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Background: Alzheimer disease and other dementing disorders are
major sources of morbidity and mortality in aging societies. Proven
strategies to delay onset or reduce risk for dementing disorders
would be greatly beneficial.

Objective: To determine whether regular exercise is associated with
a reduced risk for dementia and Alzheimer disease.

Design: Prospective cohort study.
Setting: Group Health Cooperative, Seattle, Washington.

Participants: 1740 persons older than age 65 years without cog-
nitive impairment who scored above the 25th percentile on the
Cognitive Ability Screening Instrument (CASI) in the Adult Changes
in Thought study and who were followed biennially to identify
incident dementia.

Measurements: Baseline measurements, including exercise fre-
quency, cognitive function, physical function, depression, health
conditions, lifestyle characteristics, and other potential risk factors
for dementia (for example, apolipoprotein E €4); biennial assess-
ment for dementia.

Results: During a mean follow-up of 6.2 years (SD, 2.0), 158
participants developed dementia (107 developed Alzheimer dis-
ease). The incidence rate of dementia was 13.0 per 1000 person-
years for participants who exercised 3 or more times per week
compared with 19.7 per 1000 person-years for those who exer-
cised fewer than 3 times per week. The age- and sex-adjusted
hazard ratio of dementia was 0.62 (95% Cl, 0.44 to 0.86; P =
0.004). The interaction between exercise and performance-based
physical function was statistically significant (P = 0.013). The risk
reduction associated with exercise was greater in those with lower
performance levels. Similar results were observed in analyses re-
stricted to participants with incident Alzheimer disease.

Limitations: Exercise was measured by self-reported frequency.
The study population had a relatively high proportion of regular
exercisers at baseline.

Conclusion: These results suggest that regular exercise is associated
with a delay in onset of dementia and Alzheimer disease, further
supporting its value for elderly persons.
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Izheimer disease and other dementing illnesses are ma-

jor sources of morbidity and mortality (1-3) that af-
fect millions of persons in the increasingly aging society of
the United States. Research designed to discover strategies
to delay onset and progression of these potentially devas-
tating illnesses is ongoing worldwide. Effective prevention
strategies would result in substantial benefits through im-
proved quality of life, prolonged independent life expect-
ancy, and reduced economic cost and social burdens. Reg-
ular physical exercise is an important element in overall
health promotion (4) and might also be an effective strat-
egy to delay onset of dementia (5). A biological basis for
how physical exercise might preserve brain function in-
cludes improved cerebral blood flow and oxygen delivery
(6) and inducing fibroblast growth factor in the hippocam-
pus (7). More recent evidence suggests that reduced loss of
hippocampal brain tissue in the aging brain is related to
level of physical fitness (8). Evidence from some longitudi-
nal studies and randomized trials suggests that physical ex-
ercise enhances cognitive function in older adults (9-15),
whereas other studies have failed to observe the benefits of
physical exercise in preserving cognitive function (16-19).

Many people regard Alzheimer disease as one of the
most dreaded consequences of aging. If regular physical
exercise were shown to be effective in reducing the risk or
delaying the onset of dementing illnesses, it would be an-
other compelling reason to promote physical exercise. Few
population-based longitudinal studies have examined the

role of physical exercise on the risk for dementia in elderly
persons. One recent longitudinal study showed that phys-
ical exercise was associated with decreased risk for decline
in cognitive function (odds ratio [OR], 0.58), Alzheimer
disease (OR, 0.50), and any dementia (OR, 0.63) (11),
whereas another longitudinal study showed no association
between physical exercise and dementia (16). More recent
studies showed that walking was associated with a reduced
risk for dementia and Alzheimer disease in a cohort of
Japanese-American men (20) and that engaging in more
diverse physical activities was associated with a reduced risk
for dementia in the Cardiovascular Health Study (21).
The purpose of this study was 2-fold: 1) to determine
whether regular exercise is associated with a reduced risk
for incidence of dementia (in particular, Alzheimer disease)
in a cohort followed biennially over 6 years and 2) to
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Context

Some studies suggest that people with high levels of phys-
ical activity are less likely to develop dementia.

