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Summary: The aim of the study was to determine the effect of regular participation in home-based
exercise programme on cognitive functioning changes in institutionalised older adults. Two groups of
participants were recruited for the study: experimental (n = 17) in mean age 76 + 5.6 years, who
participated in home-based exercise program and control (n = 14) in mean age 80 + 4.2 years. The
standardised Stroop Color-Word Test-Victoria version (VST) was used to measure the level of
cognitive functions. Group differences were analyzed with Mann—Whitney U-test for independent
samples and for differences between pre-measurements and post-measurements on experimental and
control group we used non-parametric Wilcoxon Signed — Rank Test. The level of significance was o <
0.05. Application of 3-months home-based exercise program significantly improved the cognitive
functions only in one (Word condition; p<0.01) from three VST conditions in institutionalised older
adults. That’s why we recommend longer participation in home-based exercise program, at least 6-
months, with combination of various types of cognitive interventions, like concepts of cognitive
training, cognitive rehabilitation, and cognitive stimulation to improve cognitive functioning in older

adults living in old peoples’ homes.
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Introduction

The growing aging population presents a challenge because most people experience
age-related decline in cognitive abilities that are important for maintaining functional
independence, and successful aging requires the ability to learn new information to perform
complex tasks (Clark et al. 2015). Cognitive functioning refers to attention, episodic and
working memory, executive functioning, and processing speed. The ability of the brain to
handle information from the environment essential to achieving a particular goal is referred to
as attention. The most commonly reported cognitive decline experienced by older adults is in
episodic memory, which represents the ability to recognise, consolidate, and use experiential
information. Another form of memory, called working memory, temporarily holds auditory,
visual, and spatial information that is important for cognitive processes such as recalling
instructions and learning a list of words. Process that describe the planning and execution of
goal-directed behaviours as regulated by the frontal lobes are known as executive functioning.

Finally, processing speed describes mental efficiency or speed of thinking, and it also has an

impact on physical action (Gibson & Singleton 2012).

There are 3 types of theories for age-related shifts related to cognitive functions

(Salthouse 2011):

1. the dedifferentiation hypothesis which claims that cognitive variables and abilities become
less distinct with increased age,

2. the disintegration hypothesis indicates that cognitive variables maybe become more
independent of one another during advancing aging because of weaker interrelations
among cognitive variables and

3. the equivalent-structural-influences hypothesis which suggests that the advancing aging is
associated with cognitive decline without appreciable shifts in the level of which cognitive
change happens, as its accepts that there is little or no relation between age and the level at
which change operates.

Many studies argue that an appreciable cognitive decline begins between 50 plus and

60 (Salthouse 2009; Schaie 2005; Tsantali et al. 2012) and that little cognitive decline occurs

before 60 s. Memory and speed seem to be highly sensitive to age (especially after 60s),

though vocabulary and general information do not seem to have a significant decline. The
most affected cognitive functions before 55 years old seem to be the reasoning and spatial

orientation (Schaie 2005), however, the speed of processing information begins to decline
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earlier about 45 years (Schneider 2002; Salthouse 2011). According to the neurocognitive
disease due to Alzheimer’s disease literature refers that the cognitive state of an Alzheimer’s
disease patient retrograde to the first grades of elementary school and even further, to the
levels of kindergarten (Rubial-Alvarez et al. 2007; Shoji et al. 2002; Tsantali et al. 2012).

Aging is associated with declines in certain cognitive domains and lower levels of
physical activity (Middleton et al. 2010). Physical inactivity is a recognized modifiable risk
factor of cerebrovascular disease and the cognitive decline seen in older adults (Gorelick et al.
1999; Laurin et al. 2001). There is consistent evidence that regular exercise promotes brain
health and is associated with a lower risk for age-related cognitive decline and dementia
(Eskes et al. 2010), however the underlying mechanisms have not been well defined (Voss et
al. 2011). Neuroimaging studies of older adults indicate that higher levels of cardiovascular
fitness are associated with larger volumes of specific brain regions including the
hippocampus, an important region for learning and memory (Colcombe et al. 2006; Erickson
et al. 2011).

Another study reported that a 16 weeks weight training found no significant
differences associated to the effects of the practice of strength training on memory and
cognition in elderly (Vital, Hernandez Salma S., Pedroso, et al. 2012). One study examined
the association between movement-based intervention (combination of strengthening,
coordination, balance, flexibility, and stamina) and cognitive decline (Yagiiez, Shaw, Morris
et al. 2011). A short course of 6 weeks of a non-aerobic movement-based intervention
improved sustained attention, visual memory and working memory in older adults with
Alzheimer disease. Another study reported that group music with movement intervention can
be an effective intervention in decreasing agitated behaviours (Sung, Chang, Lee et al. 2006).
Some studies examined the association between movement exercise intervention and
cognitive function. Thurm and colleagues reported that multimodal physical movement
training combined strengthening, coordination, balance, flexibility, and stamina of 10 weeks
has positive effects on cognitive function in physically very frail nursing home residents with
dementia (Thurm, Scharpf, Liebermann et al. 2011).

