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OBJECTIVES: To investigate the effects of a high-intensity
functional exercise program on independence in activities
of daily living (ADLs) and balance in older people with
dementia and whether exercise effects differed between
dementia types.

DESIGN: Cluster-randomized controlled
Dementia and Exercise (UMDEX) study.

SETTING: Residential care facilities, Umea, Sweden.
PARTICIPANTS: Individuals aged 65 and older with a

dementia diagnosis, a Mini-Mental State Examination
score of 10 or greater, and dependence in ADLs
(N = 186).

INTERVENTION: Ninety-three participants each were
allocated to the high-intensity functional exercise program,
comprising lower limb strength and balance exercises, and
93 to a seated control activity.

MEASUREMENTS: Blinded assessors measured ADL
independence using the Functional Independence Measure
(FIM) and Barthel Index (BI) and balance using the Berg
Balance Scale (BBS) at baseline and 4 (directly after inter-
vention completion) and 7 months.

RESULTS: Linear mixed models showed no between-group
effect on ADL independence at 4 (FIM=1.3, 95% confidence
interval (Cl)=—1.6-4.3; BI=0.6, 95% Cl=—0.2-1.4) or 7
(FIM=0.8, 95% Cl=—2.2-3.8; BI=0.6, 95% Cl=—0.3-1.4)
months. A significant between-group effect on balance
favoring exercise was observed at 4 months (BBS=4.2, 95%
CI=1.8-6.6). In interaction analyses, exercise effects dif-
fered significantly between dementia types. Positive
between-group exercise effects were found in participants
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with non-Alzheimer’s dementia according to the FIM at
7 months and BI and BBS at 4 and 7 months.

CONCLUSION: In older people with mild to moderate
dementia living in residential care facilities, a 4-month
high-intensity functional exercise program appears to slow
decline in ADL independence and improve balance, albeit

only in participants with non-Alzheimer’s dementia. ] Am
Geriatr Soc 64:55-64, 2016.
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According to the World Health Organization, dementia
is the leading cause of dependence in activities of daily
living (ADLs) in older people and should be considered a
public health priority.! In addition to cognitive decline,
dementia is associated with impaired balance; this associa-
tion may differ according to the type and severity of
dementia.>* The ability to maintain balance in a variety
of positions is associated with falls, physical activity, and
the ability to independently perform ADLs.>® The need
for assistance in ADLs affects quality of life and the bur-
den of care.™”1° Thus, postponement of decline in inde-
pendence in ADLs in older people with dementia is of
importance for individuals and society.

In older people without dementia, physical exercise
has been shown to improve aspects of physical function
such as muscle strength, gait, and balance, as well as cog-
nition and ADL dependence.'’™® For optimal improve-
ment in physical function, exercise should be performed at
high intensity, close to the individual’s maximal capac-
ity,"'>1* and be task specific (involving the target skill or
components thereof).'>~!? Task specificity may be particu-
larly important in people with Alzheimer’s disease because
of concomitant difficulty in motor skill transfer (ability to
use acquired skills in new contexts).>%*!
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Notwithstanding challenges to exercise that older
adults with dementia frequently face, including cognitive
and physical impairments, behavioral symptoms, depres-
sive symptoms, and other comorbidities, promising evi-
dence suggests that exercise can benefit independence in
ADLs,**** but the majority of previous studies have been
conducted with individuals with Alzheimer’s disease. Less
is known about the effects of exercise in individuals with
other types of dementia, and no study has explored differ-
ences in exercise effects between those with Alzheimer’s
disease and other dementia types.*>** Furthermore, large
studies of high methodological quality in this popula-
tion,>>?%2%2¢ with designs incorporating attention control
groups®? are needed. To explore the effects of exercise as a
single intervention, the additional attention that the inter-
vention group receives may need to be matched in the con-
trol group,”’ because attention may have an important
effect on results in this population, which is characterized
generally by limited social interaction.?®°

In older adults living in residential care facilities, a
large proportion of whom have dementia, physical exercise
appears to achieve gains in balance and reduce decline in
independence.*® In the randomized controlled Frail Older
People—Activity and Nutrition Study in Umea (FOPANU),
a high-intensity functional exercise program led to
improvements in balance that were not moderated by
dementia,®">* as well as encouraging effects on ADL inde-
pendence in subgroup analyses of people with dementia.>?
Nevertheless, the effects of this type of exercise per se need
to be explored in randomized controlled trials including
only individuals with dementia. With the hypothesis that a
high-intensity exercise program would improve balance
and therefore defer the expected decline in independence
in ADLs, the primary aim of this study was to investigate
the effects of exercise on independence in ADLs in persons
with dementia living in residential care. Secondary aims
were to investigate the effects of the intervention on bal-
ance and to determine whether the effects of exercise dif-
fered according to dementia type or level of cognitive
impairment.

METHODS

The Umea Dementia and Exercise Study (UMDEX), a
cluster-randomized controlled trial, was conducted in
Umea, Sweden. The study protocol (ISRCTN31767087) is
published on the ISRCTN registry website (http://www.is
rctn.com).

