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OBJECTIVES: To investigate the effectiveness of an exer-
cise program in improving ability to perform activities of
daily living (ADLs), physical performance, and nutritional
status and decreasing behavioral disturbance and depres-
sion in patients with Alzheimer’s disease (AD).

DESIGN: Randomized, controlled trial.

SETTING: Five nursing homes.

PARTICIPANTS: One hundred thirty-four ambulatory pa-
tients with mild to severe AD.

INTERVENTION: Collective exercise program (1 hour,
twice weekly of walk, strength, balance, and flexibility
training) or routine medical care for 12 months.

MEASUREMENTS: ADLs were assessed using the Katz
Index of ADLs. Physical performance was evaluated using
6-meter walking speed, the get-up-and-go test, and the one-
leg-balance test. Behavioral disturbance, depression, and
nutritional status were evaluated using the Neuropsychiat-
ric Inventory, the Montgomery and Asberg Depression
Rating Scale, and the Mini-Nutritional Assessment. For
each outcome measure, the mean change from baseline to
12 months was calculated using intention-to-treat analysis.

RESULTS: ADL mean change from baseline score for ex-
ercise program patients showed a slower decline than in
patients receiving routine medical care (12-month mean
treatment differences: ADL 5 0.39, P 5.02). A significant
difference between the groups in favor of the exercise pro-
gram was observed for 6-meter walking speed at 12
months. No effect was observed for behavioral disturb-
ance, depression, or nutritional assessment scores. In the
intervention group, adherence to the program sessions in
exploratory analysis predicted change in ability to perform
ADLs. No adverse effects of exercise occurred.

CONCLUSION: A simple exercise program, 1 hour twice
a week, led to significantly slower decline in ADL score in
patients with AD living in a nursing home than routine
medical care. J Am Geriatr Soc 55:158–165, 2007.
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Alzheimer’s disease (AD) results in a progressive deteri-
oration in the ability to perform activities of daily liv-

ing (ADLs).1 During the last decade, considerable effort has
been applied to develop therapeutic agents to slow the
gradual impairment in cognitive function that comes with
AD. Slowing the loss of ability to perform ADLs has re-
ceived less attention. The loss of ADLs is a key determinant
of a patient’s quality of life,2 institutionalization,3 risk of
death,4 and burden for the caregiver and the community.5

Benefits of nonpharmacological approaches in the
management of people with AD have been highlighted,6,7

but randomized, controlled trials are scarce. Interventions,
such as an exercise program, have been shown to improve
function even in frail nursing home residents8 and may yield
an important and potent protective factor against ADL de-
cline. Moreover, an exercise program may yield benefits in
the management of falls,9 malnutrition,10 behavioral dis-
turbances,11 and depression12Fkey problems for people
with AD. Exercise programs may be all the more relevant
for people with AD living in nursing homes, because they
spend a protracted period in the nursing home,13 with a
high rate of functional decline;14 they are frequently phys-
ically inactive;15 and long-term exercise programs are easier
to organize in institutions than in the community. To the
authors’ knowledge, the effect of an exercise program on
the ability of people with AD to perform ADLs has not
previously been studied. The effectiveness of an exercise
program in nursing homes could lead to altered standards
of care for institutionalized people with AD.

The aim of this study was to determine whether an ex-
ercise program would reduce ADL decline in people with AD
living in nursing homes over a 12-month period in a
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randomized, controlled trial. It was also hypothesized that
an exercise program could improve physical performance
and nutritional status and reduce psychological disturbance.

METHODS

Study Design

This study was a 12-month multicenter, randomized,
controlled, single-blind study of parallel groups of ambu-
latory subjects with AD living in five nursing homes in
Toulouse, France. Written consent was obtained from
patients and caregivers or legal guardians. The institution-
al review boards of the nursing homes involved approved
the study.

After a screening visit and informed consent, subjects
were randomly assigned to the exercise program or to rou-
tine medical care (Figure 1). Staff not involved in interven-
tion or assessment performed separate randomization at
each site by lottery draw. Subjects, rather than nursing
homes, were randomized to intervention to avoid con-
founding effects of the setting area. A single geriatrician
(AK) who was blinded to the intervention assignment
measured outcomes at baseline, 6 months, and 12 months
on different days from the intervention.

