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Abstract

Background: physical activity in older age has been associated with better cognitive function, but the role of earlier life
physical activity is less well understood.

Obijective: determine associations between physical activity throughout the lifespan and cognitive function in older age.
Design: cross-sectional study.

Setting: the Rancho Bernardo Study of Healthy Aging in southern California.

Subjects: A total of 1,826 community-dwelling men and women (60-99 years) who attended a research visit in 1988-92.
Methods: participants underwent cognitive testing at older age, and reported physical activity as a teenager, at age 30 years,
50 years and cutrently. For each time-point, patticipants were classified as regularly active (3+ times/week) or inactive.
Results: regular physical activity was associated with better cognitive function, with physical activity at older ages showing
the strongest associations. Physical activity in older age was associated with better global cognitive function, executive func-
tion and episodic memory, regardless of intensity. Intense physical activity in teenage years was associated with better late-
life global cognitive function in women. Teenage physical activity interacted with older age physical activity on executive
function; those active at both periods performed better than those active at only one period. Similar patterns of associations
were observed after excluding individuals with poor health.

Conclusions: regular physical activity in older age, regardless of intensity, is associated with better cognitive function.
Physical activity in teenage years may enhance cognitive reserve to protect against age-related decline in executive function.
Further research is needed to assess the effect of physical activity across the lifespan on healthy brain ageing;
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Key points

* This study evaluated the association of PA throughout the lifespan on later-life cognitive function.

* Regular PA in older age, regardless of intensity, was most strongly associated with better cognitive function and reduced
odds of cognitive impairment.

* Individuals physically active as a teenager and in older age showed highest level of executive function.

* Associations between PA and cognitive function were similar for men and women.
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Introduction

With the ageing of the population, identifying apptroaches to
preserve cognitive function is of critical importance to maintain
quality of life and independence in later years. Regular physical
activity (PA) in older age has been associated with slower cogni-
tive decline and lower rates of dementia [1, 2]. Howevet, the
role of PA earlier in life on later cognitive function remains
unclear. If PA elicits enduring brain changes that confer resili-
ence against cognitive ageing, eatly-life PA may provide add-
itional protection against age-related cognitive decline.

Studies of older adults have shown associations of PA
with better cognitive performance [3-7]. However, few
examined associations of early-life PA with cognitive ageing,
or directly compared PA at different points across the life-
span with older age cognitive function. PA in young adult-
hood has been associated with faster processing speed in
later life, but this effect was limited to men and not
observed for global cognitive function [8]. In contrast,
women who wete active at several ages throughout life had
lower rates of cognitive impairment in older age, and this
association was strongest for teenage PA [9]. One study
reported associations of lifelong PA with cognitive perform-
ance in older women, but did not compare effects of PA at
different ages [10]. Others found that lifelong [11] or eatly
life [12] PA and cardiorespiratory fitness [13] were asso-
ciated with better executive function, memory and process-
ing speed in midlife, but did not report late-life cognitive
function. Further research is needed to clarify the relative
influence of PA at various time-points throughout life on
cognitive ageing in men and women, to identify which cog-
nitive domains are most responsive to PA, and to determine
if effects are modified by activity intensity.

We examined associations of PA at different points
throughout the lifespan with performance on multiple cog-
nitive tests in a well-characterized cohort of community-
dwelling older men and women. We hypothesized that PA
in older age would be associated with better cognitive pet-
formance, and that PA in youth would show an additional
positive association.

Methods

Participants

Participants were members of the Rancho Bernardo Study
(RBS) of Healthy Ageing, a longitudinal study of community-
dwelling older adults in southern California established in
1972-74.

Eligible study participants included 2,030 individuals
who completed cognitive testing at the initial cognitive
assessment (1988-92). After excluding 167 participants
under age 60 because of our focus on late-life cognitive
function, and 37 with incomplete PA information, the final
sample included 1,826 participants (Appendix 1).

Study procedures were approved by the University of
California, San Diego Human Research Protections
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Program Board and participants provided informed written
consent prior to participation.

Cognitive assessment

Cognitive function was assessed with four standard tests
administered by a trained examiner. Tests included the
Mini-Mental State Exam (MMSE) [14], a measure of global
cognitive function; the Trails Making Test, Part B (Trails B)
of the Halstead—Reitan Battery [15], a test of psychomotor
tracking and executive function; the category fluency (ani-
mal naming) test [16], a test of semantic memory and
executive function; and the Buschke-Fuld Selective
Reminding test [17], a measure of verbal episodic memory
(total recall analyzed in this study).