Content

All 1740 participants in this cohort study were 65 years of
age or older and were cognitively intact at baseline. Over
6.2 years, the rate of dementia was 13.0 per 1000 person-
years in those who exercised 3 or more times per week
and 19.7 per 1000 person-years in those who exercised
less than 3 times per week.

Limitations

The only measure of exercise intensity was self-reported
frequency. The cohort was largely white and well-edu-
cated.

Implications

This study adds to the evidence that regular exercise is
associated with a lower risk for dementia. However, the
existing evidence does not prove that regular exercise is
associated with a lower dementia risk.

—The Editors

examine whether the association of physical exercise with
incident dementia is modulated by other potential risk fac-
tors, such as depression, cardiovascular and cerebrovascular
disease, diabetes, apolipoprotein E €4 allele, cognitive func-
tion, physical function, self-rated health, and lifestyle char-
acteristics.

METHODS
Study Sample

The Adult Changes in Thought (ACT) study is a pop-
ulation-based, longitudinal study of aging and dementia.
The ACT study was designed to determine the incidence
of Alzheimer disease, other types of dementia, and cogni-
tive impairment as well as to determine risk factors for
these conditions. The details of the ACT study have been
described elsewhere (22, 23). Briefly, a random sample of
6782 individuals was drawn from Seattle-area members of
Group Health Cooperative (GHC), a consumer-governed
health maintenance organization. The participants were 65
years of age and older when the study began in 1994 to
1996. Those who had an existing diagnosis of dementia,
were current residents of a nursing home, or were partici-
pating in other studies were ineligible (» = 1360). Of
5422 eligible persons, 2581 participated and 2841 declined
participation. Age, sex, and ethnicity of the remaining
2581 participants did not differ significantly from those
who were excluded. Nonresponse has been described else-
where (22). Declining to participate was more common
among the oldest age group (> 85 years), women, and
African-American and minority groups (22). Additional
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details regarding the incident rates of dementia and Alzhei-
mer disease from the ACT study have been published else-
where and are consistent with rates reported in U.S. and
European cohort studies (22). The institutional review
boards of the University of Washington and Group Health
Cooperative approved the ACT study.

Participants received the Cognitive Ability Screening
Instcrument (CASI) (24) as initial screening for cognitive
function and were interviewed with structured question-
naires to obtain data, including demographic characteris-
tics, medical history, memory and general functioning, and
potential epidemiologic risk factors. Persons scoring 86 or
higher on the CASI were entered directly into the ACT
cohort as being cognitively intact. (The CASI scores range
from 0 to 100; a score of 86 corresponds to a Mini-Mental
State Examination score of 25 to 26.) Persons with a score
lower than 86 had additional medical record review and
standardized clinical and neuropsychological evaluation for
dementia. Persons who did not meet established criteria for
dementia (25) were included in the ACT cohort.

The current study sample was selected from the 2581
ACT participants to examine the temporal relationship of
physical exercise preceding development of dementia. By
design, we selected the 1895 persons whose CASI scores
were above the 25th percentile—CASI scores 91 to 100.
We excluded 686 persons whose CASI scores were in the
lowest quartile—CASI scores 62 to 90— because the low-
est quartile group might include persons who had mild
cognitive impairment or impending dementia (26). We
did not collect information about the history of exercise
before the participants entered the study. Therefore, in the
group with low CASI scores, we could not be certain
whether a reported low level of physical exercise preceded
the development of dementia or was a consequence of the
development of cognitive impairment or dementia. Of
1895 participants selected, 155 withdrew after the baseline
visit and did not have a follow-up examination and were
thus excluded from the analyses, leaving the analytic sam-
ple of 1740 persons.

Incident Dementia

We conducted biennial examinations to identify cases
of incident dementia, when participants were rescreened
with the CASI. Those who scored 86 or higher on the
CASI remained in the ACT cohort. Scores on the CASI
that were less than 86 at follow-up prompted a full stan-
dardized clinical examination. The results of rescreening by
the CASI and by the clinical and neuropsychological ex-
aminations were reviewed at a consensus diagnosis confer-
ence that included at least the examining physician, a neu-
ropsychologist, another study physician, and the study
nurse. Persons who did not meet the criteria for dementia
were considered as not having dementia and were followed
in the ACT cohort (22, 23). Persons who met the Diag-
nostic and Statistical Manual of Mental Disorders, fourth
edition (DSM-IV), criteria (25) for dementia were consid-
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ered to have incident dementia. Dementia type was deter-
mined by the National Institute of Neurological and Com-
municative Diseases and Stroke—Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA) crite-
ria (27) for Alzheimer disease and by the DSM-IV criteria
(25) for other types of dementia. Level of physical activity

was not considered at the consensus conference.

