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IMPORTANCE Intellectual lifestyle enrichment throughout life is increasingly viewed as a
protective strategy against commonly observed cognitive decline in the older population.

OBJECTIVES To investigate the association of lifetime intellectual enrichment with baseline
cognitive performance and rate of cognitive decline in an older population without dementia
and to estimate the years of protection provided against cognitive impairment by these
factors.

DESIGN, SETTING, AND PARTICIPANTS Prospective analysis of individuals enrolled from
October 1, 2004, and in 2008 and 2009 in the Mayo Clinic Study of Aging, a longitudinal,
population-based study of cognitive aging in Olmsted County, Minnesota. We studied 1995
individuals without dementia (1718 cognitively normal individuals and 277 individuals with
mild cognitive impairment) who completed intellectual lifestyle enrichment measures at
baseline and underwent at least 1 follow-up visit.

MAIN OUTCOMES AND MEASURES We studied the effect of lifetime intellectual enrichment by
separating the variables into 2 nonoverlapping principal components: education/occupation
score and mid/late-life cognitive activity based on self-report questionnaires. A global
cognitive z score served as the summary cognition measure. Linear mixed-effects models
were used to investigate the associations of demographic and intellectual enrichment
measures with global cognitive z score trajectories.

RESULTS Baseline cognitive performance was lower in older individuals; individuals with lower
education/occupation score, lower mid/late-life cognitive activity, and APOE genotype; and
men (P < .001). The interaction between the 2 intellectual enrichment measures was significant
(P < .03) such that the beneficial effect of mid/late-life cognitive activity on baseline cognitive
performance was reduced with increasing education/occupation score. Only baseline age,
mid/late-life cognitive activity, and APOE4 genotype were significantly associated with
longitudinal change in cognitive performance from baseline (P < .05). For APOE4 carriers with
high lifetime intellectual enrichment (75th percentile of education/occupation score and midlife
to late-life cognitive activity), the onset of cognitive impairment was approximately 8.7 years
later compared with low lifetime intellectual enrichment (25th percentile of education/
occupation score and mid/late-life cognitive activity).

CONCLUSIONS AND RELEVANCE Higher education/occupation scores were associated with
higher levels of cognition. Higher levels of mid/late-life cognitive activity were also associated
with higher levels of cognition, but the slope of this association slightly increased over time.
Lifetime intellectual enrichment might delay the onset of cognitive impairment and be used
as a successful preventive intervention to reduce the impending dementia epidemic.

JAMA Neurol. 2014;71(8):1017-1024. doi:10.1001/jamaneurol.2014.963
Published online June 23, 2014.

Supplemental content at
jamaneurology.com

Author Affiliations: Department of
Radiology, Mayo Clinic, Rochester,
Minnesota (Vemuri, Jack);
Department of Health Sciences
Research, Mayo Clinic, Rochester,
Minnesota (Lesnick, Przybelski,
Mielke, Roberts, Rocca); Department
of Psychology, Mayo Clinic,
Rochester, Minnesota (Machulda,
Geda); Department of Neurology,
Mayo Clinic, Rochester, Minnesota
(Knopman, Roberts, Rocca,
Petersen); Department of Psychiatry,
Mayo Clinic, Scottsdale, Arizona
(Geda); Department of Neurology,
Mayo Clinic, Scottsdale, Arizona
(Geda).

Corresponding Author: Prashanthi
Vemuri, PhD, Department of
Radiology, Mayo Clinic and
Foundation, 200 First St SW,
Rochester, MN 55905 (vemuri
.prashanthi@mayo.edu).

