needed.8

Several factors increase confidence in these find-
ings. We studied a geographically defined population
of older persons, making it likely that there was a
broad spectrum of cognitive activity and cognitive
function. We used composite measures of cognitive
activity and cognitive function that were previously
established in cross-sectional analyses.9 Analyses
controlled for baseline level of cognitive function and
excluding persons with baseline memory impairment
did not alter results, making it unlikely that the
association of cognitive activity with cognitive de-
cline is due to pre-existing cognitive impairment or
early AD.

Two study limitations should be noted. We used a
global measure of cognition whereas prior research
suggests that cognitive activity effects are strongest
on processing abilities like working memory.3,13

Thus, the current results may slightly underestimate
the strength of the association between cognitive ac-
tivity and cognitive decline. In addition, because we
used brief measures of depressive symptoms and ill
health, the possibility remains that some residual
confounding by these variables could have occurred.
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Cortical and subcortical blood flow
effects of subthalamic nucleus

stimulation in PD
T. Hershey, PhD; F.J. Revilla, MD; A.R. Wernle, BSN; L. McGee-Minnich, BSN; J.V. Antenor, MPH;

T.O. Videen, PhD; J.L. Dowling, MD; J.W. Mink, MD, PhD; and J.S. Perlmutter, MD

Abstract—Objective: To assess whether subthalamic nuclei (STN) stimulation’s primary mechanism of action is to drive
or inhibit output neurons. Methods: Cerebral blood flow responses to STN stimulation were measured using PET in 13
patients with Parkinson disease. Patients were scanned with stimulators off and on (six scans each condition). Clinical ratings,
EMG, and videotaping of movements were obtained at each scan. Scans with observable tremor or movement were eliminated
from analysis. Brain regions where STN stimulation significantly altered blood flow were identified. Results: STN stimulation
increased blood flow in midbrain (including STN), globus pallidus, and thalamus, primarily on the left side, but reduced blood
flow bilaterally in frontal, parietal, and temporal cortex. Conclusions: These data suggest that STN stimulation increases firing
of STN output neurons, which increases inhibition of thalamocortical projections, ultimately decreasing blood flow in cortical
targets. STN stimulation appears to drive, rather than inhibit, STN output neurons.
NEUROLOGY 2003;61:816–821

Despite the clinical benefit of deep brain stimulation
(DBS) of the subthalamic nuclei (STN), the fundamen-
tal effects of DBS on brain activity remain unclear.
DBS could alter neuronal function via at least three
different mechanisms: 1) by blocking local neuronal ac-
tivity (“conduction block”); 2) by preferentially activat-
ing local inhibitory axon terminals, thus inhibiting
output neurons from the target structure; or 3) by di-
rectly exciting output neurons, increasing their firing
rate. These options may not be mutually exclusive. The
net output from the stimulated area may be a key
element in determining how DBS alters brain function.

In this investigation, PET measurements of blood
flow were used to determine whether DBS of the
STN stimulates or inhibits output neurons from the
STN. By measuring blood flow in targets of STN
projection neurons and cortex, it can be determined
whether these projection neurons are increasing or

decreasing their activity with stimulation. The un-
derlying assumption of this approach is that changes
in local blood flow reflect changes in neuronal activ-
ity in target synaptic fields, including local interneu-
rons, rather than changes in efferent activity.1-3

If DBS drives efferent axons from STN, blood flow
would increase in SN, GPi, and thalamus, but de-
crease in the cortical targets of thalamic nuclei. If
DBS reduces output from STN, blood flow would de-
crease in GPi and thalamus, but increase in cortical
regions. This study found that DBS of STN increases
blood flow in midbrain and thalamus yet decreases
blood flow in several cortical areas, suggesting that
DBS drives STN output neurons.

Materials and methods. Subjects. Thirteen patients with
Parkinson disease (PD) with bilateral STN stimulators implanted
at least 2 months earlier were studied. Patients met the diagnos-
tic criteria for clinically definite PD4,5 and were excluded for a
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