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Relationships Between Physical Exercise and Cognitive
Abilities in Older Adults

Louise Clarkson-Smith and Alan A. Hartley
Scripps College, Claremont, California

We investigated relationships between physical exercise and the cognitive abilities of older adults.
We hypothesized that the performance of vigorous exercisers would be superior to that of sedentary
individuals on measures of reasoning, working memory, and reaction time. We gave a series of cogni-
tive tasks to 62 older men and women who exercised vigorously and 62 sedentary men and women,
Moultivariate and univariate analyses of variance, with age and education as covariates, indicated
that the performance of the exercisers was significantly betier on measures of reasoning, working
memory, and reaction time. Between-group differences persisted when vocabulary, on which the
performance of exercisers was superior, was used as a third covariate. Subsequent analyses showed
that neither self-rated health, medical conditions, nor medications contributed to the differences
between exercise groups. Results suggest that the possible contribution of physical exercise to indi-
vidual differences in cognition among older adults should be further investigated.

Researchers investigating age differences in abilities ranging
from simple reaction time (RT) to complex problem solving
typically report that the variance among older adults is much
greater than it is among young adults (Birren, Woods, & Wil-
liams, 1980; Rabbitt, 1981; Schaie, 1979). This finding, which
suggests that some older adults are retaining relatively high lev-
els of ability, has stimulated an interest in sources of individual
differences in abilities among older adults. One area of current
interest is the possible beneficial effect of physical exercise on
cognitive abilities,

Exercise and Health

The health benefits of physical exercise for elderly persons
are well documented. A number of investigators (Cunningham,
Rechnitzer, Howard, & Donner, 1987; de Vries, 1970; Dustman
et al., 1984) have reported improvement in various indices of
the cardiovascular-respiratory function of older adults after
participation in an exercise program. Other studies (Kannel,
Belanger, D’Agostino, & Israel, 1986; Paffenbarger, Wing, &
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Hyde, 1978) have suggested an inverse relation between physi-
cal exercise and heart attack risk. It has even been suggested
that much of the loss of physical vigor associated with aging
is a function of the sedentary life style typical of many alder
individuals (Bortz, 1982; deVries, 1983).

Exercise and Cognition

Although the precise mechanisms are unclear, it has been
speculated (Birren et al., 1980, La Rue & Jarvik, 1982; Spir-
duso, 1980) that cardiovascular benefits derived from exercise
may help to forestall degenerative changes in the brain associ-
ated with normal aging. The two most widely accepted cogni-
tive hypotheses of aging assume that physiological changes in
the central nervous system are the basis for age-related ability
deficits. According to the speed hypothesis (Birren et al., 1980;
Salthouse, 19835), diffuse slowing throughout the nervous sys-
tem concomitant with the aging process is responsible for all
age-related cognitive deficits. A second hypothesis attributes
age differences in abilities to limitations in the capacity for at-
tention (Craik & Byrd, 1982; Hasher & Zacks, 1979, Wright,
1981). Craik and Byrd explained capacity limitations in terms
of mental energy, and proposed that there are physiological cor-
relates to the age-related decline in mental energy as well as to
the decline in physical energy. Because both slowing and capac-
ity limitations are thought to be manifestations of a decline in
the efficiency of central nervous system processing, it is reason-
able 1o investigate the possibility that physical exercise, through
its effect on the physiological functioning of an older individual,
might enhance cognitive performance.

Exercise and Speed of Response

Recent research supports a positive relationship between ex-
ercise and speed of response in both older and younger people
(see Spirduso, 1980, for a review). If, as proposed by adherents
of the speed hypothesis, RT is an important indicator of the
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functional integrity of the central nervous system, it might be
expected that the greater speed of response seen in those who
exercise should be accompanied by a general facilitation of all
cognitive abilities. However, existing studies relating exercise to
the performance of complex cognitive lasks have produced in-
conclusive results.