Study Participants

All resident charts were first screened for diagnosis of AD or
a Mini-Mental State Examination (MMSE) score of less

than 25.16 A trained geriatrician (AK) then confirmed the
diagnosis of AD for all subjects. In case of doubt, a second
opinion was obtained. To be eligible for inclusion, subjects
were required to met the National Institute of Neurological
and Communicative Diseases and Stroke/Alzheimer Dis-
ease and Related Disorders Association criteria17 for prob-
able or possible AD, to have lived in the nursing home for at
least 2 months, and to be able to transfer from a chair and
walk at least 6 meters without human assistance. Subjects
were excluded if there was evidence of vascular dementia or
Parkinson’s disease, planned transfer from the nursing
home for surgery in the year to come, a cardiac condition
that might deteriorate during exercise, or diagnosis of a
terminal illness with a life expectancy of less than 6 months.
Enrollment lasted 2 weeks.

Of a total population of 429 nursing home residents,
242 met study criteria. Informed consent was obtained for
134 residents (33, 43, 32, 10, and 16 in each nursing home).

Physical Exercise Program

The same occupational therapist conducted all exercise
sessions. Each exercise group consisted of two to seven
subjects (mean 5.2) selected according to their baseline
physical performance scores, MMSE score, and behavior
disturbances and affinity between participants. Changes in
exercise group composition occurred during the year de-
pending on acute events such as illness, behavioral disturb-
ance, or changes in physical performance.

Assessed for eligibility 
n = 429 

Randomized
n = 134 

Not meeting inclusion criteria (n = 187) 
Refused to participate (n = 65) 
Unable to obtain informed consent  (n = 43) 

67 allocated to receive
the 12 months exercise program

67 allocated to receive
the 12 months routine medical care 

60 assessed at 6 months 
Lost to follow-up (n = 0) 
Discontinued (n = 7) 

- Change of institution (n = 2) 
- Died (n = 5)

57 assessed at 6 months 
Lost to follow-up (n = 0) 
Discontinued (n = 10)

- Change of institution (n = 5) 
- Died (n = 5)

56 assessed at 12 months 
Lost to follow-up (n = 0) 
Discontinued (n = 4) 

- Change of institution (n = 1) 
- Refused to continue (n = 1)
- Dead (n = 2)

54 assessed at 12 months 
Lost to follow-up (n = 0) 
Discontinued (n = 3) 

- Dead (n = 3)

Included in primary analysis (n = 67)Included in primary analysis (n = 67)
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Figure 1. Progress of the participants through the 12-month exercise program. �Refused by the resident. wFrom the caregiver or the
legal guardian.
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To enhance adherence to the exercise program and
based on previous experience,18 exercises began at light in-
tensity and gradually increased over the first month of the
intervention. Exercises were individualized, based on the
participants’ behavioral readiness for the proposed pro-
gram. Music accompanied the sessions.19

The exercise program consisted of one session of 1 hour
during the afternoon, twice a week, separated by at least 2
days (except during vacation or absence of the occupational
therapist). Between February 2004 and February 2005, a
total of 88 sessions were proposed to each participant.

The exercise program included aerobic, strength, flexi-
bility, and balance training. It was based on previous ex-
perience18 and interventions described by others20,21 for
frail and cognitively impaired subjects.

During enrollment in each nursing home, an inside cir-
cular walking trail was created and adapted for each ex-
ercise group. This trail went past the room of each exerciser
to enhance adherence to the session. Participants were
grouped on the course and encouraged by the occupational
therapist. The same trail was used during the 12 months to
ritualize the session and encourage confidence.

Walking was required for at least half of the session.
After stretching warm-up, subjects were encouraged to
walk fast to reach moderate breathlessness but not exhaus-
tion. The session was interspersed with strength, flexibility,
and balance training at predetermined stations along the
trail where guardrails in the corridor or foam rubber
ground sheets could be used for safety.

Strength training was adapted to the participant and
focused on lower extremity strength.22 Exercises included
squatting at different levels (or repeated stand ups from a
chair), lateral elevation of the legs in a standing position,
and rising on the toes. Participants were asked to imitate
simple flexibility exercises demonstrated by the occupa-
tional therapist. Balance training consisted of small step
trial exercises using cones and hoops on the ground
and one- or two-leg balance exercises on the ground or on
foam-rubber ground sheets.

