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Abstract
Objective—To determine how physical activity at various ages over the life course is associated
with cognitive impairment in late life.

Design—Cross-sectional study

Setting—Four US sites.

Participants—We administered a modified Mini-Mental State Examination (mMMSE) to 9344
women ≥65 years (mean 71.6 years) who self-reported teenage, age 30, age 50, and late life
physical activity.

Measurements—We used logistic regressions to determine the association between physical
activity status at each age and likelihood of cognitive impairment (mMMSE score >1.5SD below
the mean, mMMSE≤22). Models were adjusted for age, education, marital status, diabetes,
hypertension, depressive symptoms, smoking, and body mass index.

Results—Women who reported being physically active had lower prevalence of cognitive
impairment in late life compared to women who were inactive at each time (teenage: 8.5% vs.
16.7%; adjusted Odds Ratio (95% Confidence Interval): 0.65 (0.53–0.80); age 30: 8.9% vs.
12.0%; 0.80 (0.67–0.96); age 50: 8.5% vs. 13.1%; 0.71 (0.59–0.85); old age: 8.2% vs. 15.9%; 0.74
(0.61–0.91)). When the four times were analyzed together, teenage physical activity was most
strongly associated with lower odds of late-life cognitive impairment (OR=0.73 (0.58–0.92)).
However, women who were physically inactive at teenage and became active in later life had
lower risk than those who remained inactive.

Conclusions—Women who reported being physically active at any point over the life course,
and especially at teenage, have lower likelihood of cognitive impairment in late life. Interventions
should promote physical activity early in life and throughout the life course.

Corresponding Author: Laura Middleton, 2075 Bayview Ave A408, Toronto, ON M4N 3M5, CANADA, (t) (416) 500-4284,
Laura.middleton@sunnybrook.ca.

Conflict of Interest (as per form)
Ms. Li-Yung Lui reports no disclosures.

Author Contributions: The authors were fully responsible for the study concept and design, methods, data collections, analysis,
interpretation, and manuscript preparation.
Sponsor’s Role: None - the sponsors (funding agencies) had no role in the study concept and design, methods, data collections,
analysis, interpretation, and manuscript preparation.

NIH Public Access
Author Manuscript
J Am Geriatr Soc. Author manuscript; available in PMC 2013 May 23.

Published in final edited form as:
J Am Geriatr Soc. 2010 July ; 58(7): 1322–1326. doi:10.1111/j.1532-5415.2010.02903.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
Physical Activity; Exercise; Cognition; Cognitive Impairment; Life Course

Introduction
The prevalence of dementia is expected to rise dramatically in the upcoming decades,
primarily due to changes in demographics and increasing longevity.1 Accordingly,
interventions that decrease the risk of cognitive impairment are of the utmost importance.
Physical activity is among the most promising strategies to decrease the risk of cognitive
decline and cognitive impairment in old age.2 Numerous studies have reported that people
who are physically active in mid- and late life have lower risk of developing cognitive
impairment and dementia.3–5 In addition, physically active elderly people have slower rates
of cognitive decline than those who are inactive.5, 6 Several randomized controlled trials
confirm that exercise can improve cognition in elderly people, but the results are less
consistent.7

Despite the large number of epidemiological studies that have examined physical activity in
relation to cognition in old age, relatively few have included physical activity measures prior
to mid-life8, 9 and none have included measures at multiple time points. However, there is
reason to suggest that physical activity prior to mid-life may impact cognition in later life.
Youth who are active have better cognitive and academic performance.10 It is possible that
early-life physical activity—similar to early-life education11—could help to build ‘cognitive
reserve’ that has long-lasting benefits. In addition, youth who are physically inactive have
higher rates of obesity and type II diabetes,12 which are both risk factors for cognitive
impairment in late life.13, 14

The objective of our study was to examine how physical activity at several points over the
life course is related to cognitive performance and the prevalence of cognitive impairment in
old age. Importantly, if early life physical activity is positively associated with late life
cognitive function, then physical activity interventions to prevent cognitive impairment
should target people as early in life as possible.

Materials and Methods
Population

Participants were enrolled in the Study of Osteoporotic Fractures (SOF), a multi-center,
prospective, observational study of women aged 65 and older.15 There were 9,704 primarily
white women recruited to the study between September 1986 and October 1988 from four
metropolitan areas in the United States: Baltimore, Maryland; Minneapolis, Minnesota;
Portland, Oregon; and Monongahela Valley, Pennsylvania. Women were excluded if they
were unable to walk without help or had a bilateral hip replacement. All participants
provided written informed consent and the study was approved by the committees on human
research at each study site. Of the participants, 9395 provided self-reports of physical
activity at each time point, of which 9344 (96%) women completed cognitive testing and
constituted our study cohort.