Exercise and Reasoning

Comparing relatively small samples of male exercisers (# =
26) and nonexercisers (n = 22) between the ages of 34 and 73
years, Powell and Pohndorf( 1971} found that the exercisers out-
performed the nonexercisers in tests of nonverbal reasoning,
but the difference was not significant. In a later study, Elsayad,
Ismael, and Young (1980) reported that high-fitness men per-
formed better than did low-fitness men on measures of nonver-
bal reasoning. The assessments of reasoning were given before
and after a 4-month exercise program, and both groups of men
scored significantly higher on most postests than on pretests.
However, as there was no control group, the possibility that the
improvement was the result of practice rather than physical ex-
ercise cannot be ruled out. This possibility is supported in a
recent study by Dustman et al. {1984), which found a significant
improvement in fluid intelligence scores for a nonexercise con-
trol group but not for individuals who had participated in a 4-
month exercise program.

‘The present study, comparing cognitive abilities of vigorous
exercisers with sedentary individuals, attempted to correct
some of the weaknesses of previous studies by choosing and us-
ing (a) participants who regularly participated in extensive
strenuous exercise, (b) a larger sample that inciuded both men
and women, {c) more precise measures of the amount and in-
tensity of physical exertion, and (d) statistical control for the
extraneous variables, age, education, and health.

The following hypotheses were proposed: (a) Members of the
high-exercise group wouid be superior to members of the low-
exercise group in measures of physical fitness, {b) performance
of individuals in the high-exercise group would be superior to
that of individuals in the low-exercise group in all three do-
mains of cognition, RT, working memory, and reasoning ability,
and {c) vocabulary, which is assumed to have an experiential
rather than biclogical basis, would be unrelated to the amount
of physical exercise.

Method

Participants

Participants were selected from a larger sample of 300 men and
women between the ages of 55 and 91, who had been recruited for a
comprehensive study of activity—ability relationships. Participants were
each paid §$15,

Ax intensive interview was conducted with each of the 300 partici-
pants concerning the amount and type of physical exercise in which he
or she had participated during the past year. Participants were asked to
report all activities that required physical exertion, including not only
athletic pursuits but also nonrecreational activities such as heavy house-
work, gardening, walking, and climbing stairs. Two measures of physical
exertion were obtained: (a) an estimate of the average number of kilocal-
orics expended per week on the aforementioned activities (Heyward,
1984) and {b) the average number of hours per week of participation in

Table 1
Frequencies of High- and Low-Exercise Participants
by Gender and Source of Recruitment

Variable High exercise Low exercise
Gender
Men 35 10
Women 27 52
Source of recruitment
Athletic groups i5 o0
Bridge clubs 08 06
Adult education classes 06 o7
Church groups 10 09
Senior centers 05 10
Volunteer organizations 3! 08
Retirement communities 06 16
Other community organizations 01 06

strenuous physical exercise, defined as more than 0.1 kcal/min/kg of
body weight. The 62 most active participants were placed in the high-
exercise group, and the 62 least active participarits were placed in the
low-exercise group. (As the oldest individual in the high-exercise group
was 88 years old, individuals above that age were excluded from the low-
exercise group.) High-exercise participants had expended at least 3,100
kcal per week in the reported activities and a minimum of 1% hr of
strenuous physical exercise. Participants in the low-exercise group ex-
pended less than 1,900 kcal per week in the reported activities and no
more than 10 min of strenuous exercise.

As indicated in Table I, participants were recruited from a variety of
sourcas. All were living independently in the community or in retire-
ment cormunities. The native language of all of the participants was
English. In the low-exercise group, one woman was Black and one
woman was of Asian descent, All of the other participants were White.,
Participants were screened for neuromuscular and central nervous sys-
tem disorders, including the history of a stroke or ischemic attacks, and
for visual disorders sefficiently severe to interfere with performance.