Health and lifestyle assessment

Health and lifestyle information was collected using stan-
dardized self-administered questionnaires. At the 1988-92
assessment, participants were asked retrospectively how
many times per week they engaged in light, moderate and
strenuous exercise, as a teenager, at age 30, at age 50, and
currently (henceforth referred to as older age). Individuals
were classified as active if they engaged in any level of PA
three or more times per week. At each time-point the
Godin Leisure-Time Exercise score [18], a composite of
the frequency of light, moderate and strenuous exercise,
was computed to assess PA intensity.

Participants reported how many alcoholic beverages
they consumed during an average week, and whether they
never, previously or currently smoked cigarettes. Education
level was acquired at enrollment. Height and weight were
measured and body mass index (BMI; kg/ mz) was calcu-
lated. Self-assessed health was reported on a five-point scale
(excellent, very good, good, fair, poor). Blood pressure was
calculated as the mean of two resting, seated measurements
(Hypertension Detection and Follow-Up Program Cooperative
Group, 1976). Participants were considered hypertensive if sys-
tolic blood pressure was =140, diastolic blood pressure was
290, or if they reported taking antihypertensive medication.

Statistical analysis

Demographic and behavioural characteristics were com-
pared between groups using independent sample #tests or
univariate analysis of variance (ANOVA) for continuous
measures, and chi-squared tests for categorical variables.

To test effects of PA on cognitive function, separate
ANOVAs were run for each cognitive test, at each time-
point. Fixed factors included PA (active/inactive) and sex,
and models included a sex by PA interaction. To assess
whether intensity of PA was associated with cognitive func-
tion independent of frequency of activity, separate linear
regressions were run for each test, at each time-point, with
Godin score as the predictor and controlling for activity sta-
tus (active/inactive). Regressions were repeated stratified by
sex. ANOVAs and linear regressions were adjusted for age
and education, and additionally adjusted for health-related
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factors (alcohol consumption, smoking, hypertension, BMI
and self-rated health).

Binary logistic regressions, adjusted for age, sex, and educa-
tion, wete performed to test whether PA at each time point was
associated with likelihood of cognitive impairment, defined as
an MMSE score >1.5 standard deviations below sex-, age- and
education-adjusted means based on the National Alzheimer’s
Coordinating Center Uniform Data Set [19].

To assess whether teenage and older age PA demon-
strate interactive effects on late-life cognitive function,
ANOVAs were performed with factors for teenage PA, old-
er age PA, and sex, with all two-way interactions and the
three-way interaction of sex by teenage and older age PA.
Models were repeated to evaluate interactions of older age
PA with age 30 PA and with age 50 PA. Analyses under-
went covariate adjustment as described above.

Sensitivity analyses excluded individuals with fair or
poor self-reported health.

P-values for two-sided tests are shown. For analysis of
demogtaphics and binary logistic regressions, P < 0.05 was
considered statistically significant. After Bonferroni correction
for multiple comparisons across four tests, P < 0.0125 was
considered significant for analyses of cognitive function.

Results

Participant characteristics

The mean age of participants at cognitive assessment was
75.1 £ 7.7 years (range 60-99); 60% were women. Overall,
1,501 (82%) participants reported regular PA as a teenager,
1,130 (62%) at age 30, 1,249 (68%) at age 50 and 1,294
(71%) in older age. Physically active participants at time of
cognitive assessment were younget, more educated, had
lower rates of current smoking and hypertension, lower
BMI and reported better health (Ps < 0.05, Table 1). At all
time-points, a greater proportion of men than women
reported being physically active and Godin scores were
higher for men than women (all Ps < 0.001).

PA across adulthood and later-life cognitive function

Figure 1 shows cognitive performance as a function of
activity status at each age petiod. For the MMSE, PA at age
50 (base model: F(1,1798) = 9.35, P = 0.002; fully adjusted
model: F(1,1786) = 6.40, P = 0.01) and in older age (base:
F(1,1798) = 13.58, P < 0.001; fully adjusted: F(1,1786) =
8.09, P = 0.005) was associated with better MMSE scotes.
For Trails B, PA at age 30 (base: F(1,1475) = 11.15, P <
0.001; fully adjusted: F(1,1464) = 12.14, P < 0.001) and
older age (base: F(1,1475) = 1851, P < 0.001; fully
adjusted: F(1,1464) = 14.26, P < 0.001) was associated with
better Trails B performance. Total recall scores were higher
in those physically active in older age (base: F(1,1466) =
6.42, P = 0.01; fully adjusted: F(1,1455) = 5.79, P = 0.02).
Category fluency petformance was not affected by PA at
any age (Ps > 0.01). Sex did not interact with PA (Ps >
0.05). PA in older age, but not at any other age, was

Table |. Characteristics for patticipants at older age cogni-
tive assessment by older age physical activity status.

