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Background: Several studies have suggested that physi-
cal activity is positively associated with cognitive func-
tion in elderly persons. Evidence about this association
has been limited by the cross-sectional design of most
studies and by the frequent lack of adjustment for po-
tential confounding variables. We determined whether
physical activity is associated with cognitive decline in a
prospective study of older women.

Methods: We studied 5925 predominantly white com-
munity-dwelling women (aged $65 years) who were re-
cruited at 4 clinical centers and were without baseline
cognitive impairment or physical limitations. We mea-
sured cognitive performance using a modified Mini-
Mental State Examination at baseline and 6 to 8 years later.
Physical activity was measured by self-reported blocks
(1 block < 160 m) walked per week and by total kilo-
calories (energy) expended per week in recreation, blocks
walked, and stairs climbed. Cognitive decline was de-
fined as a 3-point decline or greater on repeated modi-
fied Mini-Mental State Examination.

Results: Women with a greater physical activity level
at baseline were less likely to experience cognitive de-

cline during the 6 to 8 years of follow-up: cognitive de-
cline occurred in 17%, 18%, 22%, and 24% of those in
the highest, third, second, and lowest quartile of blocks
walked per week (P,.001 for trend). Almost identical
results were obtained by quartile of total kilocalories ex-
pended per week. After adjustment for age, educational
level, comorbid conditions, smoking status, estrogen use,
and functional limitation, women in the highest quar-
tile remained less likely than women in the lowest quar-
tile to develop cognitive decline (for blocks walked: odds
ratio, 0.66 [95% confidence interval, 0.54-0.82]; for to-
tal kilocalories: odds ratio, 0.74 [95% confidence inter-
val, 0.60-0.90]).

Conclusions: Women with higher levels of baseline
physical activity were less likely to develop cognitive
decline. This association was not explained by differ-
ences in baseline function or health status. This find-
ing supports the hypothesis that physical activity pre-
vents cognitive decline in older community-dwelling
women.
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A T LEAST 10% of persons
older than 65 years and
50% of those older than 85
years have some form of
cognitive impairment, rang-

ing from mild deficits to dementia.1 The
identification of risk factors associated
with cognitive decline, especially ones that
may lead to prevention or intervention
strategies, is critical. Physical activity has
been identified as a possible risk factor
that might be amenable to such interven-
tions. There are several possible mecha-
nisms by which physical activity could
affect cognitive function, including increas-
ing cerebral blood flow,2 reducing the risk
of cardiovascular and cerebrovascular dis-
ease,3 and stimulating neuronal growth and
survival.4

While some studies support the hy-
pothesis that increased levels of physical ac-

tivity are associated with preserved cogni-
tive function, several methodological
considerations limit the ability to draw con-
clusions from these studies. For example,
several cross-sectional studies5-9 have dem-
onstrated that physically active elderly per-
sons perform better on cognitive testing
than inactive elderly persons. However,
cause-effect associations are difficult to de-
termine in these cross-sectional studies
since it is not clear whether cognitive im-
pairment leads to lower levels of physical
activity or vice versa. Only 2 prospective
studies have been conducted; one10 found
an association between energy expended
from strenuous, but not moderate, activi-
ties and preservation of cognitive func-
tion over 2 to 3 years in 1011 community-
dwelling elderly persons. The subjects in
that study were part of a well-functioning
group of elderly persons and the measure-
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ment of physical activity did not include recreational or
walking activities, only daily activities around the house.
The other prospective study11 did not find an association
between physical activity and cognitive decline in 327 Aus-
tralian older men and women followed up for 3 years. How-
ever, this study may have had limited power due to a small
sample size and a short follow-up.

Therefore, we examined the association between
baseline physical activity (daily activities and recre-
ational activities) and cognitive decline during 8 years
of follow-up in elderly community-dwelling women par-
ticipating in an ongoing prospective study. We ex-
cluded women with baseline cognitive impairment or
physical limitations, and we adjusted for several poten-
tial confounders of the association between physical ac-
tivity and cognitive function, including baseline func-
tion and health status.