Systolic and diastolic blood pressure and heart rate were recorded
using a Sharp digital blood pressure monitor, Model MB-500. Forced
expiratory volume was measured with a Propper compact spirometer.
One participant in the high-exercise group refused this test. Participants
were asked to rate their health on a 7-point scale ranging from excellent
health (7) 10 poor health {1). Participants were also asked to complete
two guestionnaires assessing subjective well-being, the Life Satisfaction
Index A (Neugarten, Havighurst, & Tobin, 1961) and the Feelings scale
from the Questionnaire for the Study of Modern Living {Bradburn &
Caplovitz, 1965). The 20 items in the Life Satisfaction Index A were
scored according to a system suggested by Wood, Wylie, and Sheafor
(1969), Responses indicating a high level of satisfaction received a score
of 2, those indicating a low level of satisfaction were scored 0, and uncer-
tain or uncommitted responses were scored 1. The Feelings scale was
scored in the standard manner with positive scores for positive feelings
and negative scores for negative feelings. Means of demographic, health,
exercise, and subjective well-being variables for the two exercise groups
are presented in Table 2.

Procedure

Participants were tesied in two sessions of approximately 1% hreach.
In addition to the previously described exercise interview, the first ses-
sion consisted of a vocabulary test, measures of working memory, and
measures of reaction time, The second session consisted of three written
tests of reasoning and the two subjective-well-being questionnaires. Par-
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Table 2
Means of Demographic, Health, Exercise, and Subjective Well-
Being Variables for High- and Low-Exercise Groups

High exercise Low exercise
Variable M SD M SD

Age 67.13 5.80 72.34 7.40
Years of education 16.62 2.14 15.37 2.10
Self-rated health 6.03 0.99 5.11 1.26
Kilocalories/week 461416 1,275.88 947.03 551.40
Hours of strenuous

exercise/week 5.66 292 0.01 0.03
Life Satisfaction Index 34,17 398 31.27 493
Feelings scale 6.30 3.63 4.62 4.64

ticipants were tested individually in the first session, and either individu-
ally or in small groups in the second session.

Vocabulary. The vocabulary test from the Shipley-Hartford Concep-
tual Quotient scale (Shipley & Burlingame, 1941) was presented on an
Apple Macintosh computer.

Working memory. Three working memory tasks were given, letter
sets, digit span, and reading span. Letter sets and reading span were
presented on the Macintosh.

Letter sets was adapted from a task introduced by Crawford and Stan-
kov (1983). The participant was required to hold in memory two sets
of letters (e.g., LFG and GLS), compare them, and decide which letter
was unique to each set. The letter sets were presented sequentially on
the computer screen with an interstimulus interval of 1.5 s. Participants
were instructed to read the letters aloud as they appeared on the screen
and, after the second set disappeared, to name the letter that appeared
only in the first set and the letter that appeared only in the second set.
Initially, sets of two letters were presented for 6 trials, followed by 10
trials of three-letter setsand 10 trials of four-letter sets. Letters appeared
on the screen just long enough for them to be read aloud, 1.5 s for two
letters, 2.0 s for three letters, and 2.5 s for four letters. Three practice
trials were presented at the beginning of the exercise, before starting the
three-letter sets and before starting the four-letter sets. The exercise was
terminated after five consecutive errors. The score was the number of
correct responses, weighted by the number of letters in each set that
were answered correctly.

Digit span (Wechsler, 1981) was administered in the standard man-
ner, but the scoring was modified in order to be comparable with the
scoring of the letter sets task. The score was the number of correct re-
sponses, weighted by the number of digits in each set. Both digit span
forward and digit span backward were given, but only digit span back-
ward was used in the analysis.

Reading span, modeled after a task introduced by Daneman and Car-
penter (1980), required the participant first to read aloud a set of sen-
tences presented on the computer screen and then to recall the last word
of each of the sentences. The task started with 1wo sentences in each set
and increased, by increments of one, to a maximum of six sentences.
Three sets of sentences were given at each level. The task was discon-
tinued after the participant failed to make at least one correct response
at any one level. Three practice trials were given at the beginning of the
task. Scoring was similar to the other working memory tasks; the num-
ber of correct responses was weighted by the number of sentences in
each set.