Setting and Participants

Eight hundred sixty-four residents of 16 residential care
facilities screened by physical therapists and physicians
were eligible for inclusion. The facilities comprised nine
nursing home units and 10 units for special care of demen-
tia, both with private rooms and staff on hand, as well as
seven units with private apartments, access to dining facili-
ties, alarms, and on-site nursing and care. Inclusion criteria
were dementia diagnosis according to the Diagnostics and
Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM-IV-TR) criteria,>* aged 65 and older,
dependence on assistance in one or more personal ADLs

according to the Katz Index,*® ability to stand up from a
chair with armrests with assistance from no more than one
person, Mini-Mental State Examination (MMSE) score of
10 or greater,?® approval from a physician, and ability to
hear and understand spoken Swedish sufficiently to partici-
pate in assessments. All individuals included in the study
provided informed oral consent to participate, which their
next of kin confirmed. Age (P =.19) and MMSE score
(P =.71) did not differ between participants included in
the study and those who declined participation (n = 55;
Figure 1). A larger proportion of men (34%) than women
(18%) declined participation (P = .008). Ethical approval
was obtained from the regional ethics review board of
Umea in August 2011 (2011-205-31M).

Randomization

Randomization was performed after completion of the
enrollment process and baseline assessment to ensure con-
cealed allocation, thereby avoiding selection bias. To
reduce contamination, 36 clusters of three to eight partici-
pants each who were inhabitants of the same wing, unit,
or floor were formed. Randomization was stratified to
ensure that participants of both groups lived in each facil-
ity, reducing the risk that associated factors would influ-
ence the outcome. Two researchers not involved in the
study performed randomization by drawing lots using
sealed opaque envelopes; allocation to clusters was per-
formed first, followed by allocation to the intervention and
attention control groups.

Intervention

Activities were conducted at the facilities with groups of
three to eight participants. The exercise activities were
supervised by two physical therapists and control activities
by one occupational therapist or occupational therapy
assistant, all experienced in working with people with cog-
nitive impairment. Following recommendations for general
older populations, five exercise sessions lasting approxi-
mately 45 minutes each were held per 2-week period.'"-!?
Although most previous interventions have had durations
of up to 3 months,'! the length of the current intervention
was 4 months (40 sessions in total) to augment the effects
of exercise, considering that people with dementia face dif-
ficulties in motor skill learning. When possible, supervised
individual sessions were offered when participants were
unable to attend a group session. Participation in activities
other than those that the study provided was not
restricted.

Exercise

The exercise intervention was based on the high-intensity
functional exercise (HIFE) program (described in detail
elsewhere and available from the authors),>”>*® which aims
to improve lower limb strength, balance, and mobility. It
comprises 39 exercises performed in functional, weight-
bearing positions; similar to those used in everyday situa-
tions, such as rising from a chair, stepping up, trunk rota-
tion while standing, and walking. Exercises were selected
depending on individuals’ degrees of functional deficit. All
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Screened for eligibility (n= 864) in residential care facilities (n=16)

Excluded (n=678)
Inclusion criteria not met (n=532)
<65 years (n=16)
Independent in ADLs (n=24)
Help to stand > 1 person (n=243)
Severely impaired hearing (n=3)
Not fluent in Swedish (n=1)

MMSE < 10 (n=156)

No dementia diagnosis (n=71)

Medical consent declined (n=18)
Not present at care facility (n=12)
Declined MMSE (n=74)
Declined participation (n=55)
Deceased before allocation (n=5)

Individuals randomised (n=186) in clusters (n=36)

#

#

Allocated to Exercise group (n=93)
Clusters (n=18)
Mean, SD/cluster (n=5.2, 1.2)

Allocated to Control group (n=93)
Clusters (n=18)
Mean, SD/cluster (n=5.2, 1.1)

&

!

Assessed at 4 months (n=83)
Deceased (n=8)
Move to own home (n=1)
Medical consent withdrawn (n=1)

Assessed at 4 months (n=88)
Deceased (n=4)
Hospitalised (n=1)"

l

J

Assessed at 7 months (n=79)
Deceased (n=4)

Assessed at 7 months (n=79)
Deceased (n=9)
Move to Hospice (n=1)

l

i

Included in primary analyses (n=93)

Included in primary analyses (n=93)

*Returned for last follow-up

Figure 1. Flow of participants through the study. Recruitment and baseline assessment were performed in August and September
2011, interventions were implemented between October 2011 and February 2012, first follow-up assessments were performed in
March—April 2012, and last follow-up assessments were performed in May and June 2012. ADLs = activities of daily living;

MMSE = Mini-Mental State Examination; SD=standard deviation.

participants were supervised individually to promote the
highest possible exercise intensity while ensuring their
safety. By definition, high-intensity strength exercises were
performed at 8- to 12-repetition maximum (RM), thus
exercises were progressed when participants were able to
exceed 12 repetitions.>”>* The load was increased by, for
example, stepping higher, rising from a lower chair, or
adding weights to a belt worn around the waist (maximum
12 kg). High-intensity balance exercises aimed to fully
challenge postural stability (performed at or near the limit
of maintaining an upright position).>”*® Progression was
achieved by, for example, narrowing the base of support or
altering the surface. Participants wore belts with handles so
that physical therapists could provide support when postu-
ral stability was threatened, thereby preventing falls. Partici-
pants were encouraged to exercise at moderate intensity
(13-15 RM) in the first 2 weeks. Exercises and intensity

were adapted throughout the intervention to meet partici-
pants’ levels of cognition, behavioral and psychological
symptoms of dementia, and changes in health and functional
status. Activity leaders were encouraged to obtain updates
on participants’ health status before the activity and were
able to contact physicians or nurses when necessary.

Control

The occupational therapists and occupational therapy
assistant who took part in the study developed the control
activity program. Each session was structured around
topics believed to be of interest to older people with
dementia, such as wildlife and current seasons and holi-
days. While sitting together in a group, participants con-
versed, sang, listened to music or readings, and looked at
pictures and objects associated with the topic.
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Measurements

Outcome Measures and Blinding

Physical therapists blinded to allocation and previous test
results interviewed care staff familiar with participants’
need for assistance in ADLs and assessed balance at base-
line and 4 and 7 months. All testers took part in theoreti-
cal and practical group training in assessments before
commencement of the baseline measurement phase. The
same tester conducted baseline and consecutive follow-up
assessments, except on a few occasions (for primary out-
come, n = 9), when assessment by another tester was nec-
essary to preserve blindness. The study hypothesis was not
disclosed to participants, their relatives, or staff.

