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Abstract

Aims: This study aimed to investigate the effect of 6-month physical exercise with a multi-
component cognitive program (MCP) on the cognitive function of older adults with moderate
to severe Alzheimer's disease (AD). Methods: We included 33 participants with AD in a
6-month randomized controlled trial. The intervention group participated in physical exercise
and received a MCP. The control group received only the MCP. Before and after the interven-
tion, cognitive outcomes were assessed using the Alzheimer’'s Disease Assessment Scale-
Cognitive Subscale (ADAS-cog), Mini-Mental State Examination, and the Clock Drawing Test.
Physical performance was evaluated by exercise time, the number of pedal rotation, total
load, grip strength, and the Berg Balance Scale (BBS). Results: In all cognitive measures, there
were no significant improvements between the two groups after 6 months in the baseline
value-adjusted primary analysis. However, the ADAS-cog score was significantly lower be-
tween the two groups in secondary analysis adjusted for baseline value, age, sex, and educa-
tion years. All physical outcomes were significantly higher in the intervention group except
for total load compared with baseline measurements. Conclusion: This study indicates that
itis possible to improve cognitive function in older adults with moderate to severe AD through
6-month physical exercise with a multicomponent cognitive intervention.
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Introduction

Alzheimer’s disease (AD) is a severe chronic neurodegenerative disease characterized by
progressive cognitive impairment, functional decline, and neuropsychiatric symptoms [1].
Many clinical trials of AD drug treatment have failed to show a drug or placebo difference or
have had unacceptable toxicity levels [2]. Even AD drug treatments initiated earlier, at around
6 months, have not shown significant differences in cognitive function, physical function,
behavioral problems, and clinical status [3].

Some studies indicate that nonpharmacological interventions using a wide range of
approaches have demonstrated efficacy in treating cognitive symptoms with no adverse
effects [4, 5]. Of these interventions, physical activity constitutes an effective intervention in
neurodegenerative diseases, attenuating or limiting their progression [6, 7]. However, recent
studies have suggested that there is no benefit from physical activity on cognitive function [8]
oronneuropsychiatricsymptoms or depression [9]. Furthermore, there are many randomized
controlled trial (RCT) reports of the effect of physical activity on cognitive function in indi-
viduals with mild to moderate AD [10-14], but few RCTs have assessed the effect of physical
activity in patients with moderate to severe AD [15-17]. None of these studies has found
significant differences in any of the cognitive outcome measures compared with a control
group. Therefore, the effect of physical activity on cognitive functioning in individuals with
moderate to severe AD has not been explored.

From another perspective, it has been proposed that a combination of nonpharmaco-
logical interventions is more effective for inducing neural and cognitive benefits rather than
a single intervention [18]. Only a few RCTs have investigated the effect of a combination of
cognitive interventions with no physical exercise on individuals with mild to moderate AD;
those studies showed no evidence of effectiveness on cognitive function [19, 20]. Furthermore,
there has not been an investigation of the effects of a combination of physical exercise with
cognitive interventions on individuals with moderate to severe AD.

The aims of this study were to examine the effect of 6-month physical exercise with a
multicomponent cognitive program (MCP) on the cognitive function of older adults with
moderate to severe AD. It was hypothesized that physical exercise with a MCP would result
in better cognitive function than MCP alone.

Materials and Methods

Participants

This study was a single-blind 6-month RCT conducted from December 2014 to June 2015.
Participants included older adults with moderate to severe AD living in a nursing home in
Seoul, Republic of Korea. A total of 119 nursing home residents were contacted. Of these, 50
participants with AD metthe inclusion criteria stipulated below. Written consent was obtained
from all participants and their caregivers or their legal guardians. This study was conducted
according to the declaration of Helsinki, and the protocol was approved by the Ethics
Committee of the Tohoku University Graduate School of Medicine. The trial registration
number is 2014-1-429.

