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Purpose: According to the reserve perspective on
cognitive aging, individuals are born with or can
develop resources that help them resist normal and
disease-related cognitive changes that occur in
aging. The reserve perspective is becoming more
sophisticated, but gaps in knowledge persist. In the
present research, we considered three understudied
questions about reserve: Is reserve primarily static
(unchangeable) throughout the life course or dynamic
(changeable, in terms of increases or decreases)?
Can reserve be increased at any point in life, or are
there optimal time periods—such as early life, midlife,
or late life—to increase it2 Does participation in
different types of leisure and occupational activities in
early life and midlife have different effects depending
on specific domains of late-life cognitive functioning?
Here we link early cognitive and activity data—
gathered from archival sources—with cognitive data
from older adults to examine these issues. Design

and Methods: 349 participants, all mid-1940s grad-

This research was supported by Grant P50 AG08012 from the Pilot
Study Program of the University Memory and Aging Center, Case
Western Reserve University and University Hospitals of Cleveland, and
by the American Health Assistance Foundation in Clarksburg, MD. The
sponsors had no role in the design, methods, participant recruitment,
data collection, analysis, and preparation of the article.

We gratefully acknowledge Elaine Ziol, MHS, CCC; Kristen
Emancipator, BA; Leighanne Hustak, ND, CNP; and Wendy Lemere,
MSN, CNP for interviewing participants. Other research assistance and
support was provided by Andrew Bruner; Tonia Cardwell, BA; Nancy
Catalani; Hildegard Fritsch, PhD; and Linda Rechlin, BA. We also thank
three anonymous reviewers for their helpful comments.

Address correspondence to Thomas Fritsch, PhD, Center on Age &
Community, University of Wisconsin—Milwaukee, PO Box 413,
Milwaukee, WI 53201. E-mail: fritscht@uwm.edu

Center on Age & Community, University of Wisconsin—Milwaukee.

“University Memory and Aging Center, Cleveland, OH.

“Department of Epidemiology and Biostatistics, Case Western
Reserve University, Cleveland, OH.

‘Department of Neurology, Case Western Reserve University,
Cleveland, OH.

5Laboratory of Neurogeriatrics, Case Western Reserve University,
Cleveland, OH.

*Department of Psychology, John Carroll University, University
Heights, OH.

Vol. 47, No. 3, 2007

307

uates of the same high school, underwent telephone
cognitive screening. All participants provided access
to adolescent IQ scores; we determined activity levels
from yearbooks. We used path analysis to evaluate
the complex relationships between early life, midlife,
and late-life variables. Results: Adolescent IQ had
strong direct effects on global cognitive functioning,
episodic memory, verbal fluency, and processing
speed. Participants’ high school mental activities had
direct effects on verbal fluency, but physical and
social activities did not predict any cognitive mea-
sure. Education had direct effects on global cognitive
functioning, episodic memory, and, most strongly,
processing speed, but other midlife factors (notably,
occupational demands) were not significant predic-
tors of late-life cognition. There were weak indirect
effects of adolescent IQ on global cognitive function-
ing, episodic memory, and processing speed, working
through high school mental activities and education.
Verbal fluency, in contrast, was affected by adoles-
cent 1Q through links with high school mental ac-
tivities, but not education. Implications: Our study
suggests that reserve is dynamic, but it is most
amenable to change in early life. We conclude that
an active, engaged lifestyle, emphasizing mental
activity and educational pursuits in early life, can
have a positive impact on cognitive functioning in
late life.

Key Words: Cognition, Reserve, IQ, Activity level

Over the past several decades, researchers have
increasingly devoted themselves to studying risk and
protective factors for cognitive functioning in aging.
The central question has been why some individuals
maintain good cognitive functioning as they age,
whereas others experience cognitive decline. A large
body of work has accumulated that describes some
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of the correlates of preserved and declining cognitive
functioning in aging. Emerging from this empirical
work—and now widely used to explain many find-
ings in the cognitive gerontology literature—is the
concept of reserve (Katzman, 1993; Satz, 1993; Stern,
2002). According to the reserve perspective, impair-
ments in cognition become apparent only after a
reserve (cognitive or neurological resources) is de-
pleted to a certain threshold. Those individuals with
less initial reserve are more likely to manifest clinical
impairments because they have relatively fewer re-
sources to sustain them in the face of normal and
disease-related changes that accompany aging. In
contrast, those with more initial reserve can function
longer without manifesting clinical impairments be-
cause their supply of resources is greater.
Increasingly, researchers are refining their opera-
tional definitions of reserve, are using reserve to
make predictions in studies, and are outlining with
greater care the general and specific aspects of the
reserve perspective. For example, authors have
begun to discuss more explicitly the dynamic nature
of reserve (Kliegel, Zimprich, & Rott, 2004;
Richards, Hardy, & Wadsworth, 2003; Richards &
Sacker, 2003; Wilson et al., 2005). That is, although
the initial level of reserve may be determined by
innate differences in resources at birth, or by differ-
ences in cognitive activity as the brain matures in
childhood, there are processes in young adulthood,
midlife, and late life that may also act to increase or
decrease reserve (Kliegel et al.). Thus, the absolute
level of reserve may change throughout the life
course. This idea is consistent with several inter-
related concepts that, in recent years, have emerged
in the gerontology, aging, and neuroscience liter-
atures. For example, the disuse perspective empha-
sizes that decreases in activity patterns result in
atrophy of cognitive skills and processes (Salthouse,
1991). Mental activity, in contrast, in the form of
educational activities, occupational demands, and
mental leisure-time pursuits, increases these skills.
The disuse perspective is commonly captured by the
phrase, “use it or lose it,” an idea that has been
widely embraced by lay audiences. Neurologists and
neuroscientists have long recognized the character-
istic of the brain known as “plasticity” (Kramer,
Bherer, Colcombe, Dong, & Greenough, 2004).
Plasticity refers to the brain’s ability to change and
keep itself vital. Specifically, when a person is
challenged, either by activities or environmental
conditions, neurons form new dendritic branches
and more synapses; these morphological changes
enhance the brain and provide better capacities to
resist insults from neurological conditions such as
Alzheimer’s disease (Kramer et al.). Several studies
support the notion that reserve is dynamic, showing
that early indicators of reserve (including childhood
IQ, young adult IQ, or early education) predict
mediating variables in midlife (such as intellectual
activities or occupational status), which in turn
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predict adult cognitive functioning (assessed in terms
of memory, global cognitive functioning, verbal, or
visual ability; see, e.g., Arbuckle, Gold, Andres,
Schwartzman, & Chaikelson, 1992; Kliegel et al.,
2004; Richards et al., 2003; Richards & Sacker, 2003;
Wilson et al., 2005). Importantly, however, although
existing studies suggest that mediating effects of
factors in midlife can be found, they also seem to
indicate that these relationships are relatively weak,
implying that significant changes in level of reserve
cannot be easily made. More research is needed to
confirm or refute this conclusion.

