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Abstract
Objective: To examine whether there is an association between engagement in reading and hobbies and dementia risk in late life.
Methods: A total of 942 members of a population-based, prospective cohort study were followed biennially to identify incident
dementia cases. Cox proportional hazards models were used to estimate the risk of dementia in relation to baseline total number
of activities and time commitment to reading and hobbies. Results: A lower risk for dementia was found for a greater number of
activities and for a high (about 1 hour each day) compared with low (less than 30 minutes each day) weekly time commitment to
hobbies, independent of covariates. Only the protective effect of hobbies remained after methods were used to minimize bias due
to potential preclinical dementia. Conclusion: Engaging in hobbies for 1 or more hours every day might be protective against
dementia in late life.
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Introduction

Dementia is one of the most dreaded conditions of older age.

Approximately 35.6 million are expected to be affected world-

wide in 2010, with the prevalence expected to double every

20 years to over 100 million in 2050.1 Dementia is now recog-

nized as a chronic disease with both genetic and environmental

factors contributing to the risk. Because at present, only envi-

ronmental factors are potentially amenable to change they are

the focus of most efforts to delay or prevent dementia.

There is both scientific and popular interest in the idea that

older adults may alter their risk for dementia by keeping their

brains active. Higher levels of engagement in cognitively sti-

mulating leisure activities in late life have been linked to lower

risk of dementia in observational studies.2-7 However, interpre-

tation of this association is bedeviled by the problem of reverse

causality. The underlying pathology of degenerative dementias

starts many years earlier before symptom onset.8 When a risk

factor is identified more proximal to the onset of dementia, it

cannot be determined whether it is a true causal factor or an

early marker of disease.9 As a result, a negative association

between late-life leisure activity and dementia risk could indi-

cate that either a higher level of engagement provides protec-

tion against dementia or a lower level of engagement is an

effect of early dementia. Both explanations have important

implications for the cognitive health of older adults and should

be equally considered when interpreting the results of studies

with relatively short follow-up periods (ie, less than 10 years).

We used data from a population-based cohort of older adults

to examine whether the number of reading and hobby activities

in which an older person engages, and the time commitment to

reading and hobbies in general, are associated with the risk of

incident dementia over a period of approximately 6 years.

Given this relatively short follow-up period, we also evaluated

whether preclinical dementia could confound the findings.

Methods

Study Site and Population

Participants were from the Monongahela Valley Independent

Elders Survey (MoVIES) project, a prospective epidemiologic
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study in a predominately blue collar, rural area of southwestern

Pennsylvania that has been previously described.10 Briefly, the

study enrolled 1681 participants who were at least 65 years, flu-

ent in English, had at least a sixth grade education, and were

living in the community at the time of recruitment, beginning

in 1987. Of them, 1422 were recruited through random sam-

pling of voter registration lists considered comprehensive for

the area and 259 participants were volunteers from the same

area (hereafter referred to as ‘‘recruitment status’’) that has

been previously described.11 Written informed consent was

obtained according to procedures annually approved by the

University of Pittsburgh Institutional Review Board.

MoVIES participants were followed at 2-year intervals

through 2002. The assessment comprised a cognitive battery12

and demographics, health, medication, health service utiliza-

tion, and lifestyle variables. Information related to reading and

hobby activities was first collected at wave 3 (1991-1993), the

baseline for the current study, at which time 1165 (69.3%) of

the 1681 participants were assessed, with the remainder being

lost due to death (273[16.2%]), dropout (81[4.8%]), relocation

(21[1.4%]), poor health/untestable status (4[0.2%]), or request

to delay participation to a future wave (137[8.1%]). They had a

mean (SD) age of 76.44 (5.36) years, 63.09% were women, and

60.60% had a high school or higher education. After excluding

81 participants with dementia onset prior to baseline, 44 parti-

cipants who reported difficulty reading the newspaper even

with corrective lenses, and 98 participants with missing data

on any of the relevant study variables, 942 participants were

available for the current analyses.

