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Abstract: Sarcopenia is a significant health concern primarily affecting old adult individuals, charac-
terized by age-related muscle loss, and decreased strength, power, and endurance. It has profound
negative effects on overall health and quality of life, including reduced independence, mobility,
and daily activity performance, osteoporosis, increased fall and fracture risks, metabolic issues, and
chronic diseases like diabetes and cardiovascular conditions. Preventive strategies typically involve a
combination of proper nutrition and regular physical activity. Among strength training exercises,
high-intensity interval training (HIIT) stands out as the most effective approach for improving muscle
function in older adults with sarcopenia. The current review identifies and summarizes the studies
that have examined the effects of HIIT on muscle strength in older adults as an element of the preven-
tion and treatment of sarcopenia. A systematic search using several computerized databases, namely,
MEDLINE/PubMed, Scopus, SPORTDiscus, and Web of Science, was performed on 12 January 2023,
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. A total of 224 studies were initially retrieved. A total of five studies met the selection
criteria. HIIT training shows improvements in body composition and functional and cardiorespi-
ratory capacity, has benefits on muscle strength, increases muscle quality and architecture, and is
associated with muscle hypertrophy in healthy older adults. Nonetheless, given the shortcomings
affecting primary research in terms of the limited number of studies and the high risk of bias, further
research is warranted.

Keywords: sarcopenia; older adults; aging; high-intensity interval training; muscular strength

1. Introduction

Sarcopenia, defined as age-related loss of muscle mass and function (i.e., strength,
power, and endurance), represents a concerning medical issue that usually affects older
adults, dramatically impacting their health and quality of life [1,2]. Its risk factors include
unhealthy lifestyle behaviors and underlying comorbidities, while its detrimental effects
include limited independence, mobility, and ability to perform daily activities, decreased
bone density resulting in osteoporosis and increased risk of falls and fractures, metabolic
impairments (such as insulin resistance, obesity, diabetes, and metabolic syndrome), and
chronic disease like cardiovascular disease [3]. The management of people with sarcopenia
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can be challenging and early detection and intervention is paramount in minimizing its
negative impacts. Preventive programs usually adopt multipronged approaches, com-
bining regular physical activity, and strength training exercises, and ensuring adequate
nutrition [4]. Currently, the most optimal and effective treatment for sarcopenia in older
adults is strength training, which has been found to be more effective than other nutritional,
hormonal, and pharmacological interventions in increasing muscle function [5] (Figure 1).
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Figure 1. Sarcopenia, its risk factors, its impact on muscle health, systemic consequences, and
potential interventions (Created with BioRender.com, accessed on 28 January 2024).

High-intensity interval training (HIIT) has gained increasing popularity in recent
years: it is characterized as having discontinuous, alternating periods of short-term (from
6 s to 4 min) work, at an intensity > 80-85% of the maximum heart rate (MHR) and maximal
oxygen uptake (VO,max), scoring eight on the modified Borg Scale (on a scale from 0 to 10),
and recovery periods of 1-5 min, at a lower intensity (60% MHR). These work periods are
repeated several times [6], with an average duration of the programs of 12 to 16 weeks [7].
There is evidence for the efficacy of HIIT in adults over the age of 70, but studies are scarce
when subjects are over the age of 90.

HIIT has previously been shown to be safe, feasible, and effective in patients with
diabetes, heart failure, and coronary artery disease [8,9], increasing muscle function as
measured by the “European Working Group on Sarcopenia in Older People” (EWGSOP2),
and improving physical performance in older adults [1,10-12].

The benefits of HIIT on muscle quantity and quality remain unclear, although signifi-
cant improvements are reported, with varying results depending on the technique used
for measurement [13]. Despite these potential benefits on strength, it would be inappro-
priate to implement HIIT with an exclusive focus on resistance training, as it must also be
accompanied by aerobic, flexibility, and balance training to obtain maximum benefits [1].

Resistance training is based on the demand for strength in order to request an acti-
vation of muscle contraction. It is an effective method to combat the pernicious effects
of sarcopenia, both structurally (i.e., by stimulating hypertrophy) and functionally (by
increasing anaerobic endurance, muscular strength, and improving neuromuscular adap-
tation and physical performance) [14]. High-intensity strength exercises at 80% of 1RM
have the greatest benefits in improving muscle strength and size, showing increases of
11% in muscle area, 34% in type I fibers, and 28% in type II fibers, with a decrease in
body fat, and an increase in bone mineral density and oxygen consumption, as well as an
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optimization of glucose uptake and utilization [15]. In reference to aerobic training, HIIT is
located in the anaerobic phase or the metabolic instability phase [16,17]. It is used for the
prevention and treatment of sarcopenia, and improves balance, strength, muscle mass, and
muscular endurance [18]. The increase in time and intensity should be methodologically
progressive [19]. There is currently scientific evidence that mechanical vibration training
can be effective in enhancing muscle strength, and this increase is linked to inter and intra-
muscular coordination. The attractiveness of applying it to frail people is that it involves
less effort, can be applied with low impact, and requires less motor competence.

