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ABSTRACT

Objectives: Physical exercise is a promising intervention to improve cognitive function and
reduce the risk of dementia and other related neurodegenerative disorders. The present study
Article info: :  aimed to investigate the effectiveness of an upper limb-focused physical exercise intervention

Received: 14 Jul 2021 on cognitive function and daily living activities in older adults.

Accepted: 06 Oct 2021 ' Methods: Forty older residents of a nursing home participated in this clinical trial and were
Available Online: 01 Jan 2022 : randomly assigned to the experimental (n=20) or the control (n=20) groups. Participants in the
: experimental group received a physical exercise intervention for six weeks. This intervention
included resistance training of the upper limbs using free weights. Evaluations were performed
at baseline and after three and six weeks of the resistance training. Stroop test and Barthel index

were used to evaluate cognitive function and daily living activities, respectively.

Results: Upper limb resistance training significantly improved cognitive function in the
experimental group, but there was no significant difference between the groups in the ability
to perform daily activities.

Keywords: ¢ Discussion: The present study revealed that resistance training of the upper limb can yield
Elderly, Resistance training, :  cognitive improvement in older adults. Upper limb strengthening seems to have the potential
Upper limb, Cognition, Daily :  toimprove cognitive performance in the elderly and can be recommended as a regular exercise
living activities . activity. However, further studies with more comprehensive outcome measures are needed.
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e Normal aging is associated with the inevitable deterioration of cognitive function.

e Cognitive deficits in older adults negatively affect their ability to participate in activities of daily living.

o Upper limb-focused resistance training may be an effective intervention to promote cognitive function in the elderly.

o There is a need for further clinical trials with more responsive outcome measures to investigate the effectiveness of
upper limb-focused resistance training on daily living activities in the elderly.

Plain Language Summary

Aging is a degenerative process characterized by physical and cognitive decline. Recently, the positive effects of
physical exercise, including aerobic and resistance training, on the physical and cognitive performance of the elderly
have been well established. Considering that the cognitive function and motor function of the upper limb are closely
related, the present study investigated the effects of a 6-week upper limb-focused resistance training on cognitive
function and also on daily living activities in older adults. The findings showed that upper limb resistance training can

promote cognitive function in the elderly, but it did not change the ability to accomplish daily living activities.

1. Introduction

he world is aging and the number of elderly

people over 60 is increasing [1]. Aging is

a dynamic process and is accompanied by

structural and functional changes in body

systems [1, 2]. Changes in sensory-motor,
cognitive and psychosocial performance are inevitable
with age. Normal aging is associated with a decrease in
white matter and gray matter volume in the hippocam-
pus and amygdala, as well as in the frontal, temporal,
parietal, and occipital cortices. Because these areas have
essential roles in cognitive functions, their degeneration
is often associated with cognitive decline; thus, older
people may experience a variety of cognitive deficits, in-
cluding problems with attention, working and long-term
memory, problem-solving skills, information-processing
speed, and reasoning [2, 3]. Cognitive deficits jeopardize
the elderly’s ability to plan and sequence, and negatively
impact their participation in activities of daily living,
work, and leisure [2]. Consequently, these deficits may
lead to dependency in daily activities, disability and, low
quality of life [3].

Physical inactivity is one of the main predictors of cog-
nitive decline in older adults [4]. Although lifelong par-
ticipation in physical activity is recommended, adopting
an active lifestyle at any age is advantageous for delay-
ing or reducing cognitive decline [5]. It is hypothesized
that physical exercise increases the volumes of the pre-
frontal cortex and the anterior hippocampus, enhances

neurogenesis, angiogenesis, and synaptic plasticity, re-
duces the pro-inflammatory process, decreases cell dam-
age due to oxidative stress, and consequently improves
cognitive function [5, 6].