Dementia Assessment

A 2-stage assessment procedure was used at each wave. First,

all participants were screened with the cognitive test battery

previously referenced.12 Those meeting operational criteria for

‘‘cognitive impairment’’ or ‘‘cognitive decline,’’13 and a sub-

sample of matched cognitively intact individuals, were then

clinically evaluated for dementia based on modified consor-

tium to establish a registry for Alzheimer disease (CERAD)14

and Pittsburgh Alzheimer Disease Research Center assessment

protocols. Participants were assigned a Clinical Dementia Rat-

ing (CDR)15 score of 0, 0.5, 1, 2, or 3 indicating no, possible/

questionable, mild, moderate, or severe dementia,15,16 respec-

tively, with date of onset estimated based on all available data.

For the current analyses, those receiving a CDR score of 1 or

greater were classified as having dementia.

Engagement in Reading and Hobbies

MoVIES participants were asked to self-report whether they

engaged in 10 leisure activities chosen by the study investi-

gators based on their knowledge of the community and experi-

ence with the cohort. These activities included reading books,

magazines, and newspapers, and engaging in hobbies including

board games, crafts, crossword puzzles, jigsaw puzzles, musi-

cal instruments, bridge, and other card games. The participants

also had the opportunity to report any other hobbies they

engaged in, such as gardening, word-find puzzles, baking, and

painting. Frequency of engagement in reading and hobbies in

general, but not for each specific reading or hobby type, was

based on hours of participation each week. For the current anal-

yses, this time commitment to reading and hobbies was categor-

ized into 3 levels: low (0-3 h/week, approximating less than

30 minutes per day; reference group), medium (4-6 h/week,

approximating 30 to 60 minutes per day), and high (> 6 h/week,

approximating 1 or more hours per day). Each individual activ-

ity, total number of activities (range 0-10; Cronbach a ¼ .45),

and time commitment level for reading and hobbies were the

main predictor measures.

Covariates

Baseline age, gender, and education (<high school, �high

school), and recruitment status were included as covariates.

Depressive symptoms were measured using the modified

Center for Epidemiological Studies�Depression Scale17 (range

0-20), with those scoring greater than 5 being classified as hav-

ing substantial depressive symptoms based on the cutoff score

at the MoVIES cohort 90th percentile.18 Using the older Amer-

icans resources and services questionnaire19 assessment of

instrumental activities of daily living, individuals were classi-

fied as functionally not impaired (0 impairments), mildly

impaired (1-4 impairments), and moderately to severely

impaired (5-7 impairments). Physical exercise level (no or

low/high effort) was measured based on a previously derived

composite measure from the MoVIES cohort.20 Overall health

was measured by the number of prescription drugs regularly

taken and by self-rated health (poor or fair/good or excellent).

Data Analyses

All data analyses were carried out using statistical analysis

software (SAS) version 921 with P values less than .05 (2-

tailed) interpreted as being statistically significant.

Crude comparisons between those who remained nonde-

mented and those who developed dementia during the study

period were made for each covariate and measures of engage-

ment in reading and hobby activities using independent sample

t tests for continuous measures, and Pearson w2 test for catego-

rical variables. Separate Cox proportional hazard regression

models22 were used to examine the associations of time to

dementia onset with the following predictors: (1) all individual

activities, (2) the total number of activities, (3) the time spent

participating in reading, and (4) the time spent participating

in hobbies. For each of these predictors, the crude HR (hazard

ratio) and 95% CI (confidence interval) were estimated in

model 1; followed by adjustment for age, gender, and educa-

tion in model 2; plus baseline depressive symptoms, functional

impairment, physical exercise level, prescription medication

use, self-rated health, and recruitment status in model 3.

To further examine whether any associations found could be

confounded by preclinical dementia, we fit all models again
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after excluding those who received a CDR rating of 0.5

(possible dementia) at baseline, after controlling for baseline

global cognitive ability measured by the Mini-Mental Status

Examination (MMSE),23 and sequentially excluding cases

diagnosed at each of the follow-up waves.

