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Key summary points

Aim We analyzed the differential effects of two resistance exercise programs based on the upper versus the lower body on
cognitive and physical functions of institutionalized older people.

Findings After the first intervention, significant improvements were observed in the cognitive function in both experi-
mental groups, and in the hand grip strength in the group that performed lower-body exercise. After the second phase, all
groups showed improvements in lower-body and shoulder flexibility and a significant worsening in hand grip strength. The
lower-body exercise group showed a worsening in cognitive function, and the upper-body group in functional mobility and
dynamic balance.

Message Resistance exercise with elastic bands is safe in institutionalized older people. Upper body exercises seemed to
be more effective on cognitive function, while lower limb exercises showed better results on physical function parameters.

Abstract

Purpose To compare the effects of upper versus the lower-body resistance exercise on cognitive and physical functions of
institutionalized older people.

Methods This was a non-randomized multi-center comparative and crossover study (clincialtrials.gov code NCT03831373).
Two experimental groups performed a 12-week intervention of resistance exercises with low-intensity elastic bands, one
program focused on exercises of the upper body (n =20, mean age 87.6 + 6.4 years, 75% women) and the other on the lower
body (n=29, mean age 81.4+7.7 years, 55% women). Following 12 weeks of detraining, the groups performed the other
intervention. After another 12 weeks, a follow-up assessment was carried. The control group (n=19, mean age 8§1.3+9.5,
68% women) performed a full body stretching exercise program in both phases. Before and after each period, cognitive
and physical function was assessed by standardized test (Mini-Mental State Examination, Trail Making test and Phototest;
Timed Up and Go, Back Scratch, Chair Sit and Reach and had grip strength, respectively). Intention-to-treat and per-protocol
analyses were carried.

Results After the first intervention, significant improvements (p <0.05) were observed in the cognitive function in both
experimental groups, and in the hand grip strength in the group that performed lower-body exercise. After the second phase,
all groups showed improvements in lower-body and shoulder flexibility and a significant worsening in hand grip strength.
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The lower-body exercise group showed a worsening in cognitive function, and the upper-body group in functional mobility

and dynamic balance.

Conclusions Resistance exercise with elastic bands showed beneficial effects on cognitive function and functional independ-
ence in institutionalized older adults. While upper body exercises seemed to be more effective on cognitive function, lower
limb exercises showed better results on physical function parameters.

Keywords Exercise - Frail older people - Institutionalization - Cognitive function - Physical function

Introduction

During ageing, a deterioration of the physical function is
produced by loss of functionality of different organs and
systems, as well as of muscular mass and strength [1]. In
the cognitive function, ageing is characterized by a reduc-
tion of brain tissue and functionality, which induces lower
processing speed, working memory or episodic memory,
among other functions [2]. This process as a whole derives
in frailty, lower functional independence for daily life tasks
and lower quality of life [3].

Physical exercise is essential in slowing down the impact
and consequences of the ageing process in the organism [3].
In particular, strong evidence indicates that resistance exer-
cise has numerous benefits at the physical and functional
level of this population (e.g., maintenance and improvement
of strength and muscle mass, functional mobility, or preven-
tion of falls) and may also be beneficial at the cognitive level
(e.g., for attention, memory and verbal fluency) [4], both in
people with early and late stages of sarcopenia and frailty[5].
These benefits have been observed in both older people liv-
ing independently and in people living in residential homes,
although considerably less so in the latter group.

Resistance exercise can also be performed with elastic
bands, which is a low-cost material of great interest, since
elastic bands allow great adaptability and have been shown
to be useful in achieving the beneficial effects. More pre-
cisely, previous studies in older residents using this material
have reported benefits on a number of fitness dimensions,
including strength [6-9] agility, balance and functional
mobility [7, 9-11], flexibility and aerobic endurance and
also in certain metabolic biomarkers (i.e., blood lipids and
glucose levels) [9] and self-perceived health [11], which
indicates the strong positive impact that this training modal-
ity can have on this population. In addition, performing exer-
cises with elastic bands have led to important improvements
not only in mobility outcomes but also in cognitive func-
tion [7, 11, 12]. These two factors experience a considerable
decline in institutionalized people, and strongly affect their
functional autonomy and independence [4].

Mobility limitations have a high prevalence among older
adults living in residential homes [13]. Despite the benefits
of exercise programs for people with and without reduced
mobility, older people living in residential homes tend to
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higher prevalence of physical inactivity and lower levels of
participation in the centers' exercise programs [14, 15]. Self-
perceived lack of balance, health risks derived from exer-
cise and fear of falls are some of the most cited barriers for
exercise participation in this population. Therefore, offering
exercise programs that make the residents feel safe and belief
in their capabilities and that can lead to the desired outcomes
(e.g., improved functional independence), has the potential
to increase participation and the achievement of the out-
comes [14]. One strategy to increase participation and ulti-
mately functional independence of the residents could be to
offer exercise programs focused on one area of the body (i.e.,
the upper or lower body), so that residents that feel insecure
to engage in exercise programs with the other area perceive
the programs as more feasible and safer. To this purpose,
it is important to analyze if participating in programs only
with the upper or lower body can bring benefits in general
health-related aspects such as general functionality and cog-
nitive function, and if there are differences in the effects
from focusing on each area. Nevertheless, current evidence
is mainly limited to full body programs or programs per-
formed only with one area of the body. Recent clinical trials
have examined the effects of strength training focused on the
lower or upper body, suggesting that it may lead to improve-
ments in strength in the body area that was not involved in
performing the exercises [16]. In other studies, the effects
of performing targeted strength exercise on markers related
to muscle mass [17] or cellular stress [18] have also been
examined. However, no studies have compared the effects of
performing strength exercise programs focused on the upper
or the lower body in older adults, neither in those living in
the community or in those in residential homes.

Therefore, the aim of this study was to analyze the dif-
ferential effects of two resistance exercise programs based
on the upper versus the lower body on the cognitive and
physical function of institutionalized older adults.