Reaction time. Simple, two~choice, and four-choice RT tasks were
presented on an Apple Macintosh computer. In each case the stimulus
was preceded by a tone followed by a variable interval, ranging from 0.1
to 3 s. For simple RT, the stimulus was a zero presented in the center of
the screen. For choice RT tasks, the stimulus was a single digit, 1, 2, 3,

or 4. The digits always appeared in the same location on the screen. The
labels, 1, 2, 3, and 4, were applied to the keys, D, F, J, and K, respec-
tively. Participants were instructed to rest their middle fingers on the
keys labeled 1 and 4 and their index fingers on the keys labeled 2 and 3,
and to press the key corresponding 1o the figure that appeared on the
screen. For two-choice RT measures, only the keys labeled 1 and 4 were
used. Geometric means and standard deviations, based on 30 errorless
trials, were obtained separately for each of the three RT conditions.
Three measures of RT were used in the analysis: (a) RTM averaged
across the three conditions, (h) SDM averaged across the three condi-
tions, and (c) siope, the linear increase in RT as a function of the number
of bits of information. As suggested by Hicks (cited in Jensen, 1982),
bits were calculated as loga(n + 1), where 7 is the number of choices.
Thus, the three RT conditions corresponded to 1,000, 1,585, and 2.322
bits of information.

Reasoning. The three reasoning tasks were (a) 30 common-word
analogies, scaled for difficulty (Clarkson-Smith, 1984/1983), (b) 20
graded items selected from Advanced Progressive Matrices, Sets { and
II(Raven, 1972, 1974), and (c) 15 letter series completion items (Horn,
1975). All three were paper and pencil tasks and were untimed.

Results

Exercise and Cognition

Because of the large number of dependent variables, multi-
variate analysis of variance (MANOVA) was believed to be the
appropriate method to investigate differences between the two
exercise groups while minimizing the probability of a Type 1
error. Preliminary analyses were performed on fitness and abil-
ity variables with exercise group as the independent variable,
and age, years of education, and self-rated health as covariates.
As no performance or fitness variables regressed significantly
onto health, subsequent analyses were carried out with only age
and education as covariates. A second set of preliminary analy-
ses was carried out with gender and exercise group as dependent
variables. Gender differences were nonsignificant for reasoning,
working memory, and fitness variables. For RT variables, the
significance of gender was borderline, K3, 118) = 2.56, p =
{058, but the interaction of exercise group with gender was not
significant. Subsequent analyses were collapsed across gender.

Because of skewed distributions and the presence of outliers,
square root or logarithmic transformations were performed on
all ability variables except letter sets. Analyses were performed
on both original and transformed values, but because only triv-
ial differences resuited between the two analyses, data presented
are based on analyses of untransformed data. For MANOVas, F
values are based on Wilks’ lambda.

Fitness variables. To test the first hypothesis, that the high-
exercis¢ group would be superior in measures of fitness, a multi-
variate analysis of covariance (MANOVA) was performed on the
four measures of fitness, diastolic blood pressure, systolic blood
pressure, heart rate, and vital capacity. The value for vital ca-
pacity was the percentage of normal forced expiratory volume,
adjusted for age, height, and gender (Kory & Smith, 1960). The
effect of exercise group was significant, F(4, 116) = 6.23, p <
.001. The regression of the fitness variables on the combined
covariates was also significant, (8, 232) = 2.40, p < .05. The
results of the univariate analyses (ANOVAS), which are pre-
sented in Table 3, show that only vital capacity and heart rate
contributed to the between-group difference, with the high-ex-
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Table 3