Physical Exercise

Physical exercise was assessed at baseline by asking par-
ticipants the number of days per week they did each of the
following activities for at least 15 minutes at a time during
the past year: walking, hiking, bicycling, aerobics or calis-
thenics, swimming, water aerobics, weight training or
stretching, or other exercise. The frequency of exercise was
calculated by the times per week that participants engaged
in any of these forms of exercise. In this study, persons who
exercised at least 3 times a week, above the lowest quartile,
were classified as exercising regularly.

Baseline Variables as Potential Confounders

Numerous factors may influence the relationship be-
tween exercise and risk for dementia, including physical
functioning, cognitive function, depression, health condi-
tions, and lifestyle characteristics. Physical function was
assessed by a performance-based physical function (PPF)
test (23), which consisted of 4 performance tests: 10-foot
timed walk, time to stand from a seated position in a chair
to a standing position 5 times, balance test, and grip
strength in the dominant hand. Each test was scored from
0 to 4 points. The final PPF score was the sum of the
scores for the 4 performance tests and ranged from 0 to 16;
higher scores indicated better physical function. Details of
the PPF test have been reported elsewhere (23).

Cognitive function was assessed by using the CASI,
which provides quantitative assessment of attention, con-
centration, orientation, short-term memory, long-term
memory, language ability, visual construction, list-generat-
ing fluency, abstraction, and judgment (24). At baseline,
depression was measured by using the 11-item Center for
Epidemiologic Studies Depression (CES-D) scale (28).
The CES-D scores ranged from 0 to 33, with higher scores
representing more depressive symptoms.

Health conditions were assessed by self-rated health
and self-reported medical conditions. Participants were
asked to rate their health as excellent, very good, good, fair
or poor. They were also asked whether a doctor had ever
told them that they had diabetes mellitus or high blood
sugar, hypertension, congestive heart failure, heart attack,
angina pectoris, stroke, cerebral hemorrhage, or small
strokes or transient ischemic attacks or whether they had
ever had coronary bypass surgery. Coronary heart disease
included congestive heart failure, heart attack, angina pec-
toris, and coronary artery bypass surgery. Cerebrovascular
disease included stroke, cerebral hemorrhage, and small
strokes or transient ischemic attacks.

The lifestyle characteristics assessed included smoking,
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consuming alcohol, and taking dietary supplements. Par-
ticipants were asked at baseline whether they had smoked
100 cigarettes in their lifetime and whether they smoked
currently; they were then classified as nonsmokers, former
smokers, or current smokers. To assess alcohol consump-
tion, participants were asked at baseline whether they had
more than 5 drinks in the past year and whether they had
problems because of drinking. Nondrinkers were those
who had fewer than 5 drinks a year; drinkers were those
who had 5 drinks or more a year but did not have any
problems related to alcohol consumption; and problem
drinkers were those who reported problems related to al-
cohol consumption. Participants were also asked whether
they had taken vitamins or dietary supplements, including
vitamin A, vitamin C, vitamin E, multivitamins, and fish
oil supplements, for at least 1 week in the previous month.
Demographic variables of age, sex, ethnicity, and years of
education were included. Apolipoprotein E genotype, a ge-
netic risk factor for Alzheimer disease (29, 30), was also

included.

Statistical Analysis

To investigate which baseline factors were associated
with physical exercise, age- and sex-adjusted odds ratios of
exercising regularly (=3 times/week) were obtained by us-
ing logistic regression. Exercise was the response variable,
and each of the other baseline variables was fitted into a
separate model adjusting for age and sex.