Regarding the recommended effects and optimal doses of resistance training in older
adults, the following five primary components should be applied for proper training control
in HIIT sessions [20]: (i) interval intensity, controlled by MHR, reserve heart rate (RHR),
rated perceived exertion (RPE), or maximum aerobic speed (MAS); (ii) duration of the
interval, usually from 90 s to 150 s, properly adjusted to the MAS; (iii) (active and short)
recovery intensity of 60% maximum frequency; (iv) recovery duration, based on RPE and
the coach experience; and (v) number of intervals, depending on the exercise intensity and
the person’s physical condition. There is a consensus on a duration of >10 min at 95%
VO,max.

The main physiological responses and adaptations of HIIT at the level of the neuro-
muscular system consist of the progressive participation of all motor units of fibers type I,
IIa, and IIx, by an oxidative metabolism with high cytosolic glycolytic involvement and a
progressively acidotic internal cellular environment. These characteristics make HIIT bene-
ficial for the aging process [7]. In the context of high exercise intensities inherent to HIIT,
both respiratory rate and tidal volume experience an augmentation. Minute ventilation,
representing the total volume of air breathed in one minute, can reach and even exceed
150 L per minute during high-intensity exercise, which is notably 17 times higher than the
resting values [7,16].

The most prominent response and adaptation within the neuroendocrine system is
associated with the sympathetic-adrenal system, which takes precedence in directing the
endocrine activity during exercise by supporting catecholamines. This results in hypertro-
phy of the adrenal gland, augmenting its catecholamine content and enabling individuals
to sustain intense exertion for extended periods. The highest adrenal stimulation occurs
during the repetition of very intense exercise, characteristic of HIIT. This heightened stim-
ulation leads to maximum levels of muscle and liver glycogenolysis, with near-maximal
activation of phosphorylase [7,16].

In the context of oxygen consumption, the objective during phase III intensity is to
elevate its maximum values. This parameter is contingent on genetic factors and can be
enhanced by up to 20% through training, by augmenting the oxygen extraction capacity of
the active muscles. This, in turn, results in a decreased oxygen capacity of the involved
muscles, attributed to the high speed of shortening and tension development. The respon-
sibility for supplying oxygen to compensate for the low tissue oxygen pressure falls on
myoglobin. Additionally, the induction of hypoxia is employed to further enhance the
muscle’s oxidative capacity [7,16].

The distinctive feature of HIIT is its short duration compared to continuous and pro-
longed moderate-intensity training, yielding similar improvements in terms of cardiovas-
cular fitness, and demonstrating greater benefits in maximal aerobic capacity. Furthermore,
HIIT enhances the oxidative capacity of muscles and increases the recruitment of muscle
fibers, engaging a greater number of muscle fibers. Remarkably, just six HIIT sessions over
a two-week period can enhance the metabolic control mechanisms and the activity of key
mitochondrial enzymes, such as citrate synthase and cytochrome oxidase [21].

Physical exercise plays a pivotal role in the prevention and treatment of pathologies
commonly observed in older adults, particularly sarcopenia. Currently, there is significant
debate among researchers regarding the most beneficial type of training program for
maintaining a good quality of life in older adults. Given the limited evidence available on
HIIT in this specific population, there is a pressing need for further research to fill this gap
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in knowledge. Therefore, the present systematic review was undertaken with the aim of
providing additional evidence and insights into the existing body of knowledge.

2. Materials and Methods
2.1. Study Design and Protocol

The strategy for conducting the present systematic review strategy was compliant
with the “Preferred Reporting Items for Systematic Reviews and Meta-analyses” (PRISMA)
guidelines [22]. The protocol was registered within the “International Platform of Regis-
tered Systematic Review and Meta-Analysis Protocols” (code number INPLASY202310069,
approval date 20 January 2023).

2.2. Eligibility Criteria

The inclusion and exclusion criteria are outlined in Table 1, structured according to
the “Population, Intervention, Comparison/Comparator, Outcome, Study Design” (PICOS)
approach. This systematic framework provides a clear and organized delineation of the
parameters governing the selection of studies. Adhering to the PICOS criteria ensures
methodological consistency and clarity in defining the characteristics essential for study
eligibility, promoting a systematic and transparent approach to the inclusion and exclusion
process [23].

Table 1. Inclusion and exclusion criteria according to the “Population, Intervention, Compari-
son/Comparator, Outcome, Study design” (PICOS) approach.

Inclusion Criteria

Exclusion Criteria

Population

Intervention

Comparison/comparator

Outcome

Study design

Additional criteria

Populations without any injury or illness,
with normal vision, and no history of
neuropsychological impairment and/or
other special conditions

Studies with high-intensity interval
training protocols studying the effects of
strength exercises designed with an
intervention group and a control group
Passive control conditions

Muscle strength improvements

Counterbalanced cross-over design
(either randomized or non-randomized
since none of them reveals significant
differences in control conditions)

Only indexed, original, full-text studies

Studies carried out with animals. Populations with special
conditions (some types of pathology other than sarcopenia,
type II diabetes, cardiovascular pathology, and obesity).
Populations aged less than 65 years old.