If reserve is truly dynamic, a closely related but
unanswered question is whether there is an optimal
time during the life course when one can intervene to
modify one’s level of reserve. If such an optimal time
exists, identifying it would have practical value,
because increasing reserve could delay the clinical
manifestations of diseases such as Alzheimer’s. Some
research seems to indicate that reserve can be
modified in adulthood and midlife. For example, in
population-based studies of older adults, researchers
have found that greater current involvement in
mental, physical, and social leisure activities is
associated with better memory and cognitive perfor-
mance (Christensen & Mackinnon, 1994; Hultsch,
Hammer, & Small, 1993), and changes in adult
activity levels have been linked to changes in
memory and cognitive functioning in longitudinal
analyses (Hultsch, Small, Hertzog, & Dixon, 1999;
Mackinnon, Christensen, Hofer, Korten, & Jorm,
2003). Research examining the relationships between
occupational demands and cognition has shown that
individuals in occupations with greater mental
demands—including frequent decision making, self-
direction, and intellectual challenge—have better
cognitive functioning, whereas those in occupations
with lower mental demands have poorer cognitive
functioning (Kohn & Schooler, 1978; Schooler &
Mulatu, 2001).

However, evidence from a few recent studies that
measured participation in activities and level of
reserve throughout the life course seems to suggest
that changing one’s reserve level can better be
accomplished early in life. In two different reports
(Kliegel et al., 2004; Richards & Sacker, 2003),
research teams examined associations of early re-
serve, midlife mediating variables, and adult lifestyle
factors with adult cognitive functioning. Results
showed strong direct effects of early-life factors
(childhood IQ and early education) on late-life
cognitive functioning, but effects of midlife factors
such as occupation were not significant. Other
studies show that early activities and IQ contribute
to cognitive functioning in late life principally
through associations with late-life activities and
late-life IQ (Arbuckle et al., 1992; Wilson et al.,
2005). Together, these studies support the important
role (either direct or indirect) of early-life factors in
late-life cognition.
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Authors have suggested that different aspects of
cognitive functioning might respond in different
ways to different social influences throughout the life
span (Richards & Deary, 2005; Wilson et al., 2005).
For example, one might predict that education and
leisure and occupational activities requiring mental
engagement would be strong predictors of abilities
reflecting the products of education and mental acti-
vity, such as measures of general knowledge, vocab-
ulary, and verbal abilities. In contrast, physical
activities might enhance cognition in late life because
physical activity enhances cerebral blood flood and
oxygenation, which might slow processes linked to
biological aging (e.g., accumulation of amyloid
deposits, neurofibrillary tangles, and cerebral in-
farctions, over time, in the brain; see Friedland,
1993). Thus, physical activities might more strongly
influence abilities reflecting the extent or degree of
biological aging, such as processing speed, worklng
memory, and attention. The effects of social acti-
vities on different domains of cognitive functioning
are more difficult to predict. Some researchers have
suggested that social activities may provide pro-
tection through a psychoneuroimmunological mech-
anism (Kiecolt-Glaser, McGuire, Robles, & Glaser,
2002). For example, social support is known to
buffer against stress, which could result in the
decreased production of cortisol. Consistently lower
cortisol levels have been associated with better epi-
sodic memory performance (Hibber, Yau, & Seckl,
2000), but strong links to other domains of cognitive
functioning have not been established as readily.
Thus, involvement in social activities may predict
memory better than other domains of cognition;
however, the magnitude of the relationship would be
weaker than that between education and mental
activities, where there is a more proximal link be-
tween the type of activity (education) and the cog-
nitive outcome (memory).

Nevertheless on the basis of our review, we could
identify no single empirical study that examined the
impact of participating in different types of activities
(mental, social, and physical) in early life and midlife
on specific domalns of cognitive functioning in late
life. Studies either assessed different domains of
cognitive functioning in adulthood but did not mea-
sure different activity patterns in early life or midlife,
such as the studies by Richards and Sacker (2003)
and Wilson and colleagues (2005), or they measured
participation in different activities in midlife and
only assessed a single domain of cognitive function-
ing in late life, such as the study by Richards and
colleagues (2003). Specifically, in the report by
Wilson and colleagues, early cognitive activity and
available cognitive resources in the home (such as
newspapers and magazines) more strongly predicted
semantic memory than perceptual speed, episodic
memory, working memory, and visuospatial skill.
In the report by Richards and Sacker, a measure
of childhood IQ strongly predicted a measure of
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accumulated knowledge (NART) and verbal mem-
ory assessed in late life, but childhood 1Q only
weakly predicted visual search ability. In the re-
search reported by Richards and colleagues, a per-
son’s physical activities and spare-time activities
(including both mental and social activities) at age 36
predicted verbal memory at age 43. Furthermore,
physical activities predicted change in memory from
ages 43 to 53, but spare-time activities did not.
Finally, Aartsen, Smits, van Tilburg, Knipscheer, and
Deeg (2002) studied the lagged effects of three types
of activities (social, experiential, and developmental)
on several domains of cognitive functioning (mem-
ory, learning, fluid intelligence, processing speed,
and global cognitive functioning) in a sample of
older adults with a mean age of 69 years at a baseline
assessment. None of the activities in which respond-
ents participated at baseline had effects on any
domain of cognitive functioning assessed 6 years
later. However, faster processing speed at baseline
was shown to predict greater involvement in de-
velopmental activities 6 years later. These studies
clearly show that there is a need for research that
examines associations of mental, social, and physical
activities in early life and midlife with different
domains of cognitive functioning in late life.

Thus, although a few studies have specifically
addressed some relevant gaps in our ability to model
the reserve process, further work is needed. In the
present study, our goals were as follows: (a) to
examine in more detail the nature of reserve by
considering whether it is primarily dynamic or static;
(b) to consider whether reserve can be increased
throughout the life course, or whether there are
specific periods during which attempts to modify
reserve level should be made; and (c) to investigate
whether participation in different types of activities
in early life and midlife has different effects on
cognitive aging, depending on the specific cognitive
domain studied. Our study is an improvement over
previous efforts, because we consider these questions
in a single investigation; use strong measures of
activity levels and engagement throughout life (high
school extracurricular activities and occupational
demands) that were directly assessed without re-
liance on proxy respondents; and have good control
for extraneous variables because we recruited all
participants from the same population (i.e., gradu-
ates of the same high school). On the basis of theory
and results from previous research, we made the
following hypotheses. First, early 1Q will predict
late-life cognitive functioning both directly and
indirectly through midlife mediating variables, in-
dicating that reserve is dynamic. Second, factors in
early life will be stronger predictors of cognition in
late life than will factors in midlife and beyond.
Third, specific activities and pursuits in early life will
predict some domains of late-life cognitive function-
ing more strongly than other domains (e.g., educa-
tion and mental activities in high school will more
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Total graduates from classes of
1944, 1945, and 1946

N =1904

'

!