To evaluate the temporal relationship of exercise with
incident dementia, we used Cox proportional hazards re-
gression models (31). Because dementia is highly age-re-
lated, we used years of age during the study as the time
axis, with left truncation at age of entering the study, and
kept age at baseline as a covariate in Cox models. Thereby,
age was completely adjusted for in our analyses. The pri-
mary outcome was age of onset of dementia. The risk fac-
tor of primary interest was exercise at baseline. Persons
who left the study before developing dementia were cen-
sored at their last examinations. Persons who remained
dementia-free during the study were censored at the most
recent follow-up date. The Schoenfeld residual test (32)
was used to check the proportional hazards assumption.
The age- and sex-adjusted hazard ratio of dementia by ex-
ercise was estimated from the Cox model.

To investigate which baseline factors influence the as-
sociation of exercise with incident dementia, we fit a sep-
arate Cox model on potentially confounding baseline vari-
ables by keeping exercise as the primary predictor and
adjusting for age and sex. We examined whether the hazard
ratio of dementia for exercise was changed by adding the
baseline variable into a model. To further examine poten-
tial effect modifications, the interaction terms of exercise
and each baseline variable were added into those Cox mod-
els. Effect modification was considered to be present if the
coefficient for the interaction was found to be statistically
significant (P < 0.05). Finally, we examined the hazard
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ratio of dementia for exercise by adjusting for all potential
confounders simultaneously. For the principal analyses re-
ported here, we compared participants in the lowest quar-
tile of frequency of exercise (< 3 times/week) with those in
the top 3 quartiles. As a secondary analysis to determine
whether there was a dose-response relationship of exercise,
we compared participants in each quartile group of exercise
frequency by assessing hazard ratios for the second, third,
and fourth quartiles, compared with the lowest quartile
(< 3 times/week).

Sensitivity analyses were conducted to evaluate
whether a potential bias could be introduced by the cen-
soring mechanism for persons who withdrew from the
study or died. Because persons who had poor cognitive
function (that is, a low CASI score) when they left the
study would be more likely to develop dementia, the ran-
dom censoring assumption for those persons might not be
appropriate. We examined the last CASI scores for persons

who withdrew or died. If a person’s last CASI score was
less than 86 before he or she left the study, we assumed
that the person would develop dementia 1 year after the
last visit. We then repeated the analyses to determine
whether the association of exercise and incident dementia
was changed. Statistical analyses were conducted by using
Stata software, version 7 (Stata Corp., College Station,
Texas).

Role of the Funding Source

The funding source did not play a role in the design,
conduct, or reporting of the study or in the decision to
submit the manuscript for publication.

REsuLTS

Study participants were followed from May 1994 to
October 2003, with a mean follow-up of 6.2 years (SD,
2.0). Of 1740 participants, 1185 remained dementia-free,

Table 1. Baseline Characteristics by Follow-up Status*

Variable

Participants who exercised at least 3 times per week, n (%)
Mean age at baseline (SD), y
Female sex, n (%)
Race, n (%)
White
Black
Other races
Supplement use, n (%)
Vitamin A
Vitamin C
Vitamin E
Multivitamin
Fish oil
Any supplement
Smoking status, n (%)
Nonsmoker
Former smoker
Current smoker
Alcohol use, n (%)
Nondrinker
Drinker
Problem drinker
Comorbid conditions, n (%)
Coronary heart disease
Cerebrovascular disease
Hypertension
Diabetes
Self-rated health status, n (%)
Excellent
Very good
Good
Fair
Poor
Mean education (SD), y
Mean Cognitive Ability Screening Instrument score at baseline (SD)
Mean Center for Epidemiologic Studies Depression Scale score at baseline (SD)
Mean physical performance functioning score at baseline (SD)
Participants with any ApoE &4 alleles, n (%)