Adjusted Means and F Values for Ability and Fitness Variables

as a Function of Physical Exercise

High exercise Low exercise
Variable M SD M SD F

Fitness measure®

Vital capacity 0.90 0.i8 0.75 0.18 18.6G ***

Heart rate 66.23 9.68 70.85 9.62 5.54*

Systolic blood pressure 131.51 18.47 134,23 18.00 0.53

Diastolic blood pressure 77.92 11.02 77.61 11.02 0.01
Reasoning®

Analogies 23.97 3.00 21.29 4.51 12,72 %%

Matrices 15.55 2.56 11.82 4.54 26,57+

Series 12.08 226 10.04 3.55 11,97 *%*
Working memory"

Letter sets 46.42 14,98 34.16 16.61 14,72 %%

Reading span 13.69 7.80 10.97 5.62 4.19*

Digit span 26.13 14.75 26.39 13.90 0.01
Reaction time®

Total RTM 514.84 44.15 574.34 77.75 22,614

Total SDAf 158.78 32.88 187.07 60.72 8.29**

Slope 2.07 0.48 2.48 0.88 8.12%*

Note. Means and F values were based on raw scores adjusted for covariates. RT Af = reaction time averaged

across the three conditions.
df=1,119. *df=1,120.
*p< 05, *™p<.01. ¥ p < 001,

ercise group having a higher vital capacity and a lower heart
rate. The nonsignificant relationship of blood pressure with
both age and exercise group may have been due to the fact that
the blood pressure of 5 high-exercise participants and 14 low-
exercise participants was regulated by medication.

Ability variables. Separate MANOVAs performed on the indi-
vidual test scores comprising each of the three classes of abili-
ties, resulted in significant between-group differences, F(3,
118)=9.02, p <.00L, »* = .19, for reasoning; F(3, 118) = 5.90,
p < .01, v* = .13, for working memory; and F(3, 118) = 7.87,
p < 001, n* = .17, for RT. The regression of the combined rea-
soning tests and of the combined working memory tests on the
combined covariates was significant, F{6, 236) = 2.76, p < .05,
and F(6, 236) = 2.48, p < .05, respectively. The relationship
between the combined covariates and the combined RT mea-
sures was not significant,

As significant between-group differences resulted from Ma-
NovAas for all three classes of ability variables, ANOVAs were
performed to determine which individual tests accounted for
the differences. Table 3 shows that the high-exercise group per-
formed significantly better in all three tests of reasoning, in two
of the tests of working memory (letter sets and reading span),
and in all three measures of RT.

Contrary 1o predictions, a modest but significant difference
between the two exercise groups was found for vocabulary, F(1,
120) = 4.50, p < .05, n* = .04, Yocabulary also regressed sig-
nificantly on the combined covariates, F(2, 120) = 5.78,
p<.0l.

To summarize, results support the second hypothesis and are
consistent with previous research. With adjustments made for
age and education, significant between-group differences were
seen for all of the ability variables in the MANOVAs, and only

one task, digit span, failed to reach significance in the ANOVAs.
However, the between-group difference in vocabulary was trou-
bling, suggesting that ability differences unrelated to exercise
may have existed between the two groups. To explore this possi-
bility, a second set of analyses were performed with vocabulary
as a third covariate. The results of the MANOVAS were similar
to the results of the original analyses with no change in signifi-
cance levels for any variables, In the ANOVAs, the significance
level of only one variable, reading span, was reduced below the
level of significance.

Health, Cognition, and Exercise

The finding that self-rated health did not account for a sig-
nificant portion of the variance of any of the ability measures
was surprising in view of the body of literature relating cogni-
tive abilities among the elderly to health variables (see La Rue
& Jarvik, 1982, for review). Although La Rue, Bank, Jarvik,
and Hetland {1979) reported that self-ratings of physical health
correlate highly with ratings of physicians, it was felt that possi-
ble biasing effects of health needed to be further explored. Al-
though there is evidence that exercise promotes health, it is also
true that poor health may curtail physical exercise. Therefore,
in an attempt to tease apart the effect of exercise from the effect
of health, a series of further analyses were carried out.