Considering the previous research findings, the aim of our research was to investigate
the effect of 3-months exercise programme on changes of cognitive functioning in
institutionalised older adults and to compare the cognitive abilities performance measured by
Stroop Color-Word Test between actively living seniors and group of sedentary elderly. We

hypothesize the significant improvement in cognitive function (in all three conditions of
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Stroop Color-Word Test) derived from regular exercise in participants who remain physically

active as compared to those who revert to a sedentary lifestyle.

Methods

The Stroop Color-Word Test-Victoria version (VST) was used as a main research
method. VST developed by Spreen and Strauss (1998) is a brief version of the Stroop task.
VST uses three conditions that consist in naming the color of dots, of neutral words, and of
color words printed in incongruent colors. Each condition contains 24 items. Due to the brief
administration time (cca 5 min.), this version seems particularly appropriate for use with
geriatric and brain-damaged populations who are prone to fatigue during neuropsychological
examination. The VST demonstrates good psychometric properties, including excellent test—
retest reliability (Troyer, Leach & Strauss 2006), sensitivity to frontal lobe versus non-frontal
damage (for review, see Strauss, Sherman and Spreen 2006), amnesic mild cognitive
impairment and Alzheimer disease (Joubert et al. 2010), and aging (Moroni & Bayard 2009).

Four colors were used: blue, green, yellow, and red. In the “Dot” condition, color dots
were presented. In the “Word” condition, the words “but”, “for”, “thus”, and “when” were
written in a random order in one of the four colour inks listed. In the “Interference”
condition, the words blue, green, yellow and red were written in one of the three other colors
(e.g., the word green would be written in yellow ink). Twenty-four stimuli were presented on
each card and were arranged in a 4 X 6 matrix. Card conditions were presented in the
following order: Dot, Word, and Interference. In each of the three conditions respectively,
participants were asked to name as quickly as possible the color of the dots (Dot condition)
and the color of the written words (Word condition and Interference condition). In the Word
and Interference conditions, participants had to inhibit the written word in order to correctly
name the color of the ink. The Word condition may be considered as an intermediate
inhibition condition as the classical interference effect between the written word and the color
name is not present. For each condition, we measured the completion time and the number of
errors.

Two groups of participants were recruited for this study: seniors living in old people’s
home in city Dunajskd Streda who participated in regular home-based exercise program in
frequency two times per week (experimental group) for the time period of 3-months (January
— March 2013) and elderly participants from the same institution who didn’t participate in

home-based exercise program at all (control group). Experimental group consisted of 17

19



seniors (13 women and 4 men, aged between 68 and 93 years old—mean age: 76 [+5.6]). The
control subjects lived also in the same institution and did not participate in the regular
exercise. Control group consisted of 14 seniors (12 female and 2 male, aged between 71 and
93 years old — mean age: 80 [+4.2]). Home-based exercise program included psychomotor
exercises, exercises with fit-balls, balloons, different massage balls, newspapers, scarves etc.
Strength exercises were provided on the chair and on the floor, with bars, therabands, over-
balls etc. Aerobic activities consisted from spot walking, and different exercise with music
accompaniment. Home-based exercise program included also breathing gymnastics.

The statistical analyses were carried out with SPSS version 16.0 for Windows (SPSS,
Inc.). The data were examined for normal distribution and homogeneity of variance. Group
differences were analysed with Mann—Whitney U-test for independent samples and for
differences between pre-measurements and post-measurements on experimental and control
group we used non-parametric Wilcoxon Signed — Rank Test. The level of significance was o

<0.05.

Results

Differences in performances on the beginning of experiment between control and
experimental groups were not significant. Means of the time values in all three conditions of
VST were similar in both groups as well as means of errors (Table 1). Performances in post-
measurement of times and errors between control and experimental groups neither showed
statistically significant differences, but mean values of times showed much better
performances in experimental group in all three conditions of VST comparing control group.
Also better mean value of errors was on the end of experiment presented by experimental

group in all three conditions comparing control group (Table 2).