Participants Free  Participants with  Participants Who P Valuet
of Dementia Dementia Died or Withdrew
(n = 1185) (n = 158) (n = 397)
915 (77.2) 106 (67.1) 274 (69.0) <0.001
73.2(5.1) 78.2 (5.5) 76.3 (6.4) <0.001, <0.001
731 (61.9) 93 (58.9) 223 (56.2) 0.117
1109 (93.7) 154 (97.5) 371 (93.4)
20 (1.7) 1(0.6) 8 (2.0)
55 (4.6) 3(1.9) 18 (4.5) 0.410
165 (13.9) 14 (8.9) 51(12.8) 0.204
482 (40.7) 50 (31.6) 154 (38.8) 0.089
389 (32.8) 48 (30.4) 122 (30.7) 0.656
566 (47.8) 80 (50.6) 192 (48.4) 0.791
52 (4.4) 10 (6.3) 21 (5.3) 0.481
764 (64.5) 101 (63.9) 251 (63.2) 0.903
570 (48.1) 69 (43.7) 163 (41.1)
539 (45.5) 81 (51.3) 201 (50.6)
76 (6.4) 8(5.1) 33(8.3) 0.091
498 (42.0) 79 (50.0) 196 (49.4)
590 (49.8) 68 (43.0) 164 (41.3)
97 (8.2) 11 (7.0) 37 (9.3) 0.028
179 (15.1) 39 (24.8) 103 (25.9) <0.001
72 (6.1) 22 (13.9) 45 (11.4) <0.001
404 (34.2) 74 (47.1) 181 (45.8) <0.001
97 (8.2) 16 (10.1) 45 (11.3) 0.149
166 (14.0) 5(3.2) 28 (7.0)
449 (37.9) 50 (31.6) 89 (22.4)
459 (38.7) 77 (48.7) 176 (44.3)
106 (9.0) 21(13.3) 92 (23.2)
5(0.4) 5(3.2) 12 (3.0) <0.001
14.4 (2.7) 14.2 (2.7) 14.0 (2.9) 0.380, 0.011
95.5 (2.4) 94.2 (2.3) 94.7 (2.3) <0.001, <0.001
3.6 (3.7) 5.1 (4.7) 4.6 (4.6) <0.001, <0.001
13.0(2.3) 11.5 (3.0) 11.6 3.2) <0.001, <0.001
251(21.2) 52 (32.9) 87 (21.9) 0.004

* ApoE = apolipoprotein E.

T Cells with 2 P values indicate the P values for the #-tests comparing means of those who remained dementia-free with those who developed dementia, and means of those

who remained dementia-free with those who withdrew or died.
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Table 2. Baseline Characteristics of Study Participants by Exercise Levels*

Variable

Mean age at baseline (SD), y
Female sex, n (%)
Race, n (%)
White
Black
Other races
Supplement use, n (%)
Vitamin A
Vitamin C
Vitamin E
Multivitamin
Fish oil
Any supplement
Smoking status, n (%)
Nonsmoker
Former smoker
Current smoker
Alcohol use, n (%)
Nondrinker
Drinker
Problem drinker
Comorbid conditions, n (%)
Coronary heart disease
Cerebrovascular disease
Hypertension
Diabetes
Self-rated health status, n (%)
Excellent
Very good
Good
Fair
Poor
Mean education (SD), y
Mean Cognitive Ability Screening Instrument score at baseline (SD)
Mean Center for Epidemiologic Studies Depression score at baseline (SD)
Mean Physical Performance Functioning score at baseline (SD)
Participants with any ApoE &4 alleles, n (%)

Participants Who
Exercised Fewer than
3 Times per Week

Participants Who P Value
Exercised 3 or More
Times per Week

(n = 445) (n = 1295)
74.5 (5.8) 74.3 (6.7) 0.633
278 (62.5) 772 (59.6) 0.288
418 (93.9) 1216 (94.0)

11 (2.5) 18(1.4)

16 (3.6) 60 (4.6) 0.208

61(13.7) 169 (13.0) 0.724
157 (35.3) 529 (40.8) 0.038
128 (28.8) 431 (33.3) 0.078
194 (43.6) 644 (49.7) 0.025

25 (5.6) 58 (4.5) 0.331
264 (59.3) 852 (65.8) 0.014
193 (43.4) 609 (47.0)

214 (48.1) 607 (46.9)

38 (8.5) 79 (6.1) 0.136

213 (47.9) 560 (43.2)
189 (42.5) 633 (48.9)