Materials and methods
Trial design

This was a multi-center comparative and crossover study,
with two experimental groups and a control group.
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Participants

A total of 68 participants were recruited in three residential
homes of Galicia (Spain); DomusVi Barreiro, DomusVi
Cangas and DomusVi Bembrive. The inclusion criteria were
as follows: (1) no health problems contraindicated for par-
ticipating in the exercise programs; (2) no severe mobility
problems which could affect the completion of any of the
programs; (3) being able to follow autonomously the oral
instructions on how to perform the exercises during the ses-
sions given by the session’s instructor while performing the
exercises. In contrast, a health condition that could likely
prevent physical assessment or exercise performance was
considered an exclusion criterion.

The ethics committee of the faculty of Education and
Sport Sciences of the University of Vigo approved the study
(code 16-1009-17). The board of directors of the residen-
tial homes gave their consent after being informed of the
experimental procedure. Participants were also informed
about the procedure and agreed to take part following the
medical approval whereby their health would not be at risk
at any point in the entire program. This study was performed
in accordance with the Declaration of Helsinki and abid-
ing by the European Guidelines on Good Clinical Research
Practice (111/3976/88; 1st July 1991), as well as the existing
Spanish legal framework concerning clinical research with
human subjects (Royal Decree 561/1993, on clinical trials).
The protocol of this study is registered in clincialtrials.gov
(code NCT03831373).

Interventions

Those residents in centers one and two who wished to
take part in the study formed the experimental groups one
(G1) and two (G2), respectively, and the programs for each
group were assigned in a random order. Participants in the
third center served as control group. This allocation was
decided since it was impossible to conduct three interven-
tions in each center simultaneously, due to a lack of health
professionals who could administer and control the exercise
program accurately. Both experimental groups performed
resistance exercises with low-intensity (yellow color) elastic
bands. These bands offer a resistance of 0.8 kg at an elonga-
tion of 50%, 1.3 kg at 100%, 1.8 kg at 150%, 2.2 kg at 200%
and 2.6 kg at 250% elongation. The intensity of the elastic
band was maintained throughout the interventions. In the
first phase, experimental group one (G1) first carried out a
resistance exercise program focused on the upper body, with
a duration of three months. Subsequently, this group carried
out a period of de-training, lasting another three months.
Then, in the second phase, the group carried out a resist-
ance exercise program focused on the lower body, lasting
three months. After the second program, a de-training and

follow-up phase was included, which lasted another three
months. The experimental group two (G2) first carried out
the resistance exercise program focused on the lower-body,
followed by the de-training period, the same program for the
upper-body and finally the follow-up. The intensity (color)
of the elastic band remained unchanged across the inter-
vention. The control group (CG) followed the same tim-
ing as the experimental groups and performed an identical
flexibility exercise program in both phases, involving upper
and lower body stretching exercises. All programs were per-
formed three days per week in 50-min sessions, with all ses-
sions comprised of three separate phases: activation, main
part and cool down. A detailed description of the resistance
exercise and stretching programs is presented in Supplemen-
tary Tables 1 and 2, respectively. All sessions were carried
in the centers and were administered and supervised by a
physiotherapist.

Outcomes

Change in mental status: The Spanish version [19] of the
Mini-Mental State Examination (MEC) was used, as it has
shown adequate validity and reliability levels in older adults
to assess spatio-temporal orientation, attention span, focus
and recall, mental calculation and language skills, visual-
spatial perception and the ability to follow basic instructions.
A 1.6-2 point change in the score of the MEC is considered
clinically meaningful [20]. The second test was the Trail
Making Test (TMT) [21]. Given the difficulty of the partici-
pants to complete part B, only part A was administered. This
test has shown good correlation with other validated cogni-
tive tests [22]. The last of the tests was the Fototest [23],
which was used to assess memory through free and cued
recall of images, executive function (i.e. verbal fluency) and
denomination (i.e. language). The higher the score, the better
cognitive function, with no maximum score. This test has
also shown good criterion validity and high reliability. The
cognitive function tests were administered by the in-house
psychologist, blinded to the group-assignment.

Change in physical status: The Timed Up and Go Test
(TUG) [24] was used to assess basic functional mobility and
locomotive capacity (dynamic balance). The test consists
in standing up from a chair, walking a 3-m distance, going
back, and sitting again, under the instruction of perform-
ing the task “as quickly as possible”. A stopwatch is used
to register the time the participant takes to complete the
process. This test has shown great reliability [25] and its
results are associated with the risk of falling [26]. It has
been suggested that a change of 0.9—1.4 s is of clinical rel-
evance in elderly patients with COPD [27]. The Chair Sit
and Reach (CSR) [28] from the Senior Fitness Test battery,
was used to assess the flexibility of the posterior musculature
of the leg. Sitting on the edge of a chair, keeping one leg
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fully extended, the participant must try to reach the tip of
the foot with both hands simultaneously. Then, the distance
between the third finger of the hands and the tip of the foot
is measured. This test has shown good reliability and cri-
terion validity [29]. Also from the Senior Fitness Test, the
Back Scratch (BS) test was used to assess the mobility of
the shoulder. The participant must try to touch both hands at
the back, with one arm behind the head and the other from
the waist, while standing. This test has been widely used to
measure the upper body mobility in previous research [30].
Finally, hand grip strength (HG) was measured with a Sae-
han hand-held dynamometer, with the person standing and
holding the device with the arm fully extended, along the
body [31]. Both hands were assessed in two occasions and
the highest value was used for the analysis. This outcome
has been strongly associated to general strength, bone min-
eral density, risk of falls, cognitive impairment, depression,
frailty, morbidity and mortality [32] and the test has shown
great test—retest reliability in older adults [33]. Although no
consensus has been reached regarding the clinically mean-
ingful change of in grip strength, values of 5.0 to 6.5 kg
have been suggested [32]. The physical function tests were
administered by a physical activity and sports scientist.

