International Journal of
Environmental Research

and Public Health

Review

The Effects of High-Speed Resistance Training on Health
Outcomes in Independent Older Adults: A Systematic Review
and Meta-Analysis

Alexandre Duarte Martins
Franco David Alderete Goiii ©

check for
updates

Citation: Martins, A.D.; Fernandes,
O.; Pereira, A.; Oliveira, R.; Alderete
Gonii, ED.; Leite, N.J.C.; Brito, ].P. The
Effects of High-Speed Resistance
Training on Health Outcomes in
Independent Older Adults: A
Systematic Review and Meta-
Analysis. Int. ]. Environ. Res. Public
Health 2022, 19, 5390.
https://doi.org/10.3390/
ijerph19095390

Academic Editor: Paul B.

Tchounwou

Received: 29 March 2022
Accepted: 27 April 2022
Published: 28 April 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2,3,%

, Orlando Fernandes 1, Ana Pereira 34, Rafael Oliveira 2350,
, Nilton Joao Chantre Leite 1 and Joao Paulo Brito 235

Comprehensive Health Research Centre (CHRC), Departamento de Desporto e Satide, Escola de Satide e
Desenvolvimento Humano, Universidade de Evora, Largo dos Colegiais, 7000-727 Evora, Portugal;
orlandoj@uevora.pt (O.E); niltonchleite@gmail.com (N.J.C.L.)

Sports Science School of Rio Maior, Polytechnic Institute of Santarém, 2040-413 Rio Maior, Portugal;
rafaeloliveira@esdrm.ipsantarem.pt (R.O.); jbrito@esdrm.ipsantarem.pt (J.P.B.)

Life Quality Research Centre, 2040-413 Rio Maior, Portugal; ana.fatima.pereira@ese.ips.pt

School of Education, Polytechnic Institute of Settibal, 2910-761 Settibal, Portugal

Research Centre in Sport Sciences, Health Sciences and Human Development, 5001-801 Vila Real, Portugal
Department of Physical Education and Sports, University of Granada, 18010 Granada, Spain;
francod.agoni@gmail.com

*  Correspondence: af_martins17@hotmail.com

o G e W

Abstract: Human ageing involves several physiological impairments—in particular, a decrease in
sensorimotor function and changes in the nervous system reduce muscle strength, power, balance,
and functional capacity performance. Preventive strategies are essential to ensure the quality of life
of the elderly. High-speed resistance training (HSRT) may be an effective approach to muscle power
development in this population, with significant short-term effects on neural adaptations and muscle
power production. Therefore, the present study intends to analyze and systematize the studies
focused on HSRT interventions and their effects on health outcomes in independent older adults.
Four electronic databases (PubMed, Web of Science, EBSCO, and Scielo) were used for the purposes
of searching randomized controlled trials that measured at least one key outcome measure focusing
on velocity-based training and health outcomes in older adults on 7 March 2022 and identified
1950 studies. At the end of the process, fourteen studies were included in this systematic review
and ten studies were included in the quantitative analysis. The main results showed that HSRT
interventions would improve health measures, mostly cognitive function (large effects, p = 0.001,
SMD = 0.94), neuromuscular function (moderate effects, p = 0.003, SMD = 0.70), and physical function
(moderate effects, p = 0.04, SMD = 0.55 and p = 0.009, SMD = —0.59). Additionally, the results sug-
gested that interventions with ten weeks or more, performed three times a week, provide significant
improvements in neuromuscular function. In this sense, HSRT is effective for improving overall
health outcomes in older adults. Future studies should include proper follow-ups (e.g., minimum
six months) to assess the durability of HSRT intervention effects on all health-related variables.

Keywords: older people; high-speed resistance training; power training; neuromuscular function;
health measures

1. Introduction

In accordance with the latest data report from Eurostat, approximately 20% of the
total population in Europe is over 65 years old, and by 2050, this figure will rise to around
30% [1]. Human ageing involves several physiological impairments [2,3]. In particular, the
decrease in the sensorimotor function and changes in the nervous system [4] reduce muscle
strength, power, balance, and functional capacity performance [5,6], which can increase
the risk of falling [7]. Falls are the second leading cause of unintentional injury-related
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deaths in the world population, and are becoming a serious public health problem for
the elderly [8]. The United Kingdom spends an estimated 2.3 billion dollars a year in the
treatment of injuries caused by falls [9]. Preventive strategies are essential to ensure the
quality of life of the elderly and reduce healthcare costs, which threaten the stability of the
public health system.

Falling or the fear of falling may impair physical activity levels and set in motion a
vicious cycle in which the risk of future falls increases due to the deterioration of functional
ability caused by not actively participating in daily activities [10,11]. The reduction in
physical activity levels can have negative physiological effects for an ageing population
(e.g., increased chronic diseases and the risk of non-communicable diseases) [12].

Due to reduced levels of physical activity and ageing, loss of muscle strength is
associated with a decrease in the performance of daily life activities and negatively affects
health, functional autonomy, survival, and quality of life, further increasing the risk of
falling [13,14]. In this regard, the loss of muscle strength may be more closely associated
with the impairment of muscle power than muscle mass [15-18]. On the other hand,
muscle power has been reported to decline faster with ageing when compared to muscle
strength [17,19].

High-speed resistance training (HSRT) may be an effective approach to muscle power
development in this population [20-25], with significant short-term effects on neural adap-
tations and muscle power production [15,25,26]. Several studies [24,27-29] suggest that the
above-mentioned intervention has an impact on the power generation capacity of older
adults. In this sense, the HSRT approach is a key intervention strategy to counteract the
harmful effects caused by ageing [28,30-33]. Some studies [34,35] reported that this method
also makes it possible to mitigate capillary deterioration resulting from ageing, especially
in the lower limbs. A suitable capillarization can improve protein synthesis metabolism
by ensuring the transport of amino acids and growth factors to muscle fibers—in partic-
ular, growth factor-1 (IGF-1), hepatocyte growth factor (HGF), interleukin-6 (IL-6), and
myostatin—thereby regulating satellite cell function and supporting muscle repair and/or
remodeling /adaptation, which are essential after 65 years of age [36,37]. In addition, this
intervention can offer advantages concerning other traditional resistance training (RT)
interventions, mainly when the participants perform the concentric muscle contraction of
each exercise repetition as rapidly as possible, showing improvements in morphological
and neural adaptations [25,38] and functional capacity performance [39].

To our knowledge, solely two systematic reviews studied the effects of interventions
of HSRT on health outcomes in older people, such as functional capacity [40] and power
outcomes [41]. However, said studies were conducted in participants aged over 60, com-
pared the effects caused by fast-intended velocity vs. moderate and low-velocity resistance
training, and did not compare the RT program’s effects on the experimental group (EG)
vs. the control group (CG). Therefore, it is relevant to carry out a systematic review that
summarizes the effects of HSRT interventions on a population over 65 years of age and
compare the EG and the CG in the most diverse parameters related to health status, such
as body composition parameters, phase angle, heart rate variability, balance, and gait
variability. Another significant criterion used in this review is that it only includes inde-
pendent participants (i.e., older people that are able to perform activities of daily living
independently, notably eating, bathing, and mobility) [42,43].

Therefore, the present review intends to analyze and systematize the studies focused
on HSRT interventions and their effects on health outcomes in independent older adults.
In this regard, health outcomes are defined as events that occur with an end result after an
intervention. These outcomes can be measured clinically through physical examinations,
laboratory and imaging tests, self-reported through questionnaires, or observed, such
as fluctuations in gait pattern [44]. Thus, the present review study and meta-analysis
sought to systematize the effects of HSRT interventions on health outcomes. Finally, we
hypothesized that the HSRT interventions would improve health status parameters and that
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longer-duration HSRT interventions provide more significant benefits than short-duration
HSRT interventions.

2. Materials and Methods

This systematic review and meta-analysis was conducted in accordance with the items
of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [45].
This review was also protocoled at the International Prospective Register of Systematic
Reviews (PROSPERO), registered under number CRD42021272242.

2.1. Search Strategy and Data Sources

The following electronic databases were used to search for relevant publications
on 7 March 2022: PubMed, Web of Science (WoS), Psychology and Behavioral Sciences
Collection (EBSCO), and SciELO Citation Index (Scielo CI). In order to include the most
recently published studies in the review, we set citation notifications for all these databases,
but no restriction to date of publication was applied.

The data search was performed by using the U.S. National Library of Medicine’s
Medical Subject Headings terms and English language terms related to HSRT and the
elderly population. The following word combinations were used in all databases: (“elderly”
OR “older people” OR “older adult” OR “older subject”) AND (“high-speed resistance
training” OR “high-speed strength training” OR “high-speed power training” OR “power-
training” OR “velocity-based training” OR “rapid-strength” OR “explosive-strength”). It
was possible to perform 28 different searches in each of the mentioned databases (112 in
total) through these word combinations. Additionally, the reference lists of the studies
retrieved were manually searched to identify potentially eligible studies not captured by
the electronic searches (1 study was found).

2.2. Eligibility Criteria

The inclusion of studies for revision was decided by consensus between the first and
last authors. In case of disagreement regarding the inclusion of an article, the second author
was consulted. The selected studies were then filtered according to the following inclusion
criteria: (1) studies included participants with age > 65 years old, from both sexes, without
any clinical condition and physically independent; (2) at least one of the protocols under
study was an HSRT program with maximal concentric velocity (i.e., as fast as possible, <1 s)
lasting 2 weeks or longer; (3) studies included pre- and post-intervention measurements;
(4) the study compared the EG with the CG at post-intervention; and (5) only original and
full-text studies written in English, Portuguese, or Spanish.