Table 1

Performances of experimental group and control subject on the VST (pre-measure)

Controls Experimental U-test | Sign.
N=14) N=17)
Dot
Time 25.57+10.78 [15-49] | 21.90 £8.29[14-48] | 1.072 | ns
Eror 0.21 [0-3] 0.21 [0-2]
Word
Time 36.12£13.35[21-62] | 36.88 + 13.97 [18-68] | 0.062 | ns
Eror 1.36 [0-7] 0.94 [0-8]
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Interference
Time
Eror

45.95 + 14.97 [29-68]
3.07 [0-8]

42.85 + 11.50 [22-63]
2.82 [0-10]

0.298

ns

Mean = SD [range] are given

Table 2
Performances of experimental group and control subject on the VST (post-measure)

Controls Experimental U-test | Sign.
(N=14) N=17)
Dot
Time 25.77 £ 10.01 [14-48] 21.37+8.17 [14-50] 1.687 Ns
Eror 0.14 [0-2] 0
Word
Time 36.09 + 15.55 [20-66] | 33.42+13.24[15-62] | 0.417 Ns
Eror 1.36 [0-10] 0.53 [0-5]
Interference
Time 42.39 +£13.68 [25-64] | 41.00 +10.36 [25-59] | 0.218 Ns
Eror 2.57 [0-8] 2.35[0-8]
Mean = SD [range] are given
Table 3
Changes in performances of experimental group on the VST
Pre-measure Post-measure T-test Sign.
Dot
Time 21.90 +£8.29 [14-48] | 21.37 +8.17 [14-50] 0.852 ns
Eror 0.21 [0-2] 0
Word
Time 36.88 £ 13.97 [18-8] | 33.42 + 13.24 [15-62] | 3.025%* | p<.01lns
Eror 0.94 [0-8] 0.53 [0-5]
Interference
Time 42.85+ 11.50 [22-63] | 41.00 £ 10.36 [25-59] | 0.734 ns
Eror 2.82 [0-10] 2.35[0-8]
Mean = SD [range] are given.
Table 4
Changes in performances of control subject on the VST
Pre-measure Post-measure T-test Sign.
Dot
Time 25.57 £10.78 [15-49] | 25.77 £ 10.01 [14-48] | 0.188 ns
Eror 0.21 [0-3] 0.14 [0-2]
Word
Time 36.12 £13.35[21-62] | 36.09 + 15.55[20-66] | 0.251 ns
Eror 1.36 [0-7] 1.36 [0-10]
Interference
Time 45.95 £ 14.97 [29-68] | 42.39 + 13.68 [25-64] | 2.385* | p<.05
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| Eror | 3.07 [0-8] | 2.57 [0-8] | | |

Comparison the pre-measurements and post-measurements of experimental group of
older adults points at 69 % of time improvement involving all three conditions. Significant
improvement (p < .01) presents the Word condition, where 88 % of older adults improved
their time score (Table 3). In Dot and Interference condition improved their time only 59 %
active older adults. Also in errors we can see improvement in all three conditions, when in
pre-measurement made mistake 31 % of older adults and in post-measurement only 22 % of
active seniors. Mean value of errors shows also improvement for all three conditions, when at
the beginning of experiment it was 1.31 and at the end 0.96. Related to number of seniors who
did errors, Dot condition was improved from 12 % to 0 % Word conditions improved from 24
% to 12 % and Interference condition improved from 59 % to 53 %.

Comparison the pre-measurements and post-measurements of control group of older
adults also shows time improvement in 57 %. Significant improvement (p < .05) presents the
Interference condition, where 71 % of older adults improved their time score after three
months (Table 4). In Dot condition improved their time score only 43 % of older adults and in
Word condition improved their time 57 % sedentary seniors. Concerning to number of errors
we can see improvement in two conditions (Dot and Interference). In pre-measurement did
mistake 36 % of older adults and in post-measurement 26 % of sedentary seniors involving all
three conditions. Mean value of errors doesn’t show significant improvement for all three
conditions, when at the beginning of experiment it was 1.55 and at the end 1.36. Related to
number of seniors who did errors, Dot condition wasn’t improved, because 7 % of sedentary
seniors did mistake at the beginning of experiment and the same number of older adults made
errors at the end of experiment. But word conditions improved from 50 % to 29 % and
Interference condition improved from 50 % to 43 %.

We didn’t confirm our hypothesis, where we hypothesized the significant
improvement of cognitive functioning in all three conditions of VST in participants who
participated in home-based exercise program comparing sedentary seniors. Although
cognitive functions measured by VST were positively changed after 3-months period in all
three parts (mean value), but only one part of VST (Word condition) presented statistically

significant improvement.