Dependence in ADLs was assessed using the motor
domain of the Functional Independence Measure (FIM)
and the Barthel Index of ADLs. The FIM has been shown
to be valid in people with dementia,*® with good test—ret-
est and interrater reliability across a variety of disability
levels and medical conditions.*"*** The motor domain of
the FIM comprises 13 items rated on a scale ranging from
total assistance (1) to complete independence (7), with a
total possible summed score of 91. The 10-item Barthel
Index (0-20) is a well-established, valid measure of func-
tional independence.*? Interrater reliability has been found
to be fair to very good in people with impaired function.**
The items cover personal care and mobility, with higher
scores reflecting greater independence.*

Balance was measured using the Berg Balance Scale
(BBS). Participants’ ability to maintain an upright posture
during 14 functional activities (e.g., sitting, rising from a
seated position, transfer between two chairs, reaching while
standing) was rated on a scale ranging from 0 to 4, with
higher scores reflecting greater balance. Given that the abil-
ity to perform functional activities is multifaceted, the BBS
also reflects aspects other than balance, such as lower limb
strength. The BBS is a valid, reliable instrument for the mea-
surement of function and evaluation of group effects of
interventions in older people living in residential care facili-
ties, including people with cognitive impairment.*®*”

Baseline and Descriptive Measurements

Physical therapists and physicians performed measure-
ments, including gait speed over 4.0 m,” the Mini Nutri-
tional Assessment,*® the first question of the Medical
Outcomes Study 36 item Short-Form Health Survey, and
the 15-item Geriatric Depression Scale.*” Nurses at the
facilities collected blood samples, which were analyzed
using standardized methods at the University Hospital of
Umea. Physicians used electronic records of participants’
past medical histories, which included brain imaging in
most cases, current pharmaceutical treatment, and assess-
ment results, to record dementia type, depressive disorders,
and delirium diagnoses. A specialist in geriatric medicine
(YG) reviewed and confirmed these diagnoses according to
DSM-IV-TR criteria.>

Adberence, Exercise Intensity, and Adverse Events

At the end of each session, activity leaders completed a
structured protocol for each participant pertaining to

adverse events and intensity achieved in the exercise group.
According to a predefined scale,*® intensity in strength and
balance exercises was estimated as high, moderate, or low.
Any discomfort brought on or worsened during an activity
session was recorded as an adverse event. Two specialists
in geriatric medicine (YG, PN) and one physical therapist
(HL or ER) rated the severity of each event, first indepen-
dently and then through consensus.*® A specialist in geri-
atric medicine (YG) assessed possible associations between
study participation and any death that occurred from the
start of the intervention until 1 month after the final fol-
low-up.

Statistical Analysis

Sample size was calculated based on results from the
FOPANU Study in Umed,*® considering a between-group
effect of 1.1 points on the Barthel Index and an intraclus-
ter correlation of 0.02. A sample size of 183 participants
was required to verify significant intervention effects at a
statistical power of 80% at 4-month follow-up, a two-
sided significance level of 0.05, and a presumed dropout
rate of 10%.

An a priori strategy for selection of adjusting variables
was formulated. Significant imbalances between groups®’
and associations (correlation coefficient >0.3) with changes
in outcome measures at 4 and 7 months’' were analyzed
for all baseline variables listed in Table 1, selected a priori
as possible confounders, using the Student #-test or the
Pearson chi-square test, and Pearson correlation coefficients
were calculated. No variable was found to be associated
with change in outcome measures above the predefined
level. The antidepressant variable differed between groups
(P = .04) and was adjusted for in analyses.

In agreement with the intention-to-treat principle,
available data for each participant were analyzed accord-
ing to original allocation and regardless of level of atten-
dance. Longitudinal changes in outcome measures from
baseline to 4 and 7 months were analyzed using linear
mixed-effects models, with interaction terms for activity
and time point and adjustment for age, sex, and antide-
pressant use as fixed effects and individual and cluster allo-
cation as random effects. Baseline measurements were
included in the outcome variable to avoid loss of data.
The least square mean within-group difference was esti-
mated from these models.

Prespecified subgroup analyses according to dementia
type and cognitive level were performed by adding inter-
action terms to adjusted models. Dementia type was
dichotomized as Alzheimer’s versus other (non-Alzhei-
mer’s) dementia, in part because most previous trials
investigating effects on ADLs have included only individ-
uals with Alzheimer’s disease, and further by indication
of the directional effect in unadjusted within-group
analyses of non-Alzheimer’s dementia types. Level of
cognitive impairment was dichotomized based on the
median MMSE score of 15. The difference in effect
between the exercise and attention control groups in
each subgroup was further investigated using Student
t-tests and least square mean changes from baseline,
with fewer degrees of freedom to obtain conservative
P-values.
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Effect size was estimated for each outcome measure and
according to dementia type. It was calculated by dividing
the between-group difference in change in linear mixed-
effect models by the unadjusted pooled standard deviation
of the difference between post- and preintervention values.

The influence of outliers was explored in sensitivity
analyses. Adjusted analyses were repeated after the
removal of extreme values, defined as more than three
times the interquartile range.

All analyses were performed using SPSS version 21.0
(IBM Corp., Armonk, NY) and R version 3.0.1 (R Core
Team, Vienna, Austria). All statistical tests were two tailed,
and P < .05 was considered to be statistically significant.