Trials were excluded if: (1) studies included participants with age < 65 years old;
(2) participants performed an intervention other than HSRT; (3) did not compare the re-
sults of the EG with the CG; (4) did not clearly describe the concentric and/or eccentric
velocity; (5) examined of the effects of combined training methods (i.e., fast-intended-
and moderate-velocity or balance training); (6) included participants with any associated
disease (i.e., cancer, dementia, diabetes) or non-physically independent; (7) written in a lan-
guage other than English, Portuguese, or Spanish; and (8) other article types than original
(e.g., reviews, letters to editors, trial registrations, proposals for protocols, editorials, book
chapters, and conference abstracts).

2.3. Data Extraction

All articles identified by the search strategy underwent an evaluation of the titles
and abstracts, in duplicate, by two assigned researchers. All studies that did not meet
the inclusion criteria were excluded. Abstracts that did not provide sufficient information
regarding the inclusion and exclusion criteria were selected for full-text evaluation. In a
second phase, the same two assigned researchers independently evaluated all selected
full-text articles and conducted a second selection following the inclusion and exclusion
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criteria. In a meeting with a third researcher present, disagreements between reviewers
were solved by consensus.

Data extraction from the selected full-text articles was conducted by both assigned
researchers independently, using a list of intended data: (i) first author; (ii) year of publica-
tion; (iii) the sample (size and age); (iv) intervention details—duration, frequency, intensity,
volume (sets and repetitions), rest interval, concentric and eccentric velocity, and type of
exercises; (v) control group characteristics; and (vi) main results (health status).

2.4. Methodological Quality Assessment

The methodological study quality was assessed using the Physiotherapy Evidence
Database (PEDro) scale [46], a valid and reliable instrument to assess eligibility, group allo-
cation, blinding of allocation, and comparison between groups at baseline and its outcomes.
This scale includes 11 questions with yes or no answers (yes = 1; no = 0), providing a total
score that ranges between 0 (poor methodological quality) and 10 (excellent methodological
quality) (the first item is not included in the rating).

Scores were obtained from the PEDro database and were therefore scored indepen-
dently, avoiding any potential bias of the authors. When a study was not available on the
PEDro database, two authors alone (A.D.M. and R.O.) rated the risk of bias. Disagreements
between authors were solved by consensus in a meeting with the last author present (J.P.B.).

2.5. Level of Evidence

Based on the physiotherapy evidence database scale and to assess the interventions’
evidence, the Van Tulder criteria [47] were applied. Therefore, the selected studies were
grouped by levels of evidence, according to their methodological quality. A study with a
physiotherapy evidence database score of 6 or more is considered level 1 (high method-
ological quality) (6-8: good, 9-10: excellent) and a score of 5 or less is considered level 2
(low methodological quality) (4-5: moderate; <4: poor).

Due to the clinical and statistical heterogeneity of the results, a qualitative review was
performed, conducting a best-evidence synthesis [48,49]. This classification indicates that if
the number of studies displaying the same level of evidence for the same outcome measure
or equivalent is lower than 50% of the total number of studies found, no evidence can be
concluded regarding any of the methods involved in the study.

2.6. Statistical Analysis

When the same variable was found in more than two articles, it was included in the
meta-analysis. In this sense, the studies included in this analysis (n = 10) were analyzed
using the random effects model [50]. The forest plot was generated for some health
outcomes. Studies’ heterogeneity was assessed by calculating the following statistics:
(i) Tau?, (ii) Chi?, and (iii) I>. The following classification was used to evaluate the I?
(i.e., described inconsistency between trials): lower than 50% represents low heterogeneity;
50-74% represents substantial heterogeneity; and 75% and higher represents considerable
heterogeneity [51].

The following scale was used to evaluate the standardized mean differences (SMDs)
(i.e., SMDs = ([mean post-value intervention group—mean post-value control group]/
pooled variance) [52], according to the following thresholds: 0-0.19 = negligible effect;
0.20-0.49 = small effect; 0.50-0.79 = moderate effect; and 0.80 and higher = large effect.

All statistical analyses were performed within the Cochrane Review Manager (RevMan)
[Computer program], version 5.4.1, The Cochrane Collaboration, 2020 [53].

3. Results
3.1. Studies Included
A total of 1950 studies were retrieved from the selected databases and one study was

found in other sources, using the chosen keywords. These studies were then exported to
reference manager software (EndNoteTM 20.0.1, Clarivate Analytics, Philadelphia, PA,
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USA). Duplicates (1540 references) were subsequently removed either automatically or
manually. The remaining 411 articles were screened for their relevance based on titles and
abstracts, resulting in the removal of a further 209 studies. At the end of the screening
procedure, we had 202 eligible articles, which were read and analyzed in depth. After
reading full texts, a further 188 studies were excluded due to not meeting the eligibility
criteria (Figure 1). A total of fourteen studies were identified as meeting the criteria for
inclusion and were assessed for quality using the PEDro scale. Finally, ten of these articles
were included in the quantitative analysis (meta-analysis).

Identification of studies via databases and registers

Identification

Records identified from:
Databases (n=4)
Registers (n=1950)

EBSCO: 214; PubMed: 1017;
Scielo CI: 38; Wob5: 681

Another research (n=1)

i

Records removed before screening:

Duplicate records removed (n=1540)

Screening

Records screened

(n=411)
'

Records excluded

(n.=209)

Reports sought for retrieval

(n=202)
'

Reports not retrieved

(n=0)

Reports assessed for eligibility
(n=202)

Included

Studies included in review
(n=14)

Studies included in quantitative
analysis

(n=10)

Reports excluded: (n=188)
Aged < 65 years old (n=94)
Each movement at a slow/moderate
velocity (n=4)
Not compare the EG with the CG (n=17)
Not clearly describe the concentric and/or
eccentric velocity (n=>5)
Examined effects of combined training
methods (n=9)
Included participants with associated
disease (n=19)
Language (n=16)
Types of study (n=234)

Figure 1. Flow chart of study design by PRISMA 2020.

3.2. Methodological Quality

The methodological assessment of the fourteen studies included can be found in Table 1.
These studies obtained a score between 3 [54-57] and 6 [58,59] on the PEDro scale. From all studies
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reviewed, two studies presented high methodological quality (level 1) [58,59], and twelve studies
showed low methodological quality (level 2) [54-57,60-67]. Furthermore, the results of the PEDro
scale showed that five studies did not specify the inclusion and exclusion criteria [55-57,65,66],
three studies did not randomly allocate the participants into groups [54-56], two studies did not
perform a baseline comparability [57,60], and all studies allocated the participants into groups in a
concealed way:.

Table 1. Analysis of the risk of bias of the studies included in this systematic review.

PEDro Scale

Authors Total Score Methodological Quality
1 2 3 4 5 7 8 9 10
Fang et al. [60] § Y 1. 0 0 O 0 O 1 O 1 1 4 Moderate
Lee et al. [63] Y 1. 0 1 0 0 O 1 O 1 1 5 Moderate
Yoon et al. [67] N1 0 1 0 0 0 0 O 1 1 4 Moderate
Yoon et al. [66] Y 1 0 1 0 0 0o 0 O 1 1 4 Moderate
Beijersbergenetal. [54]§ Y 0 0O 1 0 0 0 1 O 0 1 3 Poor
Beijersbergenetal. [55]§ N 0 0 1 0 0 0 1 0 0 1 3 Poor
Beijersbergenetal. [56]§ N 0 0 1 0 0 0 1 O 0 1 3 Poor
Hvid et al. [61] Y 1. 0o 1 0 0 1 0 O 1 1 5 Moderate
Sayers & Gibson [65] N1 0O 1 0 0 0 0 O 1 1 4 Moderate
Marsh et al. [64] Yy 1. 0 1 0 0 O 0 O 1 1 4 Moderate
Reid et al. [59] Yy 1. 0 1 0 0 0 1 1 1 1 6 Good
Katula et al. [62] Yy 1. 0 1 0 0 0 0 O 1 1 4 Moderate
Bean et al. [58] Yy 1. 0 1 O 0 1 1 O 1 1 6 Good
Miszko et al. [57] N1 O o0 O o0 0 0 O 1 1 3 Poor

Abbreviations: 1, Eligibility; 2, Random allocation; 3, Concealed allocation; 4, Baseline comparability; 5, Blind
subjects; 6, Blind therapists; 7, Blind assessors; 8, Adequate follow-up; 9, Intention-to-treat analysis; 10, Between-
group comparisons; 11, Point estimates and variability; Y, yes; N, No; §, Scored by reviewers. Note: Eligibility
criteria item does not contribute to total score.

Additionally, none of the studies included blinded the participants and the technicians
responsible for the program’s sessions, two studies blinded the technicians who measured at
least one key outcome [58,61], seven studies could not perform assessments on at least one
key outcome from more than 85% of subjects [57,61,62,64—67], only one study performed
an intention-to-treat analysis [59], three studies did not report a between-group statistical
comparison for at least one key outcome [54-56], and finally, all studies reported both point
measures and measures of variability for at least one key outcome.