RESULTS

Women reported a wide range of walking activity, with
a median of 49 blocks walked per week. Ten percent of
the women never walked for exercise or for daily activi-

ties, while 10% walked 200 or more blocks per week. The
median numbers (ranges) of blocks walked per week in
the lowest, second, third, and highest quartile were 7 (0-
22), 28 (23-49), 77 (50-112), and 175 (113-672), re-
spectively. Similarly, the participants reported a wide range
of total physical activity, with a median total expendi-
ture of 1323 kcal/wk. Nearly 5% of the women reported
that they were completely sedentary, and 5% expended
more than 5000 kcal/wk. The median numbers (ranges)
expended in the lowest, second, third, and highest quar-
tile were 336 (0-615), 936 (616-1323), 1773 (1324-
2414), and 3469 (2415-17531) kcal/wk, respectively.
Women in the highest physical activity quartiles (mea-
sured by total kilocalories expended) were younger, were
more educated, were more likely to be taking estrogen
and to drink alcohol, were less likely to smoke, had fewer
comorbid medical conditions, had a lower body mass in-
dex, had lower depression scores, and had less func-
tional limitation than women in the lower quartiles (P#.05
for all) (Table 1). A similar pattern of differences was
seen for women across quartile of blocks walked.
Mean±SD mMMSE scores at baseline were slightly, but
probably not clinically significantly, lower in the lowest

SUBJECTS AND METHODS

SUBJECTS

All women were enrolled in the Study of Osteoporotic Frac-
tures,12 a prospective study of risk factors for fractures among
9704 predominantly white community-dwelling women 65
years or older. Participants were recruited from population-
based listings in 4 areas of the United States: Baltimore, Md;
Minneapolis, Minn; the Monongahela Valley near Pitts-
burgh, Pa; and Portland, Ore. Black women were ex-
cluded because of their low incidence of fracture, as were
women who were unable to walk without assistance or who
had bilateral hip replacements. All participants were inter-
viewed and examined during the baseline visit (1986-1988).
Participants then underwent biennial clinic visits and
completed annual questionnaires.

Because we were interested in whether physical activ-
ity was associated with the risk of developing cognitive
decline prospectively, we excluded women with baseline cog-
nitive impairment (modified Mini-Mental State Exam-
ination [mMMSE] score ,23 of possible 26 [n=950]), women
with missing baseline cognitive scores (n=53), women with
baseline physical limitations (subjects who said that they were
unable to stand up unaided from a chair or to walk up stairs
because of an injury or health condition [n=939]), women
with missing information on physical limitations (n=10), and
women who did not complete baseline physical activity as-
sessments (n=51). Of the remaining 7701 women, 596 (8%)
died, 238 (3%) were unavailable for follow-up, and 942 (12%)
did not have follow-up cognitive measurements (either 6- or
8-year measurements). The remaining 5925 subjects who
completed cognitive tests at baseline and follow-up form the
analytic cohort for this study. Women who did not have cog-
nitive follow-up measurements had lower baseline scores on
cognitive testing and were less physically active compared with

the 5925 women in the final analytical cohort (P,.001 for
all comparisons). All subjects provided written informed con-
sent, and the study was approved by the committees on hu-
man research at each site.

MEASUREMENT OF PHYSICAL ACTIVITY

We measured physical activity at baseline by asking how
many city blocks (1 block < 160 m) (or the equivalent)
the women walked each day for exercise or as part of their
normal routine and how many flights of stairs they climbed
up each day. We also measured physical activity using a
modified Paffenbarger Scale,13 in which trained interview-
ers asked the subjects to report the frequency and dura-
tion of their participation per week during the past year in
33 different physical activities. Specifically, the women were
asked, “Did you participate in any physical activities, rec-
reation, or sport in the past week?” If the answer was yes,
the subjects were asked how often (weeks per year and times
per week) and for how long they participated in the activ-
ity. The activities were classified according to low (walk-
ing or gardening), medium (dancing or tennis), or high (jog-
ging or skiing) intensity and assigned energy expenditures
of 5.0, 7.5, or 10.0 kcal/min, respectively, according to pre-
viously reported methods.14 Total physical activity, ex-
pressed in kilocalories (energy) expended per week, was
calculated by adding kilocalories expended in the 33 rec-
reational activities, blocks walked (8 kcal per block), and
stairs climbed (4 kcal per flight). For our analyses, our pri-
mary measures of physical activity were blocks walked per
week and total kilocalories expended per week.