Control Group

Participants assigned to the control group received routine
medical care. This group had no exercise or specific behav-
ior management training. The study design stipulated no
restriction in nursing, physiotherapy, medical care, advice,
or any other healthcare support.

Primary Outcome Measure

The primary effectiveness outcome was decline from base-
line in Katz ADL score23 of exercise participants compared
with decline in ADL score of the control group at 12 months
of follow-up. The Katz Index of ADLs23 was used to ad-
dress the question of whether exercise may prevent the
worsening of disabilities in nursing home residents suffering
from AD. This scale is robust, sensitive to change over time,
and appropriate in evaluating a clinically meaningful effect
of the intervention. Each item (eating, transferring from bed
to chair, walking, using the toilet, bathing, and dressing)
was scored from 0 to 1 (0 5 unable to perform the activity
without complete help, 0.5 5 able to perform the activity

with little help, 1 5 able to perform the activity without any
help). The scoring system gave a score range from 0 to 6.

Secondary Outcome Measures

The secondary effectiveness outcomes included ADL score
at 6 months, measures of physical performance, nutritional
status, behavioral disturbance, and depression.

Physical performance was assessed using 6-meter walk-
ing speed,24 get-up-and-go test,25 and one-leg balance
test.26 In a population with AD, the intraclass correlation
coefficient for the time to walk 25 feet, a test similar to the
6-meter walk test, ranged from 0.57 to 0.97.24 The get-up-
and-go test24 and the one-leg balance test26 have been
widely used in frail older people. The get-up-and-go test is a
global, subjective validated assessment tool of how a person
rises from a standard armchair, walks to a wall 3 meters
away, turns, walks back, and sits down again. The score
ranged from 1 to 5 (1 5 no instability to 5 5 very abnor-
mal). The one-leg balance test was abnormal when the time
was less then 5 seconds.26 The better of two tasks was used
for the analysis.

Nutritional status was evaluated using body weight
and the Mini-Nutritional Assessment (MNA). This scale
has been widely used in cognitively impaired subjects.27

Sensitivity and specificity of the MNA to predict elderly
patients with adequate nutritional status (MNA�24.0),
protein-calorie malnutrition (MNA o17.0), or risk of mal-
nutrition (MNA 23.5–17.0) have been shown to be 96%
and 98%, respectively.28

Behavior disturbances were evaluated using the Neu-
ropsychiatric Inventory (NPI).29 Patients with a total NPI
score greater than 11 points arising from at least three do-
mains were considered to have marked neuropsychiatric
symptoms.30

Depression was evaluated using the Montgomery-As-
berg Depression Rating Scale (MADRS), a validated, reli-
able tool for detecting depression in a AD population.31

This scale has been shown to be sensitive to change in
demented patients.32 Patients with a score of 18 or higher
were considered to be depressed.

Other Variables

Baseline age, sex, current medication (number of medica-
tion and use of cholinesterase inhibitors and psychotropic
treatments (anxiolytics, neuroleptics, serotonin reuptake
inhibitors, and other antidepressants)), and visual and hear-
ing impairment (assessor’s subjective assessment from
1 5 good to 5 5 blind or deaf, respectively) were recorded.
Patients with a score of 3 or higher were considered to have
visual or hearing impairment. The MMSE16 was used to
quantify dementia severity. Comorbid disease, history of
past surgery or trauma, and depression were recorded from
the medical records.

Adverse events, falls, fractures, hospitalization, and
death were recorded daily for the whole cohort during the
12 months in a register completed by the occupational
therapist and the nursing home staff. Malaise and syncope
during the sessions and reason for withdrawal from an ex-
ercise session (acute disease, disagreement or unwillingness
to continue, behavioral disorders, increased disability in
ADLs, or other) were recorded. Adherence to treatment was
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recorded as the proportion of actual treatment to intended
treatment.

Statistical Methodology

The power calculations were computed based on expected
changes in ADLs. With 134 participants, this study was
designed to have greater than 80% power to detect a rela-
tive improvement of 0.5 points or more in total ADL score
at 12 months in the exercise program group than in the
routine medical care group (with a two-sided type I error
rate of 0.05).

At baseline, mean covariate values between the exercise
program and the routine medical care groups were com-
pared using t, nonparametric Kruskal-Wallis, chi-square,
and Fisher exact tests.