RESULTS

Baseline Characteristics

One hundred eighty-six participants (141 women, 45
men), 67 (36%) of whom had Alzheimer’s disease, were
included in the study (Table 1). Non-Alzheimer’s dementia
types (n =119 [64%]) included vascular, mixed Alzhei-
mer’s and vascular, frontotemporal, Lewy body, and
Parkinson dementia. Ninety-eight (82%) participants with
non-Alzheimer’s dementia had vascular dementia, alone or
in combination with other dementia types. Participants
with non-Alzheimer’s dementia had better cognitive func-
tion and were more likely to have medical conditions such
as stroke, heart failure, and hip fracture than those with
Alzheimer’s disease.

Attrition and Adherence

The attrition rate was 8% at 4 months and 16% at
7 months (Figure 1). Over the 4-month intervention per-
iod, adherence to the exercise activity was 73% and to the
control activity was 70%. Strength exercises were per-
formed at moderate or high intensity at a median of 76%
of attended sessions, and balance exercises were performed
at high intensity at a median of 75% of attended sessions.

Outcomes

Independence in ADLs deteriorated in both groups, with
no significant between-group difference at 4 or 7 months
(Table 2, Figure 2A, B). At 4 months, balance had
improved in the exercise group and declined in the atten-
tion control group; at 7 months, balance had declined in
both groups. The difference between groups was signifi-
cant at 4, but not at 7, months (Table 2, Figure 2C).
Effect sizes ranged from —0.003 to 0.52 (Figure 2A-C).

In interaction analyses, the effect of exercise was sig-
nificant in favor of participants with non-Alzheimer’s
dementia (vs those with Alzheimer’s disease) at 4 and
7 months according to BBS scores (4 months: 5.3, 95%
confidence interval (CI) = 0.4-10.2; 7 months: 6.6, 95%
CI = 1.4-11.7) but only at 7 months according to FIM
and Barthel Index scores (FIM = 7.3, 95% CI = 1.1-13.5;
Barthel Index = 2.3, 95% CI = 0.6-4.1; Table 3). The
examination of between-group exercise effects in subgroup
analyses revealed significant positive effects in participants
with non-Alzheimer’s dementia according to the FIM at

7 months (Figure 2D) and the Barthel Index (Figure 2E)
and BBS (Figure 2F) at 4 and 7 months. FIM and BBS
scores reflected negative effects in participants with Alzhei-
mer’s disease at 7 months (Figure 2D and E). Effect sizes
ranged from —0.34 to 0.89 (Figure 2D-F).

In interaction analyses according to cognitive level,
exercise effects benefited participants with higher cognitive
levels more than those with lower cognitive levels accord-
ing to BBS score at 7 months (5.3, 95% CI = 0.3-10.4;
Table S1). Analysis of between-group effects revealed a
negative effect in participants with lower cognitive func-
tion at 7 months (Figure S1C). Interaction analyses accord-
ing to FIM and Barthel Index scores did not differ
significantly between participants with better and worse
cognitive function (Table S1).

Sensitivity Analyses

In repeated adjusted analyses after removal of extreme
outliers (n = 1-4), intervention effects on ADLs and bal-
ance in the total sample remained essentially the same.
Subgroup analyses showed no negative effect of exercise in
participants with Alzheimer’s disease or those with lower
cognitive levels.

Adverse Events

All reported adverse events related to exercise sessions
were minor or temporary. In the case of one participant’s
death, an indirect association with exercise could not be
excluded with complete certainty; the individual fell ill
1 day after participation in an exercise session and later
died from causes attributed to circulatory failure and gen-
eral atherosclerosis.

DISCUSSION

The effects of a 4-month high-intensity functional exercise
program differed between participants living in residential
care facilities with Alzheimer’s disease and those with
other types of dementia. In participants with non-Alzhei-
mer’s dementia, the exercise program appeared to post-
pone decline in ability to perform ADLs and improve
balance at 4 and 7 months. No such effect was evident in
participants with Alzheimer’s disease. The effects of exer-
cise differed according to cognitive level only in terms of
balance at 7 months, in favor of participants with better
cognitive function.

The two largest randomized controlled trials evaluat-
ing the effects of exercise on ADLs in people with demen-
tia have had positive results.** 5> Both studies included
only people with Alzheimer’s disease, and control groups
received usual care. The first study, set in nursing homes,
found an effect only at 12 months but not at 6 months,*?
suggesting that intervention length is important for
achievement of effects in this population and that the 4-
month intervention in the present study was too short.
Similarly, in the second study, which investigated effects of
exercise in community-dwelling older adults, positive
effects were evident at 6 and 12 months but not at
3 months.”* Nevertheless, neither study included an atten-
tion control group, limiting the ability to draw conclusive
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Table 2. Within- and Between-Group Differences from Baseline in the Functional Independence Measure (FIM),
Barthel Index of Activities of Daily Living, and Berg Balance Scale (BBS)

Within-Group Difference

Between-Group Difference

Exercise, Mean Control, Mean Mean (95% Confidence P- Intracluster Correlation

Measure N (SE)® N (SE)® Interval) Value Coefficient?
FIM

4 months 83 -3.10 (1.07) 88 —4.44 (1.04) 1.34 (—1.56-4.25) .36 0.04

7 months 79 —6.77 (1.09) 79 —7.55 (1.08) 0.78 (—2.21-3.77) .61
Barthel Index

4 months 83 —0.79 (0.31) 88 —1.39 (0.30) 0.60 (—0.24-1.44) .16 0.05

7 months 79 —1.56 (0.32) 79 —2.12 (0.32) 0.57 (—0.30-1.43) .20
BBS

4 months 81 2.39 (0.88) 86 —1.82 (0.86) 420 (1.79-6.61) <.001 0.07

7 months 74 —2.08 (0.91) 75 —2.05 (0.90) —0.02 (—2.53-2.49) .98

*Based on proportion of variation explained by cluster.

