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I ORIGINAL CONTRIBUTION

Effect of Physical Activity

on Cognitive Function

in Older Adults at Risk for Alzheimer Disease

A Randomized Trial
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Kay L. Cox, PhD

Leon Flicker, MBBS, PhD
Jonathan K. Foster, DPhil
Frank M. van Bockxmeer, PhD
Jianguo Xiao, MD, PhD
Kathryn R. Greenop, PhD
Osvaldo P. Almeida, MD, PhD

S THE WORLD POPULATION

ages, the number of older

adults living with Alzheimer

disease (AD) is estimated to in-

crease from the current 26.6 million to
106.2 million by 2050." If illness onset
could be delayed by 12 months, 9.2 mil-
lion fewer cases of AD would occur
worldwide.! For this reason, attempts
have been made to identify individuals
who are at increased risk of AD and to
test interventions that might delay the
progression of prodromal symptoms to
full-blown dementia. The results from
observational studies suggest that older
people who are free of dementia but re-
port memory decline or show objective
evidence of cognitive impairment are
more likely to develop AD over time.*?
Seven clinical trials have investigated
whether cholinesterase inhibitors (do-
nepezil, rivastigmine, and galan-
tamine), vitamin E, piracetam, and rofe-
coxib (a cyclooxygenase 2 inhibitor) can
prevent cognitive decline and progres-
sion to dementia in older adults with mild
cognitive impairment. In a trial by
Petersen etal,* 769 participants with mild

See also p 1077 and Patient Page.
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Context Many observational studies have shown that physical activity reduces the
risk of cognitive decline; however, evidence from randomized trials is lacking.

Objective To determine whether physical activity reduces the rate of cognitive de-
cline among older adults at risk.

Design and Setting Randomized controlled trial of a 24-week physical activity in-
tervention conducted between 2004 and 2007 in metropolitan Perth, Western Aus-
tralia. Assessors of cognitive function were blinded to group membership.

Participants We recruited volunteers who reported memory problems but did not meet
criteria for dementia. Three hundred eleven individuals aged 50 years or older were screened
for eligibility, 89 were not eligible, and 52 refused to participate. A total of 170 partici-
pants were randomized and 138 participants completed the 18-month assessment.

Intervention Participants were randomly allocated to an education and usual care
group or to a 24-week home-based program of physical activity.

Main Outcome Measure Change in Alzheimer Disease Assessment Scale—
Cognitive Subscale (ADAS-Cog) scores (possible range, 0-70) over 18 months.

Results In an intent-to-treat analysis, participants in the intervention group improved
0.26 points (95% confidence interval, —0.89 to 0.54) and those in the usual care group
deteriorated 1.04 points (95 % confidence interval, 0.32 to 1.82) on the ADAS-Cog at the
end of the intervention. The absolute difference of the outcome measure between the in-
tervention and control groups was —1.3 points (95 % confidence interval,—2.38 to —0.22)
at the end of the intervention. At 18 months, participants in the intervention group im-
proved 0.73 points (95 % confidence interval, —1.27 t0 0.03) on the ADAS-Cog, and those
in the usual care group improved 0.04 points (95% confidence interval, —0.46 to 0.88).
Word list delayed recall and Clinical Dementia Rating sum of boxes improved modestly as
well, whereas word list total immediate recall, digit symbol coding, verbal fluency, Beck
depression score, and Medical Outcomes 36-Item Short-Form physical and mental com-
ponent summaries did not change significantly.

Conclusions In this study of adults with subjective memory impairment, a 6-month
program of physical activity provided a modest improvement in cognition over an 18-
month follow-up period.

Trial Registration anzctr.org.au Identifier: ACTRN12605000136606

JAMA. 2008;300(9):1027-1037 www.jama.com

cognitive impairment were randomly sion to dementia and change in cogni-

assigned to receive 10 mg of donepezil,
2000 IU of vitamin E, or placebo daily
for 36 months. By study end, progres-

tive score did not differ by treatment
group. A study of rivastigmine to pre-
vent conversion from mild cognitive
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impairment to dementia over 4 years
reported similarly negative findings.” Pre-
liminary results from 2 galantamine trials
that have yet to be completed were also
negative,’ as were the findings from the
piracetam® and rofecoxib trials.” Other
strategies to prevent cognitive decline and
dementia in people at risk are currently
being tested, but available results have
been mixed for B vitamins,®° statins,'® and
antihypertensive therapy.''!?

Numerous observational studies have
found that people who are physically ac-
tive seem less likely than sedentary per-
sons to experience cognitive decline and
dementia in later life. Weuve et al®> re-
ported that higher levels of physical ac-
tivity over 2 years among the 18 766
women in the Nurses’ Health Study were
associated with improved cognitive
scores. Similarly, Abbott et al'* re-
ported that men who walk at least 2 miles
a day are 1.8 times less likely than sed-
entary men to develop dementia over a
follow-up period of 6 years. Subse-
quent prospective studies confirmed that
physical activity is associated with re-
duced incidence of dementia'>'® and
showed that the association of physical
activity and cognitive function is appar-
ent even when exercise is limited to later
life.!” However, confirmatory evidence
from randomized trials is still lacking.

We designed the present random-
ized trial to test whether a 24-week
home-based physical activity interven-
tion reduces the rate of cognitive de-
cline among older adults at increased
risk of dementia.

METHODS
Participants

The Fitness for the Aging Brain Study
(FABS) was a single-site randomized
controlled trial conducted between May
2004 and January 2007 at the Royal
Perth Hospital, Australia. Participants
were recruited between May 2004 and
July 2006 from various sources, includ-
ing advertisement in the local media and
2 memory clinics.

Volunteers aged 50 years or older were
screened with the Telephone Interview
for Cognitive Status—Modified. Those
with scores lower than 19 of 50 were ex-

1028 JAMA, September 3, 2008—Vol 300, No. 9 (Reprinted)

cluded due to evidence of significant cog-
nitive impairment.'® Likewise, individu-
als with a Geriatric Depression Scale-
15" score of 6 or higher were excluded
from the study due to the presence of
clinically significant depressive symp-
toms. Also excluded were those who re-
ported regularly drinking more than 4
standard units of alcohol a day; had a
chronic mental illness, such as schizo-
phrenia; or had medical conditions likely
to compromise survival, such as meta-
static cancer, or render them unable to
engage in physical activity, such as se-
vere cardiac failure. Other exclusion cri-
teria included severe sensory impair-
ment or lack of fluency in written or
spoken English.