Based on the study design, a priori analyses were per-
formed to assess differences in ADL scores based on ran-
domization group. Outcome analysis was performed using
the intention-to-treat population principle. An analysis of
variance model was used for estimating exercise program
effects. (The independent variables were exercise program
group or routine medical care group and baseline ADL
score.) ADL scores at 6 and 12 months were regressed on
groups, controlling for the baseline value of that factor.
Baseline values were carried forward for patients missing
the 6-month or 12-month test.

The same analyses were performed for the secondary
outcomes, and nonparametric Kruskal-Wallis tests were
conducted on the change scores. Comparison of the 6-
month and 12-month changes in the exercise group and
routine medical care was performed.

Multiple logistic regression analyses used the 6-month
and 12-month measurement and time, controlling for the
baseline value of the outcome. No data were missing from
the three observations for any participants who completed
the study.

Additional exploratory analyses were performed ac-
cording to adherence to the exercise program. These anal-
yses were conducted to examine associations between
adherence to exercise and change in ADL score. First, the
Spearman correlation between the number of sessions of
exercise completed during the 12 months and change in
ADLs was examined. Second, participants with high ad-
herence (4two thirds of the exercise session for the overall
study duration) were compared with participants with in-
termediate (one third to two thirds) or low (40 to one
third) adherence. Adjustment for confounding baseline
characteristics was made.

Analyses were interpreted at the two-sided significance
level of .05. Statistical analyses were computed using Stata
6.0 (Stata Corporation, College Station, TX).

RESULTS

Demographic and Baseline Scores

The mean age � standard deviation of the participants was
83 � 7.4 (range 62–103). Participants were predominantly
female (75.3%). Subjects had a mean MMSE score of
8.8 � 6.6 (mild to severe AD) and a mean ADL score of
3.1 � 1.3 (Table 1). There were no significant differences in

baseline characteristics between the exercise program group
and the routine medical care group except for comorbidity.

Rates and Reasons for Dropouts

One hundred ten (82.1%) participants completed the study.
Reasons for attrition are reported in Figure 1. In partici-
pants who completed the study, there were no significant
group differences in baseline characteristics. The number of
patients discontinuing was not significantly different be-
tween the groups (Fisher exact test, P 5.26). Kruskal-Wallis
and chi-square tests indicated that participants who did not
complete the study (n 5 24) did not differ from other par-
ticipants (n 5 110) on any of the baseline variables (except
for sex (12/24 men, P 5.001)). There were no statistically
significant differences in male/female dropout in terms of
age; comorbidities; or MMSE, ADL, MNA, and NPI scores.
Participants who did not complete the study (n 5 24) did
not differ from other participants (n 5 110) on intervention
assignment. Deaths were related to the comorbidities, and
none of the deaths were directly or indirectly attributable to
an adverse effect of the exercise program. Financial concern
(2 in the control group), dissatisfaction of the patients’
relatives (1 in each group), and relatives moving to different
area of France (2 in each group) motivated change of in-
stitution. One resident in the exercise program group with-
drew his consent without specific reason.

Adherence to the Exercise Program

Thirteen (19.4%) patients had high adherence (4two-
thirds of the sessions,460 sessions) to the exercise pro-
gram, 19 (28.4%) had intermediate adherence (one-third to
two-thirds of the sessions, 30–60 sessions), 28 (41.8%) had
low adherence (oone-third of the sessions, o30 sessions),
and seven (10.4%) performed none of the exercise sessions.
Of the 56 exercisers who completed the study, mean ad-
herence was 33.2 � 25.5% of the 88 sessions. The reasons
for nonadherence of the null or low- or intermediate-ad-
herence groups were acute disease (15%), disagreement
or unwillingness to continue (35%), behavior disorders
(40%), increased disability in ADLs (5%), and others (5%)
(reasons may be several).

Intention-to-Treat Outcome Analysis

Primary Effectiveness Assessment

ADL score at baseline, 6 months, and 12 months in the two
groups are presented in Table 2. At 6 and 12 months, ADL
scores declined significantly in both groups (Po.001 for
both times and groups). At 12 months, mean ADL score
reduction was significantly lower (P 5.02) in exercisers
than in the routine medical care group (no significance at 6
months, P 5.30). Mean change in ADL score from baseline
to 12 months indicated that exercise program group pa-
tients declined approximately one-third as much as the
routine medical care patients (0.6 � 1.2 vs 0.9 � 1.1,
P 5.02). The treatment did not appear to affect any of the
six ADL items significantly, analyzed one by one.

