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Abstract

There is evidence that exercise may reduce the progressive cognitive dysfunction of Alzheimer’s disease (AD). However, no
previous investigation has studiethe acute effects of adapted games (AG) on patients with AD. The aim of this study was to
examine the acute effects of AG on the agitated behavior (rating scale Agitated Behavior Rating Scale [ABRS]) and cognitive
performance (Test for Severe Impairment [TSI]) of patients with advanced dementia. Twenty patients (83 + 4 yrs) participated in
AG and placebo activities (PL). Agitated behavior and cognitive performance were compared before and after 30 minutes of AG
and PL. In the hour after the AG, agitated behavior decreased by ~4 ABRS points and cognitive performance increased by ~5 TSI
points. On the contrary, after PL we found no change in agitated behavior or cognitive performance. Our data indicate that AG
can momentarily reduce agitated behavior and increase the cognitive performance in participants with AD.
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Introduction

Alzheimer’s disease (AD) is characterized by a progressive
sequence of clinically observable decreases in memory, inde-
pendence, cognitive function, and mobility. Despite clear and
substantial differences between older participants with demen-
tia and children, several studies have shown similarities
between the clinical sequences of cognitive and functional
decline in subjects with AD and the sequence of acquisition
during normal human development.' Reisberg et al clearly
described this phenomenon called retrogenesis,” and they
developed the Functional Assessment Staging (FAST) method
that includes 16 progressive stages of capacity loss during pro-
gressive cognitive degeneration typical of AD. Significant
validity and repeatability of this process of capacity
impairment in AD have been extensively documented.’
Agitated behavior is frequent in patients with AD having
advanced dementia, and the management of related problems in
these patients is crucial to maintaining their quality of life.* The
neuroleptics and physical restraints are traditional methods used
to handle behavior disorders in participants with AD.’” This
approach seems to reduce symptoms like aggressiveness, agita-
tion, delusion, wandering, among others, but a frequent side effect
is worsening cognitive function.® While many advances in AD
care have been made, clearly more needs to be done and there are
particular needs for the development of new nonpharmaceutical
interventions that can potentially help in the management of
patients with AD. Interestingly, nonpharmaceutical passive care

actions, for example foot baths, seem to be suitable methods to
help bedridden palliative care patients relax.'® Yamamoto et al
! reported that warm water foot baths led to relaxation with an
increase in parasympathetic response and a decrease in sympa-
thetic response; however, the effect of this nonpharmaceutical
passive approach on the agitated behavior of patients with AD
is not clear. In this scenario, other studies have reported that non-
pharmaceutical passive care strategies such as therapeutic touch-
ing'*'* or more active interventions like light exercise can
mitigate agitation behaviors and reduce progressive cognitive
dysfunction of participants with dementia.'*'® Studies on people
with moderate dementia have described the numerous positive
effects of physical exercise: improvement in walking capacity,
better urinary continence, enhanced communication, reduced
depression, and increased activities of daily life (ADLs)."”
Although most of the physical exercise activities used in previous
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Table 1. Participant Characteristics

Participant characteristics
Mean + SD (range)

Age (years) 83 + 4 (76-87)

Body mass (kg) 63 + 4 (71-58)
Height (m) 1.55 + 0.07 (1.50-1.71)
POMA (0-28) I5 + 9 (0-26)
BANSS (7-28) 17 + 2 (14-20)
Barthel (0-100) 52 + 11 (30-80)
MMSE (0-30) Il + 3(8-15)
FAST (1-7f) 6e (6d-7a)
Comorbidity (N cases/total)
Cardiopathy 7/20
Hypertension 4/20
Depression 4/20
Presbyopia 4/20
Medications (N cases/total)
Quetiapine 11720
Acetylsalicylic acid 8/20
Delorazepam 820
Citalopram 6/20

Abbreviations: POMA, Performance -Oriented Assesment; gait/balance test®*;
BANSS, Bedford Alzheimer nursing severity scalezs; Barthel, activities of daily
Iiving26; MMSE, Mini-Mental State Examination>; FAST, functional assessment
staging.3

Note. The FAST test range from | to 7, with some sub-scales on the stage 6 (a -
e), and on the stage 7 (a - f).