Inclusion Criteria

Inclusion in the study was dependent on (i) a diagnosis of AD by a neurologist, (ii)
living in a nursing home for at least 3 months, (iii) moderate to severe AD as determined
by a baseline Mini-Mental State Examination (MMSE) score of <20 [21], and (iv) informed
consent. Fifty participants were screened for study entry. Of these, 12 participants (24%)
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did not meet the inclusion criteria. Six had severe cognitive impairment with loss of
communication skills, 2 had vascular dementia, and 4 refused to participate in this study

(fig. 1).

Randomization

Thirty-eight participants were eligible and were randomized to the study intervention
using an opaque sealed envelope [22]. The Kohzuki Exercise Program with MCP (KEP+MCP)
or a single MCP was written down on paper by the researcher and put into each opaque
envelope. A total of 38 envelopes were then shuffled by staff who were not involved with this
study. The participant then chose an envelope and opened it. Each of the two groups consisted
of 19 participants, who were randomly assigned to KEP+MCP or a single MCP.

Intervention

The KEP consisted of 60 min of supervised exercise sessions 5 times a week for 6 months:
15 min of warm-up and stretching, 30 min of lower-limb aerobic exercise using a TERASU-
ERUGO® (Showa Denki Co., Ltd., Osaka, Japan), and 15 min of cool-down and relaxation.
Intensity of exercise was a heart rate of 40-60% of the maximum (Borg scale scores of 11-
13). The KEP was supervised by a physical therapist.

All participants in the KEP+MCP and MCP groups received the multicomponent inter-
vention that consisted of music therapy [23], art therapy [24], horticulture therapy [25],
handicraft [26], recreational therapy [27], stretching [28], laughing therapy [29], and activity
therapy [30]. Each MCP intervention was conducted by professional therapists for 60 min per
session twice a day, 5 days per week for 6 months. All MCP interventions were supervised by
two caregivers per each group. Since the participants were residing in a facility for long-term
care, their participation rate was 100%. Each therapy was given equally to the KEP+MCP
group and the MCP group quantitatively and qualitatively. In this study, a placebo group could
not be included because it was not permitted within the facility.

Outcome Measures

Cognitive function was the primary outcome measure. General cognitive function was
evaluated using the Korean version of the Alzheimer’s Disease Assessment Scale-Cognitive
Subscale (ADAS-cog) [31] and the MMSE [32]. The scoring range for the ADAS-cog is from 0
to 70, higher scores indicating greater cognitive impairment. MMSE scores range from 0 to
30, higher scores indicating greater cognitive function. The Clock Drawing Test (CDT) was
performed to evaluate executive function [33]. Scores range from 0 to 10, higher scores indi-
cating intact executive function. All cognitive measures were administered at baseline and
after 6 months (6M).

Physical function was the secondary outcome measure. The pedal power consisted of 7
steps from 10 to 70 W, the number of pedal rotations and exercise time was recorded to
measure the total load. The pedal power was based on the Borg scale scores of 11-13. The
total load was calculated as follows: (the pedal power (W) x the number of pedal rotation)/
exercise time (s). Grip strength was measured in the dominant hand with a standard handgrip
dynamometer (KS-301; LAVISEN Co., Ltd., Gyeonggi-do, Republic of Korea). Each participant
stood upright with their arm vertical and the dynamometer close to their body. They were
asked to put maximum force on the dynamometer twice using their dominant hand. The
maximum value was recorded in kilograms. Finally, balance was assessed using the Berg
Balance Scale (BBS) [34]. All physical measures were administered at baseline, after 1 month
(1M), after 3 months (3M), and after 6 months (6M).
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50 Assessed for eligibility