Lost-to-follow-up
N =984 (51.7%)

!

Able to locate
N =920 (48.3%)

!

'

N =61(6.6%)

Dead Alive and participated Refused
N =602 (65.4%)

N =257 (27.9%)

v ' '

Other IQ tests No IQ) test Activity data
N=103 N=58 missing
17.1%) (9.6%) N=29 (4.8%)

' ' '

Cognitively Cognitive 2 or more
impaired status unclear exclusions
N=214.3%) N=3(0.5%) N=239(6.5%)

Analysis
subgroup
N =349 (58.0%)

Figure 1. Flow diagram showing the sampling strategy.

strongly predict episodic memory, global cognition,
and verbal fluency; physical activities will better
predict processing speed; and social activities will
predict each of the four domains of cognitive func-
tioning, though less strongly).

Methods

This study is based on data from the Cleveland
Longitudinal Aging Studies of Students, a retrospec-
tive cohort study of cognitive aging and dementia
initiated in 2002 (Fritsch et al., 2005). This study uses
archival data from high school records and year-
books to provide previously documented informa-
tion about the early cognitive abilities and activity
levels of more than 600 mid-1940s graduates of the
same high school. Researchers have evaluated the
participants’ cognitive status through telephone in-
terviews. Preliminary accounts of the project have
been reported elsewhere (Fritsch et al., 2003).

Participants

Study procedures associated with this project were
reviewed and approved by the Institutional Review
Board for Human Investigation of University Hos-
pitals of Cleveland (IRB 09-01-52). Researchers drew
participants in the Cleveland Longitudinal Aging
Studies of Students from the population of students
who graduated from Cleveland Heights High School
(CHHYS) in 1944, 1945, or 1946 (n = 1,904). CHHS is
a public high school serving the cities of Cleveland
Heights and University Heights, which are suburbs
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of Cleveland, OH. Today, residents of these cities
are middle class, well educated, and ethnically di-
verse. In the 1940s, they were affluent and well
educated, and nearly all residents were Caucasian.

In 2002, when the cognitive testing occurred, we
were able to locate 920 potential participants by
using addresses and phone numbers provided by the
school’s alumni association. We could not identify
addresses and phone numbers for 984 individuals.
Of those persons with addresses and telephone num-
bers available, 602 agreed to be interviewed (65.4%
participation rate), 257 declined the screening
(27.9% refusal rate), and 61 (6.6%) were determined
to be deceased at the time of telephone screening.

The group reported on here consists of 349
individuals who participated in telephone screening;
had IQ test scores from a specific IQ test, that is, the
Otis Self-Administering Test of Mental Ability (Otis,
1928; see the subsequent discussion); and had activity
data, had adult cognitive test scores, and scored as
“normal” (i.e., not cognitively impaired). We
excluded from the sample those potential partic-
ipants who were tested with different 1Q tests (7 =
103), who did not have IQ data reported (n = 58),
who were missing activity data (z = 29), or who had
cognitive impairment (7 = 21), as determined in
follow-up interviews with proxy respondents
(Fritsch et al., 2005). We also excluded 3 other
individuals, whose cognitive status was questionable.
We excluded 39 individuals for two or more of the
aforementioned reasons. The sampling strategy is
shown in Figure 1.

The mean age of participants in the analysis sub-
set was 74.8 (SD = 1.0), the mean years of education

The Gerontologist

20z Iudy Gz uo 1senB Aq G69Z9G/20€/E/ L 7/101MESIBOj0JU0ISB/W00" dNo"olWapEdE/:SARY WOy POPEojUMOd



completed was 15.9 (§SD = 2.4), and 57.6% of the
subset were women. Nearly all of the research
volunteers were Caucasian (99.7%). We compared
the analysis subset of 349 to the larger group of 602
who were alive and participated in telephone screen-
ing. The groups were not different in terms of
education level (p > .05). However, the analysis
subset of 349 was younger (M = 74.8; SD = 1.0)
than the larger group of 620 (M = 75.6; SD = 1.0;
p < .001); the subgroup of 349 had a higher grade
point average (M = 2.5; SD = 0.7) than the larger
group (M = 2.3; SD = 0.7; p < .05); and the pro-
portion of women was higher in the subgroup of 349
(62.4%) than in the larger group (37.6%; p < .03).
The differences in age and grade point average,
although significant, were likely due to high power
associated with the large sample sizes.

Procedure

Each of the potential participants first received
two personalized letters, one from the Principal
Investigator explaining the nature of the research
and inviting participation, and one from the
Associate Superintendent of Educational Services of
CHHS acknowledging their cooperation and urging
people to consider becoming involved. Potential par-
ticipants were also informed about the study through
an article that outlined the research and its aims,
published in their high school alumni association
newsletter prior to the start of the study. The
correspondence and newsletter article indicated our
plan to test participants’ memory and cognitive
functioning over the telephone, and to later request
permission to access their high school records.

Measures

Cognitive Assessment. —We evaluated partici-
pants’ global cognitive functioning with the Modi-
fied Telephone Interview for Cognitive Status (TICS-
m; Welsh, Breitner, & Magruder-Habib, 1993). This
instrument was developed as a telephone version
of the Mini-Mental State Examination (MMSE)
(Folstein, Folstein, & McHugh, 1975). The TICS-m
tests functioning in several domains: concentration,
orientation, memory, naming, comprehension, and
abstraction. The TICS-m is reliable, with a high test—
retest correlation over 18 months (r = .83; see
Plassman, Newman, Welsh, Helms, & Breitner,
1994). The TICS-m correlates highly with the
MMSE (r = .80), supporting its validity as a measure
of global cognitive functioning (Welsh et al.).

We tested episodic memory with the Logical
Memory A subtest of the Wechsler Memory Scale,
Revised (Wechsler, 1987). This subtest requires the
individual to remember a story, which is read by the
examiner, and then repeat it back by the same
wording. After a short delay, the respondent is asked
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to repeat the story again. The test has been validated
for use over the telephone with individuals with
Alzheimer’s disease and with individuals without it
(Debanne et al., 1997), and it is sensitive to mild
impairments in memory (Peterson et al., 1999).

We assessed verbal fluency through “animal nam-
ing,” in which respondents are asked to name as
many animals as possible in 1 minute (Rosen, 1980).
The test assesses verbal production and language,
and it is sensitive to semantic retrieval deficits.
Verbal fluency also assesses executive function and
attention.

In the Timed Months of the Year Backwards Test
(Ball, Bisher, & Birge, 1999), participants are asked
to say the months of the year backward, starting
with December. Response latencies are measured
with a stopwatch. The test is a measure of central
processing speed. It presumably taps constructs
such as attention, executive function, and working
memory. Reliability, assessed with a test—retest cor-
relation obtained 1 week to 10 days later, is high,
with 7 = .90. Construct validity is also high, when
assessed through correlations between the Timed
Months of the Year Backwards Test and measures of
simple reaction time (r = .52) and choice reaction
time (r = .51), and the Trails B subtest (r = —.45)
(Ball et al.).