3.3. Studies” Characteristics

Table 2 shows the characteristics of the studies included in this systematic review
in terms of country, sample, age, body fat, body mass, and BMI. Most of the included
studies did not register the intervention, and only one study reported the protocol [61].
Two studies [58,66] only included females in their analysis and no study was conducted
with only men.

Regarding the origin of the studies, six studies were conducted in the United States
(North of America) [58-60,62,64,65], three were performed in Germany (Europe) [54-56],
three were conducted in South Korea (Asia) [63,66,67], and the last two articles were
carried out in two different countries on the same mainland (Europe)—Denmark [61] and
Greece [57]. Fourteen studies included in this review randomized 408 participants into
two groups; thus, CG included 199 participants and EG (were performed HSRT) included
209 participants. These participants ranged in age from 69 years old [54] to 82 years old [61].
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Table 2. Characteristics of included studies.

Sample by

aos ey CCREY Apomm Cme  Sepha B B e
Fang et al. [60] USA ey coonsLis S8 NR NR NR No
Lee etal. [63] South Korea 12641\]31 %g z ;g% I ié %8 i %g NR %g : g?g NR No
Yoon et al. [67] South Korea 1330 1\1;[ (E:g : ;§g I 22 %8 z %% NR NR %g : %23 No
wmasil  swntw  wr  SOARH g getmi o @Ry w
ey eew  EL mominogol W R wem
M cmm w0 g gl = -
T Goanany w IEIE i - - o5l o
Hvid etal. [61] Denmark BE cG-sexll ezl NR oo NR Yes
S e I WO g =
b ) s B gy el W wm
Rl osa S r S e o
ouna el s w  Gogrs  we W e
e s e goEnn @b W GEet semt w
wemadtl  Gwe Bl QBUR ik el wem  ow N

Abbreviations: N, number; M, mean; SD, standard deviation; CG, control group; EG, experimental group; F,
female; M, male; USA, united states of America; BMI, body mass index; kg, kilograms; NR, not reported. *, date
unreported gender data.

3.4. Interventions’ Characteristics

Table 3 presents the description of the interventions performed in the included stud-
ies, namely exercise modality, names of exercises, weekly frequency, intensity, sets, reps,
duration of the intervention and sessions, eccentric velocity, and whether the sessions were
supervised or not.

The duration of the RT interventions ranged from eight [60,63] to sixteen weeks [57,67],
with two studies reporting for eight weeks [60,63], three reporting for ten weeks [54-56], seven
reporting for twelve weeks [58,59,61,62,64—66], and two reporting for sixteen weeks [57,67].
Concerning the duration of sessions, these varied from 30 [58] to 60 min [64,66,67]; the in-
tensity of the sessions mainly was quantified through the percentage of repetition maximum
(RM) [57,59-62,64,65]. For the majority of the studies, the sessions were performed three times a
week [54-60,62-65,67].
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Table 3. Description of the interventions performed in the included studies.
Intervention Session Eccentric
Authors Exercise Modality Exercises (Names) Frequ‘i]nece}l/(;Days/ Intensity Sets/Exercise (N) Reps per Set (N) Rest Duration Duration Velocity Supervised
(weeks) (min) (s)
40% 1 RM—lat pulldown
Leg press; seated row; o
8 P! leg curl; 50% Li}\i—s]eeagtgis;,chest
Computerized chest press; 55 N 1 (wk1) .
Fang etal. [60] Pneumatic hip adduction; lat pulldown; hip 55% 1 RM—bicep curl 2 (wk 2) 10-12 12 min after 8 4045 2 Yes
Machines abduction; tricep extension; 60%1 RMTleg curl, tricep 3 (wk3-8)
4 A ’ extension
seated calf raise; 65% 1 RM—calf raise, hip
icep cur abduction, hip adduction
Seated row; one-leg press;
applied pec deck flus or lateral 30 s between
Lee et al. [63] Elastic Bands raises; seated leg raises; squats; 12 to 13 from 6-20 RPE scale 2-3 10-12 exercises 8 50 3 Yes
full squats; wide 1 min between sets
squats; bridging
Seated row;
one leg press; applied
Yoon et al. [67] Elastic Bands pec deck flus; seated leg raises; 12 to 13 from 6-20 RPE scale 2-3 12-15 NR 16 60 2 Yes
lateral raise; semi-squats; wide
squats; and bridging
2 min between
Yoon et al. [66] Elastic Bands NR 12 to13 from 6-20 RPE scale 2-3 12-15 exercises 12 60 2 Yes
1 min between sets
- ) Weightlifting Leg press; ankle press; knee 400, - Normal
Beijersbergen et al. [54] Machine extension; knee flexion 40-60% 3 RM 3 6-10 NR 10 NR pace NR
- Weightlifting Leg press; ankle press; knee 4010, - Normal
Beijersbergen et al. [55] Machine extension; knee flexion. 40-60% 3 RM 8 610 NR 10 NR pace NR
- Weightlifting Leg press; ankle press; knee 4010 - Normal
Beijersbergen et al. [56] Machine extension; knee flexion 40-60% 3 RM 3 6-10 NR 10 NR pace NR
. Weightlifting ' an0, 10 (wk 1-6) -
Hvid etal. [61] Machine NR 70-80% 1 RM 3 8 (wk 7-12) NR 12 NR 2-3 Yes
Computerized
Sayers and Gibson [65] Pneumatic Leg press; seated knee extension 40% 1 RM 3 12-14 NR 12 NR 2 Yes
Machines
Computerized o
Marsh et al. [64] Pneumatic knL% press; 70% 1 RM 3 8-10 NR 12 60 2-3 Yes
Machines ee extension
Computerized .
Reid et al. [59] Pneumatic knLeg press; 70% 1 RM 3 8 NR 12 NR >2 Yes
Machines ee extension
Computerized .
Katula et al. [62] Pneumatic K Leg press; 70% 1 RM 3 8-10 NR 12 NR 23 Yes
Machines nee extension
Chair stands; toe raises; pelvic 1-2 min b
Bean et al. [58] Weighted Vest raises; step ups; seated tricep At 16 from 6-20 RPE scale 3 10 - mLEEtSetween 12 30 >2 Yes
dips; chest press
Seated row; chest press; tricep
) extension;
Computerized leg press; ’
. - ! 5 5
Miszko et al. [57] ];\2512}:?;::: leg extension; seated leg curl; 40-70% 1 RM 3 8-10 NR 16 NR 2 NR

Abbreviations: N, number; min, minutes; s, seconds; wk, week; RM, repetition maximum; RPE, rated perceived exertion; NR, not reported.
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The research seems to be relatively diverse regarding the number of sets and repeti-
tions. The number of sets performed in the interventions was as follows: ten interventions
used three sets [54-59,61,62,64,65], three interventions used two to three sets [63,66,67],
and only one intervention used a non-fixed number of sets [60]. Regarding the number
of repetitions used per set of exercises, three studies used six to ten [54-56], three studies
used eight to ten [57,62,64], two studies used ten to twelve [60,63], one study used twelve
to fourteen [65], two studies used twelve to fourteen [66,67], one study only used eight [59],
one study only used ten [58], and one study used a non-fixed number of repetitions [61].

The exercise interventions of the fourteen studies included in this systematic review
were performed using elastic bands [63,66,67], in a weightlifting machine [54-56,61], using
computerized pneumatic machines [57,59,60,62,64,65], and using a weighted vest [58].

Ten studies reported the dropout rates of their respective participants [54,56-58,61-66],
with two studies stating that no participants dropped out of the EG [58,64]. Furthermore, seven
studies presented the dropout rate of its EG with further explanations [54,56,57,61,63,65,60]
and one study provided no explanation for said dropout [62]. Two studies did not report
adverse events in both groups [58,63]. However, three studies reported several negative events
in both groups, notably falls that did not result in fractures (three cases in EG and CG), and
temporary localized joint pain (three cases in EG and one case in CG) [64]. One of the three
studies mentioned above reported sacral-iliac pain following completion of baseline testing
in CG, as well as persistent chest pain in EG [59], and another study reported the occurrence
of serious medical events [66]. Additionally, some participants from the groups mentioned
above withdrew from the studies due to the diagnosis of several types of tumors and aortic
aneurism [59,64]. Finally, supervised exercise interventions were used in most studies (Table 3).

3.5. Results of the Studies

Table 4 presents the aim, outcome variable, and main results of the fourteen studies in
this review. Only outcomes addressed in more than three studies will be described here.

Physical function was analyzed in seven studies [54,57,58,61,63,66,67]. Four stud-
ies showed improvements in physical function in only the EG between pre- and post-
training [58,61,63,67]. Outcomes of muscle strength, such as grip strength, were assessed
in six studies [56,57,61,64,66,67]; three out of seven studies [61,64,67] reported differences
between CG and EG at post-training in these outcomes (p < 0.05). Lastly, outcomes of
muscle power were described in four studies [54,55,59,65]; of these four studies, two [59,65]
demonstrated significant differences between CG and EG at post-training in peak power
outcomes at different %RM (40 to 90% 1 RM) (p < 0.05).
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Table 4. Main results of the included studies.