The physical and cognitive benefits of physical exer-
cise in older adults have been well established in recent
studies [5, 7] and the effectiveness of aerobic exercise
has been mainly studied and resistance exercise has rare-
ly been investigated [8]. On the other hand, recent stud-
ies have indicated that cognitive deterioration is associ-
ated with impaired physical function [9, 10]. However,
there is also little evidence on the relationship between
cognitive function and upper limb function [9, 10]. Dur-
ing normal aging and early stages of Alzheimer’s dis-
case, the frontal lobe, especially the frontoparietal and
frontostriatal areas are affected. These areas are involved
in higher-level cognitive functions [11, 12]. Some stud-
ies have suggested that these areas are also active dur-
ing motor control, gross and fine motor activities of the
upper limb [11, 12]. Therefore, it can be concluded that
improving upper limb motor capacities may also en-
hance cognitive function in the elderly. To the best of
our knowledge, no study has investigated the effect of
upper limb resistance training on cognitive function in
the elderly. Therefore, the primary aim of the present
study was to investigate the effect of resistance training
of the upper limb on the cognitive performance of older
adults. Because cognitive function may affect the ability
of older people to perform daily activities [2], another
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aim was to examine the effect of these exercises on the
ability to perform daily occupations.

2. Materials and Methods

In this single-blinded randomized clinical trial, older
residents of Shaystegan nursing home (under the su-
pervision of the State Welfare Organization) in Shahr-e
Kord were screened for inclusion criteria. Forty eligible
elders were recruited for the study. The inclusion crite-
ria included the age of >60 years, acceptable cognitive
function (score>21 in Mini-Mental State Examination)
[13], absence of cardiovascular diseases, and ability to
communicate and perform the instructions. Exclusion
criteria were the presence of any acute orthopedic, rheu-
matologic, or any other neurologic conditions that may
affect the function of the upper limb. Participants were
assessed and randomly assigned to two groups using a
sealed-envelope randomization method.

The intervention in the experimental group consisted
of 60-minute sessions and was performed three times
per week, for six weeks. Each session consisted of three
parts, including 10 minutes of warm-up exercise (stretch-
ing the large muscle groups of the upper limb, including
triceps, deltoids, pectoralis major, and shoulder external
rotators), 40 minutes of upper limb resistance training
(20 minutes for each limb), and 10 minutes of cool-down
exercise. The intensity of the exercises was based on
eight repetitions of 60% of 1 Repetition Maximum (RM)
[14]. Each RM is the maximum weight that a person can
overcome for one movement. Exercises involved shoul-
der abduction and adduction, external and internal rota-
tion, flexion and extension, elbow flexion and extension,
forearm supination and pronation, and wrist extension
and flexion. Each exercise was repeated eight times in
two sets. Participants rested for 30 seconds between two
sets of one exercise and 1 minute between each exer-
cise. Intervention for the control group consisted only of
stretching exercises. Dependent variables, including cog-
nitive function and independence in daily life activities
in participants, were assessed by the assessor three times,
at baseline and three and six weeks after the resistance
training. The assessor was a postgraduate occupational
therapist with three years of clinical experience, who was
blinded to the participant’s group assignment.

Data gathering included socio-demographic infor-
mation, cognitive screening (using Mini-Mental State
Exam; MMSE), and assessment of cognitive function
and activities of daily living. The elderly’s cognitive
function was measured using the Stroop test. Stroop is
a neuropsychological test that has been widely used to
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evaluate the executive function, selective attention, and
the ability to inhibit cognitive interference but it also mea-
sures other cognitive functions, such as processing speed,
cognitive flexibility, and working memory [15, 16].

We used the computer version of the Stroop test be-
cause it is a more accurate scale of reaction time and
reduces response error [17]. This test consisted of two
conditions: congruent and incongruent and each con-
dition included 48 stimuli. Also, 48 congruent colored
words (the color ink and word were the same; for ex-
ample, BLUE written in blue ink) and 48 incongruent
colored words (the color ink and word were different; for
example, the BLUE written in red ink) were presented to
each participant. The display distance between stimuli
was 800 milliseconds and the stimulus display time was
2000 milliseconds [18]. Participants were asked to report
the ink color of the words in both conditions. To do this,
they pressed keys labeled with a color label on the com-
puter keyboard screen in blue, red, yellow, and green.
The test was performed in a quiet room to minimize dis-
traction. After recording the personal information and
before starting the test, the assessor familiarized the par-
ticipant with the implementation of the test through the
part, which was designed for this purpose. To interpret
the results of the test, the following scores were com-
puted separately by the software for the congruent and
incongruent conditions: reaction time and the number of
correct answers or the number of errors. Shorter reaction
time and fewer errors in each condition are indicators of
better cognitive performance.