Adolescent IQ.—We asked participants who
underwent telephone screening for written permis-
sion to access their high school records. We recorded
scores from The Otis Self-Administering Test of
Mental Ability (Otis, 1928) for a majority of
students. The Otis was the first group IQ test
developed for use outside the military. Otis test
questions are an adaptation of Binet-type items into
paper-and-pencil format (Beck, 1986). The test
samples a broad range of cognitive abilities to
produce a single score to measure ‘“mental ability”
(intelligence). Reliability coefficients of versions of
the test are high, ranging from r = .921 to .948;
correlations between versions of the Otis and school
performance range from r = .55 to .57 (Otis).
According to one early report, the correlation
between the Otis and the Stanford—Binet is high,
r = .76 (Miller, 1924). The Otis has a mean of
100 and a standard deviation of 12. The mean
age when students were tested with the Otis was
15.1 years (SD = 0.7). The mean Otis score in the
analysis sample was 113.2 (SD = 11.1).

High School Activity Level. —We determined the
students’ activity levels while they were in high
school through an examination of their high school
yearbooks. The types of activities in which students
participated were diverse; they included academic
clubs and organizations, athletics, performance
activities, service activities and clubs, and organiza-
tions involving school involvement. As a group,
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students were involved in more than 150 different
activities at the high school between 1944 and 1946.

We classified high school activities as mental,
physical, or social to be consistent with other recent
activity studies of older adults. We defined mental
activities as academic clubs, any learning-focused
club, honor societies associated with academics,
theater groups, debate teams, government, and
yearbook. We defined physical activities as athletic
clubs including sports teams, dance clubs, honor
groups associated with athletic performance, and
cheerleading. Social activities were groups that
gathered for fun and included clubs that provided
service to the school.

We evaluated the reliability of the activity
measures by having two of us (T. Fritsch and J.
Larsen) independently categorize each activity as
belonging to one of the three activity categories. We
calculated kappa as a measure of interrater re-
liability, and we determined agreement to be
excellent (k = 0.978, p < .001). We later resolved
disagreements through consensus discussion. We
assessed the construct validity of the three measures
in terms of correlations with adolescent 1Q, educa-
tion level, and gender. The mental activities measure
was positively correlated with adolescent IQ (r =
234, p < .002) and education (r = .240, p <.001),
and negatively with gender (r = —.184, p = .001; girls
were more involved in mental activities than boys
were). The physical activities measure was uncorre-
lated with adolescent IQ (r = .032, p = .547) but
positively correlated with education (r = 178, p =
.001) and gender (r = .328, p < .001; boys were more
involved in physical activities than girls were). The
social activities measure was uncorrelated with
adolescent IQ (r = —.014, p = .790) and education
(r = .004, p = .942), but it was negatively correlated
with gender (r = —.269, p < .001; girls participated
in more social activities than boys did).

Midlife Occupational Measures.—We assessed
the mental, physical, and social demands of partic-
ipants’ longest held occupations by using methods
reported previously (Smyth et al., 2004). Briefly, we
derived occupational demand measures from 44
measures of worker functions and traits associated
with various occupations. The measures were de-
veloped by the U.S. Department of Labor and
assigned to over 12,000 occupations described in
the fourth edition of the Department of Labor’s
Dictionary of Occupations (DOT). They are
categorized into seven main groupings: complexity,
training times, aptitude needs, comparative interests
(e.g., abstract and creative activities vs concrete
routine activities), temperamental attributes, physi-
cal demands, and environmental conditions.

We factor analyzed the measures of occupational
demands to derive demands associated with jobs
(Smyth et al., 2004). The analysis converged on four
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factors explaining 77.9% of the variance. These
factors corresponded to conceptually distinct do-
mains of occupational demands: mental, motor skill,
physical, and social. We did not analyze motor
demands in this study because our goal was to
examine links between mental, physical, and social
activities in high school with mental, physical, and
social occupational demands in midlife. We stan-
dardized the scores to have a mean of zero and
a standard deviation of one. We later recoded the
scores to make higher values reflect higher occupa-
tional demands. Scores for the mental, physical, and
social scales ranged from 0 to 4.34, 0 to 3.87, and 0 to
3.47, respectively.

We then matched each participant’s longest held
occupation to one of the DOT occupations, and we
assigned the corresponding mental, physical, and
social demands scores. Because our participants’
occupations had been coded according to the 1980
U. S. Census occupation codes rather than the
DOT occupation codes, we used a data set pre-
pared by the Inter-university Consortium for Polit-
ical and Social Research that links Census and
DOT occupational codes to match our participants’
occupations with DOT occupations.

Neither the DOT nor the 1980 Census occupa-
tions codes include a code for homemaker. Thus, we
computed the mean of the respective mental,
physical, and social demand scores for the following
occupations listed in the 1980 Census occupations
scheme: launderers and ironers; cooks, private
household; housekeepers and butlers; child care
workers, private household; and private household
cleaners and servants (1980 Census occupation codes
403—407). The resulting means for the mental,
physical, and social occupational demands of home-
makers were 0.343, 1.918, and 1.407, respectively.
The percentage of participants who identified
themselves as a homemaker was low (6.0 %).

Parental Occupation.—We gathered data on
parental occupation from the students’ high school
records. We then coded these data by using a
modified U. S. Census occupation coding scheme,
in which 0 = unskilled manual workers; 1 = opera-
tives (‘“‘semi-skilled manual workers”); 2 = sales,
clerical, craftsmen (“lower non-manual/upper
manual”); and 3 = professional, technical, mana-
gerial (“upper non-manual”). We included this
variable in the analyses to establish that any poten-
tial effect of lifestyle on cognition was not a spurious
result of parental resources.

Time Periods in the Llife Course.—Here we
operationally define the broad time periods under
consideration in this study. We define early life as
the teen years and 20s, when most participants in our
sample were pursuing their secondary (high school)
and postsecondary education. Early-life data in this
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HS Mental Mid-life Occ.:
HS Physical > Ment'al
HS Social Physical
Social

Cognitive:
Gender TICS-m
Parent’s SES | Log. Mem.
Teen IQ | Fluency
Speed

Education

Figure 2. Hypothesized model showing relationships between early-life, midlife, and late-life variables. SES = socioeconomic
status; HS = high school; Mid-life Occ. = midlife occupational demands; TICS-m = modified Telephone Interview for Cognitive
Status; Log. Mem. = Logical Memory A subtest; Fluency = verbal fluency; Speed = central processing speed.

study include adolescent IQ measured at age 15; data
representing students’ involvement in extracurricular
activities in high school; and overall education
attainment level, ranging from 12 to 25 years in the
subgroup we studied. We define midlife as the 30s,
40s, and 50s, when most of the participants in our
study were active in the workforce. Midlife data in
this study include measures of the mental, physical,
and social demands of occupations, derived from
participants’ reports of their longest held occupation.
Finally, we define late life as the 60s, 70, and 80s.
Late-life data in this study include the telephone
cognitive data we gathered from participants in
2002, when they had a mean age of approximately
75 years.