Potentially eligible participants were
invited to an in-person assessment that
included the Mini-Mental State Exami-
nation,” the International Statistical Clas-
sification of Diseases, 10th Revision (ICD-
10), Clinical Dementia Rating,*! and the
Cognitive Battery of the Consortium to
Establish a Registry for Alzheimer Dis-
ease.” Individuals meeting ICD-10 re-
search criteria for the diagnosis of de-
mentia” were excluded from further
participation, as were those with a Mini-
Mental State Examination score of less
than 24, a Clinical Dementia Rating scale
score of 1 or more, or who were unable
to walk for 6 minutes without assistance.

Volunteers were eligible for random-
ization if they answered yes to the ques-
tion: “Do you have any difficulty with
your memory?” independent of whether
they showed evidence of objective cog-
nitive impairment. Participants were con-
sidered to have mild cognitive impair-
ment if their scores were 1.5 SDs or lower
than the mean Cognitive Battery of the
Consortium to Establish a Registry for
Alzheimer’s Disease control group scores
for their age and sex** on the subtests for
verbal fluency, object picture naming,
word list immediate and delayed recall,
and praxis. Eligible participants were also
required to obtain consent from their
family physician to take part in a physi-
cal activity intervention.

The human research ethics commit-
tees of the University of Western Aus-
tralia and of the Royal Perth Hospital ap-

proved this study, and all participants
provided written informed consent.

Assessment of Physical Activity

We used the Community Healthy Activi-
ties Program for Seniors (CHAMPS) sur-
vey to assess physical activity.* Partici-
pants were asked to complete the
CHAMPS questionnaire twice during the
2-week screening or baseline period to
familiarize them with all questions. Data
from the first questionnaire were disre-
garded, whereas the second provided the
data for following summary measures.
Physical activity measures included min-
utes per week spent on all exercise-related
activities, minutes per week spentonall
moderate-plusactivities, and calories ex-
pended in all moderate-plus activities.
Moderate-plus activities included mod-
erate, hard, and very hard intensity ac-
tivities (eg, brisk walking, ballroom danc-
ing, gym circuit, or swimming). In addi-
tion, all participants wore a pedometer
(Digi-Walker SW-700, Yamax Inc, Tokyo,
Japan) during the 7-day baseline assess-
ment with the CHAMPS, as well as dur-
ing the week preceding the 6-, 12-, and
18-month assessments. This provided an
objective and valid measure of activity,
summarized as the total number of steps
walked in a day.* Participants recorded
this information in a diary, in which in-
formation about when the pedometer was
on or off was also registered. When par-
ticipants performed nonstep physical ac-
tivity (such as swimming or cycling), the
intensity of the activity was determined
and the equivalent number of steps es-
timated and added to the daily record, as
outlined by Miller etal.*” Because 10 000
steps per day are associated with improved
health outcomes,? participants with a
weekly step count greater than or equal
to 70 000 were classified as active and the
remainder, nonactive.

Assessment of Cognitive Function,
Depression, and Quality of Life

The cognitive section of the Alzheimer
Disease Assessment Scale (ADAS-Cog)
was the primary outcome measure of the
study.? The scale consists of 11 brief cog-
nitive tests assessing memory, language,
and praxis. Scores range from 0 to 70, with

©2008 American Medical Association. All rights reserved.

Downloaded from www.jama.com at Capes Consortia on October 22, 2008


http://jama.ama-assn.org

higher scores indicating greater severity
of cognitive impairment. Secondary cog-
nitive measures of interest included (1)
the Cognitive Battery of the Consortium
to Establish a Registry for Alzheimer Dis-
ease total number of words recalled with
(range, 0-10) and without (range, 0-30)
delay, (2) total score on the Digit Symbol-
Coding Test (possible scores, 0-133),*
and (3) verbal fluency (number of words
beginning with F, A, and S that the indi-
vidual can say in a minute) as measured
by the Delis-Kaplin Executive Function
Battery.”! Participants were also rated ac-
cording to the Clinical Dementia Rating
sum of boxes at each assessment. Premor-
bid IQ was measured with the Cambridge
Contextual Reading Test.>* Throughout
the trial, we monitored the frequency and
severity of depressive symptoms with the
Beck Depression Inventory (range, 0-63,
with higher scores indicating greater lev-
els of depressive symptoms),* and qual-
ity of life with the Medical Outcomes 36-
Item Short-Form (SF-36) Health Survey
physical and mental composite scores
(both have a population norm of 50
points, with lower scores indicating worse
quality of life).**

Apolipoprotein Genotype

We determined apolipoprotein (APOE)
genotype using standard procedures
previously described.”

Randomization

At the end of the baseline assessment,
participants were randomly allocated to
the physical activity program or usual
care control according to a list of com-
puter-generated random numbers in
blocks of 8 (4 persons randomly allo-
cated to each group). Allocation num-
bers were kept in sealed containers and
were drawn by an investigator not di-
rectly involved in the recruitment or as-
sessment of participants. Due to the na-
ture of the intervention, participants were
not blinded to group membership, but
research personnel undertaking cogni-
tive assessments were. To ensure com-
pliance with these procedures, research
staff conducting the physical activity in-
tervention were housed in a different
building and received independent su-

©2008 American Medical Association. All rights reserved.
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pervision. Participants were explicitly
asked at the beginning of the trial and at
each subsequent assessment not to dis-
cuss information regarding the interven-
tion with research staff conducting the
rating of cognitive function. Similarly, re-
search staff conducting the cognitive as-
sessment were instructed not to discuss
with the participants any aspects of the
intervention. The physical activity re-
search staff and the cognitive assess-
ment research staff were supervised by
different investigators of the FABS team.
We are not aware of any breaches of pro-
tocol during the course of the trial.

Usual Care Control Group

Participants in this group received edu-
cational material about memory loss,
stress management, healthful diet, al-
cohol consumption, and smoking but
not about physical activity. Partici-
pants in the physical activity group were
also offered these educational materials.