All assessments were performed by a non-blinded asses-
sor. Baseline assessments (T0O) were carried two weeks
before the interventions started. After the first intervention
of 12 weeks, another assessment was done (T1). Following
another 12 weeks, the third assessment (T2) was done before
the second intervention. After 12 weeks of the second inter-
vention, the fourth assessment was carried (T3). Following
another 12 weeks of no intervention, a follow-up assessment
was done (T4).

Sample size

Sample size was calculated using G*Power 3.1 software,
based on the results from previous studies [34], with confi-
dence level of 0.05, power of 95%, precision of 4, variance
of 90, ratio of 1 between groups and a 15% of losses, sample
size was estimated in 35 participants per group.

Statistical methods

The descriptive analysis of the sample was carried out
through central tendency measures (mean and standard devi-
ation). The distribution of the variables in the sample was
analyzed by visual inspection of histograms and the Shap-
iro—Wilk test. Because none of the variables showed a nor-
mal distribution, non-parametric tests were used to analyze
the differences between each moment of assessment within
the same group (Wilcoxon rank-sum test) and between
groups at each assessment (Kruskal-Wallis test). In addition,
moment per group interaction was analyzed using a two-way
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ANOVA with each outcome as dependent variable and the
group and moment of assessment as independent variables.
These three tests were carried in two different approaches.
First, as intention-to-treat analysis, including all participants
that initiated the study. Second, a per-protocol analysis was
carried including only those participants attending at least
the 70% of the exercise sessions [35]. The effect size (ES)
was calculated for each variable and study group between
the different assessments using Cohen's d in the case of the
intention-to-treat due to the sample size per group (n>20
participants) and Hedges' g in the analysis per protocol [36].
Effect size was interpreted as trivial (£0.2), small (>0.2),
moderate (>0.5), large (> 0.8) or very large (> 1.3) [37].
All analyses were performed using Stata Statistical Software
version 16 (StataCorp. 2013. College Station, TX: StataCorp
LP), considering p < 0.05 for statistical significance.

Results

A total of 68 participants (mean age 83.2 + 8.3 years, 65%
women) were included in the study. Of the total, 20 partici-
pants were assigned to G1, 29 to G2 and 19 to CG (Fig. 1).

The general characteristics of the sample are summarized
in Table 1. At baseline, the groups showed significant dif-
ferences at baseline in age (p =0.007), and no differences in
the other outcomes.

Results for the intention to treat analysis (Table 2)
showed, after the first phase of the intervention (TO versus
T1 measurements), significant improvements in the cogni-
tive function by means of the MEC in G1 after upper-body
resistance exercise (p =0.008) and in the TMT-A for both
experimental groups (G1 p=0.004, G2 p=0.031). The G2
also improved the hand grip strength (p =0.005) after per-
forming lower-body resistance exercise. After the second
phase (T2 vs T3 measurements), all groups showed improve-
ments in lower-body and shoulder flexibility, by means of
the CSR (p <0.001) and BS (p <0.038) respectively, and a
significant worsening in hand grip strength (p <0.03). The
G1 showed a worsening in cognitive function assessed by
the MEC after lower-body exercise (p =0.009), and the G2
showed a worsening in functional mobility and dynamic
balance, assessed by the TUG, after upper-body resistance
exercise (p =0.020). Moment per group interaction analysis
revealed significant interactions only for the CSR in TO ver-
sus T1 (F[2, 130]=4.51, p=0.013) and TO versus T4 com-
parisons (F[8, 325]=2.10, p=0.035). Percentage of change
and effect sizes for each group, outcome and measurement
are presented in Supplementary Table 3.

The results for the analysis per protocol showed a similar
pattern (Supplementary Tables 4 and 5 and Supplementary
Figs. 1 and 2), although effect sizes were generally accentu-
ated (Supplementary Table 6).
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Analysis HAP
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Fig. 1 Flow diagram of the progress through the phases of the study

No harms or adverse events derived from the interven-
tions occurred during the study.

Discussion

The aim of the study was to investigate the different effects
of two resistance training programs using elastic bands,
focused on the upper versus the lower body, on physical
and cognitive function of institutionalized older adults.

Generally, despite the existing evidence on the benefits of
strength training in older people, only a few studies have
analyzed the effects of resistance exercise programs using
elastic bands in the institutionalized population.

One of the main findings was that, after the first three
months of the programs, improvements were observed in
different domains of cognitive function. In particular, a sig-
nificant improvement in the global cognitive function fol-
lowing the upper body program was shown. This result is
coherent with the findings of a recent review [38], which
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Table 1 Baseline characteristics of the sample

Outcome Gl (n=20) G2 (n=29) CG (n=19)

Mean +SD Range Mean +SD Range Mean +SD Range
Age (years) 87.6+6.4% 72.6, 96.4 81.4+7.7 61.8,91.9 81.3+9.5 61.0,93.9
Falls in previous year (no) 0.8+1.2 0.0, 4.0 1.8+2.7 0.0, 11.0 1.6+2.3 0.0,7.0
MEC (score) 192+4.1 10, 27 22.1+4.38 13,30 18.7+6.9 9,29
TMT-A (s) 246.8+147.6 86.0, 649.0 314.0+191.5 61.0,752.0 347.7+152.3 124.0, 590.0
Phototest (score) 24.1+6.8 14.0,37.0 23.1+9.3 5.0,41.0 19.3+8.7 11.0,43.0
TUG (s) 21.9+12.0 8.3,47.6 18.7£13.5 10.3,77.0 23.1+19.8 7.0, 96.0
CSR right leg (cm) -30.5+10.1 —44.0,-8 —-323+11.1 -53.0,15 -32.8+7.6 —49.0, -18.0
CSR left leg (cm) -312+129 -55.0,-1.0 —32.0+£9.7 -53.0,-14.0 -30.3+9.2 —44.0,-5.0
BS right arm above (cm) -29.1+16.8 -1.0,-5.0 —28.9+13.6 -57.0,-1.0 -31.1+13.2 -54.0,-2.0
BS left arm above (cm) -36.4+17.2 -70,-17.0 —-32.4+127 —-55.0,2.0 -359+13.1 -60.0,-7.0
HG right (kg) 19.8+£6.8 14.0, 40.0 21.7+£6.5 9.0,36.0 21.8+7.3 12.0, 34.0
HG left (kg) 17.9+6.4 8.0, 36.0 20.2+6.3 8.0,34.0 199+7.8 8.0,34.0