Secondary Effectiveness Assessment

Secondary outcome variables are presented in Table 2.
There were no significant differences at baseline for phys-
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ical performance measures; body weight; or MNA, NPI, or
MADRS score between the two groups.

Prespecified analyses demonstrated significant im-
provement in walking speed in the exercise program
group at 6 months (Po.001) and 12 months (P 5.006)
and in the routine medical care group at 12 months
(P 5.04). In regression analysis, mean walking speed
improvement was significantly higher in exercisers than in
the routine medical care group at 6 months (P 5.01) and
12 months (P 5.002). During the intervention period, none
of the other physical performance measures significantly

changed, and no differences were found between the groups
(Table 2).

In regression analysis, no significant differences were
noted for mean MNA, NPI, and MADRS scores between
the two groups at 6 months and 12 months (Table 2). Cat-
egorical analysis of MNA scores demonstrated a similar
distribution of the patients between the two groups at
baseline, 6 months, and 12 months.

Nonparametric Kruskal-Wallis tests were conducted on
the pretrial change scores to verify distribution assump-
tions. Results were similar.

Table 1. Characteristics of the Population at Baseline

Characteristic Exercise Group (n 5 67) Routine Medical Care (n 5 67)

Age, mean � SD 82.8 � 7.8 83.1 � 7.0
Sex, n (%)

Male 19 (28.3) 14 (20.9)
Female 48 (71.7) 53 (79.1)

Activity of daily living score, mean � SD� 3.2 � 1.3 3.1 � 1.3
Eating 0.7 � 0.2 0.6 � 0.2
Continence 0.3 � 0.3 0.3 � 0.4
Walking 1 1
Using the toilet 0.6 � 0.3 0.6 � 0.2
Bathing 0.2 � 0.2 0.2 � 0.2
Dressing 0.2 � 0.3 0.3 � 0.3

Mini-Mental State Examination score, mean � SD 9.7 � 6.8 7.9 � 6.4
Medication use

Medication, n, mean � SDw 5.4 � 2.3 4.8 � 2.1
Psychotropic, n, mean � SDz 1.9 � 1.3 1.8 � 1.1
Acetylcholinesterase inhibitor, n (%) 18 (26.9) 14 (20.9)

Comorbidities, n (%)§

1 9 (13.4) 16 (23.9)
2 21 (31.3) 15 (22.4)
�3 26 (38.9) 12 (17.9)

Past depression, n (%) 13 (19.4) 19 (28.4)
Past surgery, n (%) 37 (55.2) 33 (49.3)
Past fracture, n (%)

All 22 (32.8) 20 (29.9)
Hip fracture 12 (17.9) 10 (14.9)

Hearing impairment, n (%) 27 (40.3) 26 (38.8)
Visual impairment, n (%) 10 (14.9) 7 (10.5)
Walk speed, m/s, mean � SD 0.33 � 0.14 0.33 � 0.14
Get-up-and-go test score, mean � SD 2.7 � 0.8 2.7 � 0.8
Abnormal one-leg balance test score, n (%) 61 (91.0) 62 (92.5)
Weight, kg, mean � SD 62.4 � 16.2 60.6 � 12.7
Mini-Nutritional Assessment score, mean � SD 22.2 � 3.1 21.8 � 2.6
�24.0, n (%) 32 (47.7) 20 (29.9)
23.5–17.0, n (%) 31 (46.3) 45 (67.1)
o17.0, n (%) 4 (6.0) 2 (3.0)

NPI total score, mean � SD 10.7 � 6.9 11.4 � 7.7
Patients with marked neuropsychiatric symptoms, n (%)k 18 (26.9) 25 (37.3)
MADRS total score, mean � SD 11.9 � 6.1 12.3 � 6.0
Depressed patients, n (%)z 10 (14.9) 16 (23.9)