studies had positive effects on cognitive function, none of
the authors considered the retrogenesis phenomenon of
AD as a possible proposal to evaluate a new therapeutic
approach. Emerging literature in healthy adults and subjects
with Parkinson’s disease suggests that acute bouts of exer-
cise, or games, selectively facilitate multiple cognitive pro-
cesses, and under certain conditions exercise can enhance
response speed and response accuracy, facilitate cognitive
processes that are fundamental to problem-solving and
goal-oriented actions.'®?° In addition, recent studies have
pointed out the positive effects of games on executive func-
tion and working memory in children 4 to 12 years old.*' In
fact, O’Malley showed that games like jumping rope, bas-
ketball, and soccer improved executive function and mathe-
matical reasoning in a group of children aged 7 to -11
years.?> Consequently, considering the great differences, but
also some of the similarities, between the cognitive func-
tional decline in subjects with AD and the sequence of
acquisition during normal human development, a potential
successful exercise program in patients with AD should be
similar to the natural exercises done by children.
Therefore, the aims of this study were to evaluate the
feasibility and the acute effects of an exercise program, with
active physical participation in adapted games (AG), on a group
of patients with severe dementia. We hypothesized that the effects
of ball games could be more effective in reducing the agitated
behavior of patients with AD and should have a positive influence
on their cognitive performance compared to a placebo program
(PL) based on passive activities like foot baths and foot massage.

Methods

Eligible individuals were selected from among nursing home
residents of an Alzheimer’s care unit (ACU) at the Mons Maz-
zali Geriatric Institute in Mantua, Italy. Inclusion criteria®
were 65 years of age or older and a Mini-Mental State
Examination (MMSE) score between 5 and 15.

Participants

Based on the inclusion criteria, 28 residents of the ACU (6
men and 22 women) were selected for the study. Relatives
of the selected residents received written and oral information
about the study and all of them agreed to participate and gave
their written, informed consent. The Institutional Review
Board of the Department of Neurological, Neuropsychologi-
cal, Morphological and Motor Sciences of the University of
Verona and the Mons Mazzali Institute Ethical Committee
approved the study.

The medical staff of the ACU reviewed the clinical files of
the 28 selected residents and excluded 4 (3 men and 1 women)
because of severe heart and pulmonary disease. The medical
staff also made a record of the anthropometrics, current
medication. and clinical characteristics of the participants, as
well as gait and mobility limitations (Performance-Orinted
Mobility Assesment [POMA], test validity 0.64-0.70; test relia-
bility .88-.97; Table 1).**

Baseline Measures

The medical staff of the ACU recorded anthropometric mea-
sures (height and weight) using a professional mechanical
scale fitted with a stadiometer (Seca mod. 713; IIIM; Seca
Medical Scales and Measuring Systems, Birmingham,
UK). A physiotherapist of the ACU evaluated the nursing
home residents’ gait/balance performance using the POMA
test (Table 1).%*

The ACU’s neuropsychologist and head nurse analyzed
the global cognitive functions of participants through the
MMSE.* The residents’ functional impairments were deter-
mined using the Bedford Alzheimer Nursing Severity Scale
(BANSS; test validity 0.62-0.79)*° and the Barthel index
(test validity o = .935; test reliability = .989).2° According
to the neurological retrogenesis of AD, functional stages of
capacity loss of the selected patients were determined
through the FAST (test validity 0.59-0.73; test reliability
.86-.87; Table 1).*’

Study Overview

Following the baseline assessments, the 24 selected residents
were randomly assigned to an exercise group that would do
active activities with a soft ball (AG) or to a placebo group
(PL) with relaxing passive activities like foot baths and foot
massage, with 1 week of washout in between. Each participant
completed 2 sessions in both the AG and PL groups (Figure 1).
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Figure 1. Study overview.

m, man; w, women; POMA, Performance -Oriented Assesment; gait/
balance test24; BANSS, Bedford Alzheimer nursing severity scalezs;
Barthel, activities of daily living?®; MMSE, Mini-Mental State Examina-
tion??; FAST, functional assessment staging>; ABRS, agitated behavior
rating scalezs; TSI, test for severe impairment.