Research

Original Investigation

1017

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

T he older population in the United States is expected to
more than double from 35 million in 2000 to 72 mil-
lion in 2030.1 Commonly observed cognitive decline

in the older population due to the pathologic aging of the
brain will have a significant effect on public health. Intellec-
tual lifestyle enrichment throughout life is increasingly
viewed as a protective strategy against cognitive decline in
the older population. Numerous studies have found that all
components of intellectual enrichment, including higher
lifetime nonleisure learning components, such as education
and primary occupation,2-6 and cognitively stimulating
activities,7-10 are protective against cognitive decline and Alz-
heimer disease (AD)–related dementia. Intellectual enrich-
ment may succeed as a preventive intervention if we under-
stand the relative influence of intellectual enrichment factors
on baseline cognitive performance and rate of decline and
estimate the years of protection provided against cognitive
impairment by these factors.

Lifetime intellectual enrichment can be grouped into 2
major components: early life and midlife noncognitive activi-
ties, such as educational attainment and major occupation,
and mid/late-life cognitive activity. In this study, we separate
these 2 components and closely examine their effects on
baseline cognition and the subsequent rate of cognitive
decline in a population-based sample of older individuals
without dementia. The number of years of protection pro-
vided by each component was estimated for subsequent
onset of cognitive impairment.

Methods
Selection of Participants
This study was approved by the Mayo Clinic Institutional Re-
view Board, and written informed consent was obtained from
all participants or their surrogates. Study participants were in-
dividuals from the Mayo Clinic Study of Aging (MCSA), an epi-
demiologic study of the prevalence, incidence, and risk fac-
tors of mild cognitive impairment (MCI) and dementia among
Olmsted County, Minnesota, residents 70 to 89 years of age.
The study participants consisted of the original sampled co-
hort from October 1, 2004, and replenishment sampling co-
horts that occurred in 2008 and 2009. We included all 1995 par-
ticipants without dementia at baseline (1718 cognitively normal
participants and 277 participants with MCI) with the APOE
genotype, intellectual enrichment variables (described be-
low), complete neuropsychological assessments, and at least
1 additional clinical follow-up with complete neuropsycho-
logical assessments. The MCSA uses the Rochester Epidemi-
ology Project records linkage system infrastructure,11,12 and
complete details of the MCSA design have been published
elsewhere.13-15

Intellectual Enrichment Variables
The primary intellectual enrichment variables, assessed at
baseline, included education/occupation score and mid/late-
life cognitive activity.16 The intellectual enrichment data were
recorded for all study participants at the MCSA enrollment visit.

Educational attainment is self-reported and based on the num-
ber of years of school completion. The job level score is based
on the participants’ primary occupation during most of their
adult life. All the occupations were then assigned to 1 of 6
groupings based on similar attributes and complexity of the
jobs. Details about the cognitive activity questionnaires used
for recording are available in the eAppendix in the Supple-
ment. The same form was used to record their cognitive ac-
tivities during the past 12 months (late life) and cognitive ac-
tivities at 50 to 65 years of age (midlife). Each component score
is weighted based on the amount of activity participation. The
10 cognitive activities are added to determine the cognitive ac-
tivity score. Television, which is the 11th component that is cap-
tured, is not included in the final cognitive activity score.17

Using principal components applied to these 4 measures
(ie, educational attainment, occupational score, midlife cog-
nitive activity, and late-life cognitive activity), we separated
the uncorrelated components of early-life nonleisure activity
and mid/late-life cognitive activity. The first 2 principal com-
ponents explained 84% of the variance, and after a varimax
rotation, the data were consolidated into 2 distinct composite
measures of intellectual enrichment: education/occupation
score (ie, lifelong nonleisure intellectual learning) assessed
from years of education/occupation score (weighted contri-
bution was 0.688 for years of education and 0.725 for occupa-
tional score) and mid/late-life cognitive activity from a self-
report of cognitive activities in the previous 12 months and at
50 to 60 years of age (weighted contribution was 0.708 for
midlife and 0.700 for cognitive activity in the previous 12
months).