Results

Sample Characteristics

At baseline, the mean (SD) age of the sample was 75.84 (5.10)

years, 66.45% were women, and 63.69% had a high school or

higher education. The majority reported good or excellent

health (79.72%), 18.05% reported a high level of exercise,

7.43% had substantial depressive symptoms, 67.94% had no

functional impairments, and 19.75% were volunteer partici-

pants for the study. The average (SD) number of medications

was 2.24 (2.22) and the mean (SD) MMSE score was 27.24

(2.29). Among the 942 participants, 802, 676, 546, and 242

were followed through wave 4, wave 5, wave 6, and wave 7,

respectively. The average (SD; range) length of follow-up was

6.07 (2.75; 0-10.48) years.

The baseline characteristics of the sample by final dementia

status at the end of the study period are presented in Table 1.

Compared to those who developed incident dementia (CDR

�1) during follow-up, those who remained free of dementia

were significantly younger, more likely to have completed at

least high school education, to engage in a high level of exer-

cise, to have been originally recruited as part of the volunteer

(vs random) sample, to have no compared with mild or moder-

ate/severe functional impairment, and to have better global

cognitive ability based on the MMSE. Table 2 shows baseline

engagement in reading and hobby activities among those who

did and did not develop dementia during the study period.

Compared to incident cases of dementia, those without demen-

tia were more likely to read books, do crafts and crossword

puzzles, engage in a greater number of reading and hobby

activities, and to devote a medium or high amount of time to

reading, and a high amount of time to hobbies.

Engagement in Reading and Hobbies

The percentages of the baseline sample (n ¼ 942) engaging in

each activity are as follow: 52.15% read books, 94.06% read

newspapers, 69.85% read magazines, 3.50% played board

games, 27.60% did crossword puzzles, 0.96% did jigsaw puz-

zles, 4.99% played musical instruments, 31.32% did crafts,

5.10% played bridge, 31.21% played other card games, and

28.98% engaged in other hobbies. On average, the participants

engaged in 3.50 (SD ¼ 1.59) types of reading and hobby activ-

ities. The majority of the sample had a low (35.56%) or high

(44.16%) time commitment to reading with only 20.28% in the

medium category. Similarly, 53.82% and 31.32% had low and

high time commitments, respectively, to hobbies, with only

14.86% devoting a medium level of time. Having at least a

high school education, good or excellent self-reported health,

volunteer status, fewer depressive symptoms, and better func-

tional ability were associated with greater engagement in total

activities and time spent engaging in reading and hobbies.

Being younger, female, and taking fewer prescription medica-

tions were also associated with engaging in more activities and

with a higher time commitment to hobbies.

Engagement in Reading and Hobbies and Incident
Dementia

During the follow-up period, 111 incident dementia cases with

CDR�1 were documented for a crude overall incidence rate of

22.6 (95% CI: 18.4-26.8) per 1000 person years. Table 3 shows

the results of the Cox proportional hazards models for each of

the main predictors. Engaging in crafts (HR ¼ 0.40, 95% CI:

Table 1. Baseline Characteristics of Participants Who Did and Did Not Develop Dementia During the Follow-Up Perioda

Participants Who Remained
Non Demented (n ¼ 831)

Participants Who Developed
Dementia (n ¼ 111) P Value

Age (years), mean (SD) 75.42 (4.87) 78.92 (5.40) <.01
Gender (% women) 65.82 71.17 .26
Education (% �high school) 65.34 51.35 <.01
Self-rated health
(% good or excellent)

80.39 74.77 .17

Physical exercise (% high) 19.01 10.81 .03
Depressive symptoms (% �5) 6.86 11.71 .07
Functional impairment <.01

% no 70.40 49.55 .
% mild 28.28 45.05 .
% moderate/severe 1.32 5.41 .