43 (9.7) 102 (7.9) 0.057

79 (17.8) 242 (18.7) 0.661

43 (9.7) 96 (7.4) 0.131

170 (38.3) 489 (37.9) 0.886
36 (8.1) 122 (9.4) 0.399
37(8.3) 162 (12.5)

130 (29.2) 458 (35.4)

193 (43.4) 519 (40.1)

70 (15.7) 149 (11.5)

15 (3.4) 7 (0.5) <0.001
13.9 (2.6) 14.4 (2.8) 0.001
95.1 (2.4) 95.3 (2.4) 0.343

4.6 (4.3) 3.8 (4.0 <0.001

12.0 3.0 12.8 (2.5) <0.001

100 (22.5) 290 (22.4) 0.973

* ApoE = apolipoprotein E.

158 developed dementia (107 developed Alzheimer dis-
ease, 33 developed vascular dementia, and 18 developed
other types of dementia), 121 withdrew, and 276 died.
Table 1 shows the baseline characteristics of study partici-
pants who remained dementia-free, developed dementia,
withdrew from the study, or died. Table 2 shows the base-
line characteristics of study participants by levels of exer-
cise.

Baseline variables associated with exercise were self-
rated health, PPF scores, CES-D scores, smoking, dietary
supplements, and years of education. Odds ratios of doing
regular exercise were 0.62 (95% CI, 0.41 to 0.92; P =
0.016), 0.49 (CI, 0.31 to 0.77; P = 0.002), and 0.10 (CI,
0.04 to 0.27; P < 0.001) for participants who rated their
health as good, fair, and poor, respectively, compared with
those who rated their health as excellent. In addition, ORs
were 1.13 (CI, 1.08 to 1.17; P < 0.001) per 1-point in-
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crement of PPF scores; 0.96 (CI, 0.93 to 0.98; P = 0.001)
per 1-point increment of CES-D scores; 0.64 (CI, 0.42 to
0.98; P = 0.039) for current smokers compared with non-
smokers; 1.35 (CI, 1.08 to 1.69; P = 0.009) for persons
who took dietary supplements; and 1.07 (CI, 1.02 to 1.11;
P = 0.002) for 1-year increment of education.

The incidence rate of dementia was 13.0 per 1000
person-years for persons who exercised 3 or more times per
week, compared with 19.7 per 1000 person-years for per-
sons who exercised fewer than 3 times per week. In Figure
1, Kaplan—Meier survival estimates show that participants
who exercised 3 or more times per week had a higher
probability of being dementia-free than those who exer-
cised fewer than 3 times per week. The age- and sex-ad-
justed hazard ratio of dementia for the regular exercise
group was 0.62 (CI, 0.44 to 0.86; P = 0.004).

The point estimate and confidence interval of the haz-
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Figure 1. Kaplan—Meier survival estimates for the
probabilities of being dementia-free.
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Persons who exercised 3 or more times per week were more likely to be
dementia-free than those who exercised fewer than 3 times per week.

ard ratio of dementia for exercise changed negligibly each
time we added a single covariate to the model. Covariates
that were considered included alcohol consumption, smok-
ing, supplement use, education, presence of apolipoprotein
E €4 alleles, diabetes, hypertension, cerebrovascular disease,
coronary heart disease, self-rated health, physical perfor-
mance, depression, and cognitive functioning. We found
that alcohol consumption, smoking, supplement use, and
level of education were not associated with dementia and
that adjusting for those variables did not change the point
estimate for exercise; therefore, they were not included as
potential confounders in the final model. When potential
confounders were simultaneously adjusted for, the hazard
ratio of dementia by exercise was 0.68 (CI, 0.48 to 0.96;
P = 0.030).

The interaction of exercise and PPF scores was statis-
tically significant (? = 0.013). In Figure 2, Kaplan—Meier
estimates show probabilities of being dementia-free by ex-
ercise at different PPF levels. The risk reduction of demen-
tia by exercise was greater among participants with lower
PPF scores than among those with higher PPF scores. The
adjusted hazard ratios of dementia by exercise were 0.58
(CI, 0.39 to 0.84; P = 0.004), 0.66 (CI, 0.46 to 0.94; P =
0.023), and 0.75 (CI, 0.51 to 1.09; P = 0.126) for persons
with PPF scores of 10, 11, and 12, respectively. Among
those who exercised fewer than 3 times per week, a 1-point
increment of PPF score was associated with a hazard ratio
of dementia of 0.89 (CI, 0.82 to 0.96; P = 0.004),
whereas among those who exercised 3 or more times per
week, each additional 1-point increment of PPF score was
associated with a hazard ratio of dementia of 1.01 (CI,
0.93 to 1.09; P = 0.762).