Analytic Strategy

We used path analysis (McClendon, 1994; Pedha-
zur, 1982), also known as structural equation
modeling, to evaluate the hypothesized relationships
among variables. Path analysis is a statistical tech-
nique for studying models of causal relationships
among variables. The model specifies that some
variables intervene between others in a causal
sequence. Thus, one can estimate the magnitude of
direct effects (i.e., those effects of an independent
variable not mediated by other variables in the
model) and indirect effects (i.e., those effects of an
independent variable mediated by other variables in
the model). Each variable in the model that is
specified as being dependent on one or more other
variables is regressed on all the variables that are
specified as its causes. The magnitude of each direct
effect is given by the respective standardized re-
gression coefficients in the regression equations.
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Indirect effects can be calculated by multiplying the
coefficients for two or more linked direct effects
(McClendon; Pedhazur). We also calculated indirect
effects, as well as total effects, by using the Alwin—
Hauser method of hierarchical regression (Alwin &
Hauser, 1975; McClendon). This method is a com-
putationally efficient way of aggregating bundles of
indirect effects. Total indirect effects (the sum of all
indirect effects) and total effects (the sum of the
direct effect and the total indirect effect) can also be
easily calculated with this method.

We computed the regression coefficients for the
causal model specified in Figure 2. We allowed the
error terms for variables within a block (i.e., the high
school activities block and the occupational demands
block) to be correlated. We evaluated the path model
by using AMOS 6 (Arbuckle, 2005). Gender was a
dichotomous variable; parental occupation and edu-
cation were ordinal; all other variables were interval
or ratio. Because the model is saturated, there is a
perfect fit and fit measures are not necessary.

We added the verbal fluency and processing speed
measures to the research protocol several weeks after
data collection had begun, resulting in smaller sam-
ple sizes for these tests. Thus, we ran two different
sets of path analyses.

Results

Descriptive data for all measures collected in the
study are given in Table 1. The standardized and
unstandardized coefficients for the regression equa-
tions that we computed are shown in Table 2 for
the sample with valid scores on the TICS-m and
the Logical Memory subtest and in Table 3 for the
sample with valid scores on the verbal fluency and
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Table 1. Descriptive Statistics for Variables in the Study, Stratified by Data Set

TICS-m and LM
Data Set (n = 349)

Fluency and Speed
Data Set (n = 213)

Variable M (SD) M (SD)
Parental occupation 2.26 (0.73) 2.25 (0.71)
Proportion male 0.42 (0.49) 0.44 (0.50)
Otis 1Q score 113.16 (11.12) 113.47 (11.00)
HS mental activities per year 2.35 (2.12) 2.31 (2.14)
HS physical activities per year 1.16 (1.17) 1.15 (1.17)
HS social activities per year 2.74 (1.77) 2.79 (1.85)
Education 1.87 (1.00) 1.84 (1.01)
Mental occupational demands 2.39 (0.85) 2.37 (0.85)
Physical occupational demands 2.92 (0.58) 291 (0.60)
Social occupational demands 2.22 (0.86) 2.19 (0.87)
TICS-m 36.67 (3.30) — —
LM 9.43 (3.34) — —
Fluency — — 17.45 (5.05)
Speed — — 13.14 (4.54)

Notes: TICS-m = Modified Telephone Interview for Cognitive Status; LM = Logical Memory A Subtest, Wechsler Memory
Battery; HS = high school; Fluency = verbal fluency (‘‘animal naming”); Speed = central processing speed (Timed Months of the
Year Backwards Test). For parental occupation, 0 = unskilled manual workers; 1 = operatives (“semi-skilled manual workers”);
2 = sales, clerical, craftsmen (“lower non-manual/upper manual”); and 3 = professional, technical, managerial (“upper non-
manual”). For education, 0 = 12 years; 1 = 13—15 years; 2 = 16 years; and 3 = 17 or more.

the central processing speed tests. We computed
hierarchical regression equations for the cognitive
outcome variables—resulting in four equations
each—to get the coefficients needed to calculate
direct, indirect, and total effects by the Alwin—
Hauser method. The coefficients in the fourth
equation for each cognitive variable, and those in
the single equation for each of the other variables,
represent direct effects of the antecedent variables.
To simplify discussion of these results, we focus on
variables most directly related to evaluation of
aspects of the reserve perspective that were of
interest to us, as outlined earlier.

We first examined the effects of adolescent IQ.
There were direct effects of adolescent IQ on high
school mental activities, education, and each of the
four adult cognitive measures. Students with higher
teen IQ participated in more mental activities while
in high school; had higher educational attainment
levels; and performed better on adult measures of
global cognitive functioning, episodic memory,
processing speed, and verbal fluency.

Next, we examined the effects of high school
activities variables. High school mental activities had
direct effects on education and on verbal fluency.
Students who participated in more mental activities
in high school attained more education, and later
they had better verbal fluency scores as older adults.
High school physical and social activities were not
associated with any of the adult cognitive measures.

Turning to education, we see direct effects on
several variables. Those individuals with more edu-
cation had occupations with more mental and social
demands. Education also had direct effects on global
cognitive functioning, episodic memory, and pro-
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cessing speed. Individuals with more education
performed better than those with less education on
each of these measures.

Interestingly, there were not direct effects of
midlife occupational demands on any of the adult
cognitive variables. Because previous studies have
reported a link between occupational demands and
cognition (Kohn & Schooler, 1978; Schooler &
Mulatu, 2001), this finding may, at first blush, seem
surprising. The failure to find an effect of occupa-
tional demands could be due to the dependence of
both occupational demands and cognition on the
antecedent variables. To test this possibility, we ran
several exploratory regression analyses, in which
each cognitive measure was regressed on only the
occupational demands measures (parental occupa-
tion, gender, adolescent 1Q, high school activities,
and education were excluded from these models).
We found that midlife mental occupational demands
were significant predictors of verbal fluency (B =
216, ¢t = 2.889, p = .004) and processing speed (p =
—.169, t = —2.239, p = .026). Other occupational
demands were not significantly associated with the
cognitive measures. These results indicate that the
associations of mental occupational demands with
verbal fluency and processing speed were spurious
products of their common dependence on the
antecedent variables, particularly IQ and high school
mental activities in the case of verbal fluency, and 1Q
and education in the case of processing speed.