Acute Measures

In order to evaluate the acute effects of the ball games or the
foot baths and foot massages (placebo), 1 hour before and
1 hour after the AG and PL sessions, the residents’ agitated
behaviors were recorded by the head nurse of the ACU using
the Agitated Behavior Rating Scale (ABRS; coefficients of var-
iation in the present study = 7.1).>® The ABRS consists of
5 major behaviors: manual manipulation, restraint escape,
searching or wandering, tapping or banging, and vocalization.
Scores could range from 0 to 15 points for each observation
period. To evaluate the acute effect on cognitive function asso-
ciated with the activity, the neuropsychologist of the ACU col-
lected the 24 items of the Test for Severe Impairment (TSI;
coefficients of variation in the present study = 7.7).*” The TSI
is a psychometric performance-based scale and consists of 24
items divided into 6 different cognitive domains. Maximum
credit for each section is 4 points, for a maximum score of 24,

which indicates no cognitive limitation. The test uses simple
common objects and responses are not always language depen-
dent but may be based on the observation of a patient’s response
such as pointing, gesturing, or manipulation of objects. Each
patient immediately before and after the AG and PL sessions
was accompanied to an appropriate room of the ACU and the
TSI was carried out in 10 minutes. As suggested by Gardner
et al,*® the number of errors during a standardized TSI is used
to evaluate a possible learning effect associated with the AG and
PL; thus the neuropsychologist recorded the sum of errors
related to the 24 items in the TSI and grouped them into 6
different cognitive domains: immediate and delayed memory
(4 questions), general knowledge (4 questions), conceptualiza-
tion (4 questions), language comprehension (4 questions),
language production (4 questions), and motor performance
(4 questions). The average of errors for each cognitive domain
was calculated before and after the AG and PL sessions; the
intervening time between the 2 TSI tests was 30 minutes (Figure
2). The kinesiologist and nurses at the ACU registered the
patient’s adherence for regular participation in each session in
a log. If the patient had anxiety, tried to escape from the experi-
mental setting, or felt pain, panic, or discomfort during the AG or
PL sessions, the activity was immediately stopped and the
impeding cause was recorded in the log.

Adapted Ball Games

The nursing home residents selected for the study where
randomly grouped for the AG in groups of 5 patients. We
adopted this small group setting because the goal of the AG
was to involve all the patients in the active games for the entire
duration of the session (~30 minutes). All the participants
remained sitting in standard armchairs or wheelchairs for the
duration of the games, with a distance of 1 m between the
chairs and forming a circle. A kinesiologist, specialized in
adapted physical activity, controlled the AG from the center
of the circle. The AG session consisted of 2 AG with a ball
(a) tossing and catching a ball with both hands from the kine-
siologist or to/from other patients in the group; the goal of this
game was not to drop the ball on the floor; (b) kicking and stop-
ping the ball with one foot, rolled to them by the kinesiologist
or other patients in the group; the goal of the game was not to
miss the ball and keep it inside the circle. Each game was
played for 15 minutes, in random order, using a soft sponge
ball. The AG activity was done 2 times on different days for
each nursing home participant; the sessions were held in the
morning from 9 to 10 in an all-purpose room of the ACU.

Placebo Activity Sessions

To determine the acute effects of a passive activity (used as pla-
cebo) on the AD patients’ agitated behavior and their TSI
scores, a foot bath was given to all the nursing home residents
selected for the study. The patients were accompanied by a
nurse one at a time to the adapted bathroom of the ACU. They
sat on a standard chair or in their own wheelchair while their
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Table 2. Agitated Behavior®
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Figure 2. Individual and Group mean Test for Severe Impairment. TSI
indicates test for severe impairment.?’ Open circles represent individ-
ual TSI score before and after the first ball games (adapted games
[AG]), open triangles represent individual TSI score before and after
the second AG session. Open squares represent group mean of TSI
before and after AG. Filled circles represent individual TSI score
before and after the first placebo exercise (PL), filled triangles repre-
sent individual TSI score before and after the second PL activity. Filled
squares represent group mean of TS| before and after PL. Group
means are mean + standard deviation (SD). *between-groups p <.05.

feet soaked in warm water in a standard tub. The water was
mixed with natural soap and aromatic oils. Every 10 minutes
the nurse gave the patient’s feet a gentle massage as suggested
in previous studies on therapeutic massage in patients with
AD.'*!3 The aim of the foot bath was to get the patients to relax
through a passive activity. The PL session was repeated 2 times
in the morning from 9 to 10 on different days for each partici-
pant, and the duration of the foot baths was the same as for the
ball games (~ 30 minutes).

Statistical Analysis

Statistical analysis was done using StatPlus for Macintosh, ver-
sion 2009 (AnalystSoft Inc). Analysis of variance (2-way
ANOVA) and Tukey all pairwise multiple comparison proce-
dures were used to test the effects of AG and PL; a P value
below .05 was considered statistically significant. Data are pre-
sented as mean + standard deviation (SD).