PFrom linear mixed-effects models of the complete sample (N = 186) adjusted for age, sex, and antidepressant use.

SE = standard error.
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Figure 2. Changes in Functional Independence Measure, Barthel Index of activities of daily living (ADLs), and Berg Balance Scale
(A-C) and according to dementia type (D-F). Values are least square means of changes from baseline, with 95% confidence
intervals, from linear mixed-effects models of the complete sample (n = 186) adjusted for age, sex, and antidepressant use. Non-
AD dementia included vascular dementia, mixed Alzheimer’s disease (AD) and vascular dementia, and all other types of non-Alz-

heimer’s dementia. ES = effect size.

inferences regarding exercise effects per se on ADLs and
comparisons with the current results in the whole sample
and the subgroup of people with Alzheimer’s disease.
Functional exercise improved the balance of older peo-
ple with dementia living in residential care facilities. This
result is in accordance with those of previous studies of
older populations with various dementia types and compa-
rable cognitive levels in similar settings,*> 3% although
the current study results suggest that the improvement in
balance and attenuation of decline in ADL independence
were exclusive to participants with non-Alzheimer’s demen-
tia. The loss of ability to perform ADLs may be due to
impaired cognition, but also impaired physical function,
and clinical symptoms typical of certain dementia types may
influence responses to exercise programs. The absence of a
positive exercise response on any outcome measure in par-

ticipants with Alzheimer’s disease may reflect difficulties in
motor learning.?%*1%¢ Less is known about motor skill
learning in people with non-Alzheimer’s dementia types,
such as vascular dementia, but memory impairment is often
less pronounced in people with vascular dementia than in
those with Alzheimer’s disease,”” which could indicate
greater ability to learn and transfer learned skills. In addi-
tion, baseline differences between subtypes may explain the
difference in exercise effects between participants with Alz-
heimer’s disease and those with other dementia types; for
example, participants with non-Alzheimer’s dementia had
better cognitive function than did those with Alzheimer’s
disease. The larger effect of exercise on balance seen in par-
ticipants with higher cognitive function reinforces the poten-
tial moderating effect of cognitive function. Furthermore,
considering that 82% of participants with non-Alzheimer’s
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Table 3. Within-Group Differences from Baseline in the Functional Independence Measure (FIM), Barthel Index of
Activities of Daily Living, and Berg Balance Scale (BBS), and Differences in Exercise Effect According to Dementia
Type

Within-Group Difference Interaction®

Measure N Exercise, Mean (SE)? N Control, Mean (SE)° Mean (95% Confidence Interval) P-Value
FIM
4 months
AD 30 —2.97 (1.77) 33 —3.67 (1.69) 1.04 (—4.98-7.04) 74
Non-AD 53 —3.18 (1.33) 55 —4.91 (1.30)
7 months
AD 29 -9.14 (1.79) 29 -5.33 (1.77) 7.28 (1.10-13.47) .02
Non-AD 50 —5.40 (1.36) 50 —8.86 (1.35)
Barthel Index
4 months
AD 30 —1.01 (0.51) 33 —0.85 (0.49) 1.21 (—0.53-2.95) a7
Non-AD 513 —0.66 (0.39) 56 —1.71 (0.38)
7 months
AD 29 —2.13 (0.52) 29 —1.22 (0.52) 2.34 (0.55-4.13) .01
Non-AD 50 —1.23 (0.40) 50 —2.65 (0.39)
BBS
4 months
AD 30 —0.44 (1.44) 33 —1.34 (1.38) 5.26 (0.35-10.18) .04
Non-AD 51 4.02 (1.10) 53 —2.14 (1.08)
7 months
AD 27 —5.33 (1.49) 27 —1.15 (1.48) 6.57 (1.4-11.73) .01
Non-AD 47 —0.21 (1.13) 48 —2.59 (1.12)

? Difference in exercise effect between participants with Alzheimer’s disease (AD) and those with non-AD dementia. A positive mean value indicates a

greater effect in favor of participants with non-AD dementia.

b From linear mixed effects models of the complete sample (n = 186) adjusted for age, sex, and antidepressant use as fixed effects.

SE = standard error; non-AD = vascular dementia, mixed AD and vascular dementia, and all other types of dementia.

dementia had dementia of vascular origin or dementia with
a vascular component, the exercise intervention may have
affected vascular risk factors.

The results of this study support the notion that
dementia should not be considered a single disease entity
but rather constitutes separate disorders with clinical
symptoms that may require different strategies to opti-
mize symptom management.’® The observation of larger
effects on balance than on independence in ADLs is
consistent with findings from previous studies of older
adults with poor cognitive function living in residential
care facilities.?'*33%3%55 Dependence in ADLs is multi-
factorial, with various compositions and causes that may
not be equally predisposed to change. For example,
although better balance may improve ADL performance,
the improvement may influence activities such as feeding
and bladder control less. In addition, the application of
better balance to reduce the level of assistance required
in ADLs relies on the responsiveness of care staff, and
routines and time constraints may limit it. Furthermore,
the observed effects of exercise on FIM (3.5 points) and
on Barthel Index (1.4 points), which corresponds to
effects sizes of 0.36 and 0.50, respectively, in partici-
pants with non-Alzheimer’s dementia should be consid-
ered to be clinically meaningful. A 1-point difference on
the Barthel Index, a scale described as rather crude, can
reflect meaningful change in an individual’s level of inde-
pendence. A 1-point improvement in FIM score has been

related to timesaving in the care of older adults with
stroke.*»>?