We examined indirect effects to evaluate whether
reserve is relatively more static or dynamic. To sim-
plify discussion of these results, we again emphasize
paths most directly related to the evaluation of
aspects of the reserve perspective in which we were
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Table 4. Decomposition of Effects of IQ and Mental Activities on Types of Cognitive Functioning

Type of Effect

Variable
Indirect Through Indirect Through Indirect Through Total
Dependent Independent Total Activities Education Occupation Indirect Direct
TICS-m 1Q 287 .036 .051 —.001 .086 201
Mental Act. 132 — .037 .000 .037 .095
LM 1Q 321 .023 .052 .002 .077 244
Mental Act. .081 — .039 .000 .039 .042
Verbal Fluency 1Q 341 .046 .031 .005 .082 259
Mental Act. 216 — .025 —.004 .021 195
Speed 1Q —.304 —.017 —.049 —.001 —.067 —.237
Mental Act. —.059 — —.039 —.004 —.043 —.016

Notes: TICS-m = Modified Telephone Interview for Cognitive Status; LM = Logical Memory Subtest, Wechsler Memory

Battery; Act. = activity.

interested. However, the coefficients for all indirect
pathways omitted from consideration here can be
obtained from Tables 2 and 3.

The significant path coefficients seen in Tables 2
and 3 suggest that there were indirect effects of
IQ on three of the adult cognitive measures (the
TICS-m, the Logical Memory subtest, and the
processing speed test), working through high school
mental activities first and then through education,
as represented by this compound path: Adolescent
IQ — High School Mental Activities — Education
— Cognition. Individuals with higher adolescent 1Q
were involved in more mental extracurricular
activities in high school; went on to attain more
education; and subsequently performed better on
measures of global cognitive functioning, episodic
memory, and processing speed. These indirect
effects, which can be computed by multiplying the
coefficients along the preceding compound path,
were .011, .011, and —.012, respectively. There were
also possible indirect effects of 1Q on the same
cognitive variables, working through education only
(IQ — Education — Cognition). The coefficients
associated with these indirect effects were .050, .049,
and —.062, respectively. Table 3 shows that there was
an indirect effect of IQ on verbal fluency working
through high school mental activities, but not
education (IQ — Mental Activities — Fluency).
The coefficient for this indirect effect was .047.
Finally, high school mental activities had an indirect
effect through education on verbal fluency (IQ —
Education — Fluency). This indirect effect was .026.
Thus, although mediation was suggested in the
models we studied, the relative strengths of these
indirect effects were low.

Table 4 shows selected indirect effects and total
effects that were computed by the Alwin—Hauser
method, as well as direct effects. The total indirect
effect of 1Q on global cognitive functioning (TICS-
m) equals .086, which is an aggregate of the indirect
effects flowing through all three high school
activities, through education, and through all three
occupational demands. The indirect effects through
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occupational demands are essentially zero, however.
Thus, the total indirect effect of IQ is almost entirely
mediated by high school activities and education.
Most of the indirect effect through activities is
through mental activities, which can be inferred by
the relatively small standardized regression coeffi-
cients for the paths from IQ to physical and social
activities and for the paths from physical and social
activities to education and the TICS-m, compared
with the coefficients for mental activities (Table 2).

In summing up the effect of IQ on the TICS-m
score, we see that most of the total effect is direct
(70%) and only 30% is indirect. This aggregate
indirect effect is almost entirely through high school
activities and education. The total indirect effect is
the dynamic aspect of reserve, and it indicates that
there is some augmentation of reserve in high school
and college, if attended, but almost none in midlife
occupational demands. The indirect effects of IQ on
the other three types of cognitive functioning, rela-
tive to the total effect, are even smaller. The indirect
effect of IQ as a percentage of the total effect is 24%
for logical memory, 24% for verbal fluency, and
22% for processing speed.

The total effects of high school mental activities
on cognitive functioning are smaller than those of IQ
(Table 4), and only those for TICS-m scores and
verbal fluency are significant. The indirect effects of
mental activities on TICS-m scores and fluency are
small relative to the total effects (28% for TICS-m
scores and 10% for fluency), as was the case for IQ’s
indirect effects.

Discussion

The reserve hypothesis is frequently invoked by
cognitive gerontologists to explain aspects of conti-
nuity and change in cognitive functioning as we age.
Formulations of the reserve hypothesis are becoming
increasingly sophisticated (e.g., Richards & Deary,
2005; Stern, 2002), but more work is needed to
specify when and how reserve might affect cogni-

20z Iudy Gz uo 1senB Aq G69Z9G/20€/E/ L 7/101MESIBOj0JU0ISB/W00" dNo"olWapEdE/:SARY WOy POPEojUMOd



tion. In the present research, we considered three
relatively understudied aspects of the reserve per-
spective: (a) whether reserve is primarily static
throughout the life course, or whether it is dynamic
and can be increased; (b) whether increases in reserve
can be accomplished at any point in life, or whether
there are optimal time periods when it is best to
try to intervene to increase level of reserve; and (c)
whether participation in different types of activities
early in life (mental, physical, and social) has dif-
ferent effects on different domains of cognitive func-
tioning later in life. Our research adds to knowledge
about each of these issues.

Our results seem to confirm findings from a few

other studies (Arbuckle et al., 1992; Kliegel et al.,
2004; Richards et al., 2003; Richards & Sacker, 2003;
Wilson et al., 2005) that suggest that reserve is
dynamic and can be changed (i.e., increased)
a degree. Empirically, this was demonstrated in our
path analyses by showing that there were indirect
effects of IQ on measures of cognitive functioning in
late life working through intervening variables. The
path models indicated that teen 1Q influenced global
cognitive functioning, episodic memory, and pro-
cessing speed through associations with high school
mental activities and education. Verbal fluency, in
contrast, was affected by adolescent IQ through
links with high school mental activities, but not
education. The direct effects of IQ on cognitive
outcome measures were relatively strong, with stan-
dardized regression coefficients ranging in absolute
values from .201 to .259. Only the direct effects of
education on occupational mental demands were
stronger, with coefficients of .467 and .433 in the two
models we studied. Importantly, though, the medi-
ation we observed in this study was weak, with
standardized coefficients ranging from .050. to —062
for the specific indirect paths previously described.
When all indirect effects of IQ are summed, the
indirect effects appear stronger. However, relative to
the direct effects, the indirect effects of IQ on cog-
nitive functioning were small, ranging from 22% to
30% of the total effect. This indicates that, although
small changes in reserve can be made, large increases
are not as easily accomplished.

Interesting was the fact that changes in level of
reserve, though slight, only occurred early during the
life course. We observed small mediated effects of 1Q
on cognitive outcomes through high school mental
activities and education. These pursuits typically
occur in the first two decades of life, suggesting that
modification of reserve level may best be made at
that time. Recent neuroimaging data suggest that the
adolescent brain functions in quahtatlvely different
ways than the adult brain. In tasks requiring exec-
utive functions (planning, organizing, and decision
making), adolescents use more prefrontal cortex
resources, whereas adults use brain areas that are
more widely distributed across the cortex when
completing the same task (Schweinsburg, Nagel, &
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Tapert, 2005). This indicates less efficient processing
in teens than in adults. Pruning and myelination of
brain cells, which are critical features of maturation,
occur in adolescence and through the early 20s
(Luna & Sweeney, 2004). These features of the ado-
lescent brain indicate that growth is occurring and
offer opportunities for modification by experiential
factors. However, because the magnitude of media-
tion observed in our study was quite small, we do
not wish to overstate these claims.