Physical Activity
SOF participants were asked about teenage, age 30, age 50, and current (late life) yearly
frequencies of low (e.g. walking or gardening), moderate (e.g. dancing or tennis), or high
(jogging or skiing) intensity physical activities according to a modified Paffenbarger
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questionnaire.16 In preliminary analyses, there was no evidence of a dose response between
physical activity at any age (either by frequency or intensity) and cognition performance or
odds of cognitive impairment. As a result, the participants were dichotomized at each age
into women who were physically active and inactive (those who reported no regular
participation in any physical activity or sport at the relevant age) for the final analyses.

Cognition
Clinic staff administered a 26-point modified Mini-Mental State Examination (mMMSE) to
assess cognitive function.17 The mMMSE is a brief test of global cognitive function that
evaluates orientation, concentration, praxis, and memory that is based on the Mini-Mental
State Examination (MMSE) but omits questions regarding language.18 Significant cognitive
impairment was defined as an mMMSE score at least 1.5 standard deviations (SD) below the
mean (mMMSE≤22).

Other Variables
The participants’ age and race was collected at the study visit. Participants also self-reported
years of education, whether they had ever smoked regularly, their current marital status, and
whether they lived arrangements. Medical history included whether a doctor had ever told
them they had diabetes or Parkinson’s disease. In addition, the participant’s blood pressure,
height, and weight were measured during the clinical visit. Participants were classified as
hypertensive if their systolic blood pressure measurement was above 160mmHg, their
diastolic blood pressure measurement was above 90mmHg, or they self-reported use of anti-
hypertensive medication. Body weight and height were used to calculate the body mass
index (BMI), which is the weight in kilograms divided by the square of height in meters (kg/
m2). Depressive symptoms were evaluated using the 15-point Geriatric Depression Scale19

shortly after baseline. A higher score on the Geriatric Depression Scale indicates more
symptoms of depression.

Statistical Analysis
The participants’ baseline characteristics were compared by physical activity status (active/
inactive) at each age (teenage, age 30, age 50, late life) over the life course using analysis of
variance (ANOVA), Kruskal-Wallis (skewed data), or chi-squared (χ2) as appropriate. In
order to determine the relationship between physical activity at each age and cognitive
function in late life, we conducted multiple linear regressions. Initially each time point of
physical activity was entered in the model individually. Those variables that were
significantly associated with physical activity status at the relevant time point in descriptive
analyses (p<0.05) were entered into the model as potential confounders. In a final model, all
physical activity time points were included in order to determine the relative strength of
their association with late life cognition.

We conducted multiple logistic regressions to evaluate the odds of cognitive impairment
associated with being physically active versus inactive at each age. Variables that were
significantly associated with physical activity status at the relevant age were entered into the
model as confounders. Finally, physical activity measures at all ages were entered into a
final model to determine the relative strength of their association with late life cognitive
impairment.

We examined whether the relationship between age 30, age 50, and late-life physical activity
status and the odds of cognitive impairment was modified by strata of teenage physical
activity using an interaction effect. All statistical analyses were conducted using SAS,
version 9.1.3 (SAS Institute, Inc., Cary, NC).
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Results
Of the participants, 15.5%, 29.7%, 28.1%, and 21.1% women reported being physically
inactive at teenage, at 30 years, at 50 years, and in late life (mean age (±standard deviation,
SD) =71.6 (5.2) years) respectively. Physical activity reports at each age were positively
correlated with physical activity at all other ages but these correlations were low to
moderate, ranging from 0.24 to 0.64 (p<0.05).

Women who were physically active as teenagers were, on average, younger, more educated,
more likely to be married or to have ever smoked, and less likely to report a diagnosis of
diabetes in late life than women who were physically inactive as teenagers (Table 1). In
addition, women who were physically active as teenagers reported fewer depressive
symptoms and had a lower average BMI in late life than women who were inactive as
teenagers (Table 1). The pattern of participant differences between physically active and
inactive groups at age 30, age 50, and late life were similar to the differences between
groups at teenage except that age 30 physical activity status was not associated with age,
marital status and late life physical activity status was associated with hypertension in
addition to diabetes but not smoking status.