Physical Activity Intervention

Theaim of the intervention was to encour-
age participants to perform at least 150
minutes of moderate-intensity physical
activity per week,*® which participants
were asked to complete in three 50-minute
sessions each week. The regimen of 3 ses-
sions a week was selected because previ-
ous experience had shown that this for-
mat was acceptable to participants and
because it was logistically and financially
more practical for those who chose activi-
ties that required classes or a center
venue.* Those who were already achiev-
ing the recommended target at baseline
were encouraged to add another 50 min-
utes per week (1 session) to their indi-
vidual activity level. The individualized
home-based physical activity program and
the workbook for the behavioral interven-
tion package were delivered during a 60-
minute interview with a trained physical
activity staff member. The most frequently
recommended type of activity was walk-
ing. However, participants could choose
otherforms of exercise to achieve the three
50-minute sessions per week. Twelve par-
ticipants chose to include some light
strength training exercise in their program.
These were participants who were already

active and had had previous experience
with circuit gym exercise. Apart from 1
participant, all chose walking or other
aerobic exercise as well as the strength
training activities. Participants further re-
ceived mail-out newsletters in weeks 2,
8,14, 20,32,40, 65, and 72 to reinforce
the key messages of the program. The in-
tervention did not include home-based
equipment.

All participants were asked to use a
simplified diary to record their physi-
cal activity and to return the diaries to
the physical activity supervisor every
month by reply paid post. Adherence
was calculated from the number of ses-
sions recorded in the monthly diaries
and was defined as the percentage of
physical activity completed compared
with total physical activity prescribed.

Behavioral Intervention

To enhance adherence to the program,
participants also received a modified be-
havioral intervention package based on
social cognitive theory.>” The package
was delivered via a workshop, a manual,
newsletters, and telephone calls. The
manual and the newsletters contained
information on exercise programs, re-
wards, goal setting, time management,
barriers to activity, and safe exercise.
During the 24-week intervention, par-
ticipants underwent a structured inter-
view by telephone to monitor progress
of the physical activity program and to
encourage continuing compliance. (The
original protocol specified that 6 tele-
phone calls would take place during the
intervention, but due to limited re-
sources and the need to attempt to con-
tact participants several times before
being able to reach them, the average
number of calls was reduced to a mean
[SD] of 2.0 [1.1], and each call lasted a
mean of 10.5 [9.0] minutes.)

Follow-up Visits

We repeated the assessment of physi-
cal activity, cognitive function, mood,
and quality of life at 6, 12, and 18
months after baseline. Participants in
the physical activity intervention were
encouraged to remain physically ac-
tive, with no further intervention of-

(Reprinted) JAMA, September 3, 2008—Vol 300, No. 9 1029
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fered except for 4 newsletters, as de-
scribed above.

Power Calculation

We collected 12-month prospective
ADAS-Cog data on an independent
sample of older adults with subjective
memory complaints living in Perth. The
results showed a mean (SD) increase of
3.5 (4.5) points over that period. Be-
cause the participants were more likely
to be at risk of impairment than those in
the independent sample, we then esti-
mated that the ADAS-Cog scores of par-
ticipants not receiving the physical ac-
tivity intervention would deteriorate an
additional 2.5 points (total, 6.0 points;
SD, 4.5) per year. This is the smallest dif-

ference considered to be clinically mean-
ingful in clinical treatment trials.*® The
participation of 84 volunteers in each of
the 2 groups (n=168) at baseline re-
sulted in power of 90% with a set at .05.
We estimated a dropout rate of 20%,
which led to the recruitment of 170 par-
ticipants with a power of 80% (85 ran-
domly allocated to each group).

Analysis of the Data

The data were analyzed using the SAS for
Windows version 9.1 (SAS Institute Inc,
Cary, North Carolina) and SPSS 15.0 for
Windows (SPSS Inc, Chicago, Illinois).
For normally distributed continuous
variables, arithmetic means and SDs were
calculated. For logarithmically trans-

]
Figure. Flow of Participants From Screening to Completion of the Final Follow-up Assessment

by telephone

311 Individuals screened for eligibility

141 Excluded

52 Declined participation

48 Physical health exclusion

10 Mental health exclusion

19 Could not be recontacted
4 Participating in another trial
4 No memory complaints
2 Lived outside Perth
2 Poor English communication

170 Participants randomized

85 Randomized to exercise group ‘

‘ 85 Randomized to control group

71 Completed 6-mo follow-up
8 Lost to follow-up
4 Refused participation
3 Medical illness
1 Died
6 Discontinued intervention
4 Medical illness
2 Gave no reason

80 Completed 6-mo follow-up
5 Lost to follow-up
4 Refused participation
1 Family illness

69 Completed 12-mo follow-up
2 Lost to follow-up
1 Refused participation
1 Missed visit and could
not be contacted

68 Completed 12-mo follow-up
10 Lost to follow-up

5 Refused participation

3 Medical illness

1 Moved

1 Family illness
2 Missed visit

1 Family illness

1 Participant illness

69 Completed 18-mo visit
1 Returned to study
1 Lost to follow-up

69 Completed 18-mo visit
2 Returned to study
1 Lost to follow-up due to family illness

85 Included in primary analysis ‘

‘ 85 Included in primary analysis

The number of completed cases may vary according to the end point because of missing data.

1030 JAMA, September 3, 2008—Vol 300, No. 9 (Reprinted)

formed continuous variables, geomet-
ric means and SDs were computed. For
baseline comparison between exercise
and usual care control groups, the Pear-
son method was used in the investiga-
tion of categorical data, the statistical re-
sult being distributed as x*. For normally
distributed variables in the analysis of ba-
sic characteristics between the 2 groups,
t tests were conducted.

The 3 follow-up time points were con-
ducted at 6,12, and 18 months. We used
2 different analytical strategies to deter-
mine between-group differences. The pri-
mary analysis was based on intention-
to-treat analysis using the multiple
imputation procedure of SAS. For posi-
tively skewed variables, log transforma-
tions were applied prior to imputations.
Baseline, 6-, 12-, and 18-month scores
were included in the imputation model
in addition to sex, education, premor-
bid IQ, and marital status. We con-
ducted 5 imputations using a sequential
chain of interactions with a burn of 200
interactions followed by 100 interac-
tions between successive imputations.
Each imputed data set was analyzed using
amixed-effect model with repeated mea-
sures, and parameter estimates were then
averaged across data sets. The intention-
to-treat analysis was then followed by a
complete-case analysis, in which partici-
pants with valid data at all time points
were included in the analysis.