The Barthel index is one of the most commonly used
disability scales, designed by Mahoney and Barthel in
1955 [19]. Ten items of daily living activities, including
feeding, grooming, bathing, dressing, bladder and bowel
control, toilet use, transfer, ambulation, and stair climb-
ing are assessed [20]. This assessment is accomplished
through an interview and is scored on a 0-100 scale.
Higher scores indicate more independence in daily life
activities [20, 21].

The Shapiro-Wilk test confirmed the normal distribu-
tion of all variables. To evaluate the comparability of the
baseline socio-demographic characteristics, independent
samples t-test and Chi-square tests were performed for
quantitative and qualitative variables, respectively. A
two-way repeated-measures analysis of variance with
a group (experiment group and control group) and time
(baseline, T2, and T3) was conducted to determine the
effects of exercise on cognitive function and activities

of daily living. Statistical significance was set at P<0.05.
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3. Results

A total of 40 eligible older adults were randomly as-
signed to the experimental or control groups. All par-
ticipants completed the program and were evaluated at
the end of the study. At baseline, there were no statisti-
cally significant differences between the two groups in
key characteristics, including age and sex, MMSE score,
and dependent variables, including independence in ac-
tivities of daily living and cognitive function (P>0.05)
except for reaction time and the number of errors in the
incongruent condition of the Stroop test, which were
higher in the experimental and control groups, respec-
tively. Table 1 shows the results of the cognitive function
and activities of daily living in two groups.

The results showed significant main effects of time on
reaction time and the number of errors in the congruent
condition, and reaction time of the incongruent condition
of the Stroop test. Whereas the main effect of the group

Table 1. Descriptive statics of the outcome measures
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was significant for the number of errors in the congru-
ent condition and for both reaction time and the number
of errors in the incongruent condition. The group x time
interaction was significant for both variables of the con-
gruent condition and the reaction time of the incongruent
condition (Table 2).

Finally, resistance training of the upper limb yielded
significant improvement in cognitive function in the ex-
perimental group but we found no significant difference
in activities of daily living between groups after the in-
tervention.

4. Discussion

The effect of aerobic exercise on the cognitive func-
tion of the elderly has been studied in numerous studies,
but due to the high risk of cardiovascular dysfunction
and rheumatic disorders of the hip and knee, many older
people cannot do these exercises [22]. The present study

MeantSD
Variables Resistance Training Group Control Group
T1 T2 T3 T1 T2 T3
Stroop test
Reaction time 82.71+2.63 81.3+2.95 79.8+£2.96 82.313.1 81.3+3.06 81.2+3.3
Congruent
task
as Error 12.55+4.36 10.85%4.25 9.80+3.79 15.20+3.36 14.25+3.56 13.80+3.66
Reaction time 87.9+1.65 86.2+2.19 85.75+2.29 85.61+2.75 84.4+2.58 84.1+3.3
Incongruent
k
tas Error 16.40+3.69 15.254+3.61 14.5043.36 19.1044.19 18.104£3.98 19.55+6.37
Barthel index 55.0+£18.13 55.5£17.68 56.5+£17.25 55.25+17.87 55+17.91 54+18.03

T1: Baseline; T2: week three, T3: week six

Table 2. Analysis of variance of the outcome measures (ANOVA)
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Time Effect Group Effect GroupxTime Effect
Variables
F P Partial n? F P Partial n? F P Partial n?
Stroop test

Reaction o020y <0.001 0.64 0.06 0.8 0.002 7.61 0.001 0.17

Congru- time
USRS 57.99  <0.001 0.60 7.84 0.008 0.17 6 0.01 0.14
Reaction 4308 <0.001 0.53 6.86 0.01 0.15 1.12 0.05 0.03

Incongru- time
enttask o 2.05 0.16 0.05 8.46 0.006 0.18 2.94 0.08 0.07
Barthel index 0.09 0.8 0.002 0.03 0.9 0.001 8.7 0.06 0.19
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showed that resistance training focused on the upper
limbs may enhance cognitive function in the elderly but
we found no significant effect on daily living activities.