To examine the association of exercise with incidence
of Alzheimer disease, we kept Alzheimer disease (7 = 107)
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as incident cases and recoded other types of dementia (n =
51) as being censored at the time of diagnosis. The age-
and sex-adjusted hazard ratio of Alzheimer disease by exer-
cise was 0.64 (CI, 0.43 to 0.96; P = 0.031). After we
adjusted for potential confounders, the hazard ratio of Alz-
heimer disease by exercise was 0.69 (CI, 0.45 to 1.05; P =
0.081). The interaction of exercise with PPF scores was
also found in relation to Alzheimer disease (P = 0.021).
When persons who withdrew from the study or died
were compared with those who were followed and re-
mained dementia-free, persons who withdrew were older
and less likely to exercise regularly; had lower CASI scores,
lower PPF scores, and higher CES-D scores; were more
likely to have medical conditions, such as coronary heart
disease, cardiovascular disease, and hypertension; and were
more likely to report their health as poor, fair, or good at
baseline. The mean final CASI score for persons who with-
drew or died was 92.8, compared with 94.2 for persons
who remained in the study. Of 397 participants who with-
drew or died, 39 had a final CASI score of less than 86. Of
these 39 participants, 12 (31%) exercised fewer than 3
times per week at baseline. These participants who had a
CASI score of less than 86 were recoded as having incident
dementia 1 year after leaving the study. We then repeated
the analyses and found that the age- and sex-adjusted haz-
ard ratio of dementia by exercise was 0.63 (CI, 0.46 to
0.84; P = 0.002.) After adjustment for potential con-
founders, the hazard ratio of dementia by exercise was 0.70
(CI, 0.51 to 0.96; P = 0.026). The interaction of exercise
and PPF scores in relation to dementia also was not

changed.

DiscussioN

This population-based, longitudinal study involving
the ACT cohort found a reduced incidence rate of demen-
tia for persons who exercised 3 or more times a week (13.0
per 1000 person-years) compared with those who exercised
fewer than 3 times per week (19.7 per 1000 person-years).
Persons who exercised 3 or more times a week had a rela-
tive hazard of 0.68 (CI, 0.48 to 0.96) for developing de-
mentia compared with those who exercised fewer than 3
times per week when potential confounders were adjusted
for; this corresponds to a 32% reduction in risk for demen-
tia. Exercise seemed to be associated with the greatest risk
reduction in participants who had poor physical function-
ing at baseline.

Some longitudinal studies of the relationship between
physical exercise and dementia, Alzheimer disease, and cog-
nitive decline have observed a protective association,
whereas others have failed to find this association. One
unique feature of our study is the effort we made in our
design to reduce the potential effect that changes in phys-
ical exercise related to the so-called prodromal phase of
dementia might have on our results. It is now widely ac-
cepted that manifestations of behavior changes (including
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decline in habitual exercise) related to Alzheimer disease
and other types of dementia with insidious onset can occur
years before a person crosses a threshold that allows a de-
finitive diagnosis of dementia to be made (33, 34). Al-
though enrollment in the ACT cohort was restricted to
persons without dementia, we deliberately set a higher
threshold for eligibility in our study, eliminating persons
with CASI scores in the lowest quartile and thereby reduc-
ing the potential for this classification error.