R o ol c Main Results (M + SD) Val p Value £ a
i i rou; alue i
Authors im utcome Variable P Pre Post p Valu (CG vs. EG) & Effect Size
Outcomes of optical function
CG 1.79 1.79 >0.05 NR
Vessel density in the total retinal vascular network >0.05
EG 1.79 1.79 >0.05 NR
i i i CG 1.79 1.78 >0.05 NR
. To ch‘aractenze ‘c'hanges int he ret}r\alw . Vessel density in the superficial vessel plexus >0.05
Fang et al. [60] mlcro.vasculaf Fler\mty apd 'fhelr rel}a(tmnahlp EG 1.78 1.78 >0.05 NR
with cognitive function in cognitively @< 50 T80 008 NR
. . >0.
normal older people Vessel density in the deep vessel plexus >0.05
EG 1.80 1.80 >0.05 NR
Outcome of cognitive function
CG 30+0 2941 0.08 NR
MMSE (score) NR
EG 30+1 301 0.59 NR
Outcomes of neuromuscular function
CG 906.36 + 36.27 1010.04 + 65.89 >0.05 NR
Movement time (ms) <0.05
EG 921.69 + 40.10 799.51 +72.84 <0.05 NR
CG 700.64 + 36.62 757.34 4 56.37 >0.05 NR
Pre-motor time (ms) >0.05
EG 663.82 + 40.48 626.96 + 62.32 >0.05 NR
CG 205.67 + 17.45 252.70 + 34.44 >0.05 NR
Motor time (ms) <0.05
EG 271.40 +19.29 181.15 + 38.08 <0.05 NR
. L CG 25.28 +3.75 25.04 +3.72 >0.05 NR
Antagonist co-activation (% p. EMG) >0.05
EG 27.89 £ 4.14 26.32 £3.48 >0.05 NR
f CG 169.30 £ 12.04 161.82 4 10.41 >0.05 NR
To investigate the effects of HSRT on Rate of EMG rise (% p. EMG/s™ ") <0.05
Lee et al. [63] neuromuscular, executive, and EG 166.48 +13.31 197.94 + 1151 <0.05 NR
gait performance CG NR NR >0.05 NR
Normalized peak torque (N-m-kg ) >0.05
EG NR NR <0.05 NR
CG NR NR >0.05 NR
Rate of torque development <0.05
EG NR NR <0.01 NR
Outcome of cognitive function
CG 11.72 £ 211 11.77 £2.22 >0.05 NR
FAB (score) >0.05
EG 11.38 £ 2.56 1216 £ 1.79 >0.05 NR
Outcomes of physical function
CG NR NR >0.05 NR
4.44 m gait speed (s) >0.05
EG NR NR <0.01 NR
CG NR NR >0.05 NR
TUG (s) >0.05

EG NR NR <0.01 NR
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Table 4. Cont.
Main Results (M + SD) Val
Authors Aim Outcome Variable Group Pre Post p Value «© é) v: ;:lce;) & Effect Size 2
Outcomes of cognitive function
CG 10.26 + 2.85 10.52 +£2.79 >0.05 0.09
Memory (score) 0.445 —_—
EG 8.55 +2.39 10.00 £+ 3.71 >0.05 046 #
CG 43.04 +11.95 42,59 +15.92 >0.05 0.03
Processing speed (s) 0.036 —_—
EG 54.15 +28.43 48.26 + 27.33 <0.05 021#
-~ o CG 188.92 + 8138 187.20 + 70.14 >0.05 045 #
Cognitive flexibility (s) 0.532 _—
EG 163.37 £+ 62.45 140.82 4 34.65 >0.05 0.02
CG 10.09 +2.04 10.39 £ 1.83 >0.05 0.14
Working memory (score) 0.448 —_—
EG 10.20 +1.54 10.70 £ 1.34 >0.05 035#
CG 11.87 £2.12 12.09 £ 2.00 >0.05 0.11
FAB (score) 0.022 e —
EG 12.00 + 2.45 13.70 £ 2.11 <0.05 0.74*
= T(,) elucidate the effects ofAhlgh-speeAd Outcomes of physical function
Yoon et al. [67] resistance exercise on cognitive function
and physical performance CG 10.04 + 1.46 10.91 £1.20 >0.05 0.65*
SPBB (score) 0.001 _
EG 9.25+231 10.85 + 1.60 <0.05 0.81*
CG 9.95 +1.51 9.89 £ 1.59 >0.05 0.04
TUG (s) <0.01 _————
EG 10.66 + 2.41 9.26 £2.03 <0.01 0.65*
CG 6.04 +0.82 5.58 £ 0.81 >0.05 0.56 #
4.44 m gait speed (s) 0.027 e —
EG 6.21 +£1.04 534 £0.81 <0.01 0.93 *
Outcomes of neuromuscular function
CG 21.81 £6.31 2378 £7.14 >0.05 029 #
Grip strength (kg) 0.020 e —
EG 21.41 £6.58 23.60 +£7.76 <0.05 0.30 #
CG 70.77 £ 24.32 64.23 +20.72 >0.05 0.01
Isokinetic 60° /s peak torque/BW 0.004 _
EG 65.05 £ 25.82 71.20 + 36.68 <0.05 0.19
CG 72.77 £ 23.82 66.59 £ 23.67 >0.05 026 #
Isokinetic 180° /s average power per rep (W) 0.001 _—
EG 68.32 £ 40.60 82.09 £ 44.63 <0.05 032#
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Table 4. Cont.
Main Results (M + SD) Val
Authors Aim Outcome Variable Group e oot p Value (Cé)v: ;:lce;) & Effect Size 2
Outcomes of body composition
CG 51.19 4 4.13 50.14 + 3.75 <0.01 NR
BW (kg) 0.001
EG 58.39 & 6.82 57.50 + 7.01 <0.01 NR
CG 2290 + 1.81 2254 +£1.71 >0.05 NR
BMI(kg/m?) 0.005
EG 25.46 +2.47 25.02 +£2.35 <0.01 NR
CG 17.11 + 145 17.49 +1.35 >0.05 NR
Skeletal muscle mass (kg) 0.008
EG 18.84 +2.84 19.63 £2.63 <0.01 NR
CG 33.39 £8.26 33.27 £3.35 >0.05 NR
Percent body fat (%) 0.004
EG 38.83 £ 5.37 35.50 +4.72 <0.01 NR
CG 0.88 £+ 0.04 0.86 £ 0.03 >0.05 NR
WHR EG 0.91 +0.07 0.89 £ 0.06 0.05 0014 NR
To compare the effects of two different : ; : - <
Y t al. [66] exercise regimens on cognitive function, i CG 26.71 £2.75 2629 + 2.69 >0.05 NR
oonetal 1o body composition, muscular strength, and Arm circumference (cm) EG 2921 + 291 28.04 + 2.3 ~0.05 0494 NR
functional ability . . ’ . .
CG 49.14 + 4.60 4757 +4.71 >0.05 NR
Thigh circumference (cm) 0.115
EG 51.14 & 4.00 50.57 4 4.69 >0.05 NR
Outcomes of cognitive function
CG 2229 £1.11 2114 £1.57 <0.05 —0.85
MMSE (score) <0.05
EG 21.00 £+ 1.04 2536 £ 1.78 <0.01 299§
CG 18.71 £ 2.63 18.14 +£2.97 >0.05 0.19
MoCA (score) <0.05
EG 18.29 +2.81 24.29 +2.58 <0.01 222§
Outcomes of physical function
CG 714 +£1.77 7.57 £0.98 >0.05 0.30 #
SPPB (score) <0.05
EG 8.14 +£2.48 10.79 £1.58 <0.01 127§
CG 1148 +£1.02 10.59 +1.03 >0.05 -0.87
TUG (s) >0.05
EG 0.51 £ 1.86 914 £142 >0.05 —0.83
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Table 4. Cont.
Main Results (M + SD) Val
Authors Aim Outcome Variable Group Pre Post p Value «© é) v: ;:lce;) & Effect Size 2
Outcomes of neuromuscular function
CG 17.69 +0.91 18.99 + 1.81 >0.05 186§
Grip strength (kg) <0.05
EG 19.26 + 3.57 24.01 +£4.14 <0.01 458 £
CG 105.71 £ 20.92 116.86 4 31.74 >0.05 041#
Isokinetic 60° /s peak torque/BW—Right extensor (Nm) >0.05
EG 77.57 £29.03 115.43 4 31.92 <0.01 1.24§
CG 74.86 £17.44 58.14 £ 18.00 <0.05 —0.94
Isokinetic 60° /s peak torque/BW—Right flexor (Nm) >0.05
EG 66.21 £+ 20.77 67.43 +17.82 >0.05 0.06
CG 96.86 £+ 25.42 108.86 & 27.67 >0.05 0.45#
Isokinetic 60° /s peak torque/BW—left extensor (Nm) >0.05
EG 90.36 £+ 31.70 90.57 £+ 21.99 >0.05 0.01
CG 69.57 £ 19.84 53.00 £ 16.34 <0.05 —0.91
Isokinetic 60° /s peak torque/BW—left flexor (Nm) >0.05
EG 64.14 £17.22 58.10 £ 17.60 >0.05 —0.35
CG 57.29 4+ 13.88 67.43 + 18.60 <0.05 0.62*
Isokinetic 180° /s peak torque/BW—Right extensor (Nm) <0.05
EG 49.07 + 20.00 68.29 4+ 17.55 <0.01 1.02*
CG 5443 +9.24 37.71 £9.93 >0.05 —1.74
Isokinetic 180° /s peak torque/BW—Right flexor (Nm) >0.05
EG 44.14 + 14.69 36.00 - 15.11 >0.05 —0.55
CG 54.71 £ 14.85 66.57 + 21.45 <0.05 0.64*
Isokinetic 180° /s peak torque/BW—Left extensor (Nm) >0.05
EG 50.29 +£17.82 63.21 +19.88 <0.05 0.68 *
CG 51.43 £13.13 32.57 £13.01 <0.01 —1.44
Isokinetic 180° /s peak torque/BW—Left flexor (Nm) >0.05
EG 4571 £14.31 3722 +£13.79 <0.05 —0.60
Outcomes of neuromuscular function
CG 98.4 +394 93.6 + 39.1 0.680 —0.12
Maximal muscle power of knee extension 60° /s (W) NR
EG 97.5+37.7 119.9 +43.2 <0.01 0.59 #
CG 1694 +61.7 164.7 +49.2 0.738 —0.08
Maximal muscle power of knee extension 120° /s (W) NR
EG 161.7 £ 64.5 199.1 +72.8 <0.01 0.58 #
To determine the effects of lower-extremity cG 2292 + 77.6 234.0 + 64.9 0.685 0.06
Beijersbergen et al. power training and detraining on Maximal muscle power of knee extension 180° /s (W) NR
154] lower-limb muscle power and EG 2169 + 935 256.9 + 96.3 <0.01 043 #
gait kinematics CcG 54.6 + 24.6 511+ 204 0.557 —0.14
Maximal muscle power of knee flexion 60° /s (W) NR
EG 54.6 +27.7 71.5 £ 375 <0.01 0.61*
CG 103.4 +38.9 101.0 £ 35.5 0.794 —0.06
Maximal muscle power of knee flexion 120° /s (W) NR
EG 104.6 + 59.0 126.8 £ 71.1 <0.01 038 #
CG 156.6 + 59.0 161.7 + 50.3 0.541 0.09
Maximal muscle power of knee flexion 180° /s (W) NR
EG 167.7 £92.2 186.3 + 96.9 0.002 0.20 #
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Table 4. Cont.