Evidence suggests that cognitive impairment may
negatively affect the upper limb motor coordination [23]
and dexterity [9, 24] in the elderly. This may be due to
the disruption of the frontoparietal and frontostriatal net-
works, which in addition to cognition are also involved
in the upper limb movements, and may be impaired dur-
ing normal aging and the early stages of Alzheimer’s dis-
ease [12]. The impact of executive functions on the daily
activities of life, in which the upper limbs are involved
has been suggested; however, the exact role of cognition
and the quality of this relationship is not fully understood
[24]. There is also growing evidence that physical activi-
ty can reduce the risk of Alzheimer’s disease and demen-
tia by almost 30% [25]. The exact underlying mechanism
has not yet been determined. Some believe that exercise
prevents and attenuates the risk factor of cardiovascular
disorders, such as obesity and hypertension, which are
also risk factors for dementia [25]. Others believe that
physical exercise may improve cognitive function or
prevent age-related cognitive decline directly through
biological mechanisms, such as improving angiogen-
esis and neurogenesis, increasing plasticity in structures,
such as the hippocampus, decreasing inflammation, in-
creasing growth factors, and enhancing cerebrovascular
reserve [25, 26]. Also, different mechanisms underlying
the benefits of resistance training on cognitive function
have been suggested, including improving the transpor-
tation of oxygen and nutrients to brain areas involved
in cognition, increasing growth factors (e.g., insulin-like
growth factor-1 and neurotrophic factor), improved neu-
rogenesis, and decreasing homocysteine [22, 27].

Our findings suggested that resistance training focused
on the upper limbs may improve cognitive performance
in older people. Although we did not find a study on the
effectiveness of upper limb resistance training on cogni-
tive function in the elderly, our findings were consistent
with the results of most previous studies, which found
positive effects of resistance training on cognitive func-
tion in the elderly [14, 22, 28-30]. But Ansai et al. [31]
and Kimura et al. [32] did not find a significant differ-
ence in the cognitive function of the elderly who did re-
sistance training compared to the control group. These
discrepancies may be related to the low adherence of
the participants to the training sessions in the first study
and the high level of fitness in participants of the sec-
ond study. In other words, the high level of fitness in
the participants of the aforementioned study compared
to the standard population caused a ceiling effect in the
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study sample, and if people with less fitness level were
enrolled in the study, the effect of exercise on cognitive
function could be more accurately determined.

In the present study, no significant difference was found
between the two groups in daily living activities. This
finding may be due to the better responsiveness of the
Barthel index to show changes in longitudinal follow-up
studies [33] but the duration of the intervention in this
study was relatively short. On the other hand, the Bar-
thel index is sensitive to changes in people with severe
disabilities [34]. Therefore, to investigate the effects of
upper limb resistance training on daily living activities,
more clinical trials with more responsive and sensitive
[35] outcome measures (e.g., functional independence
Measure) are wanted.

Although as mentioned earlier, this is one of the first
studies to evaluate the effectiveness of upper limb resis-
tance training on cognitive function in the elderly, it has
some limitations. First, the effects of resistance training
on brain alterations were not investigated in this study.
Also, only one cognitive outcome measure was used to
evaluate the cognitive function and it is suggested that
future studies examine the effectiveness of these exer-
cises on diverse cognitive functions (e.g., attention and
memory). In the present study, the effect of upper ex-
tremity resistance training in the elderly with normal
cognitive function or with minimal cognitive deficits
was investigated. It is suggested that in future studies,
the effect of these exercises on the cognitive function of
the elderly with cognitive deficits should be studied.

5. Conclusion

It seems that upper limbs resistance training may be ef-
ficacious in improving cognitive function in the elderly,
and including these exercises in daily routines in addi-
tion to the physical and psychological effects also may
have cognitive benefits.
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