Repeated measures procedure was
used in an analysis of covariance
(ANCOVA) in both the intention-
to-treat and complete-case analyses. For
intention-to-treat data, a mixed model
with repeated measures in SAS was used
while for complete-case data, a general
linear model for repeated measures
ANCOVA in SPSS was used. Four time
points were treated as a within-par-
ticipants factor (effect over time) and the
differences between the exercise and
usual care control group were treated as
abetween-participants factor. The inter-
actions between within- and between-
participants factors were also examined
in the above analyses. Covariates such
asage, sex, educational level, marital sta-
tus, and premorbid IQ were included in
the multivariate model. In addition, data

©2008 American Medical Association. All rights reserved.
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from each follow-up time point were sub-
tracted from baseline for each partici-
pant to examine the magnitude of change
over time. Repeated measures ANCOVA
analyses were applied to evaluate change
from baseline in the same manner
described above.

Finally, post hoc analyses investi-
gated the impact of APOE genotype on
cognitive function in relation to the in-
tervention, as well as the impact of the
intervention for participants with mild
cognitive impairment.

All statistical significance tests were
2-sided, and a=.05 was considered sta-
tistically significant.

RESULTS

Three hundred eleven individuals were
screened for eligibility over the tele-
phone. The FIGURE shows the flow of
participants from the time of screen-
ing through study completion at 18
months. One hundred seventy older
adults met criteria and consented to
take part in the trial, of whom 59 had
amnestic mild cognitive impairment
single domain; 28, amnestic mild cog-
nitive impairment multiple domain; and
15, nonamnestic mild cognitive im-
pairment.’ TABLE 1 shows their demo-
graphic and clinical characteristics.

Effect of the Intervention
on Cognitive Function, Mood,
and Quality of Life

TABLE 2 shows intention-to-treat
changes in cognitive scores, mood, and
quality of life over 18 months by group.
By study end, participants in the exer-
cise group had better ADAS-Cog scores
than those in the usual care control
group (P=.04). Participants in the
physical activity group also had better
delayed recall than those in the usual
care group. When the analyses were
limited to participants with mild cog-
nitive impairment (TABLE 3; post hoc
analysis), only the ADAS-Cog scores
were significantly different. The com-
plete-case analysis confirmed that par-
ticipants randomized to the exercise
group had better ADAS-Cog scores than
those in the usual care control group
throughout the trial (TABLE 4). They

©2008 American Medical Association. All rights reserved.
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also had significantly better delayed re-
call and lower Clinical Dementia Rat-
ing sum of boxes scores than those in
the usual care control group (Table 4).

TABLE 5 shows changes in physical
activity measures throughout the trial
according to group membership. As ex-
pected, participants in the physical ac-
tivity group increased their level of
physical activity compared with usual
care controls. At 6 months, partici-
pants in the physical activity group were
walking about 9000 steps a week more
than the usual care control group due
to both an increase in steps in the group
and a decrease in the control group.
This difference between the groups, re-
spectively, remained relatively stable at

12 months, but decreased to approxi-
mately 6000 steps per week by 18
months. There was a nonsignificant
trend for participants in the physical ac-
tivity group to spend more time in mod-
erate-plus activities than usual care con-
trols. Adherence to the prescribed
physical activity for the 24 weeks was
78.2%. We also examined the propor-
tion of people in each group who
achieved the equivalent of 70 000 steps
or more per week at each time point
(complete-case analysis only). At 6
months, 22 of 85 participants (25.0%)
in the physical activity and 15 of 85 par-
ticipants (17.6%) in the usual care
control groups reached the target num-
ber of steps (xi=1.69; P=.19). At 12

]
Table 1. Baseline Characteristics of Trial Participants

Exercise Control
(n=85) (n=85)
Age, mean (SD), y 68.6 (8.7) 68.7 (8.5)
Women, No. (%) 42 (49.4) 44 (51.8)
Educational level, mean (SD), y 12.1 (3.4) 12.6 (3.2)
Married or de facto, No. (%) 58 (68.2) 61(71.8)
Risk factors, No. (%)
Ever heavy smoker?@ 21 (24.7) 21 (24.7)
Current smoker 1(1.2) 1(1.2
Heart disease 8(9.4) 10(11.8)
Hypertension 30 (35.3) 30 (35.3)
Arthritis 41 (48.2) 33(38.8)
Asthma 18 (21) 20 (23.5)
Health and mental health score, mean (SD)
BDI 3.6 (3.5) 1(2.9)
PCS 48.5 (9.4) 49.4 (8.7)
MCS 48.4 (7.0) 48.1 (5.5)
All moderate-intensity plus activities, mean (SD), min/wk 126.4 (6.1) 177.2 (5.0)
Total steps/wk, mean (SD) 55366 (31 353) 57254 (26 361)
Active participants: reached target steps/wk, No. (%) 21 (24.7) 26 (30.6)
Premorbid 1Q, mean (SD) 115.3 (5.0) 116.1 (5.8)
Assessment score, mean (SD)
ADAS-Cog 7.0(1.7) 0(1.8)
Word list total immediate recall 18.4 (4.9) 17.4 (4.7)
Word list delayed recall 5.8 (2.6) 5(2.4)
Digit symbol coding 54.2 (15.1) 53.4 (14.1)
Verbal fluency total score 37.8 (11.5) 39.5 (13.1)
CDR sum of boxes 1.0(0.7) 0(0.7)
APOE ¢4 carrier, No. (%) 24 (28.2) 27 (31.8)
Clinical subtype, No. (%)
Subjective memory complaints only 37 (43.5) 31 (36.5)
Amnestic MCI 38 (44.7) 47 (55.3)
Nonamnestic MCI 10 (11.8) 7(8.2)

Abbreviations: ADAS-Cog, Alzheimer Disease Assessment Scale-Cognitive Subscale; BDI, Beck Depression Inven-
tory; CDR, Clinical Dementia Rating; 1Q, premorbid IQ as determined by the Cambridge Contextual Reading Test;
MCI, mild cognitive impairment; MCS, Medical Outcomes 36-Item Short Form (SF-36) mental component summary;

PCS, SF-36 physical component summary.
@More than 20 cigarettes a day for a year or more.
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months, 25 of 85 (29.4%) in the physi-
cal activity and 15 of 85 (17.6%) in the
usual care groups reached target
(x}=3.27; P=.07), and at 18 months the
proportion reaching the target num-
ber of steps was 16 of 85 (18.8%) for
both groups (x{=0; P>.99).