12 Excluded
3 Loss of communication

38 Randomized

19 Allocated to KEP+MCP
MCP 60 minutes, 10 times a week
KEP 60 minutes, 5 times a week

skills

3 MMSE<10

2 Vascular dementia

4 Declined to participate

19 Allocated to MCP
MCP 60 minutes, 10 times a week

Baseline

19 KEP+MCP
0 Lost to follow-up

14 MCP
5 Refused to baseline assessment

18 KEP+MCP

After 1 month

14 MCP

1 Change of institution

0 Lost to follow—up

17 KEP+MCP

After 3 months

14 MCP

1 Died due to pneumonia

0 Lost to follow-up

17 KEP+MCP

After 6 months

14 MCP

0 Lost to follow-up

19 Included in primary analysis

0 Lost to follow—up

14 Included in primary analysis

Fig. 1. Study flow diagram. Thirty-eight participants were randomized to participate in the KEP+MCP and
MCP only. Of the 19 participants in the KEP+MCP group, 1 participant died of pneumonia and 1 participant
dropped out due to change of institution. Of the 19 participants in the MCP group, 5 participants refused to
undergo baseline assessment. Thirty-three participants were assessed at 6 months after the intervention: 19
in the KEP+MCP group and 14 in the MCP group.
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Table 1. Baseline demographic characteristics

Total KEP+MCP MCP p value
(n=33) (n=19) (n=14)
Mean age + SD, years 81.5+6.6 81.9+7.0 80.9+6.1 0.53
Females, n 25(75.8) 13 (68.4) 12 (85.7) 0.49
Mean height + SD, cm 155.6+7.2 157.9+7.4 152.5+5.7 0.06
Mean weight + SD, kg 55.9+8.9 55.1+9.9 56.9+7.7 0.23
Mean educational level + SD, years 7.7+5.1 7.4+5.8 8.0+4.2 0.43
Walking state, n
Using a wheelchair 21 (63.6) 10 (52.6) 11 (78.6) 0.16
Using a walker 7(21.2) 5(26.3) 2(14.3) 0.96
Walking independently 5(15.2) 4(21.1) 1(7.1) 0.96
Complications, n
Hypertension 29 (87.9) 17 (89.5) 12 (85.7) 0.57
Diabetes 16 (48.5) 11 (57.9) 5 (28.6) 0.33
Stroke 15 (45.5) 10 (52.6) 5(35.7) 0.33
Depression 4(12.1) 3(15.8) 1(7.1) 0.57
Cancer 2(6.1) 1(5.3) 1(7.1) 0.70
Eye diseases 10 (30.3) 7 (36.8) 3(21.4) 0.08
Fracture 9 (27.3) 6 (31.6) 3(21.4) 0.22
Arthritis 8 (24.2) 3 (15.8) 5(35.7) 0.66
Cardiac disease 4(12.1) 3(15.8) 1(7.1) 0.57
History of head trauma, n 1(3.0) 1(5.3) 0 (0.0) 0.34
Mean MMSE * SD 14.8 (4.4) 13.4 (4.2) 16.6 (4.0) 0.03
AD drugs, n
Donepezil 5(15.2) 2 (10.5) 3(21.4) 0.39
Memantine 3(9.1) 2 (10.5) 1(7.1) 0.74
Galantamine 1(3.0) 1(5.3) 0(0.0) 0.38

Values in parentheses are percentages. The p value indicates the baseline difference between the groups.
SD = Standard deviation.

Statistical Analyses

All analyses of outcomes covered the full analysis dataset, because the intention-to-treat
set considered all dropout cases as untreated cases [35]. The full analysis dataset was defined
as the set of participants who were randomly assigned to either of the two groups and who
had at least one valid cognitive assessment after the KEP+MCP or MCP in this study.

We compared the changes from baseline using the Wilcoxon signed rank test, and the
differences of cognitive change between the groups using analysis of covariance (ANCOVA).
The outcome variable 6 months after the randomization was regarded in the model as a
dependent variable. The baseline value of the outcome variable was included as a covariate
in the primary analysis. The baseline value, age, sex, and education years were included as
covariates in the secondary analysis. Finally, the study group (either the KEP+MCP or MCP
group) was included as a categorical variable. The p values in all of the tests were two-sided,
and p values <0.05 were considered significant. All of the statistical analyses were performed
with SPSS 17.0.0 for Windows.