Studies with high-intensity interval training protocols
combined with another type of intervention that could mask
the results of the former intervention (either another type of
training, nutritional, or pharmacological ergogenic aids).
Intervention conditions other than passive conditions.
Physiological or physical conditions not related to the
included outcomes.

Study designs that do not allow within-subjects
comparisons for the two conditions.

Articles other than original research (e.g., reviews, letters to
editors, trial registrations, proposals for protocols, editorials,
book chapters, and conference abstracts).

2.3. Information Sources and Search

The literature search for relevant publications was conducted by mining four major
electronic scholarly databases (PubMed /MEDLINE, Scopus, SPORTDiscus, and Web of
Science) up to 20 January 2023. The best combination of keywords was achieved by means
of literature familiarization through a preliminary search and reading of publications
selected either using the PubMed “Medical Subject Headings” (MeSH) option or manually
based on reference articles in this field of study. Various combinations of keywords and
synonyms were employed in the title, abstract, or keywords field: (sarcopenia) AND
(“aged” OR “elderly” OR “0ld”) AND (“high-intensity interval training” OR “HIIT” OR
“high intensity interval” OR “interval training” OR “muscle strength”). Additionally,
the reference lists of the identified studies were manually examined to identify potential
studies that may not have been captured by the electronic searches. Furthermore, an
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external expert was consulted to verify the final list of references included in this review,
ensuring comprehensive coverage.

The screening process, which involved reviewing the title, abstract, and reference list
of each study, was independently conducted by two authors (MPDM and JAML). The
two authors also thoroughly reviewed the full versions of the included papers to ensure
alignment with the selection criteria. A secondary search within the reference lists of the
included records was performed to uncover any additional relevant studies. In cases of
discrepancies in the selection process, a discussion took place between the two authors,
and a third author (JPM) was consulted when needed. Potential errata for the included
articles were duly considered. This rigorous approach aimed to comprehensively identify
and include the relevant literature in the present review.

2.4. Data Extraction

The data extraction process adhered to the recommendations of the “Cochrane Con-
sumers and Communication Review Group” and utilized their data extraction template [24],
implemented using a Microsoft Excel sheet (version 2401, Microsoft Corporation, Redmond,
WA, USA). The Excel sheet was specifically designed to evaluate inclusion criteria and
systematically assess all selected studies. Both aspects of the process were independently
executed by two authors (BMV andHIC). In cases where discrepancies arose regarding
the eligibility of a study, discussions were held to reconcile differences. For transparency
and documentation purposes, all full-text articles that were excluded from the review,
along with the corresponding reasons for exclusion, were meticulously recorded in the
Excel sheet.

2.5. Risk of Bias Assessment

To assess the risk of bias in the included studies, we utilized the tool recommended
by the Cochrane manual for systematic reviews, designed specifically for evaluating Ran-
domized Controlled Trial (RCT) interventions. This tool provides a reliable assessment of
various domains within the studies, with each domain being categorized as having a high,
low, or unclear risk of bias [25]. Among the five manuscripts assessed—Miiller et al. [26],
Siqueira et al. [27], Wyckelsma et al. [28], Sculthorpe et al. [29], and Bruseghini et al. [30]—each
study was found to have a “high risk of bias” in at least one domain [25] (Figure 2). In the
domain of random sequence generation (selection bias), only one study was categorized as
having a “low risk of bias” [26], while another study was marked as “unclear risk” [30].
The remaining articles provided sufficient information to ascertain the adequacy of the
randomization sequence generation process, resulting in an overall assessment of “low
risk” for this domain.

Concerning allocation concealment (selection bias), in only two studies, concealment
of the sequence performed was adequate. The randomization process for the recruitment
of participants was carried out by researchers who did not participate in the intervention,
thus obtaining a “low risk” [26,27]. For the other studies, “high risk” was obtained, since
the process of generation of the allocation sequence was not sufficiently described [28-30].

Regarding the blinding of participants and personnel, none of the studies implemented
blinding for participants and personnel [26-30]. Concerning the blinding of outcome as-
sessment (detection bias), two studies reported blinding of evaluators, resulting in a “low
risk” [26,27]. The remaining studies lacked sufficient information on the blinding of
evaluators, leading to an assessment of “unclear risk” [28-30]. Concerning incomplete
outcome data (attrition bias), all of the studies reported their results and obtained a “low
risk” [26-30]. In terms of selective reporting (reporting bias), all studies provided com-
prehensive reporting of estimates, variability, and intervention protocols, resulting in a
“low risk” of reporting bias [26-30]. Finally, concerning other biases, two studies, when
analyzing biases through intention-to-treat, were categorized as “high risk” [28,30]. The
remaining studies were deemed free of other sources of bias, attaining a “low risk” [28-30].
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Two authors (BMV and HIC) independently conducted the screening and assessment
of the included articles. Discrepancies were resolved through consensus between the two
authors, obviating the need for intervention by a third or fourth author (JPM, NLB).