In separate models, women who were physically active at teenage, at 30 years, at 50 years,
or in late life had higher average mMMSE score than those who were inactive at the same
age in unadjusted analyses (p<0.001). In multivariable models, the difference remained
significant (p<0.001) for all ages except for age 30 (p=0.055) (adjusted for variables
significantly associated with physical activity at the relevant age—Teenage: age, education,
marital status, diabetes, depressive symptoms, smoking, BMI; Age 30: education, diabetes,
depressive symptoms, smoking, BMI; Age 50: age, education, marital status, diabetes,
depressive symptoms, smoking, BMI; Late Life: age, education, marital status, diabetes,
hypertension, depressive symptoms, BMI). The difference in mMMSE score by physical
activity status was small but statistically significant at each time point (0.1 to 0.3 points
higher for physically active vs. inactive at any point over the life course). When physical
activity measures for all four ages were entered into a single model, adjusted for variables
associated with physical activity status at any age (age, education, marital status, diabetes,
hypertension, depressive symptoms, smoking, and BMI), only teenage physical activity
status remained significantly associated with cognitive performance in old age (teenage p <
0.001 versus age 30 p=0.49, age 50 p=0.10, late life p=0.15).

Women who were physically active at each age were also less likely to have cognitive
impairment in late life than those who were inactive in unadjusted analyses (teenage: 8.5%
vs. 16.7%; Odds Ratio (95% Confidence Interval, CI): 0.46 (0.39–0.54); age 30: 8.9% vs.
12.0%; 0.71 (0.61–0.82); age 50: 8.5% vs. 13.1%; 0.62 (0.54–0.71); late life: 8.2% vs.
15.9%; 0.47 (0.41–0.55)) (Table 2). The associations remained significant at each age when
potential confounders (as per linear regressions) were included in the model (teenage: 0.65
(0.53–0.80); age 30: 0.80 (0.67–0.96); age 50: 0.71 (0.59–0.85)); late-life 0.75 (0.61–0.91))
(Table 2). When physical activity status for all four ages (teenage, 30 years, 50 years, and
late life) were entered into a single model, teenage physical activity status was most strongly
associated with lower odds of cognitive impairment (Teenage: (95%CI): 0.73 (0.58–0.92));
the association between physical activity status at other ages and the odds of cognitive
impairment was not statistically significant.

Teenage physical activity status significantly modified the relationship between age 30
(p=0.004) and age 50 physical activity (p=0.011), but not late-life physical activity (p=0.26),
and the risk of cognitive impairment in late-life. Women who were physically inactive at
teenage but became physically active at age 30 and age 50 had significantly reduced odds of
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cognitive impairment relative to those who remained physically inactive (Figure 1). In
contrast, being physically active at age 30 and age 50 was not significantly associated with
rates of cognitive impairment in those women who were already physically active at teenage
(Figure 1).

Discussion
In this study of older women, those who were physically active at any age (teenage, age 30,
age 50, late life) across the life course, and particularly as teenagers, had better cognitive
performance and lower likelihood of cognitive impairment in late life than women who were
physically inactive. However, women who were physically inactive at teenage had lower
rates of cognitive impairment in late life if they were physically active at age 30, at age 50,
or in late life. Our results suggest that physical activity should be encouraged from early life
and across the life course in order to minimize the risk of cognitive impairment in old age.

This is the first study to examine the association of physical activity at several ages across
the life course with late life cognitive function. As in previous studies, our results indicated
that people who were physically inactive in mid- and late life had higher likelihood of
cognitive impairment in late life.3, 4 In addition, our findings are in line with previous results
indicating that early life physical activity (age 15 to 25 years and age 36 years respectively)
is associated with better information processing speed and slower memory decline in older
age.8, 9 However, our study is the first to show that early life physical activity may also be
associated with lower risk of cognitive impairment in old age.

The mechanisms by which physical activity across the life course is related to late life
cognition are likely to be multi-factorial. There is evidence to suggest that physical activity
has a positive effect on synaptic plasticity and cognition and this may be mediated by brain-
derived neurotrophic factor (BDNF).20–22 In addition, physical activity reduces the rates and
severity of vascular risk factors, such as hypertension, obesity, and type II diabetes,23 which
are each associated with increased risk of cognitive impairment.13, 14, 24 Finally, in animal
models, physical activity has been reported to reduce β-amyloid accumulation, a hallmark of
Alzheimer’s disease.25

Of the four ages we examined, teenage physical activity appeared to be most strongly related
to better cognitive function and the lower prevalence of cognitive impairment in old age. It
may be that teenage physical activity positively affects brain development and as a result,
enhances cognition in early life and then across the life course. Indeed, teenage physical
activity has been shown to be positively associated with cognitive performance in youth,26

and this, in turn, has been linked with reduced rates of cognitive impairment in old age.27, 28

Our results are consistent with the hypothesis that teenage physical activity, similar to early-
life education,11 may build a ‘cognitive reserve’ that protects against cognitive impairment
in late life.