BS Back Scratch test, CG control group, CSR Chair Sit-and-Reach Test, G/ experimental group 1, G2 experimental group 2, HG hand grip

strength, MEC Spanish version of the Mini-Mental State-Examination, TM7-A Trail Making Test part A, TUG timed up and go test
*Significant differences between G1 and G2 (p=0.002), and G1 and G3 (»p=0.001)

reported that participating in resistance training programs
can lead to improvements in global cognitive function in
both cognitively impaired and cognitively healthy older
adults. Nevertheless, while this review did not report the
possibility of enhancing the specific domain of attention,
we found significant improvements in this domain, assessed
by means of the TMT-A, following both the upper and the
lower body programs. Regarding the domains assessed by
the Phototest, memory and verbal fluency, no improvements
were found. Previous evidence is unconclusive in respect to
the effects of strength training programs in these domains.
For example, a previous study [39] showed that both param-
eters improved with strength training in their investigation,
while another study [40] reported no improvements in verbal
fluency in a group of cognitively healthy older people. In
our study, after the second intervention and with the crosso-
ver of programs, a worsening of global cognitive function
was detected in the group that performed the lower body
strength program, while in the group performing the upper
body program, no significant results in any cognitive domain
were found. The variation in the results could be explained
by uncontrolled confounding factors in the groups, as the
results seem more linked to a particular training group than
to the program itself. Nevertheless, an important aspect to
highlight is that the two groups that performed resistance
exercise maintained the global levels of cognition, assessed
by means of the MEC test, throughout the duration of the
study (from TO to T4), whereas the control group showed a
significant deterioration. This result suggests that both train-
ing programs, independently of the order in which they were
administered, could be protective and reduce the natural pro-
gression of cognitive impairment, which goes in line with
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previous research [4], while stretching exercise may not be
useful in the long term. Nevertheless, this result should be
interpreted with caution, as the evolution in the TMT-a and
Phototest assessments was similar for the three groups. Alto-
gether, more scientific evidence on the effects of strength
training programs on cognitive domains is warranted.

Regarding the effect of the training on physical func-
tion, after the first intervention, the group performing the
upper body program significantly worsened in lower limb
flexibility, while the group performing the lower body pro-
gram significantly improved its hand grip strength. The
scarce evidence available on the effectiveness of strength
training with elastic bands on flexibility point to a different
direction compared to our results [41-43]. For example, a
previous study [41] reported that moderate and high inten-
sity strength training were more effective for improving
flexibility than low intensity training. Therefore, the low
intensity (i.e., low loads) of our program could partially
explain the lack of positive results. Additionally, a recent
study using elastic bands for strength training [42] con-
ducted a moderate intensity program in which a progres-
sion of loads was established through the use of different
elastic bands throughout the intervention, which resulted
in significant improvements in the CSR after 12 weeks
of training. Therefore, another reason for our null results
could be the lack of progression in the loads used in the
training.

The results of strength measured by manual dynamom-
etry did not show improvements in the group performing
the upper body program but did show improvements in
the group that performed the lower body program. Previ-
ous evidence is also inconclusive in this respect. A study
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Table 2 Results and comparisons across all measurements using intention to treat analysis (G1 n=20, G2 n=29, CG n=19)
Outcome Measurements (mean + SD) Moment X group interaction
TO T1 T2 T3 T4 TO-T1 T2-T3 TO-T4
F(2,130), P F(2,130),P F(8,325),P
MEC (score)
Gl 19.2+4.1 22.1+£3.9% 22.1+3.7 20.9+4.2% 19.8+5.2% 1.17,0.315  0.19,0.824  0.60,0.782
G2 22.1+4.8 22.0£5.0 21.5+6.2 21.2+6.2 22.1+5.2°
CG 18.7+6.9 18.7+6.1 18.2+6.1 18.6+6.0 17.6 +£6.4**
TMT-A (s)
Gl 2468+ 147.6 177.4+94.6%° 154.4+56.6°°  188.7+60.6" 254.8+127.4*%* 0.25,0.780  0.39,0.680  0.71, 0.682
G2 314.0+191.4 259.9+142.6%" 244.1+140.5* 252.1+133.8 266.6+151.14
CG 347.7+1523 326.0+161.8°  265.7+116.0*° 255.9+106.3 276.3 +115.9%*
Phototest (score)
Gl 24.1+6.8 24.4+6.1° 249+5.7 25.0+5.5 21.2+10.7%  0.07,0.940  0.03,0.970 0.72,0.676
G2 23.1+9.3 23.1+8.0° 23.6+9.5 242+8.7 26.5+7.7%
CG 19.3+8.7 17.4+£9.9% 20.3+9.7 21.3+x114 20.6+10.5%
TUG (s)
Gl 21.9+12.0 220+114 18.9+6.6 20.5+8.3 16.8 +4.6* 0.62,0.538  0.34,0.714  0.63,0.753
G2 18.7+13.5 20.5+19.3 16.7+6.7 20.3+11.5% 20.0+13.2
CG 23.1+19.8 18.0+9.9 20.1+£8.2% 20.8+8.6 22.5+11.6
CSR (cm)
Gl -309+112 —37.8+4.5%" —268+11.4% —145+12.6%® —152+54 451,0.013 1.10,0.340  2.10,0.035
G2 —32.1+98 —-29.7+10.3* —-25.0+10.8* —184+7.5%% —12.9+6.7*%
CG -31.6+8.1 —267+£9.6"°°  —251+10.8 —182+7.4%° —13.5+8.0%
BS (cm)
Gl -328+164 —-297+13.6 —-239+103* —-19.6+9.0*% —16.0+6.4% 0.24,0.788  1.16,0.316  0.52,0.839
G2 -30.7x126 -31.5+12.7 —-29.6+12.1 —-193+10.1* —17.2+5.2%
CG -335+13.0 -33.0+13.7 -309+134 —20.0+8.9% -16.2+5.0
HG (kg)
Gl 189+64 19.6+4.4° 18.6+3.5 12.8 +£2.8* 8.5+2.1%°  0.69,0.503  0.98,0.38 0.62, 0.760
G2 20.9+6.0 22.9+5.6% 21.4+£6.4* 142+3.4* 10.8+£2.7%*
CG 20.8+74 19.9+6.0 19.3 +6.0%* 14.8 +4.3% 11.0+2.5%