MEASUREMENT OF COGNITIVE FUNCTION

A trained examiner administered the cognitive testing dur-
ing the baseline clinic visit and at the follow-up visits 6 and
8 years later. The mMMSE, which does not include some
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physical activity quartile compared with the higher quar-
tiles (25.1±1.0 for the lowest quartile vs the second and
third quartiles and 25.2 ± 0.9 for the highest quartile
P = .001).

During the mean of 7.5 years of follow-up, women de-
clined a mean±SD of 1.0±2.1 points on the mMMSE, and
1178 (20%) of the participants developed cognitive de-
cline ($3 points of decline on repeated mMMSEs). Twenty-
four percent of the women in the lowest quartile of blocks
walkedperweekdevelopedcognitivedeclinecomparedwith
17% of the women in the highest quartile (P,.001)
(Table2). Similarly, 24% of the women in the lowest quar-
tile of total kilocalories expended per week developed cog-
nitive decline vs 17% of the women in the highest quartile
(P,.001). Compared with the lowest quartile, the odds of
developing cognitive decline were 37% lower (odds ratio
[OR], 0.63; 95% confidence interval [CI], 0.53-0.76) in the
highest quartile of blocks walked and 35% lower (OR, 0.65;
95% CI, 0.54-0.78) in the highest quartile of total kilocalo-
ries expended. There was a significant trend for more ex-
ercise to be associated with a greater reduction of odds of
cognitive decline (P,.001 for trend for quartiles of blocks
walked and total kilocalories expended per week). More-

over, for every 10 blocks walked per day (approximately
1.6 km [1 mile]), women had a 13% (OR, 0.87; 95% CI,
0.82-0.92) lower odds of cognitive decline. For every SD
(1700 kcal) of total kilocalories expended per week for
physical activity, there was a 14% (OR, 0.86; 95% CI, 0.80-
0.92) lower odds of cognitive decline. Compared with
women without cognitive decline, women who devel-
oped cognitive decline on average were older (mean±SD
age, 72.2±5.2 vs 70.4±4.5 years; P,.001), were less edu-
cated (mean±SD years of education, 12.6±2.8 vs 13.0±2.6;
P,.001), had more symptoms of depression (mean±SD,
1.6±2.1 vs 1.4±1.9 symptoms; P,.001), were more likely
to have a history of hypertension (38% vs 35%; P=.03), were
less likely to be taking oral estrogen replacement therapy
(13% vs 16%; P=.01), and were less likely to smoke (7%
vs 9%; P=.009).

After adjusting for baseline age, educational level,
health status, functional limitation, depression score, stroke,
diabetes, hypertension, myocardial infarction, smoking, and
estrogen use, women with higher levels of physical activ-
ity remained at lower risk for cognitive decline (Table 2).
To determine if baseline physical performance could have
explained some of the association between exercise and cog-

questions assessing orientation, was administered.15 This
is a brief global cognitive function test with concentra-
tion, language, and memory components designed to screen
for cognitive impairment. The mMMSE has a potential range
of 0 to 26, with higher numbers indicating better perfor-
mance (subjects with baseline scores ,23 were excluded
from the analytic cohort). We defined cognitive decline as
a decrease of 3 or more points on the mMMSE from base-
line to the 6- or 8-year follow-up (whichever was lower).
This definition has been previously used for the full MMSE
to identify the onset of dementia in a group of community-
dwelling elderly persons.16

OTHER VARIABLES

At the initial study visit, we ascertained age, highest level of
education, weekly alcohol use, current smoking, and his-
tory of comorbid health conditions (eg, stroke, myocardial
infarction, Parkinson disease, diabetes, and hypertension).
We asked subjects to rate their overall health compared with
other women as excellent, good, fair, poor, or very poor. Func-
tional status was assessed by asking the subjects the amount
of difficulty they had with each of 6 activities (preparing meals,
shopping, lifting heavy items, dressing, bathing, and trans-
ferring) based on a modified version of the Stanford Health
Assessment Questionnaire.17 We defined functional impair-
ment as being present if the respondent reported much dif-
ficulty with 1 or more of these activities. The 15-item Geri-
atric Depression Scale was administered shortly after the study
began.18 Scores range from 0 to 15, with higher scores indi-
cating more symptoms of depression. During each clinic ex-
amination, we measured weight and height; body mass in-
dex was defined as weight in kilograms divided by the square
of height in meters. Participants were asked about current
use of oral estrogen therapy, and reports of current medi-
cations were checked by examining labels of drugs brought
to the clinic. Baseline walking (gait) speed was determined

from the average of 2 trials of the time (seconds) needed to
walk 12 m.