Adverse events were defined as any
physical or psychological symptoms
that occurred any time after random-
ization and led to exclusion of the par-
ticipant from further participation or re-

quired the participant to interrupt the
study temporarily. Ten events oc-
curred during the study and interven-
tion staff judged that it was unlikely any
of these events were directly caused by
the intervention (TABLE 6).

We conducted a series of post hoc
analyses to determine whether the ob-
served differences between physical ac-
tivity and usual care control groups
could be explained by differential loss
to follow-up. Women were more likely

than men to drop out in both groups,
and those who dropped out had higher
ADAS-Cog scores than those who re-
mained in the trial (TABLE 7).

We also completed a series of post hoc
analyses to clarify whether treatment re-
sponse was associated with APOE geno-
type. Fifty-one study participants (30%)
carried at least 1 APOE €4 allele (24 in
the physical activity and 27 in the usual
care control group). In a complete-case
analysis of 18 months, there was a dif-

]
Table 2. Effects of the Intervention and Time on Cognitive Outcomes, Mood, and Quality of Life of Participants (Intention-to-Treat Method

Using Multiply Imputed Data)?

P Value ANCOVA
Mean Difference From Baseline (95% CI) for Repeated Measures?
I 1 I 1
Exercise Group Control Group Between Within
Measure, mo (n =85) (n=85) Participants Participants
Total ADAS-Cog score
6 —0.26 (-0.89 to 0.54) 1.04 (0.32 t0 1.82) 7]
12 —-0.55 (-1.15 to 0.20) 0.04 (-0.66 to 0.64) .04 .54
18 -0.73 (-1.27 t0 0.03) -0.04 (-0.46 t0 0.88) _|
Word list total immediate recall
6 1.09 (0.42 t01.77) 0.91 (0.21 to 1.61) ]
12 1.20 (0.40 to 2.00) 1.17 (0.49 to 1.84) .48 18
18 1.56 (0.88 t0 2.23) 1.19(0.5t0 1.88) _|
Word list delayed recall
6 0.45 (0.03 to 0.87) 0.38 (-0.01 t0 0.77) 7]
12 0.37 (-0.07 t0 0.82) -0.22 (-0.66 to 0.22) .02 10
18 0.76 (0.41 to 1.10) -0.02 (-0.36 t0 0.32) _|
Digit symbol coding total
6 2.62 (1.15 t0 4.08) 3.43 (1.96 to 4.91) 7]
12 2.75(1.31 t0 4.18) 3.89 (2.45 t0 5.34) 19 22
18 3.72 (2.26 t0 5.18) 3.02 (1.47 t0 4.56) _|
Verbal fluency total score
1.88(0.20t0 3.72) 0.43 (-1.24 t0 1.69) 7]
12 2.77 (1.28 t0 4.28) 0.88 (-1.09 to 2.02) 13 .78
18 1.90 (0.13t0 3.74) 1.42 (-0.86 t0 3.29) _|
CDR sum of boxes
6 -0.16 (-0.32 to 0.01) 0.03 (-0.13t0 0.18) 7]
12 —-0.21 (-0.36 to —0.05) -0.02 (-0.17 t0 0.13) .05 .05
18 —0.33 (-0.46 to -0.2) -0.20 (-0.33 to —0.03) _|
BDI score
6 -0.94 (-1.77 to -0.12) -0.75(-1.62t0 0.13) 7]
12 -0.75 (-1.62t0 0.12) -0.44 (-1.29 to 0.40) 44 19
18 —0.46 (-1.47 to 0.55) -0.51 (-1.44 10 0.42) _|
PCS score
6 —4.04 (-5.71 to —2.37) —4.40 (-6.1t0 -2.70) 7]
12 —4.49 (-6.03 to —2.96) -3.73 (-5.67 to —1.79) .95 .39
18 -4.85 (-6.78 to —2.92) -4.69 (-6.52 to —-2.87) _|
MCS score
6 5.13 (3.40 to 6.86) 4.37 (2.73 10 6.01) 7]
12 6.31 (4.80 to 7.82) 3.38 (1.63t0 5.14) .67 .79
18 4.58 (2.38 t0 6.78) 2.74 (0.77 to 4.72) _|

Abbreviations: ADAS-Cog, Alzheimer Disease Assessment Scale-Cognitive Subscale; ANCOVA, analysis of covariance; BDI, Beck Depression Inventory; CDR, Clinical Dementia

Rating; CI, confidence interval; MCS, Medical Outcomes 36-Item Short Form (SF-36) mental component summary; PCS, SF-36 physical component summary.

aMixed-effect models with repeated measures and analysis of variance F tests used. Covariates including age, sex, educational level, premorbid IQ, marital status, and baseline

measure adjusted.

Degrees of freedom for between-participant and within-participant analyses are (1,162) and (2,162), respectively. The first degree of freedom in parentheses refers to that for effect
(between groups or between times) and the second to that for the error term.
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ferential effect of exercise on ADAS-
Cog scores according to APOE €4 car-
rier status, with the change in ADAS-
Cog scores across the course of the study
for APOE €4 noncarriers in the physical
activity group being significantly better
than scores of individuals in the other
groups combined (F,=8.73; P=.004).
The ADAS-Cog scores among APOE €4
noncarriers in the physical activity group
differed from APOE €4 carriers and non-
carriers in the usual care control group

PHYSICAL ACTIVITY AND COGNITIVE FUNCTION

(F1=4.59;P=.04and F,=5.011; P=.03, re-
spectively). There were no other signifi-
cant between-participant differences.

COMMENT

To our knowledge, this trial is the first
to demonstrate that exercise improves
cognitive function in older adults with
subjective and objective mild cognitive
impairment. The benefits of physical ac-
tivity were apparent after 6 months and
persisted for at least another 12 months

after the intervention had been discontin-
ued. The average improvement of 0.69
points on the ADAS-Cog score compared
with the usual care control group at 18
monthsis small but potentially important
when one considers the relatively mod-
estamount of physical activity undertaken
by participants in the study.

The study intervention resulted in 142
minutes more physical activity per week
or 20 minutes per day than with usual
care. Unlike medication, which was

]
Table 3. Effects of the Intervention and Time on Cognitive Outcomes, Mood, and Quality of Life of Participants With Mild Cognitive

Impairment Only (Intention-to-Treat Method

Using Multiply Imputed Data)?