BS Back Scratch test, CG control group, CSR Chair Sit-and-Reach Test, G/ experimental group 1, G2 experimental group 2, HG Hand Grip
strength, MEC Spanish version of the Mini-Mental State-Examination, TMT-A Trail Making Test part A, TUG Timed Up and Go Test. Meas-
urements are TO: Baseline, T1: After first exercise program, T2: after wash-out period; T3: after second exercise program, T4: after the end of

follow-up

*Significant differences (p <0.05) with previous moment of assessment for the same group*Significant differences (p <0.05) with previous

moment of assessment for the same group

% or © Significant differences between groups with the same upper script letter in the moment of assessment

implementing an 8-week program with elastic bands in
detrained older adults did not report significant improve-
ments [44]. Similarly, other authors did not detect changes
in dynamometry values after a resistance program combin-
ing elastic bands with body weight exercises [45]. Some
authors have suggested that a specific upper limb program is
necessary to obtain improvements in manual dynamometry
[45]. Nevertheless, although a specific upper body strength
program was performed in our study, it is possible that the
stimulus offered by the material used was not sufficient to
induce strength improvements [46]. Furthermore, while

some evidence indicates that the positive effects of lower
limb strength training may not translate into improvements
in manual dynamometry data [47], a previous intervention
combining upper and lower limb exercises which did show
improvements in handgrip strength assessments [42].
Previous evidence regarding dynamic balance is inde-
cisive as well, as studies with similar training proposals
have reported contradictory results. More precisely, while
a study with a lower limb only program obtained significant
improvements in TUG [48], a full-body strength training
program did not show improvements in this parameter [42].

@ Springer



914

European Geriatric Medicine (2022) 13:907-916

At the end of the second intervention (crossover of
programs), the experimental groups showed a significant
improvement in both flexibility tests which, as previ-
ously indicated, was to be expected after strength training
[7]. The lack of improvement in dynamic balance could
be explained by the significant worsening of strength
observed in this second phase since, according to a recent
review [49], both aspects could be linked. Although the
mechanisms explaining this relationship are not clear, the
presence of a certain level of instability during the practice
of resistance training could have a positive influence on
balance [49]. Due to the characteristics of the program
of the present study, which was mainly performed in a
seated position, the aforementioned instability condition
did not occur.

Finally, it is necessary to highlight a review that showed
that upper limb interventions are associated with greater
effects on functional independence while lower limb inter-
ventions promote general physical function and prevent
disability in older adults [50]. Although the results of the
present study do not go in accordance with this idea, the
lack of studies comparing upper versus lower limb exercise
approaches does not allow to draw firm conclusions in this
regard.

Altogether, our results are of clinical relevance for two
main aspects. First, they indicate that performing strength
exercise with elastic bands (an economic and easy-to-use
material), focusing on the upper or lower body, can poten-
tially lead to benefits in the cognitive function, especially
when performed with the upper body. Second, performing
exercise with the lower body can potentially lead to general
strength benefits. This is particularly interesting for people
with mobility limitations or high risk of falls, especially in
the case of institutionalized older adults, and may encourage
the personnel of the centers to include more people in the
exercise programs. Additionally, this study may serve as a
basis for future research on the field of strength exercise pro-
grams focused on specific body areas in older populations.

There are some limitations that need to be considered
when interpreting our findings. First, one of the experimen-
tal groups showed significant differences in age with the
other experimental and control groups, which is of particular
importance when interpreting and comparing the evolution
in the assessments across the groups and the study time. Sec-
ond, a reduced number of participants showed high rates of
adherence during the intervention phases finished all assess-
ments. Third, due to the small simple size and heterogene-
ity on the cognitive status of the participants, it was not
possible to perform a stratified analysis taking into account
cognitive function. Fourth, the lack of randomization of the
sample. Finally, residual potential confounding derived from
the lack of a better control of the activities performed by
the participants in their daily lives, particularly within the

@ Springer

detraining periods, and other unaccounted confounders that
could interfere with the results.

In conclusion, in this preliminary study, resistance exer-
cise with elastic bands showed beneficial effects on cognitive
function and functional independence in institutionalized
older adults. While upper body exercises seem to produce
acute effects on cognitive function, lower limb exercises
showed better results on physical function parameters. More
studies are needed to corroborate these findings and assess
more precisely the effects of resistance training with elastic
bands on physical and cognitive function in institutionalized
older adults.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s41999-022-00616-6.

Acknowledgements Funding for open access charge: Universidade de
Vigo/CISUG.

Funding Open Access funding provided thanks to the CRUE-CSIC
agreement with Springer Nature. Funding for open access charge: Uni-
versidade de Vigo/CISUG.

Availability of data and material Data are available.

Code availability Not applicable.

Declarations

Conflict of interest All authors certify that they have no affiliations
with or involvement in any organization or entity with any financial
interest or non-financial interest in the subject matter or materials dis-
cussed in this manuscript.