Discussion
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Numerous studies have demonstrated a positive relationship between physically active
leisure and cognitive health for older adults (Fratiglioni, Paillard-Borg & Winblad 2004).
Specifically, frequent engagement in activities such as walking, sport, and exercise is
associated with maintained and improved cognitive functioning in older adults. For example,
a longitudinal study that followed a group of older American women over a 25-year period
found that those who engaged in regular, moderately intense physical activity had higher
cognitive functioning than those who engaged in little to no physical activity (Weuve et al.
2004). Also, higher levels of physical activity were associated with less cognitive
deterioration over time. Similar results have been found for American men and in other
countries such as Canada and the Netherlands (Fratiglioni, Paillard-Borg & Winblad 2004;
Laurin, Vereault, Lindsay, MacPherson & Rockwood 2001).

It is believed that a physically active lifestyle can expand brain capacity (brain reserve)
and stimulate cognitive reserve directly through a number of vascular and neurological
processes and indirectly through a number of health benefits, such as insulin regulation,
decreases stress and disease prevention, and increases psychosocial well-being, all of which
are associated with positive cognitive functioning (Bielak 2010).

Aerobic exercises in older adults have demonstrated effects on cognitive performance.
Especially, treadmill training had a beneficial effect on the global cognitive function
(Arcoverde, Deslandes, Moraes et al. 2014) and observed for executive control abilities such
as selective attention, search efficiency, processing speed, and cognitive flexibility (Baker,
Frank, Foster-Schubert et al., 2010). On the other hand, a 6 weeks walking intervention was
not effective in cognitive function (Baker, Frank, Foster-Schubert et al. 2010). Three studies
examined the association between multicomponent exercise and cognitive function.
Multicomponent exercise includes two or more main types of exercise such as strength
training, balance training, flexibility training and aerobic exercise. One studies conducted a
home-based exercise program. Vreugdenhil and colleagues suggest that a community based
home exercise program specifically developed for people with dementia is effective in
improving functional ability across a number of domains, including cognition, physical
function and activities daily living (ADL) (Vreugdenhil, Cannell, Davies et al. 2011). Two
studies conducted a center-based exercise program. Suzuki and colleagues found that 12
months of multicomponent exercise improved general cognitive function, immediate memory,
and language ability in older adults relative to the education control group (Suzuki, Shimada,
Makizako et al. 2012). Rolland and colleagues found that a multicomponent exercise program

including aerobic, strength, flexibility, and balance, 1 hour twice a week, led to significantly
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slower decline in ADL score in Alzheimer disease patients living in nursing home than
routine medical care. But no effect was observed for behavioural disturbance, depression, or
nutritional assessment scores (Rolland, Pillard, Klapouszczak et al. 2007).

In generally we can say, that consisted 3-months home-based exercise program helped
to improve the level of cognitive functions in older adults, because mean values of achieved
time scores were in all three conditions better performed (Table 3) even only Word condition
improved significantly. On the other side, time score of control group in Dot condition was
even worse than at the beginning of experiment, in Word condition improved just minimally
and in Interference condition improved significantly. Also comparison of number of seniors
who improved their time score point to an improvement in experimental group (69 %)
comparing control group, when only 57 % seniors improved their performances at the end of
experiment. The improvement also point at the errors scores in experimental group, when
their performances improved number of errors in all three conditions and sedentary seniors
improved their error score only in two conditions (Table 4). Also mean value of all made
errors (including all three conditions) between pre-measurement and post-measurement point
to better score in active seniors (0.35) comparing those with sedentary life style (0.19).

These findings, including our research, are consistent with the association found
between health status and cognitive functioning, particularly given that not only young people
(Balga & Chromik 2014; Kracek et al. 2015; Kracek, Pacesova and Oliva 2015) but also older
people who are more physically active in their leisure tend to have better physical and mental
health and overall quality of their life (Kisvetrova et al. 2013; Nemc¢ek 2011; Nemcek &
Labudova 2011; Nemdcek, Labudova & Kracek 2012; Nemcek et al. 2014; Nemcek,
Wittmannova & Melicharova 2014).

Conclusion

On the basis of our results we can conclude, that application of 3-months home-based
exercise program helped improve the level of cognitive functions in institutionalised older
adults (even not significantly in all three conditions), when group of active seniors achieved
significant change of improvement only in one from three parts of VST. Paradoxically, also
seniors who didn’t participate in home-based exercise program have significantly improved
their cognitive functioning but only in the most difficult part of VST (Interference condition).

Also in errors, active seniors performed better than sedentary, because difference of mean
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value of all made errors between pre-measurement and post-measurement in active seniors
was 0.35 and in sedentary older adults only 0.19.

On the basis of our results we recommend longer participation in home-based exercise
program, at least 6-months, and combine mentioned exercise program with various types of
cognitive interventions, like concepts of cognitive training, cognitive rehabilitation, and
cognitive stimulation (Kim, Cho, Lee & Kohzuki 2015) to improve cognitive functioning in

older adults living in old peoples’ homes.
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