P Value ANCOVA
Mean Difference From Baseline (95% CI) for Repeated Measures®
I 1 I 1
Exercise Group Control Group Between Within
Measure, mo (n=48) (n=52) Participants Participants
Total ADAS- Cog score
6 —0.87 (-1.83 t0 0.08) 1.29(0.20t0 2.39) 7]
12 -0.39 (-1.39 t0 0.61) 0.02 (-0.79 t0 0.83) .02 45
18 —-0.38 (-1.39 to 0.63) 0.45 (-0.46 to 1.36) _|
Word list total immediate recall
6 0.77 (0.15t0 1.39) 0.25 (-0.26t0 0.76) 7]
12 0.75(0.11 t0 1.39) —0.46 (-0.9 to —0.01) 15 .39
18 0.92 (0.45 to0 1.38) -0.22 (-0.64 t0 0.21) _|
Word list delayed recall
6 1.83(0.89t0 2.78) 1.46 (0.57 10 2.34) 7]
12 1.48 (0.30 to 2.66) 1.55 (0.57 to 2.53) .48 .55
18 1.4 (0.41 to 2.39) 1.42 (0.4810 2.37) _|
Digit symbol coding total
6 2.06 (-0.04 to 4.17) 2.23(0.63 10 3.84) 7]
12 3.10 (1.01 t0 5.19) 3.48 (1.70t0 5.27) .50 22
18 3.43 (1.57 t0 5.29) 2.23(0.20 to 4.26) _|
Verbal fluency total score
0.25(-0.35t0 1.5) 1.18(0.14 10 1.87) 7]
12 0.75(0.08 to 1.77) 2.45 (1.47 t0 3.19) 77 73
18 -0.33 (-1.03 to 0.70) 2.66 (1.24 to 3.66) _|
CDR sum of boxes
6 -0.24 (-0.47 to 0.00) 0.00 (-0.22 t0 0.24) 7]
12 -0.33 (-0.53 to —-0.08) 0.01 (-0.20 t0 0.27) 19 22
18 -0.41 (-0.62 to —0.25) -0.17 (-0.47 to -0.02) _|
BDI score
6 -0.73 (-1.78 t0 0.32) —0.29 (-1.48 10 0.90) 7]
12 -0.40 (-1.67 t0 0.87) -0.06 (-1.21 t0 1.08) .59 .34
18 -0.22 (-1.67 to 1.24) -0.09 (-1.38 t0 1.20) _|
PCS score
6 -3.47 (-5.89 to —1.04) -5.43 (-7.64 to -3.21) ]
12 -4.94 (-6.75 to -3.14) —2.99 (-5.04 to —0.93) .56 .70
18 -3.97 (-6.76 to —1.19) -3.49 (-5.85t0 -1.12) _|
MCS score
6 4.80 (2.46t0 7.13) 4.77 (2.38t0 7.15) 7]
12 6.31 (4.03 to 8.58) 3.86 (1.65 to 6.06) .88 .89
18 3.94 (0.61 to 7.26) 3.10 (0.06 to 6.14) _|

Abbreviations: ADAS-Cog, Alzheimer Disease Assessment Scale-Cognitive Subscale; ANCOVA, analysis of covariance; BDI, Beck Depression Inventory; CDR, Clinical Dementia
Rating; CI, confidence interval; MCS, Medical Outcomes 36-Item Short-Form (SF-36) mental component summary; PCS, SF-36 physical component summary.

@Mixed effect models with repeated measures and analysis of variance F tests used. Covariates including age, sex, educational level, premorbid IQ, marital status, and baseline
measure adjusted.
Degrees of freedom for between-participant and within-participant analyses are (1,92) and (2,92), respectively. The first degree of freedom in parentheses refers to that for effect
(between groups or between times) and the second to that for the error term.
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found to have no significant effect on
mild cognitive impairment at 36
months,* physical activity has the ad-
vantage of health benefits that are not
confined to cognitive function alone, as
suggested by findings on depression,*
quality of life,* falls,** cardiovascular
function,” and disability.*

In our study, participants in the in-
tervention group improved 1.3 points

on the ADAS-Cog relative to the usual
care control group after 6 months. This
result compares favorably with the re-
ported improvement of 0.5 points as-
sociated with the use of donepezil.* Im-
portantly, the beneficial effects of
physical activity were sustained, al-
beit attenuated, during the 18-month
follow-up period (mean difference of
0.69 points on the ADAS-Cog) vs the

nonsignificant difference of 0.2 points
associated with the use of donepezil
at 18 months.* Importantly, the ADAS-
Cog results remained largely un-
changed when only people meeting cri-
teria for the diagnosis of mild cognitive
impairment were included in the analy-
ses, suggesting that our sampling strat-
egy cannot explain our findings (ie, they
were not due to the inclusion of people

]
Table 4. Effects of the Intervention and Time on Cognitive Outcomes, Mood, and Quality of Life of Participants Who Completed All

Assessments (Complete-Case Analysis)?

Mean Difference From Baseline (95% CI)

P Value (Degree of Freedom)
ANCOVA for
Repeated Measures®?