Results
Demographic and Baseline Characteristics

Five participants withdrew from the MCP group after a few weeks. Their withdrawal was
due to loss of motivation. Among the 38 participants initially present, only 33 completed the
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Table 2. Baseline scores and changes in physical functions

Mean change in score from baseline + SD

baseline 1M 3M 6M p value
Exercise time =~ 207.7+183.3 351.3+277.2 491.3+289.8 656.8+315.5 <0.0001
Pedal rotation 97.7+89.9 190.1+£186.6 258.3+253.7 285.8+197.5 0.004
Total load 6.3£7.5 10.2+13.7 10.8+12.7 10.0+6.8 0.06
Grip strength 7.9£5.9 8.2+5.1 11.4+6.3 11.8+7.7 0.02
BBS 28.2%17.6 28.2+17.6 25.7+18.8 21.5+17.3 0.04

The p value was determined by one-way analysis of variance. SD = Standard deviation.

whole series of initial and final assessments (fig. 1). Table 1 shows the demographic data and
baseline variables based on analysis of the full dataset. No significant differences were shown
between the two groups at baseline except for the MMSE scores, which were significantly
different between the groups at baseline. The mean age * standard deviation of all partici-
pants was 81.5 * 6.6 years. Sixty-four percent of all participants used a wheelchair, 21% used
a walker, and 15% walked independently without any assistive devices.

Assessment of Cognitive Function

There were significant within-group differences for the ADAS-cog score but not for the
MMSE and CDT scores in the KEP+MCP group over the 6 months of the intervention. In
contrast, there were no significant differences in the MCP group for all cognitive measures
over the 6 months of the intervention.

None of the cognitive measures improved significantly after 6 months in the KEP+MCP
group compared with the MCP group in the ANCOVA analysis adjusted for only the baseline
value (ADAS-cog: F=3.24,p=0.08, MMSE: F=0.66,p=0.80,CDT: F=3.01, p=0.09). However,
the ADAS-cog score was significantly lower after 6 months in the KEP+MCP group than in the
MCP group in the ANCOVA analysis adjusted for baseline value, age, sex, and educational
years (F = 5.20, p = 0.03), whereas MMSE and CDT scores were not significantly improved
between the groups (MMSE: F = 0.00, p = 0.98, CDT: F = 1.95, p = 0.17) (fig. 2).

Assessment of Physical Function

Table 2 shows changes in physical functions over the 6 months in the KEP+MCP group.
Exercise time was significantly increased at 6 months (p < 0.0001). The number of pedal
rotation was significantly increased at 6 months (p < 0.004). Total load tended towards an
increase at 6 months (p < 0.06). Grip strength was significantly increased at 6 months (p <
0.02). Finally, BBS was significantly increased at 6 months (p < 0.04).

Discussion

This study showed that a 6-month physical exercise with a MCP was associated with
better cognitive function compared with only a MCP. Furthermore, the KEP+MCP group expe-
rienced significant differences in ADAS-cog and MMSE score compared with baseline scores,
whereas the MCP group showed no significant differences in any cognitive outcome.

This study is the first RCT to evaluate the effect of a physical exercise with multicom-
ponent cognitive intervention on cognitive function. We demonstrated that a combination of
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Fig. 2. Changes in cognitive func-
tions from baseline. Mean score
change from baseline for ADAS-
cog, MMSE, and CDT to 6 months
(6M). A different symbol is used
for each group: the black dot indi-
cates the KEP+MCP group and
the white dot indicates the MCP
group. Each point represents a
mean value, and each error bar
represents a standard deviation.
* p < 0.05 compared with base-
line; T p < 0.05 compared with the
MCP group adjusted for baseline
value, age, sex, and education
years.
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KEP and MCP may have cognitive benefits in people with moderate to severe AD. Fifty-three
percent of the participants reported spending time sitting in a wheelchair every day, and 26%
were walking with a walker because of a complicated fracture or hemiplegia due to stroke;
therefore, KEP with MCP may also improve cognitive function in these participants.

On the other hand, MCP did not affect cognitive function compared with baseline scores
in our study. One RCT investigated the effect of a multicomponent cognitive intervention in
people with mild AD [20]. No significant difference was found for cognitive function compared
with a control group in this study. Another RCT performed a 12-month multicomponent
cognitive intervention in people with mild to moderate AD; cognitive function had remained
stable in the intervention group but had decreased in the control group [19]. However, this
trial could not demonstrate that a multicomponent cognitive intervention was effective in
improving cognitive function compared with the control group. In our results, we had not
assumed that there would be no decline in cognitive measures after 6 months in the MCP
group, and would not conclude that the finding of little decline in the MCP only group is at-
tributable to the beneficial effect of MCP.