STATISTICAL ANALYSIS

Because the distributions of blocks walked per week and
total kilocalories expended per week were not normally dis-
tributed (skewed to the left), we divided subjects into ap-
proximate quartile of physical activity. Baseline subject char-
acteristics were compared by analysis of variance for
continuous variables and by the x2 test for dichotomous
variables across quartiles. We used logistic regression analy-
ses to examine the odds of cognitive decline (a decrease of
$3 points on the mMMSE) as a function of physical ac-
tivity quartile using the lowest quartile as a reference. We
then adjusted the models for covariates that either were as-
sociated (P,.05) with physical activity quartile and with
cognitive decline (age, educational level, depression, a his-
tory of hypertension or diabetes, estrogen use, and smok-
ing) or could affect the ability to be physically active (base-
line functional limitation, self-reported health status, and
medical comordities such as a history of stroke or myo-
cardial infarction). We also analyzed the odds of cognitive
decline as a function of physical activity in subgroups of
women (aged #70 or .70 years, educational level ,12 or
$12 years, and presence or absence of comorbid health
conditions). Using the cognitive score as a continuous out-
come, we determined if change in score (and percentage
change of the initial score) on the mMMSE was associated
with quartile of exercise (blocks walked or total kilocalo-
ries) using linear regression models. To determine if base-
line physical performance could explain an association be-
tween exercise and cognitive decline, we also examined
whether baseline walking speed was associated with cog-
nitive decline using logistic regression. All significance lev-
els reported are 2-sided, and all analyses were performed
using SAS statistical software (SAS Institute Inc, Cary, NC).
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nitive decline, we examined whether baseline walking
speed was associated with cognitive decline. In the age-
and multivariate-adjusted models, quartile of baseline
walking speed was not associated with risk of cognitive
decline (for lowest quartile of walking speed: age-
adjusted OR, 1.04 [95% CI, 0.87-1.25]; and multivariate-
adjusted OR, 1.06 [95% CI, 0.86-1.30]).

To determine whether the association between physi-
cal activity and cognitive decline was consistent across
subgroups of women with different propensities for ex-
ercise, we stratified the women into groups according to
age (#70 or .70 years), the presence or absence of co-
morbid medical conditions, and educational level (,12
or $12 years) (Table 3). Across all subgroups, women

in the higher physical activity quartiles had lower odds
of cognitive decline.

We also examined the association between physical
activity quartiles and mMMSE score change (as a continu-
ous variable). Quartile of blocks walked or total kilocalo-
ries expended was associated with 6- to 8-year change in
mMMSE score (for quartile of blocks walked: regression
coefficient, −0.14 [P,.001]; and for quartile of total ki-
localories: regression coefficient, −0.08 [P,.001]). We cal-
culated the percentage change in age-adjusted mMMSE
score(asa functionofbaselinescore)andfoundthatwomen
in thehigherphysical activityquartiles (measuredbyblocks
walked) had less percentage decline during the 6 to 8 years
compared with women in the lower quartiles (Figure).

Table 1. Baseline Characteristics of 5921 Women by Quartile of Total Kilocalories (Energy) Expended*

Characteristic

Quartile†

P ‡
Lowest

(n = 1470)
Second

(n = 1491)
Third

(n = 1480)
Highest

(n = 1480)

Age, mean ± SD, y 71.7 ± 5.2 70.6 ± 4.6 70.5 ± 4.6 70.2 ± 4.2 ,.001
Education, mean ± SD, y 12.3 ± 2.5 12.8 ± 2.6 13.1 ± 2.7 13.4 ± 2.7 ,.001
Excellent or good health 81 87 92 94 ,.001
Medical history