Exercise Group Control Group Between Within
Measure, mo (n =69) (n=69) Participants Participants
Total ADAS-Cog score®
6 ~0.50 (-1.26 to 0.26) 0.79 (0.03 t0 1.55) ]|
12 -0.49 (-1.24 10 0.26) 0.41 (-0.21 to 1.03) .009 (1, 127) .25 (2,127)
18 -0.61(-1.341t00.12) 0.5 (-0.14 to 1.14) _|
Word list total immediate recall®
1.12 (0.40 to 1.83) 0.58 (-0.15t0 1.30) ]
12 1.28 (0.37 t0 2.18) 0.91 (0.16 to 1.65) .09 (1,127) 51(2,127)
18 1.65 (0.90 to 2.39) 1.18 (0.42 to 1.93) _|
Word list delayed recall®
0.51 (0.05 to 0.97) 0.42 (0.02 10 0.82) ]
12 0.60 (0.15 to 1.05) -0.27 (-0.77 10 0.23) 01 (1,127) 45 (2, 127)
18 0.88(0.51 to 1.25) 0.00 (-0.38 t0 0.38) _|
Digit symbol coding totald
6 2.06 (0.48 to 3.64) 3.86 (2.32 10 5.40) ]|
12 2.81(1.15t0 4.47) 4.29 (2.64 t0 5.94) 43(1,126) 77 (2, 126)
18 3.62 (1.91 t0 5.33) 3.38 (1.60 t0 5.15) _|
Verbal fluency total score®
6 2.31(0.29 to 4.33) 0.42 (-1.09to 1.93) 7]
12 3.00 (1.26 to 4.74) 0.78 (-0.95 to 2.51) 07 (1,127) 88 (2, 127)
18 2.54 (0.48 to 4.60) 0.99 (-1.39 10 3.37) _|
CDR sum of boxes?
6 —-0.25 (-0.43 to -0.07) 0.04 (-0.12 t0 0.20) ]
12 —-0.26 (-0.43 to —-0.09) —-0.05(-0.22 10 0.12) .003 (1, 126) .64 (2, 126)
18 -0.36 (-0.50 to —0.22) -0.19 (-0.36 to -0.02) _|
BDI scored
-0.88 (-1.79 t0 0.03) -0.40 (-1.3210 0.52) ]|
12 -0.74 (-1.66 10 0.18) -0.14 (-1.1010 0.82) .35(1, 126) 77 (2, 126)
18 -0.40 (-1.551t0 0.75) -0.27 (-1.27 10 0.73) _|
PCS score®
6 —4.05 (-5.91t0 —2.19) -4.13(-5.89 10 —2.37) ]
12 —4.29 (-6.02 to —2.56) -3.83 (-6.02 to —1.64) 75 (1, 125) .08 (2, 125)
18 -4.83 (-7.10 to —2.56) ~4.30 (-6.17 to —2.43) _|
MCS score®
6 5.44 (3.51 to 7.37) 414 (2.42 10 5.86) ]
12 6.20 (4.49 to 7.91) 3.21 (1.20 10 5.22) .08 (1, 125) 37 (2, 125)
18 4.67 (2.07 to 7.27) 2.90 (0.71 t0 5.09) _|

Abbreviations: ADAS-Cog, Alzheimer Disease Assessment Scale-Cognitive Subscale; ANCOVA, analysis of variance; BDI, Beck Depression Inventory; CDR, Clinical Dementia
Rating; Cl, confidence interval; MCS, Medical Outcomes 36-Item Short Form (SF-36) mental component summary; PCS, SF-36 physical component summary.

2Repeated measures ANCOVA analysis and analysis of variance F tests used. Covariates including age, sex, education level, premorbid IQ, marital status, and baseline measure ad-
justed. The number of completed cases may vary according to the end point because of missing data.

DThe first degree of freedom in parentheses refers to that for effect (between groups or between times) and the second to that for the error term.

CData were available for 68 participants in the exercise group and 67 in the control group.

dData were available for 68 participants in the exercise group and for 66 in the control group.

€Data were available for 66 participants in the exercise group and 67 in the control group.
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- __________________________________________________________________________________________]
Table 5. Effects of the Intervention on Objective Measures of Physical Activity Relative to Baseline (Intention-to-Treat Analysis Using Multiply
Imputed Data)?

P Value ANCOVA
Mean Difference From Baseline (95% Cl) for Repeated Measures®
I 10 1
Exercise Group Control Group Between Within
(n = 85) (n=85) Participants Participants

Measure, mo
Total steps per week
6

5207.48 (5613.51 to 9208.46) —4024.91 (-8760.7 to 302.14) 7

12 8947.74 (3787.37 to 14529) -564.08 (-5735.65 to 3599.74) .009 .78
18 3290.70 (-1231.22 to 7999.36) —2989.68 (-8739.04 to 2161.33) _|

All moderate-intensity-plus activities®
6 95.55 (23.59 to 167.51) —46.57 (-110.59 to 17.45) 7]
12 —9.79 (-66.89 to 47.32) —61.71 (-134.45t0 11.03) .09 .02
18 —6.68 (—68.27 to 54.9) —48.58 (-118.39 t0 21.23) _|

All moderate-intensity-related activities
6

173.44 (76.48 to 270.41)

-80.16 (-165.23 10 4.92) 7]

12

31.60 (-55.09 to 118.29)

-107.17 (-196.72 to -17.63) 12 .02

18

53.06 (—36.28 to 142.39)

—-129.89 (-224.56 to -35.22) _|

Energy expended in all moderate-plus activities, kcal
6

419.48 (86.26 to 752.69)

—98.09 (-413.82 t0 217.64) 7]

12

57.39 (—206.55 to 321.33)

—145.36 (-456.64 to 165.92) 12 .05

18

39.39 (—255.61 to 334.39)

—-47.01 (-324.39 to 230.36) _|

Abbreviation: ANCOVA, analysis of covariance; Cl, confidence interval.
2Mixed effect models with repeated measures and ANOVA F tests used. Covariates including age, sex, education level, premorbid IQ, marital status, and baseline measure adjusted.
bDegrees of freedom for between-participant and within-participant analyses are (1,162) and (2,162), respectively. The first degree of freedom in parentheses refers to that for effect
(between groups or between times) and the second to that for the error term.
CMinutes per week of all activities that were moderate, hard, and very hard.

with subjective memory complaints but
no objective cognitive impairment).
The mechanisms by which physical
activity improves cognition in older
people at increased risk of dementia are
not clear. One possible mechanism is an
alteration in cerebral vascular function-
ing and brain perfusion. Studies involv-
ing animal models have shown that
physical activity can stimulate angiogen-
esis, brain perfusion and neurovascular
integrity within 3 to 4 weeks.* Another
possible mechanism is environment en-
richment associated with greater physi-
cal activity.* Basic research has shown
that enriched environments are activity-
prone*®*” and contribute to enhanced
brain plasticity via synaptogenesis, neu-
rogenesis, and attenuation of neural re-
sponses to stress.*®* For example, Uda
et al* compared the hippocampus of
control adult rats with rats that ran on a
treadmill for 30-minute a day for 7 days.
Active rats had more astrocytes and neu-
roblasts with proliferative ability in the
subgranular zone of the dentate gyrus of
the hippocampus, as well as increased
number of neurons in transient stage
than control rats. The authors specu-
lated that the observed changes were as-

©2008 American Medical Association. All rights reserved.

]
Table 6. Adverse Events and Discontinuation of Intervention During Active (First 24 Weeks)

or After Active (24 Weeks to 18 Months) Period

Intervention Intervention
Control Group During Group After
Group Active Phase Active Phase
Total adverse events reported 2 3 5
Cardiovascular problem 1 1a 2
Stroke or transient ischemic attack 1 0 1d
Inoperable lung cancer 0 1b 0
Foot pain and gout 0 1¢ 0
Disorientation episodes 0 0 1
Shoulder operation needing 8-wk recovery 0 0 1d

aThis event (myocardial infarction) took place before the intervention commenced.
b Diagnosed during intervention active phase, illness resulted in loss to 6-month follow-up data (participant died shortly

after).