Our results suggest that women who are physically inactive in teenage can reduce their
likelihood of cognitive impairment by becoming active in later life. Among women who
were physically inactive at teenage, those who were physically active in later life had
approximately half the risk of late-life cognitive impairment compared to those who
remained inactive. Hence, physically activity should be promoted particularly to those who
were sedentary in early life in order to prevent cognitive impairment. Counter intuitively,
women who were physically active at teenage appeared to gain no additional benefit by
remaining physically active in later life. Why this is so is unclear. However, given that later
life physical activity is also associated with reduced rates of cardiovascular disease, some
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cancers, and depression,29 physically activity should continue to be encouraged over the life
course regardless of physical activity status at teenage.

Our study has several strengths. Most importantly, we had reports of physical activity at four
different time points. As a result, we were able to determine the association between
physical activity over the life course and cognitive impairment in late life. In addition, our
cohort of older women is large and well-characterized. Consequently, we were able to adjust
for many possible confounders that other studies often neglect.

Our study also has some important limitations. We relied on self-reports of physical activity,
which may not be highly accurate. In particular, non-exercise physical activity, such as daily
chores and child rearing, may not have been adequately captured, underestimating physical
activity levels. Non-exercise physical activity may be particularly relevant at age 30 where
child rearing would be common. Even so, self reports are the most common measure of
physical activity in epidemiological studies,30 particularly in studies evaluating physical
activity in relation to cognition in old age.3–6 Furthermore, we used a modified Paffenbarger
Physical Activity Questionnaire to assess self-reported physical activity, which has been
shown to reasonably estimate historical physical activity.31 People who were cognitively
impaired may also have been more likely to misreport physical activity levels, which may
bias results. In addition, although a common criterion for cognitive impairment (score of 1.5
SD below the mean) was used, there was no clinical assessment for cognitive impairment so
some women may have been misclassified and we cannot be sure of the etiology of the
cognitive impairment. Furthermore, the mMMSE is a relatively simple test of cognitive
function that may not be sensitive enough to distinguish subtle changes in cognition,
especially at higher levels of cognitive functioning. This may account for the lack of dose
response between physical activity and cognition in these analyses. Finally, most of the
subjects in our sample were white women so we do not know if our findings are
generalizable to men or people from other ethnic groups.

In this study, we found that women who reported being physical inactive at various points
across the life course, and particularly at teenage, had poorer cognitive performance and
higher prevalence of cognitive impairment in old age. Future research should examine the
relationship between physical activity at various ages and cognitive decline in late life.
However, our preliminary findings suggest that physical activity should be advocated from
an early age and throughout life in order to optimize cognition and minimize the risk of
cognitive impairment in old age.
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Figure 1. Adjusted odds of cognitive impairment in older women who were physically active
versus inactive over the life course, stratified by teenage physical activity status
* Interaction terms are significant for Age 30 and 50: Teenage*Age 30: p=0.004;
Teenage*Age 50: p=0.011
** The models were adjusted for:
Age 30: education, diabetes, depressive symptoms, smoking, BMI
Age 50: age, education, marital status, diabetes, depressive symptoms, smoking, BMI
Late Life: age, education, marital status, diabetes, hypertension, depressive symptoms, BMI
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Table 1

Late-Life Characteristics of 9344 Women

Late-Life Characteristic Mean (SD) or %

Age (y) 71.6 (5.2)

Education (y) 12.6 (2.8)

Married 48.9%

Medical History

  Diabetes 7.1%

  Hypertension 38.8%

  Parkinson’s Disease 0.6%

Depression score 1.7 (2.2)

Ever smoker 39.7%

Body mass index, kg/m2 26.4 (4.5)
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Table 2

The Association Between Physical Activity Status Across the Life Course and the Odds of Late Life Cognitive
Impairment, as Defined by >1.5 SD Below the Mean mMMSE (mMMSE≤22), In Older Women.

Physical Activity Odds Ratios (95% Confidence Interval)

Status Prevalence (%) Unadjusted Adjusted

Teenage Physical Activity

Inactive 16.7 1.0 (Reference) 1.0 (Reference)

Active 8.5 0.46 (0.39–0.54) 0.65 (0.53–0.80)

Age 30 Physical Activity

Inactive 12.0 1.0 (Reference) 1.0 (Reference)

Active 8.9 0.71 (0.61–0.82) 0.80 (0.67–0.96)

Age 50 Physical Activity

Inactive 13.1 1.0 (Reference) 1.0 (Reference)

Active 8.5 0.62 (0.54–0.71) 0.71 (0.59–0.85)

Late Life Physical Activity

Inactive 15.9 1.0 (Reference) 1.0 (Reference)

Active 8.2 0.47 (0.41–0.55) 0.74 (0.61–0.91)

*
Adjusted models include significant confounders from descriptive analyses:

Teenage: age, education, marital status, diabetes, depressive symptoms, smoking, BMI

Age 30: education, diabetes, depressive symptoms, smoking, BMI

Age 50: age, education, marital status, diabetes, depressive symptoms, smoking, BMI
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