Stroke 2.5 1.1 1.6 1.8 .04
Myocardial infarction 7.6 5.1 3.8 4.1 ,.001
Diabetes 8.5 4.6 4.6 4.1 ,.001
Parkinson disease 0.8 0.3 0.3 0.3 .13
Hypertension 39.3 34.7 35.3 32.4 ,.001

Depression score, mean ± SD§ 1.9 ± 2.3 1.4 ± 1.9 1.2 ± 1.7 1.1 ± 1.6 ,.001
Current estrogen use 13.4 14.2 15.3 18.3 ,.001
Current smoker 11.2 9.8 8.0 6.7 ,.001
Alcohol consumption, mean ± SD, drinks/wk 2.0 ± 4.4 1.9 ± 3.9 2.1 ± 4.0 2.3 ± 4.0 .05
Body mass index, mean ± SD\ 27.4 ± 4.9 26.3 ± 4.3 25.9 ± 4.1 25.5 ± 4.0 ,.001
Functional limitation 3.5 0.9 0.6 0.3 ,.001
Baseline mMMSE score, mean ± SD 25.1 ± 1.0 25.2 ± 1.0 25.2 ± 1.0 25.2 ± 0.9 .001

*Data are given as the percentage of women unless otherwise indicated. n = 5921 because 4 women did not provide information on total kilocalories expended
per week. mMMSE indicates modified Mini-Mental State Examination.

†Quartiles indicate the range of energy expended: lowest, 0 to 615 kcal/wk; second, 616 to 1323 kcal/wk; third, 1324 to 2414 kcal/wk; and highest, 2415 to
17 531 kcal/wk.

‡Value from analysis of variance for continuous variables and from the x2 test for dichotomous variables.
§From the Geriatric Depression Scale−Shortened.
\Calculated as weight in kilograms divided by the square of height in meters.

Table 2. Frequency of Cognitive Decline According to Physical Activity Quartile in 5925 Older Women*

Physical Activity
Quartile

No. of
Subjects

Cognitive
Decline, %

OR (95% CI)

Unadjusted
Age and Education

Adjusted
Multivariate
Adjusted†

Blocks Walked per Week
Lowest 1450 24.0 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Second 1438 21.6 0.87 (0.73-1.04) 0.87 (0.73-1.04) 0.87 (0.72-1.05)
Third 1581 17.6 0.68 (0.57-0.81) 0.70 (0.59-0.84) 0.63 (0.52-0.77)
Highest 1456 16.6 0.63 (0.53-0.76) 0.70 (0.58-0.84) 0.66 (0.54-0.82)

Total Kilocalories (Energy) Expended per Week‡
Lowest 1470 24.1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Second 1491 20.5 0.81 (0.69-0.96) 0.91 (0.76-1.08) 0.90 (0.74-1.09)
Third 1480 18.0 0.69 (0.58-0.83) 0.79 (0.66-0.95) 0.78 (0.64-0.96)
Highest 1480 17.0 0.65 (0.54-0.78) 0.77 (0.64-0.92) 0.74 (0.60-0.90)

*A complete description of the quartiles is given in the “Results” section of the text. OR indicates odds ratio; CI, confidence interval.
†Adjusted for baseline age, educational level, health status, functional limitation, depression score, stroke, diabetes, hypertension, myocardial infarction,

smoking, and estrogen use.
‡n = 5921 because 4 women did not provide information on total kilocalories expended per week.

(REPRINTED) ARCH INTERN MED/ VOL 161, JULY 23, 2001 WWW.ARCHINTERNMED.COM
1706

©2001 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/07/2020



COMMENT

In this prospective study of 5925 community-dwelling
women, subjects with greater baseline physical activity,
whether measured as blocks walked per week or as total
kilocalories expended per week, were less likely to de-
velop cognitive decline during the 6- to 8-year follow-
up. This association remained after adjustment for covar-
iates, including baseline functional and health status, and
did not seem to be explained by differences in baseline
physical performance measures. The strengths of our study
are its large sample size and prospective design and the
fact that we excluded subjects who had cognitive or physi-
cal limitations at baseline.