Results

Participant Characteristics

The clinical characteristics of the participants—anthropometrics,
medication, and mobility—are shown in Table 1. Although 7

AG, adapted games.

?Data expressed as mean + SD. AG exercise games with a ball, PL foot baths,
and foot massage.

®In-group P < .05.

“Between groups P < .05.

patients selected for this study showed severe mobility limitations
and were in wheelchairs, none of them had difficulty in perform-
ing the ball activities or foot baths and foot massage.

General cognitive capacity, functional impairments in
performing ADLs and the FAST stages of participants are
shown in Table 1. The mean MMSE was 11 + 2 confirming
the severe cognitive impairment of the selected residents. Both
ADL indexes, BANSS 17 + 2 and Barthel 52 + 17, indicated
substantial functional impairment in performing ADLs. The
range of functional capacity loss determined by the FAST
method was between the 6d and 7a stages, which corresponds
to a moderately severe to severe Alzheimer stage.

Compliance to the Experiment Activities

Two residents, 1 man and 1 woman, experienced anxiety and
discomfort during the 2 AG sessions; 1 woman refused to do
the foot bath; and 1 additional patient interrupted the PL activ-
ity because she felt discomfort in the feet. Twenty patients,
2 men and 18 women, completed both session requirements;
thus equal dropouts of 2 patients were recorded during the
AG or PL sessions (Figure 2).

Agitated Behavior

Five major agitated behaviors and total agitated behaviors
recorded 1 hour before and 1 hour after the AG and PL sessions
are shown in Table 2. The ABRS coefficients of variation
between the repetition of the 2 AG sessions was 6.5% (before)
and after 7.8% (after). None of the agitated behaviors were dif-
ferent before the AG and PL. The ball games significantly
decreased agitated behaviors: manual manipulation (—47%;
P < .05), searching or wandering (—54%; P < .05), tapping
or banging (—78%; P <.05), and vocalization (—70%;
P <.05); whereas escaping restraints had no significant change
(—40%; P =.7). After the AG, the average of total agitated
behaviors had drastically decreased by 60% (P < .05). The
placebo activity significantly reduced only the manual manip-
ulation agitated behavior (—41%; P < .05); and despite a trend
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Figure 3. Number of errors on the 6 subscale cognitive domains of TSI. Data expressed as mean + standard deviation (SD). * in-group and

between groups p < .05.

in the reduction of ABRS, total agitated behaviors recorded
1 hour after PL did not decline (—23%; P = .8).

Acute Effects on Cognitive Performance

The individual and group mean values of the test for severe
impairment recorded before and after the 2 sessions of AG
and PL are shown in Figure 3. The TSI coefficients of var-
iation between the repetition of the 2 AGs was 7.2%
(before) and 8.3% (after). Before the experiment sessions
TSI was similar in both conditions (AG = 15.1 + 2.8, and
PL =152 £+ 2.3; P=.9). After the games with a ball, the
mean TSI increased significantly (20.2 + 3.1; P < .05) but
had not changed after the placebo sessions (15.6 + 2.5;
P = .5). Both individual and mean data of TSI immediately
after the AGs were 23% greater compared to the PL
(P < .05).

Learning Effect

The average number of errors for 6 different cognitive
domains—memory, general knowledge, conceptualization,
language comprehension, language production, and motor per-
formance—recorded during the TSI before and after the AG
and PL sessions are shown in Figure 3. None of the 6 different
cognitive domains were different before the AG and PL
activities. After the ball games, the mean number of errors on
memory and motor performance had significantly decreased
(—84%; P < .05) and (—70%; P < .05), respectively. No
difference was found in the mean number of errors for the
remaining 4 cognitive domains.