Main Results (M + SD) p Value
Authors Aim Outcome Variable Group e oot p Value (CG vs. EG) & Effect Size 2
CG 136 +67 153 £6.9 0.095 0.25
Maximal muscle power of knee plantar flexion 20° /s (W) NR
EG 12.6 £8.1 173 +£98 0.001 0.57 #
CG 253 +11.2 291+ 147 0.225 034 #
Maximal muscle power of knee plantar flexion 40° /s (W) NR
EG 233 £13.6 30.1 £16.0 <0.01 0.50 #
CG 35.8 +£15.8 36.6 +£19.6 0.734 0.05
Maximal muscle power of knee plantar flexion 60° /s (W) NR
EG 324 +21.1 40.8 4232 <0.01 040 #
Outcomes of physical function
Stair ascent power CG 4.36 £ 0.65 4414085 0.819 NR 0.07
W-kg™) EG 4.05+£0.84 436 £ 0.92 0.075 038 #
CG 5.01 £ 091 521 +£1.18 0.225 022#
Stair descent power (W-kg~1) NR
EG 4.48 +0.87 4.88 +1.21 0.061 0.46 #
CG 1.26 +0.14 1.27 +£0.14 0.293 0.03
Six-min walk test (m/s) NR
EG 129 £0.14 1.31+0.15 0.252 0.18
CG 1.35 4+ 0.14 1.34+0.16 0.652 —0.07
Gait velocity (habitual speed) (m/s) NR
EG 132 +0.16 1.36 £ 0.15 0.220 0.25#
CG 197 £0.35 1.93 £ 0.31 0.526 —0.18
Gait velocity (fast speed) (m/s) NR
EG 1.85+0.28 1.96 £ 0.38 0.026 0.39 #
Outcomes of neuromuscular function
CG NR NR >0.05 NR
Knee extensor power 60 deg/s (W /kg-m) NR
EG NR NR <0.05 NR
CG NR NR >0.05 NR
Knee extensor power 120 deg/s (W/kg-m) NR
EG NR NR <0.05 NR
CG NR NR >0.05 NR
Knee extensor power 180 deg/s (W/kg-m) NR
EG NR NR <0.05 NR
. . CG NR NR >0.05 NR
Beiiersberaen et al To examine the effects of lower-extremity Plantar flexor power 20 deg/s (W/kg-m) NR
) [;qg] . power training and detraining on EG NR NR <0.05 NR
. gait kinetics cG NR NR >005 NR
Plantar flexor power 40 deg/s (W/kg-m) NR
EG NR NR <0.05 NR
CG NR NR >0.05 NR
Plantar flexor power 60 deg/s (W/kg-m) NR
EG NR NR <0.05 NR
Outcomes of physical function
CG 1.35+0.14 134 £0.16 0.652 NR
Gait velocity (habitual speed) (m/s) NR
EG 1.32£0.16 1.36 £0.15 0.220 NR
CG 1.97 £0.35 1.93 +£0.31 0.526 NR
Gait velocity (fast speed) (m/s) NR

EG 1.85+0.28 1.96 +0.38 0.026 NR
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Table 4. Cont.
Main Results (M + SD) Val
Authors Aim Outcome Variable Group e oot p Value (Cé)v: ;:lce;) & Effect Size 2
Outcomes of neuromuscular function
CG NR NR >0.05 <0.31
Isometric muscle strength of the knee flexors NR e
EG NR NR 0.002 0.34 #
X CG NR NR 0.021 0.50 #
Isometric muscle strength of the knee extensors NR _
EG NR NR <0.01 0.74*
CG NR NR >0.05 NR
Isometric muscle strength of the plantar flexors NR e —
EG NR NR 0.002 0.80 *
To examine the effects of 10 weeks of cG NR NR ~0.05 NR
Beiiersb tal lower-extremity power training on gait EMG amplitudes of the knee flexors NR
cljers irgen etal velocity and neuromuscular activation of EG NR NR 0.004 147§
[56] lower-extremity muscles during G NR NR 0.021 NR
level walking EMG amplitudes of the knee extensors - NR B ——
EG NR NR 0.013 0.50 #
CG NR NR >0.05 NR
EMG amplitudes of the plantar flexors NR EE——
EG NR NR 0.076 0.47 #
Outcomes of physical function
CG 1.41+£0.19 1.39+0.29 0.240 —0.11
Gait velocity (habitual speed) (m/s) NR _—
EG 1.28 £0.14 1.34+0.17 0.079 0.42#
CG 191 +£0.26 1.89 +0.26 0.396 -0.07
Gait velocity (fast speed) (m/s) NR -
EG 1.82+£0.18 1.88 +0.23 0.059 031#
Outcomes of neuromuscular function
CG 252 +0.11 2.50 £0.11 >0.05 NR
Thickness (cm) >0.05 _
EG 2.69 +£0.12 2.74 £0.15 >0.05 NR
CG 1019+ 0.1 102.7 £ 8.3 >0.05 NR
To examine the effects of 12 weeks of Strength (N. m) <0.05 -
. progressive high-intensity power training EG 989 +7.7 1131+75 <0.05 NR
Hvid et al. [61] > )
on the outcomes of knee extensor voluntary cG 791 + 24 790 + 2.6 ~0.05 NR
muscle activation and maximal gait speed Voluntary activation (%) ’ . . . i} <0.05
EG 789 £3.5 849 £21 <0.05 NR
Outcomes of physical function
CG 1.06 + 0.04 1.03 + 0.04 <0.05 NR
2-MWT (m/s) <0.05 _—
EG 1.00 £ 0.06 1.09 + 0.07 <0.05 NR
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Table 4. Cont.

Main Results (M + SD)