Global Cognition Measure
The neuropsychological battery of tests was constructed as pre-
viously described.13-15 Four cognitive domains were assessed
from 9 tests: executive (Trail Making Test Part B and Wechs-
ler Adult Intelligence Scale–Revised Digit Symbol), language
(Boston Naming Test and category fluency), memory (Wechs-
ler Memory Scale–Revised Logical Memory II [delayed re-
call], Wechsler Memory Scale–Revised Visual Reproduction II
[delayed recall], and Auditory Learning Verbal Test delayed re-
call), and visuospatial performance (Wechsler Adult Intelli-
gence Scale–Revised Picture Completion and Block Design).
Individual test scores were first converted to z scores using
means (SDs) from the MCSA 2004 enrollment cohort that con-
sisted of individuals without dementia (n = 1969). A global cog-
nitive summary score was estimated from the z transforma-
tion of the mean of the 4 domain z scores and was used to assess
cognitive impairment in our study participants. The baseline
global z score and rate of decline were the primary outcomes
of interest. Of the 1995 study participants, 1675 had not un-
dergone testing at the time of enrollment into this study, and
320 had previously completed the neuropsychological bat-
tery of tests as part of an earlier study. We controlled for the
number of times the participant underwent the battery of tests
before enrollment into the MCSA using a variable named base-
line visit number because practice effects influence the mea-
sured outcome variable (global cognition over time).18,19 A total
of 1675 patients had a baseline visit number of 1 (ie, the first
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time they took the test was at baseline of the study), 34 pa-
tients had a baseline visit number of 2 (ie, tested once before
baseline), 39 patients had a baseline visit number of 3 (ie, tested
twice before baseline), and 247 patients had a baseline visit
number of 4 or more.

Statistical Analysis
We examined the intellectual enrichment measures and demo-
graphic variables as predictors of longitudinal global cogni-
tive z scores using linear mixed-effects models fit by maxi-
mum likelihood. In these models, the coefficients that are not
associated with time from baseline or any interactions that in-
clude time from baseline estimate shifts in global z scores,
which are consistent over time from baseline. The coeffi-
cients associated with time from baseline and any interac-
tions that include time from baseline estimate deviations in
the rates of global z score change. A significant interaction in-
dicates that shifts in global z scores vary with time rather than
remaining constant. The initial model included baseline age
(in years), sex, APOE carrier status, time from baseline (in
years), the intellectual enrichment variables, baseline visit
number, all 2-way interactions of these variables, and all 3-way
interactions that contain time. The models were fit with ran-
dom participant-specific intercepts and slopes. We tested for
the statistical significance of these random terms using like-
lihood ratio tests. We also used likelihood ratio tests to com-
pare independence (in which the within-participant errors are
independent) and continuous first-order autoregression. The

random terms were significant (P < .001). The final models in-
corporated continuous first-order autoregressive correlation
structures (estimated correlation for values 1 year apart = 0.41,
P < .001).

No significant 3-way interactions were found, so we re-
moved them from further consideration. We then used a back-
ward elimination procedure, respecting the need to retain
nested terms, to remove predictors and to form the most re-
strained model. The final model contained baseline age (in
years), sex, APOE4 carrier status, time from baseline (in years),
baseline visit number, education/occupation score, and mid/
late-life cognitive activity. The model also included 6 two-
way interactions: baseline age with time from baseline, mid/
late-life cognitive score with time from baseline, APOE4 carrier
status with time from baseline, baseline visit number with time
from baseline, baseline visit number with education/
occupation score, and an interaction of the 2 intellectual en-
richment variables. The random intercepts (P < .001) and ran-
dom slopes (P < .001) were deemed necessary.