Incomplete outcome data (attrition

Blinding of outcome assessment (de-
bias)

Blinding of participants and person-
tection bias)

Random sequence generation (selec-
nel (performance bias)

Allocation concealment (selection

bias)

Muller et al. 2021

Siqueria et al. 2020

Wyckelsma et al. 2017

Sculthorpe et al. 2017

~ 9000
’ ’ . ’ ’ Selective reporting (reporting bias)
'YXX X I

SN X

Bruseghini et al. 2019

Figure 2. Risk of bias assessment based on the Cochrane tool [26-30]. Note: Low risk of bias +, high
risk of bias —, and unclear risk of bias?

2.6. Methodological Quality Assessment

To assess the methodological quality of the studies included in this systematic re-
view, the PEDro scale, utilizing a numerical scoring system ranging from 0 to 10, was
employed. A summary of the assessment and scores for each study in different domains is
provided below.

Regarding the assessment, we noted the following:

- All studies demonstrated an adequate generation of the sequence [26-30].

- Only one study had an adequate concealment of the allocation sequence [26].
- All studies exhibited baseline comparability [26-30].

- No study implemented blinding for participants and personnel [26-30].

- Only two studies blinded the evaluator [27,29].

- Adequate follow-up was reported in two studies [27,29].

- Intention-to-treat analysis was conducted in two studies [27,29].

- All studies included between-group comparisons [26-30].

- Similarly, all studies provided appointed estimates and variability [26-30].

The evaluation of the selected studies, as conducted through a scoring system, yielded
the following scores for each respective study:

- Miiller et al. [26]: score of 7/10;
- Siqueria et al. [27]: score of 6/10;
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Wyckelsma et al. [28]: score of 5/10;
Sculthorpe et al. [29]: score of 6/10;
Bruseghini et al. [30]: score of 6/10.

3. Results
3.1. Study Identification and Selection

The initial database search yielded a total of 224 items. Subsequently, these studies
were imported into reference management software (EndNoteTM X9, Clarivate Analytics,
Philadelphia, PA, USA). Removal of duplicates, either through automated or manual
processes, resulted in the elimination of 62 references. Thirty-five articles were removed
for being irrelevant, based on titles and abstracts. The remaining 27 studies were selected
for in-depth reading and analysis. After a comprehensive examination of the full texts,
22 studies that did not meet the eligibility criteria (n = 2 not meeting population criteria,
n = 1 not meeting the comparator criteria, # = 7 not meeting the intervention criteria, n = 12
not meeting the study design criteria) were excluded. Finally, five studies meeting the
criteria were incorporated into our review study (see Figure 3 for a visual representation of

the selection process).

g
‘-§ Records identified through database Additional records identified through
= searching (n = 224) other sources (n = 0]
3
h b
Records after duplicates removed
(m=62)
]
] L
W
Records screened o Records excluded
(n=62) " (n=33)
. ¥
E Full- text articles Full- text articles
o) assessed for eligibility #»  excluded, with reasons
e n=27) (n=22)
¥
Studies included in
qualitative synthesis
(n=5)
i
L
o
i)
Studies included in
quantitative synthesis
(n=3)

Figure 3. PRISMA 2020 flow diagram.

3.2. Study Characteristics and Context
The studies analyzed regarding HIIT in older adults reveal significant diversity in
the demographic and physical characteristics of participants, with an average age ranging



J. Clin. Med. 2024, 13,1299

8 of 20

from 65.8 to 69.4 years and a range of 60 to 75 years. The sample size ranged from 12 to
41 participants, with studies showing a male predominance. In terms of physical character-
istics, an average body weight of 77.8 kg, a mean height of 172 cm, and an average body
mass index (BMI) of 26.5 are highlighted. The initial physical condition of participants
varies, with some being active with a physical activity frequency of 2.6 h per week. The
average duration of training sessions fluctuates between 30 and 50 min, with a frequency
of 2 to 3 days per week and a total of 24 to 36 sessions during the intervention period.
Specific exercises encompass a variety ranging from traditional strength exercises (leg press,
knee flexion) to aerobic activities such as running. Exercise intensity is adjusted using
percentages of 1IRM, maximum heart rate (HRmax), or RPE. Overall, interventions are
supervised by trainers, and pre- and post-intervention measurements are conducted to
assess functional capacity, cardiorespiratory function, body composition, and neuromus-
cular activation, among others, using various measurement methods such as functional
tests, cycle ergometers, DXA, and muscle biopsies. The reviewed results are statistically
significant (p < 0.05) across various areas following training interventions in older adults.
Significant improvements are observed in functional capacity, with a 15.9% increase in
Sit-to-Stand at 16 weeks, along with enhancements in Timed Up and Go and stair climbing
tests. Regarding cardiorespiratory capacity, there are significant increases in maximum
power (11.2%) at 16 weeks, as well as in peak VO, (16.5%) and cycling economy. Addi-
tionally, significant improvements are evident in body composition, including increases
in lean mass and reductions in body fat. Neuromuscular capacity experiences statistically
significant improvements, such as increases in muscle activation and isometric quadriceps
strength, with a 7% increase at 90° knee flexion. In terms of performance, there are signifi-
cant improvements in maximum effort work, time to exhaustion, and maximum power.
Furthermore, notable physiological changes, such as increases in muscle pennation angle
and quadriceps activation, are highlighted. In summary, the results underscore that vari-
ous training modalities, by achieving statistically significant improvements, can provide
comprehensive benefits in older adults in terms of functional capacity, cardiorespiratory
function, body composition, neuromuscular performance, and physiological aspects.