Note: All groups comparisons P4.05 except for comorbidity�3, P 5.04.
�0 5 dependent, 6 5 independent.
wTotal number of medications minus psychotropics and acetylcholinesterase inhibitors.
z Including anxiolytics, neuroleptics, serotonin reuptake inhibitors, and other antidepressants.
§Hypertension, diabetes mellitus, dyslipidemia, chronic obstructive pulmonary disease, coronary heart disease, peripheral vascular disease, cancer, and depression.
kPatients with Neuropsychiatric Inventory (NPI) score411.
zMontgomery-Asberg Depression Rating Scale (MADRS) score�18.
SD 5 standard deviation.
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Safety

There were no significant group differences during the 12
months between the exercise program group and the rou-
tine medical care group in observed total number of falls
(139 vs 136), fractures (5 vs 2), or deaths (7 vs 8). The mean
number of hospitalizations per patient was significantly
higher in the exercise program group at 6 months and 12
months (0.3 � 0.8 vs 0.2 � 0.6, P 5.04, and 0.6 � 1.3 vs
0.2 � 0.6, P 5.04, respectively). No malaise or syncope
was noted during the exercise sessions. During the study
period, five falls occurred during the exercise session. One
of them caused a wound of the scalp.

Additional Analysis

The proportion of patients with marked neuropsychiatric
symptoms or depression did not change significantly during
the interventional period in either group.

In exploratory analyses, the dose–response result on
ADL score was further investigated in the intervention
group. Increasing number of sessions completed was sig-
nificantly correlated with less deterioration in ability to
perform ADLs (correlation coefficient 5 0.37, P 5.005)
(Figure 2). There were no significant differences in base-
line characteristics between participants with high, low, and
intermediate adherence (data not shown). At 12 months,
ADL score declined, although not significantly, in the pa-
tients with high adherence. ADL scores of participants with

low or intermediate adherence declined significantly
(Po.001).

DISCUSSION

This study provides evidence that a moderate exercise pro-
gram conducted twice a week significantly slows, by ap-
proximately one-third, the progressive deterioration in
ability to perform ADLs in people with AD living in nursing
homes. With a treatment difference of 0.39 points (about a
6.7% benefit relative to the control group) at the study end

Table 2. Significant Outcomes

Outcome

6 Months

P-valuew

12 Months

P-valuez
Exercise
Group

Routine
Medical Care

Exercise
Group

Routine
Medical Care

(n 5 60) (n 5 57) .43 (n 5 56) (n 5 54) .65
Activity of daily living disability, mean � SD� 2.7 � 1.4 2.6 � 1.5 .51 2.6 � 1.5 2.2 � 1.5 .02
Physical performance

Walk speed, m/s, mean � SD 0.41 � 0.17 0.37 � 0.17 .01 0.41 � 0.16 0.36 � 0.19 .002
Get-up-and-go test, mean � SD 3.0 � 1.1 3.0 � 1.0 .68 3.1 � 1.1 3.2 � 1.2 .31
Abnormal one-leg balance test, n (%) 57 (95.0) 53 (93.0) .47 53 (94.6) 51 (98.1) .34

Nutritional status
Weight, kg, mean � SD 61.5 (16.4) 58.9 (11.8) .45 61.9 (15.7) 59.5 (12.5) .51
Mini-Nutritional Assessment score,
mean � SD

21.6 � 3.5 21.0 � 3.7 .26 20.7 � 3.4 20.4 � 4.7 .16

�24.0, n (%) 25 (41.7) 22 (38.6) .94 17 (30.4) 17 (31.5) .79
23.5–17.0, n (%) 27 (45.0) 27 (47.4) 31 (55.4) 27 (50.0)
o17.0, n (%) 8 (13.3) 8 (14.0) 8 (14.3) 10 (18.5)

Behavioral disturbances and depression
NPI total score, mean � SD 8.2 � 8.0 9.2 � 8.3 .47 8.3 � 8.9 8.9 � 10.4 .78
Patients with marked neuropsychiatric
symptoms, n (%)§

9 (15) 15 (26.3) .18 12 (21.4) 11 (20.4) .82

MADRS-Total, mean � SD 11.5 � 6.6 13.3 � 6.3 .10 13.4 � 8.0 14.8 � 7.2 .20
Depressed patients, n (%)z 13 (21.6) 16 (28.1) .45 15 (26.8) 20 (37.0) .37

�0 5 dependent, 6 5 independent.
wComparison of the 6-month changes between exercise group and routine medical care.
zComparison of the 12-month changes between exercise group and routine medical care.
§ Neuropsychiatric Inventory (NPI) score411.
zMontgomery-Asberg Depression Rating Scale (MADRS) score�18.
SD 5 standard deviation.