The finding that reserve can be modified some-
what early in life, but not in midlife or late life, seems
to contradict recent studies showing that mental
activity in midlife and beyond protects against
cognitive decline and dementia (e.g., Friedland
et al., 2001; Richards et al., 2003). Furthermore,
previous studies have suggested that individuals in
occupations with greater mental demands have
better cognitive functioning than do those in occu-
pations with lower mental demands (Kohn &
Schooler, 1978; Schooler & Mulatu, 2001). Thus, it
was surprising that, in the present study, significant
associations were not detected between our midlife
measures (mental, physical, and social occupational
demands) and our measures of adult cognitive
functioning. However, exploratory analyses, in
which the cognitive measures were regressed on the
occupational demands measures (but not the ante-
cedent measures), seemed to suggest that the
association between mental occupational demands
and cognitive outcomes is a spurious product of their
common dependence on the antecedent variables.
For example, education causes higher mental de-
mands and it also causes higher cognitive outcomes,
so mental demands and cognitive outcomes become
correlated because they share a common cause, that
is, education. Of course, there are several antecedent
variables that are common causes of occupational
demands and cognitive outcomes. In future studies of
occupational demands and cognition, researchers
should consider these findings when interpreting
results. Further, it will be important, when evaluat-
ing the possibility of critical periods for increasing
reserve, to conduct studies that include high-quality
measures of activities and exposures at various
points throughout the life course. Comparing
results from different studies—for example, one
that measures midlife exposures, and another that
measures early-life exposures—is insufficient to
rule out spurious relationships and determine with
certainty when it is best to try to intervene to
increase reserve.

A further interest in this research was the po-
tential to observe that different domains of cognitive
functioning might respond in different ways to
specific social influences throughout the life span.
We hypothesized, for example, that leisure and
mental occupational activities and education would
be significant predictors of abilities reflecting the
products of education and mental activity, such as
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measures of general knowledge, vocabulary, and
verbal abilities. Supporting the prediction, we found
that greater participation in high school mental
activities was a significant predictor of verbal fluency
(B = .195), independent of education and occupa-
tion. Also supporting the prediction was the finding
that education was a significant predictor of global
cognitive functioning (B = .181) and episodic
memory (B = .178). Such findings are generally
consistent with the concept known as learning
generalization (Miller, Slomczynski, & Kohn,
1987). Learning generalization refers to the process
by which knowledge and skills learned in one
situation are generalized or transferred to other
situations. The concept is consistent with the trans-
fer of training hypothesis from psychological learn-
ing theory, which suggests that the more similar the
training task is to a new task, the greater the amount
of transfer.

However, in our study, the learning generalization
interpretation breaks down somewhat when one
considers whether the skills obtained through
specific activities generalized to cognition in specific
domains. In this research, we found an association
between education and processing speed, which was
stronger (f = —.237) than the reported associations
of mental activity and education with other cognitive
domains. Processing speed is believed to reflect the
effects of biological aging rather than education and
mental experiences throughout the life course. Thus,
we expected education and early mental activities to
have little or no effect on processing speed. In
addition, participation in social and physical activ-
ities in high school, and jobs with greater mental,
social, and physical demands, were not significant
predictors of any of the cognitive outcomes. Inter-
estingly, in their work, which considered the lagged
effects of participation in classes of activities and
domains of cognitive functioning, Aartsen and col-
leagues (2002) found that information-processing
speed affected developmental activity (intellectual
and creative work). Other associations between
activities and cognition were not significant in this
study. The link between speed and intellectual activity
that Aartsen and colleagues reported is intriguing,
given our finding that education was a strong pre-
dictor of speed. The relationships between activities in
early life and midlife and outcomes in old age need
further investigation. Findings to date do not match
what would be predicted on the basis of current
reasoning and theory.

Although it was not our primary interest in this
study, we documented interesting effects of gender
on several cognitive measures. Specifically, women
outperformed men on measures of global cognitive
functioning, episodic memory, and processing speed,
but gender differences in verbal fluency were not
observed. These findings are generally consistent
with other investigations (Herlitz, Nilsson, &
Bickman, 1997; Meinz & Salthouse, 1998; Welsh et
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al., 1994), although some studies have shown that
the gender gap in some cognitive measures is
decreasing in more recent age cohorts (Hyde &
Linn, 1988). Our study offers insight into possible
mechanisms of the gender differences. As with teen
IQ, gender may affect cognitive functioning in aging
through links with high school mental activities
and education.

Our study is consistent with findings from other
recent investigations showing that exposure to
complex stimulus environments is associated with
better cognitive functioning in healthy aging. Gen-
erally speaking, two hypotheses have been offered to
explain the nature of these types associations
(Hultsch et al., 1999). The first suggests that partic-
ipation in stimulating activities serves as a protection
against cognitive decline in aging. This view is
closely related to the well-known “use it or lose
it” scenario and the concept of cognitive reserve
(Friedland, 1993; Stern; 2002; Swaab, 1991). The
other hypothesis suggests that high-ability individu-
als are more apt to lead more active and in-
tellectually engaged lives, which helps maintain
good cognitive functioning until a later time when
normal age- and disease-related processes limit
participation. These hypotheses are not mutually
exclusive. Unfortunately, we do not have the data to
compare them.

Study Strengths

Our study is unique for several reasons. High
school records provided actual test scores reflecting
early intelligence. Some other studies have relied on
estimates of 1Q based on verbal ability and de-
mographic-based statistical models, but these ap-
proaches have limitations. High school yearbooks
provided relatively objective data—free from the
problem of recall errors and biases—about the types
of activities in which respondents participated as
young adults. Such data are rarely available. Further-
more, because these activities reflected students’
interests, in combination with IQ data, they tend
to support the idea that high-ability individuals seek
out mentally stimulating activities, which may help
to preserve cognitive functioning. We also have a
solid measure of the mental, physical, and social
demands of occupations, whereas previous work has
generally considered occupational demands to be
indexed by socioeconomic status, using rough
ordinal categories.

Limitations

Ours was a convenience sample. On average,
participants were healthy, had good function, were
highly educated, and were intelligent. Nearly all
were Caucasian. However, despite the restricted
variance associated with some variables (e.g., IQ and
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education), we were able to detect associations that
were statistically significant. A failure to find
significant associations would have caused concern
because the restriction in variance could result in the
failure to detect a true effect (a Type II error). This,
however, was not the case, decreasing our concerns
about the effects of sampling biases.