Our results are supported by several cross-
sectional studies5-9 in which elderly persons who were
physically active performed better on cognitive testing
compared with those who were inactive. One prospec-
tive study10 has reported that strenuous, but not moder-
ate, daily activities were associated with less cognitive de-
cline in a healthy older cohort. We found that moderate,
as well as strenuous, physical activity was associated
with decreased risk. In our study, examples of moderate
physical activity included playing 18 holes of golf once a
week, playing tennis twice a week, or walking 1.6 km/d.
Moderate levels of physical activity in elderly cohorts
have also been shown to reduce mortality from coronary
heart disease19 and overall mortality,20 to reduce the risk
of osteoporotic fractures,21 and to improve bone mineral
density.22

Several trials,23-25 most lasting several months, have
failed to demonstrate a benefit of exercise interventions
on cognitive function among older adults, while other
trials6,26-28 have found improved cognitive performance
with physical activity. It is possible that physical activity

may prevent cognitive decline but not improve cognitive
performance during a short period in otherwise high-
functioning elderly persons. This is plausible if physical
activity–induced effects are associated with long-term
protective benefits, such as a reduction in cardiovascular
or cerebrovascular risk factors, but not in short-term
effects. Regular physical activity may reduce serum lipid
levels and hypertension and increase cardiovascular
fitness,3 all of which could reduce the risk of vascular
dementia and Alzheimer disease.29 Indeed, Rogers and
colleagues2 found that active elderly persons had less de-
cline in cerebral blood flow during a 4-year period com-
pared with less active elderly persons, a mechanism that
might help maintain cognitive function. Another pos-
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Percentage decline in age-adjusted modified Mini-Mental State Examination
(mMMSE) score during the 6- to 8-year follow-up as a function of physical
activity (blocks [1 block < 160 m] walked). The median numbers (ranges) of
blocks walked per week in the lowest, second, third, and highest quartiles
were 7 (0-22), 28 (23-49), 77 (50-112), and 175 (113-672), respectively.
The difference between women in the higher quartiles and those in the lower
quartiles was significant (P,.001).

Table 3. Odds of Cognitive Decline Associated With Physical Activity Quartile in Subgroups of Women

Subgroup

Quartile*

Second Third Highest

Blocks Walked per Week
Age, y

#70 (n = 3340) 0.67 (0.51-0.87) 0.61 (0.47-0.79) 0.55 (0.42-0.71)
.70 (n = 2585) 1.07 (0.83-1.35) 0.77 (0.60-0.98) 0.78 (0.60-1.01)

Comorbid medical conditions present
Yes (n = 2300) 0.95 (0.72-1.24) 0.93 (0.71-1.23) 0.72 (0.54-0.95)
No (n = 2997) 0.83 (0.65-1.06) 0.49 (0.38-0.64) 0.58 (0.44-0.75)

Education, y
,12 (n = 1033) 0.96 (0.67-1.38) 0.72 (0.49-1.05) 0.63 (0.41-0.96)
$12 (n = 4891) 0.85 (0.70-1.04) 0.68 (0.55-0.83) 0.65 (0.53-0.80)

Total Kilocalories (Energy) Expended per Week
Age, y

#70 (n = 3337) 0.78 (0.60-1.02) 0.70 (0.54-0.92) 0.65 (0.50-0.86)
.70 (n = 2584) 0.91 (0.72-1.15) 0.77 (0.60-0.98) 0.74 (0.57-0.95)

Comorbid medical conditions present
Yes (n = 2300) 0.96 (0.74-1.25) 0.68 (0.51-0.89) 0.73 (0.55-0.96)
No (n = 2996) 0.68 (0.53-0.88) 0.69 (0.53-0.89) 0.60 (0.46-0.78)

Education, y
,12 (n = 1033) 1.06 (0.75-1.51) 0.96 (0.66-1.40) 0.52 (0.33-0.83)
$12 (n = 4887) 0.76 (0.62-0.93) 0.66 (0.54-0.81) 0.69 (0.57-0.84)

*Data are given as the odds ratio (95% confidence interval). The lowest quartile was used as a reference. A complete description of the quartiles is given in the
“Results” section of the text.
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sible mechanism is that physical activity stimulates tro-
phic factors and neuronal growth, possibly providing
reserve against cognitive decline and dementia.4,30

Finally, it may be that regular exercise is associated with
a healthy lifestyle in general, and although we adjusted
for several potential confounders, there may be other
factors associated with healthy behavior in addition to
physical activity that could in turn protect against cogni-
tive decline.