Results
The demographic, clinical, and intellectual enrichment vari-
ables of the participants without dementia included in this
analysis are given in Table 1. The results of the linear mixed-
effects models are presented in Table 2. Baseline global z scores
were lower in men, older participants, APOE4 carriers, those

Table 1. Characteristics of the Study Participants

Characteristic

Median (25th-75th Percentile)a

All Participants
(N = 1995)

Cognitively Normal
Participants (n = 1718)

Participants With MCI
(n = 277)

Women, No. (%) 960 (48.1) 846 (49.2) 114 (41.2)

APOE4 carriers, No. (%) 539 (27.0) 438 (25.5) 101 (36.5)

Age at visit, mean (range), y 78.9 (74.3 to 82.8) 78.4 (74.1 to 82.5) 81.5 (76.7 to 84.2)

Educational attainment, y 13 (12 to 16) 13 (12 to 16) 12 (12 to 15)

Job level score 4 (3 to 6) 4 (3 to 6) 3 (3 to 5)

Education/occupation score −0.27 (−0.76 to 0.73) −0.25 (−0.76 to 0.97) −0.51 (−1.02 to 0.24)

Cognitive activity

Midlife 20 (14 to 28) 20.5 (14 to 28.5) 18.5 (13 to 25.5)

Late life 21.5 (15.5 to 28.5) 22.5 (16 to 29.0) 18 (14 to 25)

Mid/late life −0.10 (−0.76 to 0.67) −0.04 (−0.73 to 0.72) −0.42 (−0.97 to 0.39)

Short test of mental status 34 (32 to 36) 35 (33 to 36) 30 (28 to 32)

Global z score 0.24 (−0.44 to 0.85) 0.38 (−0.15 to 0.95) −1.07 (−1.73 to −0.53)

Memory z score 0.17 (−0.56 to 0.85) 0.35 (−0.28 to 0.96) −1.24 (−1.66 to −0.66)

Language z score 0.22 (−0.44 to 0.78) 0.34 (−0.25 to 0.87) −0.76 (−1.52 to −0.11)

Attention z score 0.29 (−0.35 to 0.82) 0.40 (−0.19 to 0.90) −0.77 (−1.68 to 0.01)

Visuospatial z score 0.21 (−0.51 to 0.77) 0.31 (−0.34 to 0.85) −0.65 (−1.28 to 0.05)

Nonamnestic MCI, No. (%) 66 (3.3) NA 66 (23.8)

Baseline visit number, No. (%)

1 1932 (96.8) 1672 (97.3) 260 (93.9)

2 35 (1.8) 24 (1.4) 11 (4.0)

3 20 (1.0) 14 (0.8) 6 (2.2)

4 8 (0.4) 8 (0.5) 0

Follow-up time,
mean (range), y

3.6 (1.6 to 5.2) 3.9 (1.9 to 5.2) 2.6 (1.4 to 4.0)

Abbreviations: MCI, mild cognitive
impairment; NA, not applicable.
a Data are presented as median (25th

to 75th percentile) unless otherwise
indicated.
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with lower education/occupation scores, and those with lower
mid/late-life cognitive activity. Participants who had previ-
ous exposure to the neuropsychological battery of tests per-
formed better, and this effect diminished as time progressed.

Better education/occupation score and mid/late-life cog-
nitive activity were associated with better cognitive perfor-
mance. Mid/late-life cognitive activity also had a significant
interaction with time from baseline (P = .045), where the slope
of this association increased over time. Qualitatively, the
change in slope of this association was small relative to the mag-
nitudes of the shifts in cognition associated with intellectual
activity. In addition, a significant interaction was found be-
tween the 2 intellectual enrichment variables (P = .03). Within
the observed follow-up period, higher mid/late-life cognitive
activity was associated with higher baseline global z scores, but
the association was slightly attenuated as the education/
occupation score increased (Figure 1). We separated the plots
by sex and APOE4 carrier status because the baseline cogni-
tive performance differed between these groups. Low to high
mid/late-life cognitive activity was related to better cognitive
performance if the education/occupation score was low, thus
shifting the low education/occupation score curve higher. This
shift in the cognitive performance was smaller if the education/
occupation score was high.