Ethics approval Faculty of Education and Sport Sciences of the Uni-
versity of Vigo, code 16-1009-17.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent for publication Patients signed informed consent regarding
publishing their data.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


https://doi.org/10.1007/s41999-022-00616-6
http://creativecommons.org/licenses/by/4.0/

European Geriatric Medicine (2022) 13:907-916

915

References

10.

12.

13.

14.

Gladyshev VN (2016) Aging: progressive decline in fitness due
to the rising deleteriome adjusted by genetic, environmental, and
stochastic processes. Aging Cell 15:594—602. https://doi.org/10.
1111/acel.12480

Khan SS, Singer BD, Vaughan DE (2017) Molecular and physi-
ological manifestations and measurement of aging in humans.
Aging Cell 16:624-633. https://doi.org/10.1111/acel.12601
Garatachea N, Pareja-Galeano H, Sanchis-Gomar F, Santos-
Lozano A, Fiuza-Luces C, Moran M et al (2015) Exercise attenu-
ates the major hallmarks of aging. Rejuvenation Res 18:57-89.
https://doi.org/10.1089/rej.2014.1623

Fragala MS, Cadore EL, Dorgo S, Izquierdo M, Kraemer WJ,
Peterson MD et al (2019) Resistance training for older adults. J
Strength Cond Res 33:2019-2052. https://doi.org/10.1519/JSC.
0000000000003230

Talar K, Hernidndez-belmonte A, Vetrovsky T, Steffl M,
Katamacka E, Courel-ibafiez J (2021) Benefits of resistance train-
ing in early and late stages of frailty and sarcopenia: a systematic
review and meta-analysis of randomized controlled studies. J Clin
Med. https://doi.org/10.3390/ICM 10081630

Barthalos I, Dorgo S, Plachy JK, Szakaly Z, Ihasz F, Németh
TR et al (2016) Randomized controlled resistance training based
physical activity trial for central European nursing home residing
older adults. J Sports Med Phys Fitness 56:1249-1257
Lazowski DA, Ecclestone NA, Myers AM, Paterson DH, Tudor-
Locke C, Fitzgerald C et al (1999) A randomized outcome evalu-
ation of group exercise programs in long-term care institutions. J
Gerontol Ser A Biol Sci Med Sci. https://doi.org/10.1093/gerona/
54.12.M621

Venturelli M, Lanza M, Muti E, Schena F (2010) Positive effects
of physical training in activity of daily living-dependent older
adults. Exp Aging Res 36:190-205. https://doi.org/10.1080/03610
731003613771

Stojanovi¢ MDM, Miki¢ M, Milosevi¢ Z, Vukovié J, Jezdimirovic¢
T, Vuceti¢ V (2021) Effects of chair-based, low-load elastic band
resistance training on functional fitness and metabolic biomarkers
in older women. J Sport Sci Med 20:133-141. https://doi.org/10.
52082/jssm.2021.133

Baum EE, Jarjoura D, Polen AE, Faur D, Rutecki G (2003) Effec-
tiveness of a group exercise program in a long-term care facility:
a randomized pilot trial. ] Am Med Dir Assoc 4:74-80. https://
doi.org/10.1097/01.jam.0000053513.24044.6¢

. Mollinedo Cardalda I, Lopez A, Cancela Carral JM (2019) The

effects of different types of physical exercise on physical and cog-
nitive function in frail institutionalized older adults with mild to
moderate cognitive impairment. A randomized controlled trial.
Arch Gerontol Geriatr 83:223-230. https://doi.org/10.1016/J.
ARCHGER.2019.05.003

Dorner T, Kranz A, Zettl-Wiedner K, Ludwig C, Rieder A, Gis-
inger C (2007) The effect of structured strength and balance train-
ing on cognitive function in frail, cognitive impaired elderly long-
term care residents. Aging Clin Exp Res 19:400—405. https://doi.
org/10.1007/BF03324721

Torres De Aratjo JR, MacEdo Ferreira LMDB, Jerez-Roig
J, Costa De Lima K (2021) Mobility limitation in older adults
residing in nursing homes in Brazil associated with advanced age
and poor nutritional status: an observational study. J Geriatr Phys
Ther. https://doi.org/10.1519/JPT.0000000000000301
Valenzuela T (2012) Efficacy of progressive resistance train-
ing interventions in older adults in nursing homes: a systematic
review. J] Am Med Dir Assoc 13:418-428. https://doi.org/10.
1016/j.jamda.2011.11.001

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Harper IG (2002) Daily life in a nursing home—has it changed in
25 years? J Aging Stud 16:345-359

Bartolomei S, Hoffman JR, Stout JR, Merni F (2018) Effect of
lower-body resistance training on upper-body strength adaptation
in trained men. J Strength Cond Res 32:13-18. https://doi.org/10.
1519/1SC.0000000000001639

Bagheri R, Rashidlamir A, Motevalli MS, Elliott BT, Mehrabani
J, Wong A (2019) Effects of upper-body, lower-body, or com-
bined resistance training on the ratio of follistatin and myostatin
in middle-aged men. Eur J Appl Physiol 119:1921-1931. https://
doi.org/10.1007/s00421-019-04180-z

Zychowska M, Kochanowicz A, Kochanowicz K, Mieszkowski
J, Niespodziniski B, Sawczyn S (2017) Effect of lower and upper
body high intensity training on genes associated with cellular
stress response. Biomed Res Int. https://doi.org/10.1155/2017/
2768546

Lobo A, Saz P, Marcos G, Dia JL, de la Camara C, Ventura T
et al (1999) Revalidation and standardization of the cognition
mini-exam (first Spanish version of the Mini-Mental Status
Examination) in the general geriatric population. Med Clin (Barc)
112:767-774

Watt JA, Veroniki AA, Tricco AC, Straus SE (2021) Using a
distribution-based approach and systematic review methods to
derive minimum clinically important differences. BMC Med Res
Methodol 21:1-7. https://doi.org/10.1186/S12874-021-01228-7/
TABLES/4