p Value

Authors Aim Outcome Variable Group e oot p Value (CG vs. EG) & Effect Size 2
Outcomes of neuromuscular function
CG 292.6 4 165.9 283.5 +153.9 NR NR
Peak power 40% 1 RM (W) <0.05
EG 3132+ 1184 383.3 +113.3 NR NR
CG 315.5 + 180.0 313.9 +169.1 NR NR
Peak power 50% 1 RM (W) <0.02
EG 339.0 +138.1 426.6 +133.6 NR NR
To determine whether low-load HSPT and cG 3154 + 178.8 327.3 + 180.0 NR NR
traditional high-load, slow-speed resistance Peak power 60% 1 RM (W) . : : . <0.03
s 4Gib training may have differing effects on EG 350.6 £+ 144.1 456.6 & 136.6 NR - NR
ayers and Gibson ;
power output obtained across a range of
[65] e)fternal resistances ar\d'to explore the Peak power 70% 1 RM (W) cG 3044 +1743 520.3 +1805 NR <0.01 NR
impact of these RT regimens on the EG 342.8 + 1496 4563 & 150.2 NR NR
determinants of muscle power
CG 281.4 £155.3 302.9 £+ 169.7 NR NR
Peak power 80% 1 RM (W) <0.02
EG 317.2 £ 145.6 457.6 +149.3 NR NR
CG 252.1 4 150.7 2424 +111.2 NR NR
Peak power 90% 1 RM (W) <0.04
EG 2729 +154.2 4313 +162.4 NR NR
CG NR NR NR NR
Velocity at peak power (N-m-s—1) <0.01
EG NR NR NR NR
Outcomes of neuromuscular function
CG 25.03 £+ 10.03 23.99 £ NR NR NR
Knee extension strength (kg) 0.024
EG 25.87 £11.77 29.33 £ NR NR NR
To compare the effects of lower-extremity Knee extension power (W) <G 161.46 + 62.44 143.60 £ NR NR 0.003 NR
Marsh et al. [64] power training on muscle strength, physical EG 148.33 4 84.50 221.30 + NR NR : NR
function, and body composition
CG 93.97 +31.17 100.12 = NR NR NR
Leg press strength (kg) 0.026
EG 94.07 + 34.09 117.82 = NR NR NR
CG 185.47 £ 75.64 2114 £ NR NR NR
Leg press power (W) <0.01
EG 171.06 £ 89.04 308.7 £ NR NR NR
Outcomes of neuromuscular function
CG NR NR NR NR
Knee extension 1 RM—A (W) <0.01
EG NR NR <0.01 NR
CG NR NR NR NR
Knee extension—absolute peak power at 40% 1 RM (W) <0.003
EG 48 +15 62+ 16 0.002 NR
CG NR NR NR NR
Reid et al. [59] To explore the effects of power training on Knee extension—absolute peak power at 70% 1 RM (W) <0.003
eldetal bb muscle power and strength EG 77£39 118 £54 <0.05 NR
CG NR NR NR NR
Leg press 1 RM—A (W) >0.05
EG NR NR 0.140 NR
CG NR NR NR NR
Leg press—absolute peak power at 40% 1 RM (W) >0.05
EG NR NR 0.190 NR
CG NR NR NR NR
Leg press peak power at 70% 1 RM—A (W) >0.05
EG NR NR 0.220 NR
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Table 4. Cont.

Main Results (M + SD) p Value
Authors Aim Outcome Variable Group e oot p Value (CG vs. EG) & Effect Size 2
Outcomes of quality of life
CG 25.07 + 17.67 34.46 +19.88 >0.05 0.50 #
Self-efficacy for strength (score) <0.05
To compare the effects of strength training EG 25.07 £ 17.53 72.16 £22.58 <0.05 2.34 £
Katula et al. [62] and power training to one another and to a o ] , CG 073+ 1.69 035+ 1.96 >0.05 021 #
wait list control group with respect to Satisfaction with physical function (score) <0.05
changes in quality of life EG —0.85+1.86 1.10 £ 1.20 <0.05 1218
CG 22.93 + 6.46 21.46 £ 6.06 >0.05 —0.23
Life satisfaction (score) <0.05
EG 25.78 £ 7.47 29.25 4+ 6.38 <0.05 0.50 #
Outcomes of physical function
CG 7.30 £ 1.50 NR 0.009 NR
SPBB (score) 0.377
EG 7.70 £1.30 NR <0.01 NR
L CG 19.60 & 4.10 NR <0.01 NR
To evaluate the efficacy of another form of Chair-5 time (s) 0.019
Bean et al. [58] weighted vest exercise on muscle power EG 18.50 £ 3.60 NR <0.01 NR
and mobility function G 0.70 +0.16 NR 0339 NR
Gait speed (m/s) 0.356
EG 0.80 +0.15 NR 0.006 NR
) ) CcG 6.05 + 5.90 NR 0.900 NR
Unilateral stance time (s) 0.342
EG 4.52 +5.40 NR 0.028 NR
Outcomes of neuromuscular function
CG 29.36 +12.20 29.18 + 13.60 NR NR
Chest press—1 RM (kg) >0.05
To determine whether power training was EG 31.01 £+ 12.90 34.81 & 14.60 NR NR
more efficacious than strength training for
Miszko et al. [57] improving whole-body physical function Leg press—1 RM (kg) cG 7561 + 38.90 7971 + 37.50 AR >0.05 NR
e and to examine the relationship between EG 95.45 + 33.20 107.65 + 32.20 NR NR
changes in anaerobic power and muscle - -
strength and changes in physical function Outcomes of physical function
CG 555+ 14 57.0 + 18 NR NR
CS-PFP test—total (score) <0.05
EG 582413 67.1+13 NR NR

Abbreviations: Significant differences are highlighted in bold. CG, control group; EG, experimental group; M, mean; SD; standard deviation; NR, not reported; MMSE, mini-mental state
test; FAB, frontal assessment battery; SPPB, short physical performance battery; TUG, time up and go test; ms, milliseconds; s, seconds; kg, kilograms; BW, body weight; Nm, newton
meter; m/s, meter per second; deg/s, degree per second; mm, millimeter; cm, centimeters; BMI, body mass index; WHR, waist-to-hip ratio; MoCA, cognitive assessment; W, watts;
EMG, surface electromyography for maximal muscle activation; RFD, rate of force development; CS-PFP, continuous-scale physical functional performance; N, newton; RM, repetition
maximum; HSRT, high-speed resistance training; 11V, microvolt; rep, repetitions; &, p value of comparison between CG and EG at post; ?, effect size by Hopkins et al. [68]; #, small effect
size (between 0.20 and 0.59); *, moderate effect size (between 0.60 and 1.19); §, large effect size (between 1.20 and 1.99); £, very large effect size (>2.00).
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3.6. Meta-Analysis

The meta-analysis with ten studies showed moderate to large effects of the HSRT
interventions on some health outcomes (cognitive function, neuromuscular function, and
physical function) in older adults. Four studies revealed large effects on cognitive function
(analyzed through frontal assessment battery (FAB) and mini-mental state examination
(MMSE)) in favor of intervention groups compared to control groups (p = 0.001, SMD = 0.94
[0.20, 1.68], I? = 71%); see Figure 2.

Experimental Group Control Group Weight Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean sD Total Mean sD Total IV, Random, 95% CI IV, Random, 95% Cl
MMSE
Fang 2020 30 1 12 29 1 8 22.8% 0.96 [0.00, 1.91] -
Yoon 2017 25.36 1.78 14 21.14 1.57 T 18.6% 2.36 [1.16, 3.56] —_—
Subtotal (95% CI) 26 15 41.4% 1.61[0.24, 2.98] e

Heterogeneity: Tau? = 0.68; Chi? = 3.20, df = 1 (p = 0.007), I> = 69%
Test for overall effect: Z = 2.30 (p = 0.02)

FAB

Lee 2020 12.16 1.79 18 11.77 2.22 22 29.1% 0.19 [-0.44, 0.81] -

Yoon 2018 137 211 22 12.09 2.0 23 29.5% 0.77 [0.16, 1.38] :

Subtotal (95% Cl) 40 45 58.6% 0.48 [-0.09, 1.05]

Heterogeneity: Tau? = 0.07; Chi? = 1.72, df = 1 (p = 0.19); I = 42%

Test for overall effect: Z=1.66 (p = 0.10)

Total (95% Cl) 66 60 100% 0.94 [0.20, 1.68) . ‘ - ) .
Heterogeneity: Tau? = 0.38; Chi? = 10.17, df = 3 (p = 0.02); I = 71% -4 -2 2 H
Test for overall effect: Z= 2.49 (p = 0.01) Favours [Control] Favours [Intervention]

Test for subgroup differences: Chi?=2.21, df =1 (p = 0.14), P = 54.7%

Figure 2. Forest plot presenting standardized mean difference and 95% confidence intervals from
studies reporting high-speed resistance-training-induced changes in cognitive function between
the intervention groups and the control groups. IV, independent variable; CI, confidence interval;
SMD, standardized mean difference; FAB, frontal assessment battery; MMSE, mini-mental state
examination [60,63,66,67].

In the same sense, six articles indicated moderate effects on neuromuscular function
(analyzed through grip strength and muscle and power outcomes) in favor of intervention
groups compared to control groups (p = 0.003, SMD = 0.70 [0.24, 1.15], I? = 53%); see Figure 3.
Finally, the analysis of the effects on physical function was divided into approaches in order
to facilitate the interpretation of the results (Figure 4A,B). Consequently, this figure shows
moderate effects on physical function in favor of intervention groups compared to control
groups (Figure 4A, p = 0.004, SMD = 0.55 [0.02, 1.07], 12 = 72%; and Figure 4B, p = 0.009,
SMD = —0.59 [-1.27, 0.08], I? = 35%).

Experimental Group Control Group Weight Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Grip Strength
Yoon 2018 23.6 7.76 22 23.78 7.14 23 21% -0.02 [-0.61, 0.56] ——
Yoon 2017 24.01 4.14 14 18.99 1381 7 12.3% 1.35 [0.34, 2.36] ——
Subtotal (95% Cl) 36 30 41.4% 0.60 [-0.74, 1.94] et

Heterogeneity: Tau? = 0.76; Chi* =5.29, df = 1 (p = 0.02); I? = 81%
Test for overall effect: Z = 0.87 (p = 0.38)

Muscle Strength/Power

Beijersbergen 2017a 119.9 43.2 15 93.6 39.1 14 17.1% 0.62 [-0.13, 1.37] T

Hvid 2016 113.1 15 16 102.7 8.3 21 17.8% 1.28 [0.56, 2.00] .