Table 2. Lifetime Intellectual Enrichment, Baseline Cognition,
and Cognitive Declinea

Variable Coefficient (SE) P Value

Intercept 6.05 (0.29) <.001

Baseline age −0.07 (0.004) <.001

Male sex −0.18 (0.04) <.001

Time 0.70 (0.06) <.001

Education/occupation score 0.33 (0.03) <.001

Mid/late-life cognitive activity 0.17 (0.02) <.001

APOE4 genotype −0.20 (0.04) <.001

Baseline visit number 0.05 (0.01) <.001

Baseline age × time −0.01 (0.001) <.001

Mid/late-life cognitive activity × time 0.01 (0.003) .04

APOE4genotype × time −0.04 (0.01) <.001

Baseline visit number × time −0.01 (0.002) .02

Baseline visit number × education/
occupation score

−0.02 (0.01) .04

Education/occupation score × mid/late-life
cognitive activity

−0.04 (0.02) .03

a Time refers to time from baseline. The terms without interaction with time
indicate the variables that were significantly associated with baseline global
cognition, and the terms with interaction with time refer to variables that were
significantly associated with annual change in cognition over time.

Figure 1. Predicted Cognitive Global z Scores as a Function of Time From Baseline for Different Levels
of Intellectual Enrichment Measures
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To estimate the number of additional years remaining
cognitively normal that was associated with high intellectual
activity, we used the fitted model to predict when these
curves cross a threshold of −0.74, which is the 10th percentile
of z scores in cognitively normal individuals. We chose this
cut point because it was previously used for the operational-
ization of the National Institute on Aging and the Alzheimer’s
Association preclinical criteria for AD to indicate cognitive
impairment in cognitively normal individuals.20 This cut
point is also close to the mean global z score of −0.8 seen in
incident MCIs in the MCSA. Because the predicted times to
reach the threshold sometimes exceeded the follow-up in our
study, requiring extrapolation, we limited our example of
prediction to 80-year-old APOE4 carriers. We had 142 partici-
pants with follow-up that extended more than 6 years and
602 participants with follow-up that extended more than 5
years. Predicted times within a few years of these values are
likely fairly accurate, whereas times farther away could be
subject to increasing inaccuracies from nonlinearity and
other unmeasurable factors. Predicted times for 80-year-old
APOE4 noncarriers exceeded 10 years and are therefore not
given.

Figure 2 illustrates the differences in the predicted times
for an 80-year-old APOE4 carrier who never received the neu-
ropsychological battery of tests before baseline to reach a cog-
nitive threshold associated with subtle cognitive impairment
depending on sex, education/occupation score, and mid/late-
life cognitive activity. We stratified low, medium, and high in-
tellectual enrichment scores by the 25th, 50th, and 75th per-
centiles. A sample interpretation of the data are as follows: in
participants with medium education/occupation scores, en-
gaging in high mid/late-life activity will have an associated later
onset of cognitive impairment of 3.4 years for male APOE4 car-
riers and 3.6 years for female APOE4 carriers. Overall, going
from low lifetime intellectual enrichment (low education/
occupation score and low mid/late-life cognitive activity) to
high lifetime intellectual enrichment (high education/
occupation score and high mid/late-life cognitive activity) could
delay the onset of cognitive impairment by approximately 8.7
years for male APOE4 carriers and 8.8 years for female APOE4
carriers.

Among all the intellectual enrichment and demographic
variables tested, only older age at baseline visit, baseline visit
number, mid/late-life cognitive activity, and APOE4 genotype
had significant interactions with time from baseline. An inter-
action was also found between baseline visit number and
education/occupation score, indicating that the learning
effect that was provided as participants had more exposures
to the battery of tests was attenuated in those with higher
education/occupation scores. The cognitive z-score trajecto-
ries for different baseline ages separated by sex and APOE4
carrier status are illustrated in Figure 3. Older participants had
lower global z scores and declined more rapidly after baseline.
The steeper decrease in cognitive z scores at older ages would
affect the number of years to a cognitive threshold associated
with intellectual activity. For example, the constant vertical
shift over time in z scores associated with education/occu-
pation score would have a larger horizontal shift (time to

threshold) for shallow declines (young ages) than for steep
declines (old ages).