Inactive Active P-value

N =532 N =129%4
Age (years) 76.8 % 8.0 TA4 £ T4 <0.001
Sex (%o women) 68 57 <0.001
Education (years) 142+ 22 145123 0.009
Alcohol (drinks/week) 51+£72 57%£72 0.16
Smoking (% former/current) 45/12 51/6 <0.001
Hypertension (%) 66 59 0.005
BMI (kg/m?)" 253+ 4.1 250 35 <0.05
Health (% fair/poor) 7 3 <0.001
Active in teenage (%o) 78 84 0.004
Active age 30 (%) 54 65 <0.001
Active age 50 (%) 52 75 <0.001
Godin teenage 43 + 35 54 £ 49 <0.001
Godin age 30 21 £ 25 29 + 34 <0.001
Godin age 50 14 +18 27 + 24 <0.001
Godin older age 2+3 26 + 18 <0.001

Values are mean + SD or percent (%).
*Adjusted for sex.

associated with reduced odds of cognitive impairment (OR:
0.77; 95% CI: 0.60-0.99).

PA intensity and later-life cognitive function

Higher intensity teenage PA was associated with better
MMSE scotes (base: 5 (per SD Godin score) = 0.13, P =
0.01; fully adjusted: g = 0.14, P = 0.007). Sex-stratified regres-
sions showed that this association was present for women
(base: g = 0.17, p = 0.02; fully adjusted: § = 0.18, P = 0.01),
but not for men (P = 0.20). Intensity of PA at other ages was
not associated with cognitive function (Ps > 0.10).

Earlier life and later-life PA and late-life
cognitive function

To assess whether eatly-life PA modified the association
between older age PA and cognitive function, we examined
interactions between teenage and older age PA on cognitive
performance (Figure 2). There was an interaction between
teenage and older age PA for Trails B (base: F(1,1471)
7.42, P = 0.007; fully adjusted: F(1,1460) = 7.63, P =
0.006); active older individuals performed better if they
were also active as teenagers (P < 0.001), but not if they
were inactive as teenagers (P > 0.50). This effect did not
differ by sex (P = 0.22). Older age PA did not interact with
age 30 or age 50 PA for men or women (Ps > 0.10).

PA and cognitive function in healthy individuals

Fair or poor health was reported by 76 participants. These
individuals were older (P < 0.001), more likely to have
hypertension (P = 0.003), and consumed less alcohol (P =
0.004). Similar associations between PA and cognitive per-
formance were observed when excluding these individuals
(MMSE with age 50 PA: F(1,1723) = 4.08, P = 0.04; MMSE
with older age PA: F(1,1723) = 4.42, P = 0.04; Trails B with
age 30 PA: F(1,1414) = 9.67, P = 0.002; Trails B with older age

243



E. T. Reas et al.

28

27

MMSE

26

19

18

17

Category Fleuncy

16

B Inactive
W Active

Teenage

Teenage

Older

Trails B

Buschke Total Recall

150

140

130

120

39

38

37

36

35

Teenage Older

Teenage Older

*

Figure 1. Cognitive function by physical activity at different age periods. Cognitive function scores (adjusted for age, sex and

education) for participants classified as physically active (black bars) or inactive (grey bars) at teenage, age 30, age 50 and older
age (mean = 75 years). Note that for Trails B higher scores reflect poorer performance. *P < 0.05, **P < 0.01, ***P < 0.001 for
active versus inactive.
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Figure 2. Cognitive function by teenage and older age physical activity. Cognitive function scores (adjusted for age, sex and edu-

cation) for participants classified according to physical activity in teenage and older age. Note that for Trails B higher scores reflect

poorer performance. ¥**P < 0.01.
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PA: F(1,1414) = 11.89, P < 0.001; total recall with older age
PA: F(1,1393) = 4.93, P = 0.03). There was a similar pattern of
interaction between teenage and older age PA on Trails B scores
(F(1,1410) = 5.75, P = 0.02).