Medication, mean (SD) 2.20 (2.22) 2.53 (2.22) .14
Recruitment status (% random) 20.82 11.71 .02
MMSE, mean (SD) 27.49 (2.02) 25.35 (3.17) <.01

Abbreviation: MMSE, Mini-Mental Status Examination.
a Comparisons based on t tests for continuous variables and and w2 tests for categorical variables.
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Table 2. Baseline Engagement in Reading and Hobby Activities in Participants Who Did and Did Not Develop Dementia During the Follow-Up
Perioda

Participants Who Remained
Non Demented (n ¼ 831)

Participants Who Developed
Dementia (n ¼ 111) P Value

Individual activities
Reading books (% yes) 53.91 38.74 <.01
Reading the newspaper (% yes) 93.98 94.59 .80
Reading magazines (% yes) 70.40 65.77 .32
Board games (% yes) 3.73 1.80 .30
Crossword puzzles (% yes) 29.00 17.12 .01
Jigsaw puzzles (% yes) 1.08 0.00 .27
Musical instrument (% yes) 5.29 2.70 .24
Crafts (% yes) 33.33 16.22 <.01
Bridge (% yes) 5.42 2.70 .22
Other card games (% yes) 32.01 25.23 .14
Other hobbies (% yes) 29.72 23.42 .17

Total no of activities, mean (SD) 3.58 (1.59) 2.88 (1.42) <.01
Time commitment reading . . <.01

(% 0-3 h/week) 33.81 48.65 .
(% 4-6 h/week) 20.70 17.12 .
(% >6 h/week) 45.49 34.23 .

Time commitment hobbies . . <.01
(% 0-3 h/week) 51.50 71.17 .
(% 4-6 h/week) 15.16 12.61 .
(% >6 h/week) 33.33 16.22 .

a Comparisons based on t tests for continuous variables and w2 tests for categorical variables.

Table 3. The Association Between Engagement in Reading and Hobbies and the Risk of Developing Dementia

HR for Dementia (95% CI)

Model 1 Model 2 Model 3

Individual activitiesa

Reading books 0.68 (0.44-1.07) 0.77 (0.49-1.21) 0.86 (0.54-1.37)
Reading the newspaper 1.31 (0.56-3.08) 1.86 (0.78-4.45) 2.82 (1.14-7.18)
Reading magazines 1.29 (0.81-2.06) 0.93 (0.57-1.50) 0.98 (0.60-1.60)
Board games 0.98 (0.23-4.06) 0.82 (0.20-3.40) 0.65 (0.15-2.77)
Crossword puzzles 0.52 (0.31-0.87) 0.63 (0.37-1.06) 0.57 (0.33-0.97)
Jigsaw puzzles . . .
Musical instrument 0.69 (0.21-2.21) 0.64 (0.20-2.11) 0.59 (0.18-1.98)
Crafts 0.38 (0.22-0.64) 0.37 (0.22-0.63) 0.40 (0.23-0.68)
Bridge 0.69 (0.21-2.19) 0.52 (0.16-1.69) 0.54 (0.16-1.74)
Other card games 0.73 (0.47-1.13) 0.85 (0.55-1.33) 0.91 (0.58-1.42)
Other hobbies 0.71 (0.45-1.10) 1.01 (0.63-1.61) 1.03 (0.64-1.66)
Total no of activities 0.76 (0.67-0.86) 0.81 (0.71-0.92) 0.86 (0.75-0.99)

Time commitment to reading
0-3 h/week (low) 1.00 (ref) 1.00 (ref) 1.00 (ref)
4-6 h/week (medium) 0.64 (0.38-1.09) 0.80 (0.47-1.36) 0.94 (0.54-1.62)
>6 h/week (high) 0.62 (0.41-0.95) 0.67 (0.44-1.04) 0.81 (0.52-1.28)

Time commitment to hobbies
0-3 h/week (low) 1.00 (ref) 1.00 (ref) 1.00 (ref)
4-6 h/week (medium) 0.56 (0.31-0.99) 0.68 (0.38-1.21) 0.72 (0.40-1.29)
>6 h/week (high) 0.32 (0.19-0.55) 0.40 (0.23-0.68) 0.43 (0.25-0.75)