Our study has several limitations. First, our mea-
sure of physical activity is based on a subject’s self-
report. While it is possible that some subjects may
misreport their level of activity, the Paffenbarger Scale
has been shown to be a reliable measure of physical ac-
tivity in older women.31 Second, while we used a con-
servative criterion of cognitive decline, defined as a 3-point
decline or greater on the mMMSE, women did not un-
dergo a clinical assessment for dementia and we cannot
determine the cause of the cognitive decline. However,
our finding of a 20% incidence of cognitive impairment
over 8 years is similar to the 2% to 3% annual incidence
of dementia reported for women in this age group.16 Third,
there was some attrition of study subjects between the
first cognitive test and testing that was performed 6 to 8
years later. Women without follow-up were older, had
lower baseline cognitive scores, and had lower baseline
physical activity; exclusion of these subjects could lead
to bias. Fourth, while we restricted our analyses to those
without cognitive or physical impairment at baseline, it
is possible that an association between subclinical cog-
nitive impairment and physical activity level partially ex-
plains our results. Finally, most of the study subjects were
white and we cannot conclude whether our findings would
apply to other ethnic groups or to men.

We found that physical activity, even of a moder-
ate degree, was associated with less risk of cognitive de-
cline in older women followed up for 6 to 8 years. The
exact mechanism of this association is not certain, al-
though it may be related to a healthy lifestyle, a reduc-
tion in cardiovascular risk factors, or a direct effect on
neurons. Further research is needed to determine if physi-
cal activity programs could prevent clinically signifi-
cant cognitive impairment and if our findings can be rep-
licated in other populations.

Accepted for publication January 11, 2001.
This study was supported by grants AG05407,

AR35582, AG05394, AM35584, AR35583, and K23-
AG00888 from the Public Health Service, Bethesda, Md.

Corresponding author and reprints: Kristine Yaffe, MD,
University of California, San Francisco, Campus Box 111G,
4150 Clement St, San Francisco, CA 94121 (e-mail:
kyaffe@itsa.ucsf.edu).

REFERENCES

1. Jorm AF, Jolley D. The incidence of dementia: a meta-analysis. Neurology. 1998;
51:728-733.

2. Rogers RL, Meyer JS, Mortel KF. After reaching retirement age physical activ-
ity sustains cerebral perfusion and cognition. J Am Geriatr Soc. 1990;38:123-
128.

3. Blumenthal JA, Emery CF, Madden DJ, et al. Effects of exercise training on

cardiorespiratory function in men and women older than 60 years of age. Am J
Cardiol. 1991;67:633-639.

4. van Praag H, Christie BR, Sejnowski TJ, Gage FH. Running enhances neurogen-
esis, learning, and long-term potentiation in mice. Proc Natl Acad Sci U S A. 1999;
96:13427-13431.

5. Christensen H, Korten A, Jorm AF, Henderson AS, Scott R, Mackinnon AJ.
Activity levels and cognitive functioning in an elderly community sample. Age
Ageing. 1996;25:72-80.

6. Emery CF, Schein RL, Hauck ER, MacIntyre NR. Psychological and cognitive out-
comes of a randomized trial of exercise among patients with chronic obstruc-
tive pulmonary disease. Health Psychol. 1998;17:232-240.

7. Clarkson-Smith L, Hartley AA. Relationships between physical exercise and cog-
nitive abilities in older adults. Psychol Aging. 1989;4:183-189.

8. Hultsch DF, Hammer M, Small BJ. Age differences in cognitive performance in
later life: relationships to self-reported health and activity life style. J Gerontol.
1993;48:P1-P11.

9. Carmelli D, Swan GE, LaRue A, Eslinger PJ. Correlates of change in cognitive
function in survivors from the Western Collaborative Group Study. Neuroepi-
demiology. 1997;16:285-295.

10. Albert MS, Jones K, Savage CR, et al. Predictors of cognitive change in older per-
sons: MacArthur studies of successful aging. Psychol Aging. 1995;10:578-589.

11. Broe GA, Creasey H, Jorm AF, et al. Health habits and risk of cognitive impair-
ment and dementia in old age: a prospective study on the effects of exercise,
smoking and alcohol consumption. Aust N Z J Public Health. 1998;22:621-623.