Reitan RM (1958) Validity of the Trail Making Test as an indica-
tor of organic brain damage. Percept Mot Skills 8:271-276
Kowalczyk A, McDonald S, Cranney J, McMahon M (2001)
Cognitive flexibility in the normal elderly and in persons with
dementia as measured by the written and oral trail making tests.
Brain Impair 2:11-21. https://doi.org/10.1375/brim.2.1.11
Carnero-Pardo C, Saez-Zea C, Montiel-Navarro L, Feria-Vilar I,
Gurpegui M (2011) Estudio normativo y de fiabilidad del fototest.
Neurologia 26:20-25. https://doi.org/10.1016/j.nr1.2010.09.021
Podsiadlo D, Richardson S (1991) The Timed “Up & Go™: a test
of basic functional mobility for frail elderly persons. J] Am Geriatr
Soc 39:142-148. https://doi.org/10.1111/j.1532-5415.1991.tb016
16.x

Nordin E, Rosendahl E, Lundin-Olsson L (2006) Timed, “Up &
Go” test: reliability in older people dependent in activities of daily
living—focus on cognitive state. Phys Ther 86:646-655. https://
doi.org/10.1093/ptj/86.5.646

Kojima G, Masud T, Kendrick D, Morris R, Gawler S, Treml
J et al (2015) Does the timed up and go test predict future falls
among British community-dwelling older people? Prospective
cohort study nested within a randomised controlled trial. BMC
Geriatr 15:38. https://doi.org/10.1186/s12877-015-0039-7
Mesquita R, Wilke S, Smid DE, Janssen DJA, Franssen FME,
Probst VS et al (2016) Measurement properties of the Timed Up
& Go test in patients with COPD. Chron Respir Dis 13:344-352.
https://doi.org/10.1177/1479972316647178

Rikli RE, Jones CJ. Senior fitness test manual. Human Kinetics;
2013.

Jones CJ, Rikli RE, Max J, Noffal G (1998) The reliability and
validity of a chair sit-and-reach test as a measure of hamstring
flexibility in older adults. Res Q Exerc Sport 69:338-343. https://
doi.org/10.1080/02701367.1998.10607708

Liu J-D, Quach B, Chung P-K (2019) Further understanding
of the Senior Fitness Test: evidence from community-dwelling
high function older adults in Hong Kong. Arch Gerontol Geriatr
82:286-292. https://doi.org/10.1016/J. ARCHGER.2019.02.011
Sasaki H, Kasagi F, Yamada M, Fujita S (2007) Grip strength pre-
dicts cause-specific mortality in middle-aged and elderly persons.
Am J Med 120:337-342. https://doi.org/10.1016/J.AMIMED.
2006.04.018

@ Springer


https://doi.org/10.1111/acel.12480
https://doi.org/10.1111/acel.12480
https://doi.org/10.1111/acel.12601
https://doi.org/10.1089/rej.2014.1623
https://doi.org/10.1519/JSC.0000000000003230
https://doi.org/10.1519/JSC.0000000000003230
https://doi.org/10.3390/JCM10081630
https://doi.org/10.1093/gerona/54.12.M621
https://doi.org/10.1093/gerona/54.12.M621
https://doi.org/10.1080/03610731003613771
https://doi.org/10.1080/03610731003613771
https://doi.org/10.52082/jssm.2021.133
https://doi.org/10.52082/jssm.2021.133
https://doi.org/10.1097/01.jam.0000053513.24044.6c
https://doi.org/10.1097/01.jam.0000053513.24044.6c
https://doi.org/10.1016/J.ARCHGER.2019.05.003
https://doi.org/10.1016/J.ARCHGER.2019.05.003
https://doi.org/10.1007/BF03324721
https://doi.org/10.1007/BF03324721
https://doi.org/10.1519/JPT.0000000000000301
https://doi.org/10.1016/j.jamda.2011.11.001
https://doi.org/10.1016/j.jamda.2011.11.001
https://doi.org/10.1519/JSC.0000000000001639
https://doi.org/10.1519/JSC.0000000000001639
https://doi.org/10.1007/s00421-019-04180-z
https://doi.org/10.1007/s00421-019-04180-z
https://doi.org/10.1155/2017/2768546
https://doi.org/10.1155/2017/2768546
https://doi.org/10.1186/S12874-021-01228-7/TABLES/4
https://doi.org/10.1186/S12874-021-01228-7/TABLES/4
https://doi.org/10.1375/brim.2.1.11
https://doi.org/10.1016/j.nrl.2010.09.021
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1093/ptj/86.5.646
https://doi.org/10.1093/ptj/86.5.646
https://doi.org/10.1186/s12877-015-0039-7
https://doi.org/10.1177/1479972316647178
https://doi.org/10.1080/02701367.1998.10607708
https://doi.org/10.1080/02701367.1998.10607708
https://doi.org/10.1016/J.ARCHGER.2019.02.011
https://doi.org/10.1016/J.AMJMED.2006.04.018
https://doi.org/10.1016/J.AMJMED.2006.04.018

916

European Geriatric Medicine (2022) 13:907-916

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Bohannon RW (2019) Grip strength: an indispensable biomarker
for older adults. Clin Interv Aging 14:1681-1691. https://doi.org/
10.2147/CIA.S194543

Wang C-Y, Chen L-Y (2010) Grip strength in older adults: test-
retest reliability and cutoff for subjective weakness of using the
hands in heavy tasks. Arch Phys Med Rehabil 91:1747-1751.
https://doi.org/10.1016/j.apmr.2010.07.225

Yoon DH, Kang D, Kim H, Kim J-S, Song HS, Song W (2017)
Effect of elastic band-based high-speed power training on cogni-
tive function, physical performance and muscle strength in older
women with mild cognitive impairment. Geriatr Gerontol Int
17:765-772. https://doi.org/10.1111/ggi.12784

da Silva SG, Hallal PC, Domingues MR, Bertoldi AD, da Silveira
MEF, Bassani D et al (2017) A randomized controlled trial of exer-
cise during pregnancy on maternal and neonatal outcomes: results
from the PAMELA study. Int J Behav Nutr Phys Act 14:175.
https://doi.org/10.1186/s12966-017-0632-6