Abbreviations: HR, hazard ratio; CI, confidence interval; Model 1, crude model; Model 2, Adjusted for age, gender, and education; Model 3, adjusted for age,
gender, education, depressive symptoms, physical exercise, functional impairment, self-reported health, medication use, and recruitment status.
a No engagement in each individual activity served as the reference group.
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0.23-0.68) and crossword puzzles (HR ¼ 0.57, 95% CI:

0.34-0.97) were associated with a lower risk of incident demen-

tia, whereas reading the newspaper (HR ¼ 2.82, 95% CI:

1.14-7.18) was associated with a higher risk of dementia, inde-

pendent of other activities and all covariates. Engaging in a

greater number of activities (HR ¼ 0.86, 95% CI: 0.75-0.99)

and a high time commitment to hobbies (HR ¼ 0.43, 95%
CI: 0.25-0.75), compared to a low time commitment, were also

associated with a reduced risk of incident dementia after adjust-

ing for all covariates. Time commitment to reading activities

was not associated with incident dementia risk.

To minimize potential bias due to preclinical dementia, we

excluded 54 participants rated as possible/questionable demen-

tia (CDR ¼ 0.5), reducing our sample size to 888 participants.

The association between time commitment level to hobbies and

incident dementia remained significant, with a high level (HR

¼ 0.46, 95% CI: 0.26-0.84) reducing risk. The association

between total activities and incident dementia risk became only

marginally significant (HR ¼ 0.87, 95% CI: 0.74-1.01). We

also further adjusted the models for baseline global cognitive

status. Similarly, the association between high time commit-

ment to hobbies and a reduced risk of incident dementia

remained (HR ¼ 0.50, 95% CI 0.29-0.86), but the association

between total activities and dementia risk was only marginally

significant (HR¼ 0.92, 95% CI: 0.80-1.05). Finally, sequential

exclusion of those who would become demented at each subse-

quent follow-up demonstrated a similar pattern where a high

time commitment to hobbies continued to be associated with

a reduced risk of dementia, but that the association between

total activities and dementia risk was attenuated (Table 4).

Discussion

Our study showed that being engaged in more reading and

hobby activities and spending more time each week doing

hobbies is associated with a lower subsequent risk of incident

dementia. This finding is independent of many factors previ-

ously linked to both activity engagement and dementia that

may confound the true association, including age, gender,

education, health status, depressive symptoms, physical exercise

level, functional impairment, and global cognitive functioning.

This research suggests there may be potential benefits of leisure

activities at the population level, because it was conducted using

data from a large, representative, population-based study.

It is well established that temporal sequence cannot be

established in cross-sectional studies and requires longitudinal

studies such as the one reported here. However, the pathologies

underlying dementia likely develop insidiously for decades

before clinical onset. Because in our study, the onset of demen-

tia occurred within 6 years (on average) after we measured

engagement in reading and hobbies, an alternative interpreta-

tion of our findings could be that incipient dementia is associ-

ated with a lower level of engagement in reading and hobbies.

We used several approaches to control for preclinical dementia

to minimize the potential for reverse causality. The association

between high time commitment to hobbies and a reduced risk

of dementia remained when we restricted our sample to those

who scored 0.5 on the CDR and adjusted for baseline global

cognitive status. Sequential exclusion of incident cases at each

follow-up wave also did not change this association, suggesting

that this may be a true protective effect. Conversely, the protec-

tive effect of engaging in more types of activities was dimin-

ished when these methods to minimize misclassifying those

with preclinical dementia as controls were used. Thus, it may

be that a lower number of total activities is a preclinical marker

of dementia. However, studies with even longer follow-up peri-

ods, as well as experimental trials, are needed to definitively

establish causal relationships.

Our findings are consistent with a growing body of evidence

from observational studies suggesting that engaging in cogni-

tively stimulating leisure activities in late life may reduce the

risk of Alzheimer’s disease6,7 and overall dementia.2-4 To our

knowledge, no studies have reported negative associations of

cognitive activity with the risk of dementia.