The physical exercise program which we set in this study is alower-limb aerobic exercise
program using the TERASUERUGO® (Showa Denki Co., Ltd., http://www.showadenki.co.jp/
terasu/product/erugo/erugo75/). The TERASUERUGO® is a newly developed cycle ergo-
meter that can modulate a pedal power of 7 steps, and it is easy to handle. During the study
period, no participant experienced muscle or joint pain or fractures due to performing the
KEP. Several studies have not shown an effect of lower-limb exercise on cognitive perfor-
mance in patients with moderate to severe AD [15-17]. A 12-week study, including a lower-
limb exercise program once a week consisting of brisk walking of moderate intensity, strength
training, and balance training did not find an effect on cognitive outcome measures [15]. In
another study of 6 months, a 30-min walking program performed 4 times a week also did not
show a significant change in MMSE scores before and after the intervention period; whereas
the control group showed a decrease in MMSE scores during the same periods [17]. Even a
1-year multicenter RCT reported that lower-limb exercise consisting of one session of 1 h
twice a week was not effective in improving behavioral disturbance [16]. In the present study,
a significant difference was found in cognitive function between the two groups. It is possible
that the physical exercise lasted 1 h every weekday for 6 months, and the intervention was
longer than in other studies [15-17].

According to Sink et al. [8], a physical activity program of moderate intensity, including
walking, resistance training, and flexibility exercises (30 min, 3-4 times per week for 24
months), was not effective in improving global or domain-specific cognition compared with a
health education program in older, sedentary adults. A recent Cochrane review has also
reported no evidence of benefit from exercise on cognition, neuropsychiatric symptoms, or
depression [9]. Our results showed that a 6-month KEP with MCP may lead to improved
cognitive function compared with MCP. Although this result could not clarify the effect of KEP
with MCP because we did not have a control group in our study, a statistically significant
difference was found in cognitive function between two groups. Therefore, KEP may have the
potential to enhance cognitive function. In this study, the KEP with MCP and the MCP were
performed as a part of the standard care treatment because it is better than doing nothing in
the nursinghome. These interventions are low-cost because they can be performed in a nursing
home unlike in a hospital. Moreover, since the participants were residing in the nursing home,
the participation rate of residents was 100%. In light of these factors, we believe that our study
is practically feasible and replicable within clinical contexts, such as in nursing homes; how-
ever, we acknowledge that it may be more difficult to be carried out in a hospital setting.

There were several limitations to this study. First, we did not include a control group
receiving placebo treatment, and our results could not clarify the effect of KEP with MCP.
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Second, our results could not demonstrate the effect of KEP alone. Further study is needed to
assess the sole effect of KEP. Third, our sample size was small, as it consisted of 33 partici-
pants. Therefore, the power of this study was weak. Fourth, the level of functioning was only
measured with cognitive scales in this study. Fifth, we did not assess ADL, caregiver burden,
and clinicians’ observations or impressions. Because of the preliminary nature of this pilot
study which included a limited number of participants, we focused on cognitive function only,
since general cognitive screening tests are relatively strong correlates of functional status
[36]. The validity and sensitivity of the ADAS-cog and MMSE have already been established,
and both scales have been used routinely to evaluate general cognitive treatment effects in
clinical trials [37, 38]. Further studies are necessary to investigate the effect of the KEP with
MCP on ADL, caregiver burden, and clinicians’ observations or impressions of older adults
with moderate to severe AD. Lastly, this study was a single trial. Further longitudinal studies
of KEP with MCP intervention should include a larger sample and multiple centers.

Conclusion

A 6-month lower-limb aerobic exercise with MCP consisting of music therapy, art ther-
apy, horticulture therapy, handicraft, recreational therapy, stretching, laughing therapy, and
activity therapy might be beneficial for individuals with moderate to severe AD. Our results
suggest that lower-limb aerobic exercise may enhance supportive care for cognitive decline
in individuals with moderate to severe AD.
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