Characteristics of the included studies as well as the details of HITT protocols can be
found in Table 2.
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Table 2. Characteristics of the included studies.
Miiller et al. [26]
Participants Age (Years) Sex Body Mass (Kg) Height (Cm) BMI Sample Exclusion Pathologies Assistance
Population 89.3+£9.9 TST + HIIT: N = 18 N 1 - boli
658+39 M 847+ 1458 1724 cm £7.4 18.75 TPT + HIIT: N = 17 euromuscular, cognitive, metabolic, g,
hormonal, cardiovascular, smokers.
85.3 +£12.8 HIIT: N =35
Duration (Week)/ . . , . , . .
Frequency (Day) Ig Cg Intensity/Velocity PhaselTime Characteristics Measurement Exercise Questionnaire
Week 1-4: 2 x (12-15 rep 65%
oo 2 s (concentric and RM x 180 s rest) . . Sit-to-Stand (>n° rep x 30 s), Timed-
TST + HIIT 65-80% RM eccentric) Week 13-16: 4 x (6-8 rep 80% Functional capacity Up and Go, climbing stairs (16 cm)
RM x 180 s rest)
Week 1-4: 3 x (8 rep 40% RM x
. T 2 s eccentric and 180 s rest) Cardiorespiratory Peak power in cycling: Wmax,
Intervention TPT + HIIT N 40-60% RM maximum concentric Week 13-16: 4 x (6 rep 60% RM  capacity VO,mayx, cycling economy -
16/2 o x 180 s rest)
Cycle-ergometer: Warming
5 min 60—-65% HRmax . .
Before intervention, 8 weeks,
Cadence 70-75 rpm Body composition 16 weeks: body fat mass, lean bod
HIT 75-90% VO,max - Week 1-4: 3 x (4 min 75-85% y - pody ' y
. . (DEXA) mass, total body fat mass, total lean
HRmax x 2 min active rest) body m
Week 13-16 3 x (4 min 85-90% ody mass
HRmax x 2 min active rest)
Measurement Exercise/Parameter TST TPT
Sit-to-Stand 8 weeks: 1 13.3% (p < 0.001) ES =0.91 8 weeks: 1 30% (p < 0.001) ES = 1.46
16 weeks: 1 15.9% (p < 0.001) 16 weeks: 1 27.1% (p < 0.001)
8 weeks: (p < 0.001) No differences
Functional capacit Timed Up and Go ES=0.47. 16 weeks: T 14% (p < 0.001) ES = 0.54
pacity 16 weeks: 1 10% (p < 0.001)
. 0,
Results 8 weeks: 1 13.2% (p < 0.005) 8 weeks: 113.9% (p < 0.005)