In our study, a significant reduction in dementia risk was

only associated with a high, but not medium, time commitment

to hobbies compared to low. Thus, it may be necessary to par-

ticipant in cognitively stimulating leisure activities involving

Table 4. The Association Between Engagement in Reading and Hobbies After Excluding Cases Diagnosed Within 2, 4, and 6 Years From
Baseline

Excluding Cases
Diagnosed Within 2 years

Excluding Cases
Diagnosed Within 4 years

Excluding Cases
Diagnosed Within 6 years

Demented/
Nondemented

HR for Dementia
(95% CI)a

Demented/
Nondemented

HR for Dementia
(95% CI)a

Demented/
Nondemented

HR for Dementia
(95% CI)a

Total no of activities 85/831 0.84 (0.71-0.98) 76/831 0.89 (0.75-1.06) 72/831 0.91 (0.76-1.09)
Time commitment to hobbies

0-3 h/week (low) 56/428 1.00 (ref) 53/428 1.00 (ref) 52/428 1.00 (ref)
4-6 h/week
(medium)

13/126 0.91 (0.49-1.69) 11/126 0.92 (0.47-1.81) 9/126 0.79 (0.38-1.66)

>6 h/week (high) 16/277 0.47 (0.26-0.85) 12/277 0.45 (0.23-0.89) 11/277 0.41 (0.20-0.84)

Abbreviations: HR, hazard ratio; CI, confidence interval.
a Adjusted for age, gender, education, depressive symptoms, physical exercise, functional impairment, self-reported health, medication use, and recruitment status.
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hobbies for about 1 hour each day to benefit cognitive health.

The fact that a medium level did not reach statistical signifi-

cance suggests that committing less than 1 hour a day in later

life may not be sufficient to reduce the risk of dementia. The

lack of association with time commitment to reading may be

related to heterogeneity in the cognitive demand of the reading

material. This is supported by our unexpected finding that read-

ing the newspaper was associated with an elevated risk of

dementia. It is possible that the level of cognitive demand could

depend on what sections of the newspaper were read (eg, obitu-

aries vs business).

The degree of cognitive demand or novelty of activities is

thought to be an important component of their potential benefit

to cognitive health.24 Our finding that engagement in a greater

variety of activities reduced the risk of dementia might reflect

greater opportunity for new and challenging activities. Because

the various types of reading and hobby activities included in

our analyses may influence dementia risk differently, we also

examined the independent effect of each individual activity.

We found that engagement in crossword puzzles and crafts

reduced the risk of dementia, independent of other activities,

perhaps, because these activities require more cognitive effort

than other types of activities. Some of the activities (eg, bridge

and board games) which require interaction with other people

can be considered partly social activities, and social integration

has been shown to be associated with dementia risk reduc-

tion.2,5 In our cohort, activities with both cognitive and social

components did not appear to offer more protection than those

typically performed in isolation, such as crossword puzzles.

Possibly, too few participants reported playing bridge or board

games, or the board games they played did not require much

cognitive effort.