Discussion

In this study, regular PA at different points across the life-
span was associated with better late-life function in multiple
cognitive domains. The strongest associations were
observed for current PA, although PA in youth and midlife
were also important. Individuals who were physically active
during both teenage years and older age showed the highest
level of cognitive function. Greater intensity of PA in teen
years, but not at later ages, was associated with better global
cognitive function, particularly for women.

Our finding that PA in older age was most strongly
associated with better global cognitive function, executive
function and episodic memory supports growing evidence
for a role of PA in promoting healthy cognitive ageing [5—
7]. Our observation that PA in older age, but not at young-
er ages, was associated with reduced odds of cognitive
impairment contrasts with the Study of Osteoporotic
Factors (SOF), in which teenage PA more strongly pre-
dicted cognitive impairment than older age PA [9]. Several
differences between our studies may contribute to our dis-
crepant findings. In the SOF, women were characterized as
active based upon any reported PA, whereas our active
groups were based on reported activity at least three times
per week. Regular PA in older age may be a more important
predictor of cognitive function than occasional PA. In add-
ition, the SOF used a set cutoff on the modified MMSE to
determine cognitive impairment, whereas our definition was
based on age-, sex-, and education-specific norms for the
full MMSE, and thus was likely more sensitive [19]. The
greater proportion of cognitively impaired participants in
our sample is consistent with this (23% vs. 10%).

Teenage PA also predicted preserved executive function
in older age, in accord with the reduced risk of cognitive
impairment for active teenagers reported in the SOF [9].
Older age PA was positively associated with executive func-
tion only for individuals who were also active as teenagers.
In contrast, there was no interaction of activity at ages 30 or
50 with older age PA. These findings are consistent with pre-
viously reported associations of an active youth with healthy
cognitive ageing [8, 9], which may result from increased
resilience to effects of ageing or disease, a concept referred
to as ‘cognitive reserve’ [20]. Enduring protective effects of
early-life activity may arise from lasting brain changes, such
as stimulation of neurogenesis and neuronal growth, produc-
tion of neurotrophic factors, or brain vascularization, which
may optimize brain development [21-24]. Because brain
white matter is still developing through early adulthood [25],
regular PA in teenage years may promote white matter con-
nectivity [26], providing a substrate for cognitive reserve.
This may buffer against ageing-related white matter decline
that contributes to decline in executive function [27, 28].

Several studies have reported benefits of moderate PA on
cognitive decline [29], but there is conflicting evidence over
whether strenuous activity is beneficial [11] or detrimental
[8, 10]. Here, more intense teenage PA was associated with
better late-life global cognitive function in women, suggesting
that higher intensity exercise in youth may further contribute
to cognitive reserve. Notably, activity intensity in later years
was not associated with cognitive function. Thus, even light
regular PA, such as gardening or housework, may be suffi-
cient to promote healthy cognitive ageing;

Men and women may engage in distinct patterns of PA
for cultural or biological reasons [30], yet it remains unre-
solved whether PA elicits similar effects on the ageing male
and female brain. There is limited evidence that exercise
may be more cognitively protective for women than men
[31], and particularly so for executive function [32]. We
observed no sex difference in the association between PA
and executive function as assessed with the Trails B test,
although more intense PA as a teenager was associated with
better global cognitive function for women only. While our
weak evidence for a stronger association between PA and
cognitive ageing in women aligns with prior reports, our
findings generally suggest that an active lifestyle imparts
cognitive benefits for both men and women.

Limitations of this study include self-reported PA, which
may be more accurate for current activity and less reliable
in cognitively impaired individuals. We cannot exclude the
contribution of reverse causation, ie. that declining health
or cognition leads to reduced PA. However, PA at ages 30
and 50, prior to the age at which cognitive decline typically
manifests, was also associated with better cognitive function
in later life. Furthermore, similar patterns of associations
were observed after adjusting for various health measures
and after excluding individuals who reported fair to poor
health. Strengths include a large, relatively homogeneous
sample of mostly white, middle-class participants, which
minimizes confounding due to socioeconomic status, race
and access to healthcare.

In conclusion, this study identified positive associations
between PA throughout the lifespan and later-life cognitive
function among community-dwelling adults. Cognitive asso-
ciations were strongest for older age PA and were not
modified by activity intensity, suggesting that even light or
moderate PA in later years may help to preserve brain
health. Interactive positive effects of teenage PA suggest
that regular PA during youth can contribute to cognitive
reserve, in turn promoting healthy cognitive ageing;

Supplementary data mentioned in the text are available to
subsctibers in Age and Ageing online.
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