We were unable to locate a large percentage of the
total group of students who graduated in the years
1944, 1945, and 1946. Presumably, many of these
individuals were deceased when our telephone
screening occurred in 2002. Because the processes we
are studying are very likely linked to the some of the
processes associated with mortality, our sample could
be considered to be a selective one—one that should
not be used to generalize about the effects of early
experiences on health-related functioning, including
measures of cognition. However, if death is linked to
the processes we are studying, we would argue that
this implies that those who are less engaged or
mentally active early in life would be more likely to
have died prior to our survey, and also that they would
have had lower adult cognitive performance scores
prior to their death. If so, we would have a biased
sample of early engagement (the extent of this bias
would depend on the mortality rate of our popula-
tion); that is, the sample would have a restricted range
of engagement, which could lead to an underestimate
of the standard error of the regression slope. The
downwardly biased standard error could lead to
a failure to reject the null hypothesis that there is no
relationship between early engagement and cognitive
functioning. However, because we found the re-
gression slopes to be significant, that is not an issue.

In addition, there may be biasing effects asso-
ciated with the fact that more men than women may
have left high school because of World War II. As we
mentioned, 57.6% were women and 42.4% were
men in our analysis subset of 349 participants. These
values are similar to those reported in the 2000 U.S.
Census for the City of Cleveland Heights. In this
population, among those individuals who were age
65 and older, 60.8% were female and 39.2% were
male (U.S. Census, 2000). Thus, attrition by men in
our analysis subgroup, as a result of the war or for
other reasons, was relatively low and probably did
not have biasing effects on our analyses.

We acknowledge that sociocultural factors asso-
ciated with the specific cohorts we studied may limit
the generalizability of our findings to subsequent
cohorts. Among those individuals who were teen-
agers in the World War II years, social factors such
as gender discrimination and class barriers may have
limited full participation in high school activities,
education, and mentally complex jobs. Our data
specifically show that girls were more involved in
mental activities than boys in high school, but
attained less education overall and had less mentally
complex jobs than men. Overall, those from lower
socioeconomic categories had less education.
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In the years following World War II, various
formal efforts were made to remove or ameliorate
the effects of some of these social barriers. Federal
financial aid programs such as the GI Bill and the
National Defense Education Act were offered to
increase educational attainment (Schaie, Willis, &
Pennak, 2005). Following the Women’s Movement
of the 1950’s, women’s involvement in the workforce
increased, and opportunities for women to pursue
occupations demanding greater mental complexity
opened up. Title 9, enacted in 1972, mandated that
girls and women were to have the same access to
sports activities as boys and men. Some of these
efforts were successful. Census data indicate steadily
increasing educational attainment since the 1940s
(U.S. Census Bureau, 2001); women’s participation
in higher prestige occupations, demanding more
mental complexity, also increased (CNN/Money,
2004); and research suggests that, today, high school
girls actively pursue all types of extracurricular
activities, although boys still participate more in
sports (Eccles, Barber, Stone, & Hunt, 2003).

We expect that education and participation in
mental activities will have similar effects for men and
women. Thus with women’s access to education and
mentally challenging activities and occupations
becoming more like men’s, we would expect the
differences in cognitive functioning between older
men and women, which we observed in this study, to
decrease somewhat in the future. There are some
data that indicate that gender differences in some
domains of cognitive functioning (e.g., verbal ability)
are decreasing with time (Hyde & Linn, 1988). It
should be noted, however, that some gender differ-
ences, such as the use of different memory strategies
by men and women, depending on their adolescent
IQ (Fritsch, Larsen, & Smyth, in press), might be
expected to remain.

Impact on Theory and Policy

The view that maintaining an active, engaged
lifestyle can buffer against cognitive decline in aging
has received empirical support in previous research,
and practitioners and researchers often recommend
pursuing activities that “exercise the mind.” Among
lay audiences, the scenario of use it or lose it has
worked its way into the public consciousness and
popular literature, and it is widely accepted as valid
(see, e.g., MSNBC, 2006).

Implied in this philosophy is the idea that, through
mental, physical, or social activity, level of reserve is
subject to considerable modification, and that this
dynamic feature can be exploited throughout the life
course. Some authors also report that mental,
physical, and social activities each have independent
effects on cognition, and perhaps different effects on
different domains of cognitive functioning (e.g.,
Richards & Deary, 2005; Wilson et al., 2003).
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However, data from our study call for modifica-
tions in these (often implied) aspects of the reserve
hypothesis. First, although reserve may have some
dynamic features, our data suggest that dramatic
changes in reserve are difficult to make. Further, our
data indicate that attempts to make even these small
changes are better made in the early decades of life
rather than in the later ones. This may be related to
the plasticity of the brain, as well as physical changes
and growth occurring in the early decades of life.
Long-term studies using neuroimaging techniques
may be required to validate this conclusion. Further,
in this study, participation in mental activities and
education seemed to provide protective effects
against cognitive decline, whereas participation in
social and physical activities provided little pro-
tection. Participation in mental activities and educa-
tion seemed to impact speed of processing to the
greatest degree, an unanticipated finding.

We are not arguing against the development of
programs offering mental stimulation for older
adults. These are emerging at a grass-roots level in
terms of memory clubs, brain fitness groups, book
clubs, discussion groups, and the like. However, the
role of early experiences in influencing adult
cognitive functioning should be considered. Like-
wise, although social clubs and athletic activities in
high school may well provide benefits for the
developing teen, our findings suggest that only those
clubs and activities involving mental demands pro-
vide cognitive protection later in life. We therefore
advocate that schools and communities continue to
offer their young constituents a variety of mentally
demanding activities and educational opportunities.

We also suggest that the growing evidence regard-
ing our ability to influence brain reserve receive
wider consideration by government officials seeking
to set a course to improve our nation’s health. At
present, although the federal government’s Healthy
People 2010 initiative (U.S. Department of Health
and Human Services, 2000) to enhance life expec-
tancy and quality of life of the U.S. population
identifies physical activity as one of its 10 leading
health indicators, no mention is made of activities
with high mental demands. Concerns for mental
health described in Healthy People 2010 are focused
solely on reducing levels of mental illness, rather
than including goals of maintaining or enhancing
cognitive abilities. Although promoting high school
graduation is a stated goal of Healthy People 2010, it
is couched in terms of the welfare and survival of
children, reducing behaviors associated with drop-
ping out of school (e.g., substance abuse, delinquen-
¢y, and unintended pregnancy), and increasing the
likelihood that individuals will be able to obtain or
understand health promotion and disease prevention
information. Direct effects of educational achieve-
ment on cognitive health are not discussed. With the
large and growing public health burden associated
with degenerative dementia in the United States, it

Vol. 47, No. 3, 2007 321

would seem that the time has come to begin con-
sidering how results from studies such as ours can
begin to be taken into account in setting public
health goals.
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