In our study, the magnitude of the reduced risk was
similar regardless of the adjustments we considered. Our
study only measured frequency of exercise, and we used it
only to distinguish more regular exercisers from nonexer-
cisers. We did not have a good measure of intensity and
duration for calculating the dose of exercise and, not sur-
prisingly, did not find a dose-response effect for exercise
frequency divided into quartiles. Compared with persons
who were in the lowest quartile (exercised < 3 times/
week), persons who were in the second quartile (exercised 3
to 5 times/week) had a relative hazard of dementia of 0.57
(CL, 0.36 to 0.87; P = 0.009), those in the third quartile
(exercised 6 to 7 times/week) had a relative hazard of 0.55
(CI, 0.35 to 0.88; P = 0.012), and those in the highest
quartile (exercised > 7 times/week) had a relative hazard of
0.72 (CI, 0.48 to 1.06; P = 0.111). It is interesting that
investigators from the Centers for Disease Control and
Prevention, using Behavioral Risk Factor Surveillance Sys-
tem data, did not find a linear dose—response relationship
between exercise duration and intensity and health-related
quality of life. Instead, they found a more curvilinear rela-
tionship, with better health-related quality of life associated
with moderate levels of exercise compared with no exercise
or longer duration and higher frequency of exercise (35).
Additional research should evaluate the threshold of exer-
cise for a biological benefit related to increased oxygen
delivery (6), improved circulation, induced fibroblast
growth in the hippocampus (7), and reduced cell loss in
sensitive areas like the hippocampus (8) in a general pop-
ulation of free-living elderly persons. The threshold may be
quite low, especially in persons at lower levels of physical
performance. Our measure of exercise also did not include
information about work and nonleisure activities or
changes after baseline, and our adjustments in potential
confounders are probably incomplete. Thus, residual con-
founding might explain some of the association we ob-
served. We also acknowledge that our population is rela-
tively homogeneous and contained a relatively high
proportion of persons who engaged in physical exercise.

Our study found a potentially important effect modi-
fication between exercise and physical functioning in rela-
tion to incident dementia as well as Alzheimer disease.
There was a greater risk reduction of dementia by exercise
among persons with lower levels of physical functioning
compared with those with higher levels of physical func-
tioning. Low levels of physical functioning were associated
with an increased risk for dementia among persons who
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Figure 2. Kaplan—Meier survival estimates by exercise and
performance-based physical function (PPF) levels.
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Persons who exercised 3 or more times per week had a higher probability
of being dementia-free than those who exercised fewer than 3 times per
week if their PPF score was less than 13. This relative risk reduction of
dementia by exercise was greater among persons with lower PPF scores
than among those with higher PPF scores.

exercised fewer than 3 times per week; however, this in-
creased risk diminished among persons who exercised 3 or
more times per week. Our finding suggests that one of the
ways that exercise might reduce the risk for dementia is
through modulating the relationship between physical
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functioning and dementia—an area worthy of additional
investigation. The shape of the survival curves in Figures 1
and 2 suggests that exercise does not prevent dementia but
might be associated with a delay in onset. If these post hoc
findings are confirmed, senior citizens may have more rea-
son to “use it even after you are losing it.”

Our results are consistent with earlier observations that
modest levels of physical exercise are associated with de-
layed onset of dementia or Alzheimer disease (11, 20, 36).
We believe that these findings are supported by experimen-
tal studies in healthy elderly persons, which showed that a
conditioning program improves higher-order cognitive
functions (typically executive function, memory, or visuo-
spatial function [37-40]). Changes in such higher-order
functions are typically the first signs and symptoms of Alz-
heimer disease, the most common dementing illness. Our
results might be explained by the recent interesting finding
that the area of the brain most susceptible to ischemic
damage (the hippocampus), which is also one of the earli-
est areas of the brain to be affected by Alzheimer disease,
had less tissue loss in older persons at higher levels of phys-
ical conditioning (8).

We believe these findings may be useful if they are
confirmed because Alzheimer disease is one of the most
feared illnesses of aging and is frequently cited as a reason
for not wanting to “get old”: People do not want to lose
their independence and quality of life as a consequence of
aging (41). Physicians and health-promotion programs
might find this information valuable as our society works
to find truly effective ways to promote physical activity for
all its well-known benefits (42). Indeed, a recent random-
ized trial demonstrated that increasing the level of physical
activity through habitual exercise also benefits persons with
established Alzheimer disease (43, 44). Future research is
needed to investigate the issue of the dose-versus-thresh-
old—based association between exercise and onset of de-
mentia and the relationship among physical function, ex-
ercise, and the onset of dementia.
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