Cardiorespiratory capacity

Climbing stairs

16 weeks: 1 15.2% (p < 0.001) ES = 0.54

16 weeks: 1 12.3% (p < 0.001)
ES=0.78

Wmax

8 weeks: 1 6.7% (p < 0.001)
16 weeks: 1 9.9% (p < 0.001) ES = 0.75

8 weeks: 1 8% (p < 0.001)
16 weeks: 1T 11.1% (p < 0.001) ES = 1.17

VO,max

8 weeks: 1 7.8% (p < 0.005)
16 weeks: 1 10% (p < 0.001) ES = 0.53

8 weeks: 122.3% (p < 0.005)
16 weeks: 1 37.8% (p < 0.001) ES = 0.54

Cycling economy

8 weeks: 19.9% (p < 0.001)
16 weeks: 1 9.5% (p < 0.001) ES = —0.6

8 weeks: 1 10.7% (p < 0.001)
16 weeks: 117.2% (p < 0.001) ES = 0.34
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Table 2. Cont.
Siqueria et al. [27]
Participants Age (Years) Sex Body Mass (Kg) Height (cm) BMI Sample Exclusion Pathologies Assistance
Population 44 639 £2.5 F 744 + 147 153.4 cm + 4.3 315 CG:n=21 Cardiovascular disease and osteo- CG: 82.6%
64.84+3.6 744 4+ 147 155.1 cm + 5.8 30.1 IG:n =20 articular restrictions for exercising. 1G: 82.2%
Duration (Week)/ IG CcG Intensity/Velocity PhaselTime Characteristics Measurement Exercise Questionnaire
Frequency (Day)
Week 1-4: 36 min RPE: 13
G Borg Scale (6-20) 2 s (concentric and Week 5-8: 36 min RPE: 14 Cardiorespiratory
RPE: 13-16/- eccentric) Week 9-10: 36 min RPE 15 capacity
Intervention Week 11-12: 36 min RPE 16
Week 1—4: 9 rep x (2 min Stationary running, front kick and In d
12/2 No RPE:16 ;7 rep cross-country skiing niorme
:16 + 2 min RPE 11) Week .. . consent form
. . ) Aquatlc intervention
2 s (concentric and 5-8: 12x (1.5 min RPE:17 + Neuromuscular
1G RPE: 11-18/- eccentric) 1.5 min RPE 11) Week 9-10: 18 capacit
x (1 min RPE:18 + 1 min RPE pacity
11) Week 11-12: 18 x (1 min
RPE:18 + 1 min RPE 11)
Measurement Exercise Parameter CG IG
Cycle-ergometer 1 15.4% (p < 0.05) 1 11.8% (p < 0.05)
RHR (bpm) Pre CG: 83 £ 21 Post CG: 75 + 11 Pre: 80 & 14 Post: 75 + 14
Cardiorespiratory 110.3% ( o
¢ o=l 1 .3% (p < 0.05) 116.5% (p < 0.05)
capacity VOzmax (ml-kg™"-min™") Pre: 26.30 + 3.68 Post: 28.76 + 5.05 Pre: 24.07 + 4.10 Post: 26.01 + 7.95
. 15.6% (p <0.05) 113.5% (p < 0.05)
Exhaustion tolerance Pre: 13.08 + 1.91 Post: 14.02 + 1.88 Pre: 12.75 + 1.45 Post: 14.04 + 1.40
. . 15.9% (p < 0.05) 112.5% (p < 0.05)
Maximal dynamic strength (kg) Pre: 30.92 + 6.29 Post: 32.42 + 6.42 Pre: 28.00 + 5.68 Post: 29.50 + 5.21
. . 115.3% (p < 0.05) 16.7% (p < 0.05)
Dynamic resistance Pre: 11.83 + 2.21 Post: 13.08 + 3.48 Pre: 12.63 + 2.07 Post: 14.00 + 2.62
- 1 38.4% (p < 0.05) 147.7% (p < 0.05)
Results Neuromuscular activation (uV) Pre: 94.16 + 40.82 Post: 102.30 + 45.26 Pre: 121.00 + 67.62 Post: 151.13 + 72.62
. 14.8% (p < 0.05) 16.7% (p < 0.05)
Neuromuscular Muscular thickness (cm) Pre: 6.07 4 0.79 Post: 6.35 & 0.87 Pre: 6.26 4 0.98 Post: 6.62 & 1.11
capacity Muscular volume (cm?) 1 68.2 cm® Post-IRT compared to Pre-IRT (p = 0.001) 142.2 cm® Post-HIIT compared to Pre-HIIT (p = 0.003)

ACSA in relation to IMAT intermuscular adipose tissue:

Muscular torque

Pennation angle, PCSA and specific torque

Specific isometric strength (Strength/ACSA)

Neuromuscular activation

50% LF | Post-IRT compared to Pre-IRT (p = 0.008)

75% LF | Post-IRT compared to Pre-IRT (p = 0.001)

IRT 1 7.8% TMVC: 90° 1 11.5 N-m =+ 17.1 (p = 0.040)

IRT 1 TC: 120° s~! 1 8.8 N-m =+ 13.0 (p = 0.008)

PCSA 50% LG: 1 Post-IRT compared to Pre-IRT (p = 0.025) Significant effect
time-training IRT

1 Post-IRT compared to Pre-IRT (p = 0.004)

With IMAT torque-cm? from ACSA it remained unchanged

Without IMAT torque-cm? from ACSA: Pre-IRT (63.8 N-cm 2 + 5.6) Post-IRT
(63.0,N-cm~2 £ 9.1)

1 Post-IRT compared to Pre-IRT (p = 0.011)

50% LF | Post-HIIT compared to Pre-HIIT (p = 0.001) CI:

95%; 75% LF: No significance (p > 0.05)

HIIT no significance

Significant effect time-training IRT

1 Post-HIIT compared to Pre-HIIT (p = 0.001)

With IMAT torque-cm? from ACSA it remained unchanged
Without IMAT torque-cm? from ACSA: Pre-HIIT
66.4 N-em~2 + 6.1; Post-HIIT 60.8 N-cm ™2 & 7.5