Three new subgroups were formed from the original sample
of 300 participants. The low-health group was composed of the
52 participants who reported one of the following medical con-
ditions thought likely to affect cognition: cardiovascular dis-
ease, other heart ailments, high bloed pressure not corrected
by medication, respiratory disorders, and diabetes. A second
group, the medicated group, consisted of the 50 participants
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Adjusted Means and F Values for Ability and Fitness Variables of Exceptionally Healthy

Participants as a Function of Physical Exercise

High exercise

Low exercise

Variable M SD M SD F

Fitness measure

Yital capacity 0.94 0.18 0.77 0.18 20,17 ¥4*

Heart rate 66.23 10.64 69.62 7.04 2.82

Systolic blood pressure 133.57 20.88 132.92 17.95 0.88

Diastolic blood pressure 78.07 10.75 77.64 10.11 0.85
Reasoning

Analogies 24.30 3.11 22.08 4,22 8.10%*

Matrices 16.04 242 12.79 4,35 17.42%%=

Series 12,37 2.19 11.24 2.81 4.29%*
Working memory

Letter sets 4722 15.58 37.05 14.91 9.29%*

Reading span 14.4]1 7.96 13.76 7.47 0.15

Digit span 29.04 15.56 2792 15.83 0.10
Reaction time

Total RTM 517.26 49 .85 551.97 70.44 6.78*

Total SDM 15499 33.88 177.29 56.32 4.35%

Slope 2.02 0.52 2.38 0.79 5.39*%

Note. Means were adjusted for covariates, age and education. 4f = 1, 90. RT M = reaction time averaged

across the three conditions.
*p<.05. *™p< 0l *™ p< .00l

who were regularly using at least one medication listed in the
Physician’s Desk Reference (Barnhart, 1986) as possibly caus-
ing psychomotor slowing, short-term memory impairmant, or
mental confusion. The following classes of medications, used
by one or more participants, fell into this category: tranquiliz-
ers, beta blackers, other antihypertensives, lithium, deconges-
tants, barbiturates, and antihistamines. Eight participants were
in both the low-health and medicated groups. A third group was
the high-health group, consisting of participants who reported
having no medical conditions nor using any of the previously
mentioned medications and who rated their health as either
very good or excelient. High- and low-health participants were
equally represented in the two exercise groups. There were 13
low-health participants in each group, with 10 high-health par-
ticipants in the low-exercise group and 9 in the high-exercise
group. Seven participants in the medicated group were from the
high-exercise group, and 13 were from the low-exercise group.

The performance of participants in the low-health group was
contrasted with the performance of 50 participants, selected at
random from among the 97 participants in the high-health
group. Multivariate analyses of variance, similar to those per-
formed for the exercise groups were carried out. The results
were contrary to expectations and inconsistent with most previ-
ous research in finding no significant between-group differences
for any of the ability or fitness variables. Multivariate analyses
comparing the performance of the medicated group with the
high-health group produced similar results.

To further demonstrate that the differences between exercis-
ers and nonexercisers were independent of health considera-
tions, a final analysis compared exceptionally healthy groups of
high and low exercisers. Individuals in the high- and low-exer-
cise groups were free from any of the medical conditions that

had characterized the low-health group and from any of the
medications taken by the medicated group. In addition, they all
had rated their health as good, very good, or excellent. Exercise
requirements had to be relaxed somewhat in order to place
sufficient numbers of participants in each group. Participants
in the low-exercise group expended no more than 2,000 kilocal-
ories per week in the previously described activities and spent
no more than 60 min in strenuous exercise. Participants in the
high-exercise group expended a minimum of 3,100 kilocalories
per week and a minimum of 140 min of strenuous exercise per
week. There were 47 participants in each group. A comparison
of characteristics of the two exercise groups showed a pattern
similar to that of the original exercise groups, with participants
in the high-exercise group somewhat younger, more educated,
and higher in self-rated health. However, in contrast to the origi-
nal groups, the scores on the two subjective well-being scales
were very clase.