Discussion

The care of patients with AD having advanced dementia is a
major problem in Western countries.>’ Certain nonpharmaceu-
tical passive care approaches like foot bathing and therapeutic
touching are promising methods to reduce the agitated behavior
of participants with AD.'”'> On the other hand, active
exercise-based activities like walking programs are feasible
approaches to reduce progressive cognitive dysfunction.'
Indeed, subjects with AD and children are extremely
different in most of the aspects of their lives, but similar in
certain ways nevertheless, as suggested by the neurological ret-
rogenesis of AD." In this scenario, it appears that a successful
exercise program to reduce cognitive impairment in the AD
population needs to mimic the games typically played by
children. To demonstrate the feasibility and acute effects on
agitated behavior, cognitive performance and the learning
effects related to these active or passive programs, we
organized simple ball games specifically designed for patients
with AD, and passive relaxing foot baths and foot massage
activities. Our data indicate that active small-group games like
tossing, catching, and kicking a lightweight ball can momenta-
rily reduce agitated behavior and increase cognitive
performance in people with advanced dementia. Similarly, a
significant learning effect seems to be associated with these
AG by enhancing memory and the motor cognitive domains.
Despite acknowledgment of their disadvantages, physical
and pharmaceutical restraints are frequently used as standard
methods to manage patients’ agitated behavior.” Moreover, the
AIFA (Italian Drug Agency) recommends the use of drugs only
to control severe behavioral disorders that do not respond to
nonpharmacological intervention (such as changes in
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environment, counseling, and so on). Accordingly, other stud-
ies have reported the positive effects of nonpharmaceutical or
physical restraints but rather therapeutic passive interventions
to control agitation in participants with dementia. In this sce-
nario, the results of the present study clearly indicate that for
people with advanced dementia, activities that require active
physical participation for 30 minutes can reduce agitated beha-
vior in the hour immediately following the exercise. Possible
explanations for these results are likely the acute post-
exercise-enhancing serotonin release that could decrease agita-
tion in patients with AD.

Reisberg et al described the phenomenon of retrogenesis in
AD, where the clinical course of degenerative dementia repli-
cates children’s typical maturation course of development.*
During the progressive cognitive and functional deterioration
of AD, 16 stages of capacity loss correspond to 16 functional
stages of capacity development in children; therefore the range
of functional capacity loss recorded in patients with AD
recruited in the present study (6d-7a; Table 1) corresponded
to the functional stages of children aged 2 to 4.5 years.** Recent
studies on adult healthy participants, and patients with Parkin-
son’s disease clearly indicate that acute bouts of exercise facil-
itate some cognitive processes such as response speed,
response accuracy, problem solving, and goal-oriented
action.'?%% Other studies provide convincing evidence for
the positive influence of exercise on working memory, because
exercise likely improves the ability to block irrelevant informa-
tion and to select and respond to task-relevant information.>* It
is important to note that in the range of children age corre-
sponding to the FAST stages of our participants with AD, the
effect of games like jumping rope, basketball, and soccer
clearly stimulate executive function and working memory.*'~?
Recent evidence suggests that physical activity is beneficial to
cognitive performance during the human lifetime, but the
mechanisms that cause this positive relationship might be
different in children and healthy adults because adult brains are
anatomically and functionally different from those of
children.3>3¢ However, whereas the brains of children are still
developing their functional and anatomical organization, the
brains of patients with AD are progressively developing
functional and anatomical disorganization.>” Recent findings
by magnetic resonance imaging (MRI) studies support these
relationships in brain function anatomy in both participants
with AD and children, where the maturation sequence advances
in a pattern opposite to the classical neurodegenerative
sequence in AD.?’ In agreement with these data, our results
show that games usually played by children can momentarily
increase the cognitive performance of people with advanced
dementia. Specifically, a significant learning effect seems to
be associated with the AG because they enhanced memory and
motor cognitive domains. Therefore, we can speculate that a
similar exercise game stimulus could induce comparable tran-
sitory effects in subjects with AD and children via the activa-
tion of the prefrontal cortex induced by the games,?'*>¢ and
likely improves the ability to block irrelevant information and
to select and respond to task-relevant information.'**

Study Limitations

The main limitation of our study was the relatively small
sample size; only 20 residents in the ACU completed the study.
Because of this small sample size an elevated type I error could
limit the interpretations and multiple comparisons of results.
Moreover, this single group experimental design could poten-
tially influence the observed results of the PL or AG activities.
It is also important to underline that the positive effects shown
by the simple ball games are transitory, and our conclusions are
based on the acute effects of these AG on people with AD.

Conclusions

Our data show that small-group games usually played by chil-
dren like tossing, catching, and kicking a ball can easily be per-
formed by people with advanced dementia with or without
mobility limitations. These AG momentarily reduce agitated
behavior and increase cognitive performance in participants
with AD. Potential explanations for these results are likely the
acute post exercise game increases in dopamine and serotonin
combined with a possible higher activation of the prefrontal
cortex induced by the games. However, further studies are
needed that specifically address the long-term effects of AG
on cognitive function in patients with severe dementia.
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