Discussion
The major conclusions of the study are that the protective ef-
fect of intellectual enrichment is primarily manifested as a rela-
tively consistent higher cognitive performance over time. Mid/
late-life cognitive activity had an increasing effect over time,
but qualitatively the magnitude of this effect relative to the
overall shift in cognitive performance was minor. High life-
time intellectual enrichment (75th percentile) may delay the
onset of cognitive impairment by approximately 8.7 years in
male APOE4 carriers and 8.8 years in female APOE4 carriers
compared with a low lifetime intellectual enrichment (25th per-
centile). The protective effect of mid/late-life cognitive activ-
ity on baseline cognitive performance decreases with increas-
ing education/occupation score.

Higher levels of educational, occupational, and cognitive
activity are independently associated with a lower risk of de-
mentia consistent with earlier studies.2-10 The contribution of
education/occupation score (model coefficient = 0.33) was
larger than the contribution of mid/late-life cognitive activity
(model coefficient = 0.17). This result is logical and consis-
tent with a previous finding.17 Intellectual development due
to educational attainment and occupation exerts an effect dur-
ing the entire adult lifespan, whereas mid/late-life cognitive
activities refer to a more limited portion of an individual’s life.

The negative interaction between mid/late-life cognitive
activity and education/occupation score was intriguing. We
found that an individual with a low education/occupation score
benefited more by engaging in high mid/late-life cognitive ac-
tivity than an individual with a high educational education/

Figure 2. Differences in the Predicted Times to Reach a Cognitive
Threshold Associated With Subtle Cognitive Impairment
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occupation score. These findings suggest that the effect of late-
life cognitive training programs to delay the onset of AD may
be reduced in those with high education/occupation scores,
which implies the need to account for this interaction when
designing preventive trials based on cognitive training. How-
ever, a significant protection can be gained from engagement
in high mid/late-life cognitive activity irrespective of the in-
dividual’s lifelong nonleisure activity through educational at-
tainment and occupation.

The education/occupation score was not associated with
the rate of cognitive decline, but mid/late-life cognitive activ-
ity was slightly associated with the rate of cognitive decline.
However, the effect of mid/late-life cognitive activity on the
rate of cognitive decline (model coefficient = 0.01; P = .04)
was minimal compared with its effect on baseline cognitive
performance (model coefficient = 0.17; P < .001). The lack of
association between education/occupation score and rate of
cognitive decline is consistent with an earlier longitudinal
study21 that followed up more than 9000 people semiannu-
ally for 15 years. The association between mid/late-life cogni-
tive activity and rate of cognitive decline in older individuals
without dementia is consistent with earlier studies.22,23 How-
ever, the weaker association of mid/late-life cognitive activity
with rate of decline compared with its larger effect on baseline
cognitive performance is important to consider.24 These
results support that the protection provided by lifetime intel-
lectual enrichment is largely driven by its effect on baseline
cognitive performance and marginally due to its effect on the
rate of cognitive decline.

Among the demographic variables (other than intellec-
tual enrichment variables), older age, male sex, and APOE4
genotype were predictors of lower baseline global z scores;
older age and APOE4 genotype were significantly associated
with future cognitive decline. The fact that men had lower cog-
nitive performance at baseline is consistent with the litera-
ture reporting that men are at higher risk of MCI, particularly
at younger ages, because of elevated cardiovascular risk
factors.15 Age25 and APOE4 genotype26,27 are the strongest risk
factors for sporadic AD. Because the proportion of individu-
als without dementia who develop dementia increases in older
individuals and those with the APOE4 genotype and because
the rate of cognitive decline increases as a person moves closer
to a dementia diagnosis, it is logical that higher baseline age
and APOE genotype may be associated with faster cognitive
decline28 and worse performance in a population without de-
mentia. Multivariate analysis enabled us to isolate the signifi-
cant associations after accounting for all other demographic
and intellectual enrichment variables, which strengthen our
findings of the association of APOE4 genotype and age with
rate of cognitive decline. Although practice effects were not a
focus of this study, the finding that greater past exposure to
the test resulted in better performance and a reduced effect
of educational attainment is consistent with the literature.18,19