The use of an attention control group to explore exer-
cise effects per se is a strength of this study. The use of a
structured exercise program, together with the quantifica-
tion of exercise intensity, improves the potential to replicate
the results of this study clinically or for research pur-
poses.”>2¢ The application of inclusion criteria that allowed
recruitment of a study population with diverse functional
ability, comorbidities, and age improved generalizability.
This study has some limitations. In keeping with the inten-
tion-to-treat principle, applied to reduce selection bias, the
statistical method was chosen to allow inclusion of all avail-
able measurements from all participants in analyses, but
two participants were inadvertently excluded from follow-
up assessments because one participant relocated home for
an extended period of the intervention, and the physician of
another participant withdrew medical approval to partici-
pate in exercise. Sensitivity analyses revealed extreme values
for some participants, which influenced the results to some
degree; these outliers principally affected the negative
effects of exercise in Alzheimer’s disease and poorer cogni-
tive function, but because these participants were part of
this population, results from analyses of the complete sam-
ple are likely to be most accurate. Subgroup analyses may
have had limited power, and their results should be inter-
preted with caution.

CONCLUSION

In older adults with mild to moderate dementia living
in residential care facilities, a 4-month high-intensity
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functional exercise program appeared to defer loss of inde-
pendence in ADLs and improve balance, albeit only in par-
ticipants with non-Alzheimer’s dementia. In participants
with Alzheimer’s disease, the intervention seems to have
had no such effect. Further research is required to confirm
differences in exercise effects between dementia types and
to explore possible explanations for these findings, such as
the effect of cognitive function.

ACKNOWLEDGMENTS

We would like to thank Mia Conradsson, PT, and Beatrice
Pettersson, PT, for their efforts in data collection and
implementation of the exercise program; Gunbritt Lindahl,
OT assistant, Elisabet Nilsson, OT, and Caroline Ollman,
OT, for their efforts in the development and implementa-
tion of the control activity program; and Gustaf Bostrom,
MD, Carl Hornsten, MD, Lena Molander, MD, and Elli-
nor Nordin, PT, for their efforts in data collection. We
also would like to express our sincere gratitude to the
Social Authorities of the Municipality of Umea, care staff,
and participants for their cooperation.

This research was funded by the Swedish Research
Council (K2009-69P-21298-01-4, K2009-69X-21299-
01-1, K2009-69P-21298-04-4, K2014-99X-22610-01—
6), Forte—Swedish Research Council for Health, Working
Life and Welfare (formerly FAS—Swedish Council for
Working Life and Social Research), the Vardal Founda-
tion, the Swedish Dementia Association, the Promobilia
Foundation, the Swedish Society of Medicine, the Swedish
Alzheimer Foundation, the King Gustav V and Queen Vic-
toria’s Foundation of Freemasons, the European Union
Bothnia-Atlantica Program, the County Council of Vister-
botten, the Umea University Foundation for Medical
Research, the Ragnhild and Einar Lundstrém’s Memorial
Foundation, and Erik and Anne-Marie Detlof's Founda-
tion.

Conflict of Interest: The editor in chief has reviewed
the conflict of interest checklist provided by the authors
and has determined that the authors have no financial or
any other kind of personal conflicts with this paper.

Hakan Littbrand and Nina Lindel6f receive royalties
on the weighted belt used in the exercise program.

Author Contributions: Toots, Littbrand, Lindelof,
Wiklund, Nordstrom, Lundin-Olsson, Gustafson, Rosen-
dahl: study design, participant recruitment, data collection.
Toots, Littbrand, Lindelof, Wiklund, Lundin-Olsson,
Rosendahl: implementation of intervention. All authors:
data analysis and interpretation, revision of manuscript for
important intellectual content, approval of final version.
Toots: drafting the manuscript.

Sponsor’s Role: The study sponsors played no role in
study design, methods, participant recruitment, data collec-
tion, analysis, or preparation of the paper.

REFERENCES

1. World Health Organization. Dementia: A Public Health Priority [on-line].
Available at http://www.who.int/mental_health/publications/dementia_re-
port_2012 Accessed September 14, 2014.

2. Allan LM, Ballard CG, Burn D]J et al. Prevalence and severity of gait disor-
ders in Alzheimer’s and non-Alzheimer’s dementias. ] Am Geriatr Soc
2005;53:1681-1687.

3. Morgan D, Funk M, Crossley M et al. The potential of gait analysis to
contribute to differential diagnosis of early stage dementia: Current
research and future directions. Can ] Aging 2007;26:19-32.

4. Pettersson AF, Olsson E, Wahlund LO. Motor function in subjects with
mild cognitive impairment and early Alzheimer’s disease. Dement Geriatr
Cogn Disord 2005;19:299-304.

5. Sherrington C, Whitney JC, Lord SR et al. Effective exercise for the pre-
vention of falls: A systematic review and meta-analysis. ] Am Geriatr Soc
2008;56:2234-2243.

6. Morie M, Reid KF, Miciek R et al. Habitual physical activity levels are
associated with performance in measures of physical function and mobility
in older men. J Am Geriatr Soc 2010;58:1727-1733.

7. Guralnik JM, Ferrucci L, Pieper CF et al. Lower extremity function and
subsequent disability: Consistency across studies, predictive models, and
value of gait speed alone compared with the short physical performance
battery. ] Gerontol A Biol Sci Med Sci 2000;55A:M221-M231.