CPreexisting gout and foot pain led to temporary interruption in intervention.

dThese 2 events occurred in the same participant.

sociated with increased production of fi-
broblast growth factor 2 in the active rats.
Likewise, Kronenberg et al*® demon-
strated in a mouse model that volun-
tary wheel running induced neurogen-
esis in older animals. They suggested that
this effect was partly mediated by N-
methyl-D-asparte receptors, a shift in cor-
ticoid receptor expression in the hippo-
campus, and activation of insulinlike
growth factor 1, vascular endothelial
growth factor, brain-derived neuro-
trophic factor, and endorphins.

In humans, Colcombe et al** demon-
strated that physical activity is associ-
ated with increased blood perfusion of
brain regions that modulate attention.
Twenty-nine high-functioning older
adults were randomly assigned to either
aerobic activity or stretching and ton-
ing activity. The aim of the aerobic ex-
ercise group was to improve cardiores-
piratory fitness, whereas the stretching
and toning group served as a control
group. Participants in both groups met
3 times a week for 40 to 45 minutes. Af-
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]
Table 7. Demographic and Clinical Characteristics of Participants at Baseline Who Completed and Dropped Out of the Trial?

Exercise Group

Control Group

Completers Dropouts P Completers Dropouts P
Variable (n =69) (n =16) Value (n =69) (n=16) Value
Women, No. (%) 31 (44.9) 1(68.7) .09 32 (46. 4) 12 (75.0) .04
Age, mean (SD), y 68.7 (8.7) 67 9(9.1) .73 68.4 (9.0 69.9 (6.2) .55
Total education, mean (SD), y 12.1 (8.2 3( 6) .83 6( 12. 7( 8) .90
Married, No. (%)P 48 (69.6) 0 (62.5) .58 48 (69. 6) 3(81.2) .35
Assessment score, mean (SD)
BDI total 3(3.7) 3 (2.3 A7 3.9(2.7) 0 (3.3 .38
Predicted full 1Q 115.1 (5.2) 115 9(4.2) .56 116.5 (5.8) 114.4 (5.8) 18
Total ADAS-Cog 1(1.7) 8(1.8) .79 7.4 (4.0 11.2(3.5) .001
PCS 492(8 9) 454(11 1) 15 49.6 (8.0) 48.2 (11.4) 55
MCS 48 5(7.0) 47.6 (7.5) .63 48.4 (5.1) 46.9 (6.8) .33
Reached target of 70000, steps/wk, No. (%) 6 (23.2) 5(31.2) .51 22 (31.9) 4 (25.0) .59
Steps for the wk NSA adjusted, mean (SD) 54 454. 5 (32105.3) 59498.8 (28326.7) 58  59195.1 (25884.4) 49007.3 (27619.2) .17
Moderate intensity plus activities at baseline, 294.6 (304.2) 182.8 (257.6) 18 371.1 (338.6) 258.7 (222.2) .21

mean (SD), min/wk

Abbreviations: ADAS-Cog, Alzheimer Disease Assessment Scale—Cognitive Subscale; MCS, Medical Outcomes 36-Item Short Form (SF-36) mental component summary; nonstep
physical activity NSA, PCS, SF-36 physical component summary.
2The number of completed cases may vary according to the end point because of missing data.

PDe facto included in married group.

ter 6 months, participants in the aero-
bic exercise group showed a signifi-
cantly greater task-related activity in
attentional control areas, such as the
middle frontal gyrus, the superior fron-
tal gyrus, and the superior parietal lob-
ule.”® The authors suggested that the in-
creased activity was due to physical
activity stimulated synaptogenesis, in-
creased blood supply, and unspecified
cholinergic effects.

Clinical evidence suggests that physi-
cal activity increases well-being, as dem-
onstrated by a meta-analysis of 36 physi-
cal activity studies of older adults.” The
results of our trial failed to show a sig-
nificant effect of physical activity on
mood and quality of life, which sug-
gests that improved well-being is un-
likely to have confounded our results.

The observed interaction between
physical activity and APOE €4 genotype
is of interest, albeit post hoc. APOE €4
carriers show metabolic and structural
changes in brain areas known to be af-
fected in people with AD well before the
development of clinically manifest cog-
nitive impairment.”! Therefore, it is pos-
sible that the cognitive benefits associ-
ated with physical activity in this trial
were attenuated by preexisting or ongo-
ing deleterious effects of APOE €4.

This trial has limitations. The study
sample was relatively young and may not

1036 JAMA, September 3, 2008—Vol 300, No. 9 (Reprinted)

represent well the population at high-
est risk of cognitive decline. In addi-
tion, this was a single-site trial of moti-
vated volunteers from the community
who were free of significant medical mor-
bidities and dementia and, conse-
quently, the results may not be readily
transferable to a clinical population. In
addition, the study had no access to brain
imaging or biochemistry, so that the po-
tential physiological mechanisms medi-
ating the relationship between physical
activity and cognitive function could not
be identified. The neuropsychological
battery used to assess participants was
limited to a general measure of cogni-
tive function (ADAS-Cog), verbal
memory and fluency, and digit-symbol
substitution. As a result, we were un-
able to determine whether specific cog-
nitive skills are more amenable to the
changes associated with physical activ-
ity than others. Furthermore, the effect
size of the intervention was small and,
while it supports the concept that physi-
cal activity can reduce the rate of cogni-
tive decline, the clinical significance of
our findings remains to be established.
Finally, the results of this trial cannot be
used to infer that physical activity re-
duces the risk of dementia among at-
risk older adults, because the study was
not powered to investigate develop-
ment of dementia.

An important merit of this trial was
to demonstrate the potential benefit of
asimple intervention that is almost uni-
versally available. The intervention was
based on the stages of change model
that has been shown to be effective in
increasing and maintaining physical ac-
tivity in older adults.”” Strategies used
included individually tailored pro-
grams, giving feedback about progress,
and increasing participants’ perceived
benefits of being more physically ac-
tive. The program was safe and had
good adherence.

In summary, the results of this ran-
domized trial indicate that a physical ac-
tivity program of an additional 142 min-
utes of exercise per week on average
modestly improved cognition relative to
controls in older adults with subjective
and objective memory impairment.
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