A report29 by the Alzheimer’s Association projected that
a treatment breakthrough that can delay the onset of AD by 5
years means reducing the expected number of patients with
AD by approximately 43% in the United States by the year 2050.
The estimation of the years of protection against cognitive im-

Figure 3. Predicted Cognitive Global z-Score Trajectories for Different Baseline Ages Separated by APOE Carrier
Status and Sex
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pairment provided by educational attainment and occupa-
tion and mid/late-life cognitive activity in a population-
based sample in this study (Figure 2) provides guidelines that
can be used to understand the public health effect of using in-
tellectual enrichment as a preventive intervention.

For the education/occupation score, we found that the
number of years of protection provided by higher educa-
tional attainment (keeping cognitive activity constant) is at least
5 years irrespective of sex and APOE4 carrier status. The de-
crease in the risk of dementia with increasing educational at-
tainment in the past century30 supports these findings and
highlights the importance of intervening early for larger pub-
lic health effect. Specifically, future reduction in the epi-
demic of dementia will come from public investments to in-
crease access to education and better jobs for the young adults
in our population.

For mid/late-life cognitive activity, although the effect of
the education/occupation score was larger than mid/late-life
cognitive activity, the years of protection provided by high mid/
late-life cognitive activity vs low mid/late-life cognitive activ-
ity was at least 3.2 years for APOE4 carriers (7.3 years for non-
carriers [data not shown]). Although the optimal intervention
time may be intellectual enrichment in early life, there are sub-
stantial benefits of using a public health campaign by provid-
ing intellectual enrichment to midlife to late-life individuals.
In this study, high mid/late-life engagement in cognitively
stimulating activities (75th percentile) corresponded to en-
gaging in several cognitively stimulating activities at least 3
times a week during midlife to late life. Examples of these ac-
tivities include reading books and magazines, playing games
and music, participating in artistic activities, participating in
crafts, participating in group activities, participating in social
activities, and participating in computer activities.

The study has some limitations. First, the results do not
preclude the possibility that active lifestyle intervention might
prospectively alter the rate of cognitive decline in an active in-
terventional study. However, we did not find evidence of this

in our observational, population-based sample in which par-
ticipants self-reported information about their mid/late-life
cognitive activities. Second, when estimating delay in dis-
ease onset due to higher levels of enrichment, we assumed that
cognitive decline is linear over time, which, although prob-
ably true for short intervals (ie, several years), is likely not true
for longer periods of observation. However, by limiting esti-
mation of time to only APOE4 carriers, we are not extrapolat-
ing much more than the follow-up time. Increasing pathologi-
cal burden with age may cause an acceleration of the decline.
Third, the study results are pertinent to individuals without
dementia in the population and may be different in individu-
als with dementia. Fourth, we did not have measurements for
early-life cognitive activities and assumed that educational at-
tainment and occupation are the major components of the in-
tellectual enrichment in early life.

The study also has major strengths. First, the population-
based nature of the sample makes the results of the study gen-
eralizable and enhances their external validity. Second, the use
of principal components aided us in separating 2 major intel-
lectual enrichments in life, educational attainment and occu-
pation and mid/late-life cognitive activities, into 2 uncorre-
lated variables. Third, the multivariate analysis enabled us to
isolate the independent significant associations of the mul-
tiple components.

Conclusions
Higher education/occupation scores were associated with
higher levels of cognition. Higher levels of mid/late-life cog-
nitive activity were also associated with higher levels of cog-
nition, but the slope of this association slightly increased
over time. Lifetime intellectual enrichment might delay the
onset of cognitive impairment and be used as a successful
preventive intervention to reduce the impending dementia
epidemic.
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