Multivariate analyses of the three reasoning tasks, the three
working memory tasks, and the four fitness measures resulted
in significant differences between the two exercise groups, £(3,
B8) = 6.37, p < .0l; F(3, 88) = 3.89, p < .05; and F(4, 87) =
6.00, p < .001, respectively. Results of the ANOvAS, presented
in Table 4, indicate that all three measures of reasoning reached
significance. However, only one working memory task, letter
sets, and only one fitness measure, vital capacity, was signifi-
cantly different between the two groups. The MANOVA of the
three RT measures just failed to reach significance, F(3, 88) =
2.39, p = 074, However, as indicated in Table 3, ANOVAS re-
sulted in significant between-group differences for each of the
three RT variables. Thus, the results of this second analysis of
exceptionally healthy individuals follow a pattern very similar
to the results of the first analysis of exercise groups.
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Discussion

The present study has presented correlational data that show
a posiiive rejationship between exercise and performance in
three areas of cognition, reasoning, working memory, and reac-
tion time. These results are consistent with results of the few
studies relating exercise 1o cognition and with the notion that
exercise may exert a beneficial effect on cognition. Between-
group differences persisted after we statistically controlled for
age, education, and vocabulary scores. Although health was ex-
pected to be an important variable, neither self-rated health nor
medical conditions influenced performance of the tasks in the
present study. Furthermore, an analysis comparing smaller
groups of exceptionally healthy high and low exercisers repli-
cated the results of the original analysis. However, the strongest
and the most consistent effect throughout the various analyses
was for tasks measuring reasoning ability.

Previous investigators have frequently found a relationship
between cognition and health, particularly between cognition
and cardiovascular disease. We can only speculate why our re-
sults do not concur. Qur subject sample probably differed from
those of studies in which health was investigated. Because we
were interested in activities, our participants were recruited pri-
marily from volunteer organizations, interest groups, and other
community organizations in which they were taking an active
part. Thus, in general, these adults were an unusually active and
healthy group, as indicated by the high self-ratings of health by
individuals in both exercise groups. On the other hand, investi-
gators interested in differences in cognition as a function of
health are more likely to seek participants with greater extremes
of health.

A second explanation, which is consistent with our hypothe-
sis, is that today, perhaps more than in previous years, individu-
als with cardiovascular disease or high blood pressure are made
keenly aware of the importance of those life-style factors that
are important fo maintain or improve cardiovascular health,
such as diet and exercise. Thus, those individuals in our study
who had been diagnosed with cardiovascular disease or high
blood pressure may have been more conscientious than others
in leading the kind of life that promotes cardiovascular health.

Although it is possible that exercisers might differ from non-
exercisers in other variables, such asdiet and achievemnent moti-
vation, probably the most important variable facking in our
analysis was previous level of ability. It could be argued that
those who are more mentally able are more likely to exercise
because of increased awareness of the health benefits of exer-
cise. As information on previous ability level was not available
o us, vears of education and vocabulary scores had to suffice
as a rough estimate of this variable.

Although it has not been possible to control for all variables
that might affect cognition, a conscientious effort has been
made to control for the most important ones. Although the data
is correlational, we believe that the relationship of exercise with
the cognitive variables is sirong enough 10 suggest that the possi-
bhility of 2 causal relationship between exercise and cognition
should be further explored. Ideaily, this would be done in a lon-
gitudinal study. The issue of the potential effect of physical exer-
cise on mental abilities is of great practical significance. One of
the most dreaded consequences of old age is the loss or reduc-

tion of mental abilities. The individual can do little or nothing
about many of the factors influencing his or her ability level,
heredity, past experience, and many aspects of health. However,
the kind of activities in which one engages is under control of
the individual.
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