J. Clin. Med. 2024, 13, 1299 11 of 20
Table 2. Cont.
Wyckelsma et al. [28]
Participants Age (Years) Sex Body Mass (Kg) Height (cm) BMI Sample Exclusion Pathologies Assistance
oM Type I or type II diabetes, chronic
Population  Beginning: 15 Gn=8 heart disease, severe hypertension, IG: 83%
p ginning 69.4 £35 2F 752 +13.0 170.8 4 10.4 cm 216 severe overweight/obesity, (30/36 sessions)
o 3M ) uncontrolled metabolic disease,
Intervention: 13 AF CGin=7 cardiovascular disease and injuries.
Duration
(Week)/Frequency IG CG Intensity/Velocity =~ Phasel/Time Characteristics Measurement Exercise Questionnaire
(Day)
Intervention Warming: 5 min Cardiorespiratory
cycle-ergometer PP: 4 rep x capacity
~ _ (4 min 90-94%HRmax x 4 min Plasma changes (K+), - B
12/3 1G No RPE17/ active resting 50-60% HRmax),  union of (3H) Cycle-ergometer
Calm down: 5 min muscular ouabain
cycle-ergometer and NKA isoforms
Measurement Exercise Parameter CG IG
i 16.8% (p < 0.05)
Cardiorespiratory HR peak (b x min~!) Pre: 141 + 11 Pre: 136.2 £ 16.4
N Post: 142 £ 14 )
capacity Post: 1443 +£ 144
. 116.2% (p < 0.05)
VO,peak (mL x kg~ x min 1) gre't_zgfgif;?) Pre: 24.7 + 5.4
oSt 228 % o Post: 28.7 + 5.1
. 125.23% (p < 0.05)
WRpeak (W) gre't_lﬁfliﬁg'o‘lz Pre: 145.0 + 495
Performance ost: 127. : Post: 181.2 + 52.4
Results capacity
Pre: 47.914 + 24.408 160.46% (p < 0.05)
Work (J) Pos.t' 4,'7 486 + 24 834 Pre: 43.725 + 21.282
T ’ Post: 70.050 + 31.834
. . Pre: 9.6 £ 3.1 Pre: 73 £3.7
Time to RPE-17 (min) Post: 9.7 + 3.1 Post: 9.4 + 45
. 110% (p = 0.056)
Physiological ([II;-:n](Zl PL’eﬁl)‘ pre: 4885033 Pre: 4.74 + 0.41
capacity ) T : Post: 5.23 £+ 0.57

A[K+ v x work ™!
(nmolx L~ xJ~1)

Pre: 22.3 £10.9
Post: 21.1 = 14.7

(p > 0.05) No differences
Pre: 21.4 +10.6
Post: 174 £ 4.5
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Table 2. Cont.
Sculthorpe et al. [29]
Participants Age (Years) Sex Body Mass (Kg) Height(cm) BMI Sample Number Exclusion Pathologies Assistance
Population 623 £4.1 M 899 +17.1 175 £52 29.4 HITT: n =22 _ 100%
61.6 £5.0 87.5 +14.3 173 £5.5 29.1 CG:n=11 ?
Il’;)urutwn (Week)/ IG CG Intensity/Velocity PhaselTime Characteristics Measurement Exercise Questionnaire
requency (Day)
Week 1-2: 55% HRR/- Perform the activity of N
Intervention 6/5 Conditioning No Week 3-4: 60% HRR/- - D o R ang  Body composition,  Walking, jogging, cycling PAR-Q
Week 5-6: 65% HRR/- into account u_ratlon_, HR an static equilibrium
recommended intensity. and start point
Warming: 5 min
509 o _ cycle-ergometer PP: 6 rep .
6/1.4 HIIT No 40-50% PP 90% HRR sprints x (30 s 50% PP90% Cycle-ergometer IPAQ
HRR x 3 min active resting)
Measurement Exercise Parameter CG IG
Phase A: 699 W
. Phase B: 706 W
Phase f: 655 4 Phase C: 831 W
Phase C" 657 W Phase A-B: 1 1% 17 W (p > 0.05)
WRpeak (W) S0/ YV Phase B-C: 1 17.6% 1 125 W (p < 0.01)
Phase A-B: 1 1% 16 W (p > 0.05) Phase A—C: + 132 W 0.01
Performance Phase B-C: | 0.6% | 4 W (p > 0.05) ase A-C: 1 (p <0.01)
capacity Phase A—C: 12 W (p > 0.05) Phase A: IG 1 44 W (1 6.7%) compared to CG
’ p=>0 Phase B: IG 1 44.7 W (1 6.7%) compared to CG
Phase C: IG 1 173.8 W (1 26%) compared to CG
. R . Phase A-B: No improvement (p > 0.05)
R Wipe Prase -2 Nolmprovement 0> 009 Prase 115 WKg | 14 2001
8 : P p=>0 Phase C: IG 1 1.67 W/Kg (1 15%) compared to CG
Results Total body mass No effect PP on phase or, group (p > 0.05) No effect PP on phase or, group (p > 0.05)

Body composition

Total body lean mass

Phase A: 63.4 Kg

Phase B: 63.7 Kg

Phase C: 63.6 Kg

Phase A-B: 1 0.4% (p > 0.05)
Phase B-C: | 0.1 (p> 0.05)

Phase A: 65.9 Kg

Phase B: 66.1 Kg

Phase C: 68.1 Kg

Phase A-B: 1 0.3% (p > 0.05)
Phase B-C: 1 3% (p < 0.05)

Phase A: IG 1 2.5 Kg (1 3.9%) compared to CG
Phase B: IG 1 2.4 Kg (1 3.7%) compared to CG
Phase C: IG 1 4.5 Kg (1 7%) compared to CG