12. Cummings SR, Nevitt MC, Browner WS, et al. Risk factors for hip fracture in white
women: study of Osteoporotic Fractures Research Group. N Engl J Med. 1995;
332:767-773.

13. Paffenbarger RS Jr, Wing AL, Hyde RT. Physical activity as an index of heart at-
tack risk in college alumni. Am J Epidemiol. 1978;108:161-175.

14. Pereira MA, FitzerGerald SJ, Gregg EW, et al. A collection of Physical Activity
Questionnaires for health-related research. Med Sci Sports Exerc. 1997;29(suppl):
S1-S205.

15. Folstein MF, Robins LN, Helzer JE. The Mini-Mental State Examination [letter].
Arch Gen Psychiatry. 1983;40:812.

16. Bachman DL, Wolf PA, Linn RT, et al. Incidence of dementia and probable Alz-
heimer’s disease in a general population: the Framingham Study. Neurology. 1993;
43:515-519.

17. Pincus T, Summey JA, Soraci SA Jr, Wallston KA, Hummon NP. Assessment of
patient satisfaction in activities of daily living using a modified Stanford Health
Assessment Questionnaire. Arthritis Rheum. 1983;26:1346-1353.

18. Sheikh J, Yesavage J. Geriatric Depression Scale: recent evidence and develop-
ment of a shorter version. Clin Gerontol. 1986;5:165-173.

19. Hakim AA, Curb JD, Petrovitch H, et al. Effects of walking on coronary heart dis-
ease in elderly men: the Honolulu Heart Program. Circulation. 1999;100:9-13.

20. Hakim AA, Petrovitch H, Burchfiel CM, et al. Effects of walking on mortality among
nonsmoking retired men. N Engl J Med. 1998;338:94-99.

21. Gregg EW, Cauley JA, Seeley DG, Ensrud KE, Bauer DC. Physical activity and
osteoporotic fracture risk in older women: study of Osteoporotic Fractures Re-
search Group. Ann Intern Med. 1998;129:81-88.

22. Blumenthal JA, Emery CF, Madden DJ, et al. Effects of exercise training on bone
density in older men and women. J Am Geriatr Soc. 1991;39:1065-1070.

23. Pierce TW, Madden DJ, Siegel WC, Blumenthal JA. Effects of aerobic exercise
on cognitive and psychosocial functioning in patients with mild hypertension.
Health Psychol. 1993;12:286-291.

24. Madden DJ, Blumenthal JA, Allen PA, Emery CF. Improving aerobic capacity in
healthy older adults does not necessarily lead to improved cognitive perfor-
mance. Psychol Aging. 1989;4:307-320.

25. Blumenthal JA, Emery CF, Madden DJ, et al. Long-term effects of exercise on psy-
chological functioning in older men and women. J Gerontol. 1991;46:352-361.

26. Dustman RE, Ruhling RO, Russell EM, et al. Aerobic exercise training and im-
proved neuropsychological function of older individuals. Neurobiol Aging. 1984;
5:35-42.

27. Williams P, Lord SR. Effects of group exercise on cognitive functioning and mood
in older women. Aust N Z J Public Health. 1997;21:45-52.

28. Kramer AF, Hahn S, Cohen NJ, et al. Ageing, fitness and neurocognitive func-
tion. Nature. 1999;400:418-419.

29. Ross GW, Petrovitch H, White LR, et al. Characterization of risk factors for vas-
cular dementia: the Honolulu-Asia Aging Study. Neurology. 1999;53:337-343.

30. Gomez-Pinilla F, So V, Kesslak JP. Spatial learning and physical activity contrib-
ute to the induction of fibroblast growth factor: neural substrates for increased
cognition associated with exercise. Neuroscience. 1998;85:53-61.

31. Cauley JA, LaPorte RE, Sandler RB, Schramm MM, Kriska AM. Comparison of
methods to measure physical activity in postmenopausal women. Am J Clin Nutr.
1987;45:14-22.

(REPRINTED) ARCH INTERN MED/ VOL 161, JULY 23, 2001 WWW.ARCHINTERNMED.COM
1708

©2001 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/07/2020