Sayers & Gibson 2010 435.2833 139.632 13 298.3833 159.3058 12 15.5% 0.89 [0.06, 1.72] T

Miszko 2003 71.23 44.5513 11 54.445  37.7955 15 16.3% 0.40 [-0.39, 1.19] il =

Subtotal (95% Cl) 55 62 66.7% 0.81 [0.43, 1.20] ->

Heterogeneity: Tau? = 0.00; Chi? = 2.95, df = 3 (p = 0.40); I> = 0%

Test for overall effect: Z = 4.14 (p < 0.0001)

Total (95% CI) 66 92 100% 0.70 [0.24, 1.15] -

Heterogeneity: Tau? = 0.17; Chi? = 10.54, df = 5 (p = 0.06); |2 = 53% 5 5 5 b 3
Test for overall effect: Z = 3.02 (p = 0.003) Favours [Control] Favours [Intervention]

Test for subgroup differences: Chi* =0.09, df =1 (p = 0.76), I* = 0%

Figure 3. Forest plot presenting standardized mean difference and 95% confidence intervals from
studies reporting high-speed resistance-training-induced changes in neuromuscular function between
the intervention groups and the control groups. IV, independent variable; CI, confidence interval;
SMD, standardized mean difference [54,57,61,65-67].
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(A)
Experimental Group Control Group Weight Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean sSD Total IV, Random, 95% CI IV, Random, 95% ClI
SPBB
Yoon 2018 10.85 1.6 22 10.91 1.2 23 21% -0.04 [-0.63, 0.54] —
Yoon 2017 10.79 1.58 14 757 0.98 7 12.3% 2.18[1.01, 3.34] —_—
Subtotal (95% Cl) 36 30 26.3% 1.01[-1.16, 3.18] R

Heterogeneity: Tau? = 2.25; Chi? = 11.15, df = 1 (p = 0.0008); 1> = 91%
Test for overall effect: Z=0.91 (p = 0.36)

Gait Velocity
Yoon 2018 1.09 0.07 22 1.03 0.04 23 15.7% 1.04 [0.41, 1.67] S
Beijersbergen 2017c 1.61 0.3394 12 1.64 0.3712 13 13.9% -0.08 [-0.87, 0.70] _—
Beijersbergen 2017b 1.66 0.4167 15 1.635  0.3858 14 14.6% 0.06 [-0.67, 0.79] —_
Beijersbergen 2017a 1.5433  0.3866 15 1.5133  0.3668 14 14.6% 0.08 [-0.65, 0.81] —
Hvid 2016 1.09 0.07 16 1.03 0.04 21 14.9% 1.07 [0.37, 1.77] —_—
Subtotal {95% Cl) 80 85 73.7% 0.46 [-0.05, 0.97] =
Heterogeneity: Tau? = 0.20; Chi? = 10.20, df = 4 (p = 0.04); 1> = 61%
Test for overall effect: 7= 1.77 (p = 0.08)

116 115 100% 0.55 [0.02, 1.07] k=

Total (95% CI) ; , ,
Heterogeneity: Tau? = 0.35; Chi® = 21.44, df = 6 (p = 0.002); I = 72% -4 -2 0 L
Test for overall effect: Z = 2.04 (p = 0.04) Favours [Control] Favours [Intervention]

Test for subgroup differences: Chi? =0.23, df = 1 (p = 0.63), 1> = 0%

e

(B)
Experimental Group Control Group Weicht Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total 5 IV, Random, 95% CI IV, Random, 95% CI
TUG
Yoon 2018 9.26 2.03 22 9.89 1.59 23 65.0% -0.34 [-0.93, 0.25] —-
Yoon 2017 9.14 1.42 14 10.59 1.03 7 35.0% -1.06 [-2.04, -0.09] —
Subtotal (95% Cl) 36 30 100.0% -0.59 [-1.27, 0.08) g
Heterogeneity: Tau? = 0.09; Chi2 = 1.55, df = 1 (p = 0.21); I = 35%
Test for overall effect: 7= 1.72 (p = 0.09)
Total (95% Cl) 36 30 100.0% -0.59 [-1.27, 0.08] -
Heterogeneity: Tau? = 0.09; Chiz = 1.55, df = 1 (p = 0.21); 12 = 35% -4 <2 0 2 4
Test for overall effect: Z = 1.72 (p = 0.09) Favours [Intervention] Favours [Control]

Figure 4. Forest plot presenting standardized mean difference and 95% confidence intervals from studies reporting high-speed resistance-training-induced changes
in physical function ((A), through SPBB and gait velocity; (B), through TUG) between the intervention groups and the control groups. IV, independent variable; CI,
confidence interval; SMD, standardized mean difference; SPPB, short physical performance battery; TUG, timed up and go test [54-56,61,66,67].
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4. Discussion

The present systematic review and meta-analysis aimed to analyze and systematize the
studies focused on HSRT interventions and their effects on health outcomes in independent
older adults. The main findings suggest a lack of good-quality and pre-registered studies
comparing HSRT interventions and CG. These analyses revealed moderate to substantial
levels of heterogeneity and a wide range of predictive interval. There were moderate to
substantial levels of heterogeneity between the studies. High heterogeneity may indicate
that there are no benefits of HSRT over control groups [51,69]. Furthermore, all the variables
show a prediction interval crossing the zero line.

The main finding of this review suggests that HSRT interventions would improve health
measures—mostly cognitive function (large effects), neuromuscular function (moderate
effects), and physical function (moderate effects)—thereby confirming the study hypotheses.

It is also important to note that there is a relationship between the duration of the
intervention and the level of benefit. In this regard, interventions with ten weeks or more
revealed significant improvements in muscle strength and power [54-56,59,61,64-67] and
physical function [58,61,63,66,67]. These findings are of extreme importance for clinical
practice, since muscle power is essential for physical performance during daily tasks [70,71].

For the sake of clarity, the Discussion section is organized into subsections according
to the variables studied.

4.1. Cognitive Function

Regarding cognitive function, only one study investigated the retinal microvasculature
density through changes occurring in the brain in cognitively normal older people [60].
The authors reported a negative correlation between retinal microvascular density and
cognitive function (r = —0.54; p = 0.007), indicating that the improvement in cognitive
function after HSRT could be mediated by the vascular effects. Nonetheless, regarding
cognitive function, the studies by Yoon et al. [66] and Yoon et al. [67] addressed the effects
of HSRT on cognitive function through the Montreal cognitive assessment (MoCA), FAB,
and MMSE tests. The authors showed positive effects on processing speed, cognitive
assessment, FAB, and MMSE test parameters. However, Lee et al. [63], who reported
positive effects of 8-week HSRT on the neuromuscular function and gait performance in
the elderly with mild cognitive impairment, failed to find any increase in the executive
function of the frontal lobe. The sample characteristics and time of intervention may have
compromised the expected results for these outcomes. Other studies have reported positive
effects of HSRT on processing speed and executive function [67,72]. However, current
evidence is limited.

The small number of included studies reduced the statistical power of this meta-
analysis and did not allow an appropriate analysis of heterogeneity. Hence, more research
on the role of exercise parameters (e.g., volume, types, and intensity) in specific cogni-
tive functions is necessary. Addressing cognitive function is particularly important when
considering the decline in executive and functional ability associated with ageing [73-76].
In this sense, cognitive function and muscular power [6,77,78] should be considered the
primary factors influencing the decline in functional status in elderly populations. Con-
sequently, it is fundamental to find ways to attenuate age-related executive function and
muscular power decline due to the significant impact on life quality and the maintenance
of an independent lifestyle.

Since neuromuscular deterioration accompanying the process of ageing is one of
the first signs of decreased power output [78,79] and atrophy in areas associated with
neuromuscular control [75], a potential relationship may exist between age-related declines
in muscular power and cognitive function. Remarkably, research shows that exercise
programs enhance a variety of functional and cognitive tasks, and that brain regions
exclusively dedicated to executive function appear to be especially sensitive to exercise
training [80-83]. The HSRT interventions showed promising results in cognitive executive
function and memory, cognitive flexibility, and working memory [63,84]. The intensity
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of these interventions can be controlled through changes in load and movement velocity.
However, research that examined resistance training and cognition used loading to increase
the intensity, which thus justifies further studies controlling the speed or using both load
indicators [63].

4.2. Neuromuscular Function

Concerning neuromuscular function with a particular focus on neural functions, some
studies investigated the effects of HSRT on neural factors [54-56,61,63]. The effects of the
HSRT intervention on neural factors showed positive results in two aspects: first, between
the CG and EG in movement time, motor time, rate of electromyography (EMG) rise, rate of
torque development, and percentage of voluntary activation; and second, between pre- and
post-intervention in normalized parameters peak torque, and in the EMG amplitudes of the
knee flexors, extensors, vastus lateralis (VL), vastus medialis (VM), and rectus femoris [56].

In the latter study [56], muscle activation determined by recording the surface elec-
tromyogram during a maximal isometric leg exercise demonstrated that the rates of EMG
rose, similar to other studies. In this sense, Reid et al. [85] reported a significant increase
in the rate of EMG rise among the elderly averaged 77-year old who performed HSRT at
40% of 1 RM for 16 weeks compared to the elderly who underwent HSRT at 70% of 1 RM.
It can be inferred that the low-intensity HSRT may influence the apparent increase in the
rate of EMG rise. This increase may occur because the abilities to recruit motor units and
maximal motor unit-firing rate were developed in parallel to the increased rate of torque
development associated with recruiting motor units [86].