Ellis PD (2010) The essential guide to effect sizes: statistical
power, meta-analysis, and the interpretation of research results.
Cambridge University Press, Cambridge

CohenJ (2003) A power primer. American Psychological Associa-
tion, Washington, DC

Coelho-Junior H, Marzetti E, Calvani R, Picca A, Arai H, Uchida
M (2020) Resistance training improves cognitive function in older
adults with different cognitive status: a systematic review and
Meta-analysis. Aging Ment Heal. https://doi.org/10.1080/13607
863.2020.1857691

Suzuki T, Shimada H, Makizako H, Doi T, Yoshida D, Tsut-
sumimoto K et al (2012) Effects of multicomponent exercise on
cognitive function in older adults with amnestic mild cognitive
impairment: a randomized controlled trial. BMC Neurol 12:128.
https://doi.org/10.1186/1471-2377-12-128

Ansai JH, Rebelatto JR (2015) Effect of two physical exercise pro-
tocols on cognition and depressive symptoms in oldest-old people:
arandomized controlled trial. Geriatr Gerontol Int 15:1127-1134.
https://doi.org/10.1111/ggi. 12411

Fatouros IG, Kambas A, Katrabasas I, Leontsini D, Chatz-
inikolaou A, Jamurtas AZ et al (2006) Resistance training and
detraining effects on flexibility performance in the elderly are
intensity-dependent. J Strength Cond Res 20:634-642. https://
doi.org/10.1519/R-17615.1

Choi H-M, Hurr C, Kim S (2020) Effects of elastic band exercise
on functional fitness and blood pressure response in the healthy

@ Springer

43.

44,

45.

46.

47.

48.

49.

50.

elderly. Int J Environ Res Public Health 17:7144. https://doi.org/
10.3390/ijerph17197144

Yeun YR (2017) Effectiveness of resistance exercise using elastic
bands on flexibility and balance among the elderly people living
in the community: a systematic review and meta-analysis. J Phys
Ther Sci 29:1695-1699. https://doi.org/10.1589/jpts.29.1695
Martins WR, Safons MP, Bottaro M, Blasczyk JC, Diniz LR,
Fonseca RMC et al (2015) Effects of short term elastic resistance
training on muscle mass and strength in untrained older adults: a
randomized clinical trial. BMC Geriatr 15:1-10. https://doi.org/
10.1186/s12877-015-0101-5

Krause M, Crognale D, Cogan K, Contarelli S, Egan B, News-
holme P et al (2019) The effects of a combined bodyweight-based
and elastic bands resistance training, with or without protein sup-
plementation, on muscle mass, signaling and heat shock response
in healthy older people. Exp Gerontol 115:104-113. https://doi.
org/10.1016/j.exger.2018.12.004

Cadore EL, Rodriguez-Maiias L, Sinclair A, Izquierdo M (2013)
Effects of different exercise interventions on risk of falls, gait
ability, and balance in physically frail older adults: a systematic
review. Rejuvenation Res 16:105—114. https://doi.org/10.1089/rej.
2012.1397

Yaginuma Y, Abe T, Thiebaud RS, Kitamura T, Kawanishi M,
Fukunaga T (2017) Can handgrip strength improve following
body mass-based lower body exercise? Biores Open Access
6:19-27. https://doi.org/10.1089/biores.2017.0008

Kwak CJ, Kim YL, Lee SM (2016) Effects of elastic-band resist-
ance exercise on balance, mobility and gait function, flexibility
and fall efficacy in elderly people. J Phys Ther Sci 28:3189-3196.
https://doi.org/10.1589/jpts.28.3189

Sarabon N, Kozinc 7 (2020) Effects of resistance exercise on bal-
ance ability: systematic review and meta-analysis of randomized
controlled trials. Life 10:1-16. https://doi.org/10.3390/1ife 101102
84

Chase J-AD, Phillips LJ, Brown M (2017) Physical activity inter-
vention effects on physical function among community-dwelling
older adults: a systematic review and meta-analysis. J Aging Phys
Act 25:149-170. https://doi.org/10.1123/japa.2016-0040

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.2147/CIA.S194543
https://doi.org/10.2147/CIA.S194543
https://doi.org/10.1016/j.apmr.2010.07.225
https://doi.org/10.1111/ggi.12784
https://doi.org/10.1186/s12966-017-0632-6
https://doi.org/10.1080/13607863.2020.1857691
https://doi.org/10.1080/13607863.2020.1857691
https://doi.org/10.1186/1471-2377-12-128
https://doi.org/10.1111/ggi.12411
https://doi.org/10.1519/R-17615.1
https://doi.org/10.1519/R-17615.1
https://doi.org/10.3390/ijerph17197144
https://doi.org/10.3390/ijerph17197144
https://doi.org/10.1589/jpts.29.1695
https://doi.org/10.1186/s12877-015-0101-5
https://doi.org/10.1186/s12877-015-0101-5
https://doi.org/10.1016/j.exger.2018.12.004
https://doi.org/10.1016/j.exger.2018.12.004
https://doi.org/10.1089/rej.2012.1397
https://doi.org/10.1089/rej.2012.1397
https://doi.org/10.1089/biores.2017.0008
https://doi.org/10.1589/jpts.28.3189
https://doi.org/10.3390/life10110284
https://doi.org/10.3390/life10110284
https://doi.org/10.1123/japa.2016-0040

	Upper versus lower body resistance exercise with elastic bands: effects on cognitive and physical function of institutionalized older adults
	Key summary points
	Aim 
	Findings 
	Message 

	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Trial design
	Participants
	Interventions
	Outcomes
	Sample size
	Statistical methods

	Results
	Discussion
	Acknowledgements 
	References