Evidence from animal and human imaging studies offers

potential explanations of the biological mechanisms underlying

the link between cognitive activity and dementia. Animal stud-

ies show that enriched environments lead to structural and

functional brain changes, including increased neurogenesis,25

synaptogenesis,26 and the release of nerve growth factor and

brain-derived neurotrophic factor.27 Alzheimer’s disease

pathology is also reduced in transgenic animal models living

in an enriched environment versus standard housing.28 Human

studies demonstrate that cognitive activity may lead to a reor-

ganization of neurocognitive networks,29 attenuate the adverse

effects of stress hormones on the brain,30 and modify the asso-

ciation between white matter lesion density, reflective of small

vessel disease, and cognitive performance.31

A major methodological issue surrounding the study of

cognitive activity in relation to dementia and other cognitive

outcomes is the measurement of activity. Studies vary consid-

erably in the types of activities that are assessed. Similar to

other cohort studies, our measure was based on self-reported

engagement in activities, making it susceptible to measurement

error. The reliability and validity of the measure also have not

been established. We were also unable to examine the specific

frequency, the real or perceived level of cognitive demand, or

proficiency in each type of activity that would have provided

more insight as to whether certain activities in specific

quantities or of specific levels of cognitive challenge reduce

risk more than others. The influence of cognitive activity across

the life span, including activity related to occupation, could not

be examined because data on cognitive activity were restricted

to the study period after retirement. Understanding whether and

how much cognitive activity level prior to older age modifies

the relation between engagement in late life and dementia risk

will have important implications for intervention development.

Despite these limitations, the associations found in this study

add to the growing body of evidence that engagement in activ-

ities in late life that require some degree of cognitive effort

may offer protection against dementia. Controlled intervention

trials of carefully selected activities may be the next step in

elucidating these relationships and demonstrating their efficacy

in maintaining cognitive health and preventing or delaying

dementia.

Declaration of Conflicting Interests

The author(s) declared no conflicts of interest with respect to the

authorship and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research and/or authorship of this article: T.F. Hughes is supported

by T32 award #MH019986 from the National Institute of Mental

Health, C.-C. H. Chang and J. Vander Bilt are supported by grant

#R01AG023651. M. Ganguli is supported in part by grants

#R01AG023651 and #K24AG022035, and the MoVIES project was

supported by grant #R01AG07562 from the National Institute on

Aging, and National Institutes of Health, US Department of Health

and Human Services.

References

1. Alzheimer’s Disease International. World Alzheimer’s Report 2009

Executive Summary. http://www.alz.co.uk/research/worldreport/.

Accessed October 9, 2009.

2. Karp A, Paillard-Borg S, Wang H-X, Silverstein M, Winblad B,

Fratiglioni L. Mental, physical, and social components in leisure

activities equally contribute to decrease dementia risk. Dement

Geriatr Cogn Disord. 2006;21(2):65-73.

3. Scarmeas N, Levy G, Tang M-X, Manly J, Stern Y. Influence of

leisure activity on the incidence of Alzheimer’s disease. Neurol-

ogy. 2001;57(12):2236-2242.

4. Verghese J, Lipton RB, Katz MJ, et al. Leisure activities and the

risk of dementia in the elderly. N Engl J Med. 2003;348(25):2508-

2516.

5. Wang H-X, Karp A, Winblad B, Fratiglioni L. Late-life engage-

ment in social and leisure. Activities is associated with a

decreased risk of dementia: a longitudinal study from the Kung-

sholmen Project. Am J Epidemiol. 2002;155(12):1081-1087.

6. Wilson RS, Bennett DA, Bienias JL, et al. Cognitive activity and

incident AD in a population-based sample of older adults. Neurol-

ogy. 2002;59(12):1910-1914.

Hughes et al 437

437



7. Wilson RS, Scherr PA, Schneider JA, Tang Y, Bennett DA. Rela-

tion of cognitive activity to risk of developing Alzheimer disease.

Neurology. 2007;69(20):1911-1920.

8. DeKosky ST, Marek K. Looking backward to move forward: early

detection of neurodegenerative disease. Science. 2003;302(5646):

830-834.

9. Ganguli M, Kukull WA. Lost in translation: epidemiology, risk,

and Alzheimer’s disease. Arch Neurol. 2010;67(1):107-111.

10. Ganguli M, Mendelsohn A, Lytle M, Dodge HH. A follow-up

comparison of study participants and refusers within a rural

elderly population. J Gerontol A Biol Sci Med Sci. 1998;53(6):

M465-M470.

11. Ganguli M, Lytle M, Reynolds MD, Dodge HH. Random vs

volunteer selection for a community-based study. J Gerontol A

Biol Sci Med Sci. 1998;53(6):M39-M46.