−2

−3

−4

−5

−6

0

1

2

3

4

0 20 40 60 80 100

C
ha

ng
e 

in
 A

D
L

 f
ro

m
 b

as
el

in
e 

to
 1

2 
m

on
th

s

Number of sessions completed

−1

r = 0.34; P = .005 

Figure 2. Spearman correlation (r) between number of sessions
completed and change in activity of daily living (ADL) score
from baseline to 12 months in the exercise program group
(n 5 56).
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point, this ADL change corresponds to a small but clinically
meaningful benefit of the exercise program. This interven-
tion was associated with improvement in mean walking
speed but had no significant effect on nutritional status,
behavioral disturbance, or depression measures. The exer-
cise program was safe.

Nonpharmacological randomized, controlled trials
with patients with AD are scarce.6,7,33 Lack of compliance
and difficulty with measurements have led the majority of
studies on exercise to exclude people with AD, but the cur-
rent study suggests that nursing home residents with AD
could be a relevant target population for exercise programs.
Recently, combined interventions including physical activ-
ity have led to better physical health, lower depression, or
better functional mobility in an AD population living in the
community20 or nursing home.33 None investigated the ef-
fect on basic ADLs. Moreover, although other studies have
found that exercise intervention in nursing home residents
improved physical performance, few have especially inves-
tigated the population with AD.34,35 Additionally, most
nursing home studies were short-term interventions36,37

and involved an intensive intervention staff to maximize
exercise participation.36 This more-intensive approach may
be more effective but may not be practical in some nursing
home settings in the long term. The aim of the current study
was to deliver a long-term intervention in a manner trans-
latable to the usual nursing home setting. Thus, these results
have broad practical implications. The societal costs of
AD are mainly determined by nursing home costs.38 The
cost-effectiveness of this intervention has not been evalu-
ated, but it is likely that it exceeded the cost of the decline in
the ADL score.

Although intention-to-treat analyses were performed
to preserve the baseline comparability between treatment
groups achieved by randomization, several methodological
aspects of the study require comment. First, it cannot be
excluded that the ADL changes resulted from an interaction
between the occupational therapist and the patients in the
exercise program group; the lack of a behavior-interven-
tion-only comparison group prevents this study from
determining the specific effect of exercise versus the non-
exercise intervention. However, the significant improve-
ment in walking speed suggested a direct link between the
exercise program and the disability measures. In addition,
the controls were not truly a ‘‘nontreatment’’ group, be-
cause they received routine medical care. Although none of
the nursing homes previously organized an exercise session,
because usual care was well done in these nursing homes,
that may explain walking speed improvement even in the
control group. Moreover, exercisers had more baseline
comorbidities and were more frequently hospitalized.
Therefore, it is likely that the size of the effect of the
exercise program on the change in ADL score might have
been less than in a group with fewer baseline comorbidities.

The intervention had no significant effect on nutrition-
al status, behavioral disturbance, or depression measures.
Previous nonpharmacological studies have suggested that
exercise programs may reduce symptoms of depression in
people with AD17 and behavioral disturbances.34 The re-
sults of the current study suggested that a more-targeted
approach to behavioral disturbance or nutrition may be
necessary.

Whether offering more exercise sessions would have
led to better results warrants further investigation, although
additional sessions may result in lower adherence. Adher-
ence was already relatively low in this study but was similar
to the adherence rate reported in a nursing home training
program.37 Exercise adherence was a significant predictor
of change in ADL score, and ADL scores of participants
with high adherence did not decrease significantly during
the intervention period. This result may be due to the fact
that subjects with the slowest decline in function were able
to adhere to exercise rather than that high adherence to
exercise caused a slower decline in function. These results
also suggest that the program was sufficient to maintain
ability. Future work should focus on efforts to improve ad-
herence.

ADL abilities are a key determinant of the quality of life
of people with AD2 and of the cost of caring for them.5 The
findings of the current study demonstrate that an exercise
session twice a week can slow the deterioration in ability to
perform ADLs in people with AD living in nursing homes.
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