8. Wennie Huang WN, Perera S, VanSwearingen ] et al. Performance mea-
sures predict onset of activity of daily living difficulty in community-dwell-
ing older adults. ] Am Geriatr Soc 2010;58:844-852.

9. Andersen CK, Wittrup-Jensen KU, Lolk A et al. Ability to perform activi-
ties of daily living is the main factor affecting quality of life in patients
with dementia. Health Qual Life Outcomes 2004;2:52.

10. Aberg AC, Sidenvall B, Hepworth M et al. On loss of activity and indepen-
dence, adaptation improves life satisfaction in old age—a qualitative study
of patients’ perceptions. Qual Life Res 2005;14:1111-1125.

11. Liu CJ, Latham NK. Progressive resistance strength training for improving
physical function in older adults. Cochrane Database Syst Rev 2009;3:
CD002759.

12. American College of Sports Medicine, Chodzko-Zajko WJ, Proctor DN
et al. American College of Sports Medicine position stand. Exercise and
physical activity for older adults. Med Sci Sports Exerc 2009;41:1510-
1530.

13. Angevaren M, Aufdemkampe G, Verhaar HJ et al. Physical activity and
enhanced fitness to improve cognitive function in older people without
known cognitive impairment. Cochrane Database Syst Rev 2008;3:
CD005381.

14. Singh MA. Exercise to prevent and treat functional disability. Clin Geriatr
Med 2002;18:431-462, vi-vii.

15. Augustsson J, Esko A, Thomee R et al. Weight training of the thigh mus-
cles using closed vs. open kinetic chain exercises: A comparison of perfor-
mance enhancement. ] Orthop Sports Phys Ther 1998;27:3-8.

16. de Vreede PL, Samson MM, van Meeteren NL et al. Functional-task exer-
cise versus resistance strength exercise to improve daily function in older
women: A randomized, controlled trial. ] Am Geriatr Soc 2005;53:2-10.

17. Krebs DE, Scarborough DM, McGibbon CA. Functional vs. strength train-
ing in disabled elderly outpatients. Am J Phys Med Rehabil 2007;86:93—
103.

18. Olivetti L, Schurr K, Sherrington C et al. A novel weight-bearing strength-
ening program during rehabilitation of older people is feasible and
improves standing up more than a non-weight-bearing strengthening pro-
gram: A randomised trial. Aust J Physiother 2007;53:147-153.

19. Sherrington C, Lord SR, Herbert RD. A randomized controlled trial of
weight-bearing versus non-weight-bearing exercise for improving physical
ability after usual care for hip fracture. Arch Phys Med Rehabil
2004;85:710-716.

20. Dick MB, Hsieh S, Bricker J et al. Facilitating acquisition and transfer of a
continuous motor task in healthy older adults and patients with Alzhei-
mer’s disease. Neuropsychology 2003;17:202-212.

21. Dick MB, Hsieh S, Dick-Muehlke C et al. The variability of practice
hypothesis in motor learning: Does it apply to Alzheimer’s disease? Brain
Cogn 2000;44:470-489.

22. Littbrand H, Stenvall M, Rosendahl E. Applicability and effects of physical
exercise on physical and cognitive functions and activities of daily living
among people with dementia: A systematic review. Am J Phys Med Rehabil
2011;90:495-518.

23. Forbes D, Thiessen EJ, Blake CM et al. Exercise programs for people with
dementia. Cochrane Database Syst Rev 2013;12:CD006489.

24. Pitkdla KH, Poysti MM, Laakkonen ML et al. Effects of the Finnish Alz-
heimer Disease Exercise Trial (FINALEX): A randomized controlled trial.
JAMA Intern Med 2013;173:894-901.

25. Kmietowicz Z. Evidence grows for benefits of exercise in dementia. BM]J
2013;347:£7196.

26. Vidoni ED, Burns JM. Exercise programmes for older people with demen-
tia may have an effect on cognitive function and activities of daily living,
but studies give inconsistent results. Evid Based Nurs 2015;18:4.

27. McCarney R, Warner J, Iliffe S et al. The Hawthorne Effect: A ran-
domised, controlled trial. BMC Med Res Methodol 2007;7:30.


http://www.who.int/mental_health/publications/dementia_report_2012
http://www.who.int/mental_health/publications/dementia_report_2012

TOOTS ET AL.

JANUARY 2016-VOL. 64, NO. 1 JAGS

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Simonsick EM, Kasper JD, Phillips CL. Physical disability and social inter-
action: factors associated with low social contact and home confinement in
disabled older women (The Women’s Health and Aging Study). J Gerontol
B Psychol Sci Soc Sci 1998;53B:5209-5217.

Kolanowski A, Litaker M. Social interaction, premorbid personality, and
agitation in nursing home residents with dementia. Arch Psychiatr Nurs
2006;20:12-20.

Crocker T, Forster A, Young J et al. Physical rehabilitation for older peo-
ple in long-term care. Cochrane Database Syst Rev 2013;2:CD004294.
Rosendahl E, Lindelof N, Littbrand H et al. High-intensity functional exer-
cise program and protein-enriched energy supplement for older persons
dependent in activities of daily living: A randomised controlled trial. Aust J
Physiother 2006;52:105-113.

Littbrand H, Carlsson M, Lundin-Olsson L et al. Effect of a high-intensity
functional exercise program on functional balance: Preplanned subgroup
analyses of a randomized controlled trial in residential care facilities. ] Am
Geriatr Soc 2011;59:1274-1282.

Littbrand H, Lundin-Olsson L, Gustafson Y et al. The effect of a high-
intensity functional exercise program on activities of daily living: A ran-
domized controlled trial in residential care facilities. ] Am Geriatr Soc
2009;57:1741-1749.