12. Ganguli M, Ratcliff G, Huff FJ, et al. Effects of age, gender,

and education on cognitive tests in an elderly rural com-

munity sample: norms from the Monongahela Valley Inde-

pendent Elders Survey (MoVIES). Neuroepidemiol. 1991;10(1):

42-52.

13. Ganguli M, Dodge HH, Chen P, Belle S, DeKosky ST. Ten-

year incidence of dementia in a rural elderly US community

population: the MoVIES Project. Neurology. 2000;54(5):

1109-1116.

14. Morris JC, Heyman A, Mohs RC, et al. The Consortium to Estab-

lish a Registry for Alzheimer’s Disease (CERAD). Part I. Clinical

and neuropsychological assessment of Alzheimer’s disease. Neu-

rology. 1989;39(9):1159-1165.

15. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new

clinical scale for the staging of dementia. Br J Psychiatry.

1982;140:566-572.

16. Morris JC. The Clinical Dementia Rating (CDR): current version

and scoring rules. Neurology. 1993;43(11):2412-2414.

17. Radloff LS. The CES-D Scale: a self-report depression scale for

research in the general population. Appl Psychol Meas.

1977;1(3):385-401.

18. Ganguli M, Gilby J, Seaberg E, Belle S. Depressive symptoms

and associated factors in a rural elderly population: the MoVIES

Project. Am J Geriatr Psychiatry. 1995;3(2):144-160.

19. Fillenbaum GG, Smyer MA. The development, validity, and

reliability of the OARS multidimensional functional assessment

questionnaire. J Gerontol. 1981;36(4):428-434.

20. Lytle ME, Vander Bilt J, Pandav, Dodge HH, Ganguli M. Exercise

level and cognitive decline. the MoVIES Project. Alzheimer Dis

Assoc Disord. 2004;18(2):57-64.

21. SAS Institute. SAS System for Microsoft Windows (Version 9)

[Computer software]. Cary, NC: SAS Institute Inc; 2003.

22. Hosmer DW, Lemeshow S. Applied Survival Analysis. Regres-

sion Modeling of Time to Event Data. New York, NY: Wiley;

1999.

23. Folstein MF, Folstein SE, McHugh PR. Mini-mental state. A

practical guide for grading the cognitive state of patients for the

clinician. J Psychiatr Res. 1975;12(3):189-198.

24. Fritsch T, Smyth KA, Debanne SM, Petot GJ, Friedland RP. Par-

ticipation in novelty-seeking leisure activities and Alzheimer’s

disease. J Geriatr Psychiatry Neurol. 2005;18(3):134-141.

25. Kempermann G, Kuhn H, Gage FH. More hippocampal neurons

in adult mice living in an enriched environment. Nature.

1997;386(6624):493-496.

26. Briones T, Klintsova Y, Juraska J, Greenough WT. Stability

of synaptic plasticity in the adult rat visual cortex induced by com-

plex environmental exposure. Brain Res. 2004;1018(1):130-135.

27. Ickes BR, Pham TM, Sanders LA, Albeck DS, Mohammed AH,

Granholm AC. Long-term environmental enrichment leads to

regional increases in neurotrophin levels in rat brain. Exp Neurol.

2000;164(1):45-52.

28. Costa DA, Cracchiolo JR, Bachstetter AD, et al. Enrichment

improves cognition in AD mice by amyloid-related and unrelated

mechanisms. Neurobiol Aging. 2007;28(6):831-844.

29. Cabeza R, Anderson ND, Locantore JK, McIntosh AAR. Aging

gracefully: compensatory brain activity in high-performing older

adults. Neuroimage. 2002;17(3):1394-1402.

30. De Klote ER, Joels M, Holsboer F. Stress and the brain: from

adaptation to disease. Nat Neurosci. 2005;6(6):463-475.

31. Saczynski JS, Jonsdottir MK, Sigurdsson S, et al. White matter

lesions and cognitive performance: the role of cognitively com-

plex leisure activity. J Gerontol A Biol Med Sci. 2008;63(8):

848-854.

438 American Journal of Alzheimer’s Disease & Other Dementias® 25(5)

438



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