In the last two decades, studies with pneumatic and isokinetic devices have shown
that the peak muscle power of the leg extensors [54-56,59,63,65-67,87,88] and ankle plantar
flexors [18] are stronger predictors of functional performance than muscle strength. The
peak muscle power declines sooner and more rapidly than muscle strength [19,89] and
is a more important predictor of functional performance than strength [18,87]. Therefore,
peak muscle power could be a more critical variable on which to focus RT programs among
older men and women.

Based on data from selected studies [56,61,63], this review reveals that HSRT was
more effective than traditional resistance training with rising muscle activation, as reported
by Reid et al. [85]. There was an increase in muscle activation of VM and VL muscles,
suggesting increased recruitment and firing frequency of motor units [55,86,90,91]. In
addition to gains in maximal EMG amplitudes and isometric strength, older adults showed
elevated knee extensor activation and coactivation during early stance and elevated plantar
flexor activation during push-off [55]. The data suggest that power training-induced
increases in voluntary muscle activation and agonist muscle activation underlie increases
in isometric muscle strength and gait velocity. Therefore, training based on HSRT can
modify neuromuscular activation and increase older adults’ leg muscle strength and
walking performance.

The small number of included studies for grip strength reduced the statistical power
of this meta-analysis and there were substantial levels of heterogeneity between studies.
However, all the variables showed a prediction interval crossing the zero line, suggesting
the possibility of the real beneficial effects of HSRT. For the four studies on the muscle and
power outcomes, null heterogeneity may indicate that there are real benefits of HSRT over
the CG.

The mechanism underlying the increased neuromuscular activation may involve,
but is not limited to, increased neural drive via corticospinal pathways, increased motor
neuron and /or muscle fiber excitability, an increased number of active motor units, and/or
increased conduction velocity [92,93].

The neuromuscular function was evaluated through various strength parameters,
such as grip strength and isokinetic peak torque/body weight [66,67], rate of torque
development [63], isokinetic power in average at different execution speeds [67], isometric
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strength [56], peak power at 40 to 80% 1 RM [65], and knee extension and leg press
strength [64].

Moreover, the maximal isokinetic power at different execution speeds was evaluated
in relation to body weight and joint range [54], and one study evaluated maximal isometric
strength relative to leg length [61]. Two studies evaluated peak power at different percent-
ages of 1 RM [64,65], as well as the velocity at peak power in air resistance equipment [65].
The maximal strength was evaluated through the 1 RM in leg extension, leg press [59,64],
and chest press exercises [57]. Our findings evidenced that HSRT interventions are effective
in improving strength and power. Despite the consistency in the results of the assessments
on neuromuscular function in the comparison of pre—post or/and between CG and EG,
some studies do not report positive effects in some parameters [57,59,66]. In the study by
Reid et al. [59], the 1 RM of knee extension increased significantly from baseline in either
the strength training group (41%) or the HSRT group (49%) when compared to CG (p < 0.01).
However, there was no significant time-group interaction for the execution of the 1 RM
leg press exercise. Hence, the authors concluded that the principal finding of their study
was that, in older people with mild-moderate mobility impairments, a 12-week HSRT
intervention induced similar improvements in lower-extremity muscle power compared
to traditional slow-velocity resistance training. The non-significant increases in absolute
power on the leg press in response to HSRT are considerably lower than those reported
by other studies in older adults [57,64,65,94]. These results suggest that gains in muscle
quality, which occurred without measurable hypertrophy, may have been due to neural
adaptation to this form of explosive resistance training [63,95]. The muscle power decreases
more precipitously than muscle strength in older adults, causing a dramatic loss in the
ability to produce force rapidly.

The current evidence emphasizes the challenges regarding the development of op-
timal exercise strategies for clinically relevant outcomes in older adults [96,97]. In this
sense, strategies that promote rapid increases in strength development should be a top
priority in resistance training interventions, followed by methods that stimulate muscle
hypertrophy [98,99].

4.3. Physical Function

Regarding physical function, namely gait function, over the past two decades, there
has been a proliferation of research surrounding resistance training to increase func-
tional activities. Specifically, studies have demonstrated that HSRT can promote signifi-
cant improvements in functional outcomes [57,100-102] compared to standard resistance
training programs.

Nine of the studies in this systematic review used some form of a timed walking
test, namely the 2-min maximal walking test; 10-m walking test; gait velocity at usual
speed and fast speed; 4.44 m gait speed test; timed up and go test (TUG test); and 8-foot
up and go test. Most of the studies reported improvements in the pre-post within-group
and between-group (EG vs. CG). Nevertheless, Lee et al. [63] only found improvements
in the pre—post in EG (4.44 m gait speed test and TUG test). Some studies [54-56] did
not improve gait velocity at the usual speed. However, two of the three studies [54,55]
presented improvements when comparing pre—post to gait velocity at fast speed. However,
the significant between-group change in gait speed suggested that the clinical relevance is
0.05-0.10 m/s [103].

According to Ramirez-Campillo et al. [24], the HSRT intervention in older peo-
ple significantly improved walking ability and TUG test results compared to the CG.
Ringsberg et al. [104] and Karttunen et al. [105] reported that the older men and women
(average 75 years old) showed a statistically significant relationship between isometric knee
extensor strength and gait speed. Thereby, in this population, the HSRT with heavy and
light loads seems to mediate adaptations in the neural system and translates into improve-
ments in physical function, namely in gait function. In the same sense, Harridge et al. [106]
reported submaximal voluntary activation of the knee extensor muscles in frail older people.
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The current knowledge indicates incomplete voluntary muscle activation as an essential
mechanism for the loss of mechanical muscle function and physical function, contributing
to the pathway of mobility disability [61,107,108].

In this meta-analysis, only two studies addressed the SPPB variable, which reduced
the statistical power of these meta-analyses and did not allow an appropriate analysis of
heterogeneity. They present high heterogeneity (I? = 91%, 1.01 [—1.16, 3.18]); however, the
variables show a prediction interval crossing the zero line. The same is observed in the
gait velocity variable; although it was included in five studies, three of the studies had a
major limitation, which was its origin in the same clinical trial [54-56], which could result
in analysis bias. Finally, in the meta-analysis for the TUG test, only two studies reported
this variable and presented values favorable to the intervention with the HSRT.

4.4. Body Composition

Finally, regarding body composition, the HSRT seems to induce skeletal muscle hyper-
trophy and neuromuscular adaptations [66]. This intervention can also facilitate increases
in muscle quality in response to power training [59] and promote significant reductions in
several parameters, namely body weight, body mass index, percent body fat, and waist-to-
hip ratio [66]. Some studies showed evident morphological adaptations [58,109,110] due to
an increase in muscle thickness of VL in all strength training groups, which indicates that
hypertrophy likely contributed to the increased maximal and dynamic strength.

According to Reid et al. [59], the studies that reported improvements in muscle strength
and power without associated alterations in body composition may reflect enhanced neu-
ral adaptations in the early stages of training, as reported by other studies [91,111]. It is
likely that the earlier motor unit activation and enhanced maximal firing rates associated
with HSRT would be principle stimuli for neural adaptations to this explosive form of
training [111]. The results of improvements in muscle strength and power without associ-
ated alterations in body composition may also be a consequence of the short duration of
interventions and low weekly frequency, and the differences in neuromuscular adaptation
should be investigated over longer periods (e.g., six months).

4.5. Limitations

This study presents two limitations that should be pointed out. The first is the poor
methodological quality of some of the included studies. Twelve of the fourteen included
studies showed low methodological quality (level 2). This should be taken as a serious
warning to the scientific community and may hinder the credibility and practical effect of
said studies. Second, although our meta-analysis suggests very satisfactory results, it was
conducted with a small number of studies in each function, so it is necessary that future
studies be conducted in this area.

5. Conclusions

The present systematic review confirms that HSRT interventions that progressively
increase in training intensity can improve several health outcomes in older people, mostly
cognitive, neuromuscular, and physical function (moderate to large effects).

Furthermore, the results suggest that interventions with ten weeks or more and per-
formed three times a week result in significant improvements in neuromuscular function.

6. Future Lines of Research

It should be noted that even though gait variability [97] and phase angle from bioelec-
trical impedance [112] have high clinical significance, none of the included studies verified
the effect of the HSRT intervention on said outcomes. Therefore, we suggest that future
studies conducted with older people and based on this approach (HSRT intervention) in-
clude the following variables. The first is gait variability—which refers to the magnitude of
the stride-to-stride fluctuations and their changes over time during a walk—which may be
useful in understanding the physiology of gait, in quantifying age-related and pathologic
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alterations in the locomotor control system, and in augmenting the objective measurement
of mobility and functional status [113,114]. A gait variability study through non-linear
methods [97,115] can help us to understand the physiological changes associated with
ageing induced by an increase in noise in the neuromotor system, promoting significant
changes in the control of the locomotor system [113,116]. Multiple age-related physiological
changes increase neuromotor noise, increasing gait variability. If older adults alter how they
regulate their stride variables, this could further exacerbate this variability. The second is
the phase angle from electrical bioimpedance—the assessment of this indicator represents
an interesting measure for future research on healthy populations, because it can reflect
cellular health and mass and cell membrane integrity [112,117], and in the elderly popula-
tion, it is a predictor of muscle function [96,118] and sarcopenia [119] and an indicator of
general health status [120,121].

Finally, we also recommend further research to include an adequate follow-up (e.g.,
minimum six months) to assess the durability of HSRT intervention effects on all health-
related variables.
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