American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders, 4th Ed., Text Revision. Washington, DC: American Psy-
chiatric Association, 2000.

Katz S, Ford AB, Moskowitz RW et al. Studies of illness in the aged. The
index of ADL: A standardized measure of biological and psychosocial func-
tion. JAMA 1963;185:914-919.

Folstein MF, Folstein SE, McHugh PR. ‘Mini-mental state’. A practical
method for grading the cognitive state of patients for the clinician. J Psy-
chiatr Res 1975;12:189-198.

Littbrand H, Lindel6f N, Rosendahl E. The HIFE Program: The High-Inten-
sity Functional Exercise Program, 2nd Ed. Umea: Umead University, Depart-
ment of Community Medicine and Rehabilitation, Geriatric Medicine, 2014.
Littbrand H, Rosendahl E, Lindel6f N et al. A high-intensity functional
weight-bearing exercise program for older people dependent in activities of
daily living and living in residential care facilities: Evaluation of the appli-
cability with focus on cognitive function. Phys Ther 2006;86:489-498.
Delorme TL. Restoration of muscle power by heavy-resistance exercises.
J Bone Jt Surg 1945;27:645-667.

Cotter EM, Burgio LD, Stevens AB et al. Correspondence of the Functional
Independence Measure (FIM) self-care subscale with real-time observations
of dementia patients’ ADL performance in the home. Clin Rehabil
2002;16:36-45.

Daving Y, Andren E, Nordholm L et al. Reliability of an interview approach
to the functional independence measure. Clin Rehabil 2001;15:301-310.
Ottenbacher KJ, Hsu Y, Granger CV et al. The reliability of the functional
independence measure: A quantitative review. Arch Phys Med Rehabil
1996;77:1226-1232.

Collin C, Wade DT, Davies S et al. The Barthel ADL Index: A reliability
study. Int Disabil Stud 1988;10:61-63.

Ranhoff AH. Reliability of nursing assistants’ observations of functioning
and clinical symptoms and signs. Aging (Milano) 1997;9:378-380.
McDowell I. Measuring Health, 3rd Ed. New York: Oxford University
Press, 2006.

Berg KO, Wood-Dauphinee SL, Williams JI et al. Measuring balance in the
elderly: Validation of an instrument. Can J Public Health 1992;83(Suppl
2):S7-S11.

Conradsson M, Lundin-Olsson L, Lindel6f N et al. Berg balance scale:
Intrarater test-retest reliability among older people dependent in activities

of daily living and living in residential care facilities. Phys Ther
2007;87:1155-1163.

48. Guigoz Y, Vellas B, Garry PJ. Mini nutritional assessment: A practical
assessment tool for grading the nutritional state of elderly patients. Facts
Res Gerontol 1994;52:15-59.

49. Sheikh JI, Yesavage JA. Geriatric Depression Scale (GDS): Recent evidence
and development of a shorter version. Clin Gerontol 1986;5:165-172.

50. Pocock SJ, Assmann SE, Enos LE et al. Subgroup analysis, covariate adjust-
ment and baseline comparisons in clinical trial reporting: Current practice
and problems. Stat Med 2002;21:2917-2930.

51. Assmann SF, Pocock SJ, Enos LE et al. Subgroup analysis and other (mis)
uses of baseline data in clinical trials. Lancet 2000;355:1064-1069.

52. Rolland Y, Pillard F, Klapouszczak A et al. Exercise program for nursing
home residents with Alzheimer’s disease: A 1-year randomized, controlled
trial. J Am Geriatr Soc 2007;55:158-165.

53. Schnelle JF, Kapur K, Alessi C et al. Does an exercise and incontinence
intervention save healthcare costs in a nursing home population? ] Am
Geriatr Soc 2003;51:161-168.

54. Schnelle JF, Alessi CA, Simmons SF et al. Translating clinical research
into practice: A randomized controlled trial of exercise and incontinence
care with nursing home residents. ] Am Geriatr Soc 2002;50:1476-1483.

55. Ouslander JG, Griffiths PC, McConnell E et al. Functional incidental train-
ing: A randomized, controlled, crossover trial in Veterans Affairs nursing
homes. J Am Geriatr Soc 2005;53:1091-1100.

56. Van Halteren-van Tilborg IA, Scherder EJ, Hulstijn W. Motor-skill learn-
ing in Alzheimer’s disease: A review with an eye to the clinical practice.
Neuropsychol Rev 2007;17:203-212.

57. Ames D, Burns A, O’Brien ] et al. Dementia, 4th Ed. London: Hodder
Arnold, 2010.

58. Hamilton JM, Salmon DP, Raman R et al. Accounting for functional loss
in Alzheimer’s disease and dementia with Lewy bodies: Beyond cognition.
Alzheimers Dement 2014;10:171-178.

59. Granger CV, Cotter AC, Hamilton BB et al. Functional assessment scales:
A study of persons after stroke. Arch Phys Med Rehabil 1993;74:133-138.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:

Figure S1. Changes in Functional Independence Mea-
sure, Barthel Index of activities of daily living, and Berg
Balance Scale according to cognitive function. Values are
least square means of changes from baseline, with 95%
confidence intervals, from linear mixed-effects models of
the complete sample (n = 186) adjusted for age, sex,
and antidepressant use. MMSE = Mini-Mental State
Examination.

Please note: Wiley-Blackwell is not responsible for the
content, accuracy, errors, or functionality of any support-
ing materials supplied by the authors. Any queries (other
than missing material) should be directed to the corre-
sponding author for the article.