Total body fat mass

Phase A: 19.8 Kg
Phase B: 19.9 Kg
Phase C: 19.3 Kg
Phase A-B: 1 0.1% (p > 0.05)
Phase B-C: | 0.7% (p > 0.05)

Phase A: 23.9 Kg

Phase B: 22.8 Kg

Phase C: 20.8 Kg

Phase A-B: (p < 0.05) CI: 95%

Phase B-C: (p < 0.05) CI: 95%

Phase A: IG | 4.1 Kg compared to CG
Phase B: IG | 2.9 Kg compared to CG
Phase C: IG | 1.5 Kg compared to CG
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Table 2. Cont.
Bruseghini et al. [30]
Population  Participants Age (Years) Sex Body Mass (Kg) {;I:;:jght BMI Sample Number Exclusion Pathologies Assistance
Abnormal EKG, hypertension,
cardiovascular, respiratory, metabolic,
HIIT aerobic training: kidney failure, neurological,
12 693+42 M 77.8 + 104 172+ 5.0 265 n=12 orthopaedics, anticoagulant treatment 1009,
and antiplatelet therapy
contraindication, drugs and
IRT:n=12 alcohol abuse
Intervention ?urutlon (Week)/ IG CcG Intensity/Velocity PhaselTime Characteristics Measurement Exercise Questionnaire
requency (Day)
Warming:10 min
cycle-ergometer
HIT 85-95% VO,max/- PP: 7 rep x (2 min 85-95% Strength, mass, Cycle-ergometer
VO,max x 2 min 40% architecture and
_ VO,max) muscular quality,
8/3 No IPA
/ Warming: 10 min 3 rep x IMAT, and 1 Q
Maximal - (7 submaximal knee extension) ~ neuromuscuiar Cycle-ergometer
IRT aximal Concentric PP: 4 rep x (7 maximal activation Iso-inertial machine Yoyo Technology

contraction

concentric knee extension and
eccentric knee flexion)

AB
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Table 2. Cont.

Bruseghini et al. [30]

Results Measurement IE)xerClse IRT HIIT
arameter
25% LF 1 IRT compared to HIIT (p = 0.024) 25% LE 1319 em (p = 0.001)
7 > 50% LF 1 3.03 cm (p = 0.005)
5 75% LF 1 IRT compared to Post-HIIT (p = 0.08) o
ACSA (cm?) To LF L IRT T (oot 75% LF 1 3.40 cm (p = 0.004)
; 417 rrle P Ct(_)lrggarem Or rgt Pr EII]R_T (' - ()) 001) 1 3.9 cm? Post-HIIT compared to
<7 cm® Fost-Il compared to fre-IkE (p =0 Pre-HIIT (p = 0.001)
3 -
Muscular volume (cm?) 1 68.2 cm® Post-IRT compared to Pre-IRT (p = 0.001) ltfez_éﬁr; (pP:%t é_ég)T compared to
o ~ g _ 50% LF | Post-HIIT compared to
Neuromuscular ACSA in relation to IMAT intermuscular adipose tissue ;g; g + EOS: ig ComParej :" gre ig = 8'88? Pre-HIIT (p = 0.001) CI: 95%; 75% LF:
capacity o LF | Post-IRT compared to Pre-IRT (p = 0.001) No significance (p > 0.05)

Muscular torque

IRT 1 7.8% MVC: 90° 1 11.5 N-m = 17.1 (p = 0.040)
IRT 1 TC: 120° s~1 1 8.8 N-m = 13.0 (p = 0.008)

HIIT no significance

Pennation angle, PCSA and specific torque

PCSA 50% LG: 1 Post-IRT compared to Pre-IRT (p = 0.025) Significant effect

time-training IRT
1 Post-IRT compared to Pre-IRT (p = 0.004)

Significant effect time-training IRT
1 Post-HIIT compared to Pre-HIIT
(p =0.001)

Specific isometric strength (Strength/ACSA)

Neuromuscular activation

With IMAT torque-cm? from ACSA it remained unchanged

Without IMAT torque-cm? from ACSA: Pre-IRT (63.8 N-cm 2 =+ 5.6) Post-IRT

(63.0,N-em 2 £ 9.1)
1 Post-IRT compared to Pre-IRT (p = 0.011)

With IMAT torque-cm? from ACSA it remained unchanged
Without IMAT torque-cm? from ACSA: Pre-HIIT
66.4 N-cm~2 = 6.1; Post-HIIT 60.8 N-cm™2 £ 7.5

Notes: BMI: body mass index; IG: intervention group; CG: control group; HIIT: high-intensity interval training; TST: traditional strength training; TPT: traditional power training; Wmax:
maximal workload; RPE: rate of perceived exertion; HRmax: maximal heart rate; RHR: resting heart rate; WRpeak: peak work rate; PP: peak power; LfHIIT: lower-frequency HIIT; PCSA:
physiological cross-sectional area; IMAT: intermuscular adipose tissue; ACSA: anatomical cross-sectional area; PCSA: physiological cross-sectional area; IRT: iso-inertial resistance

training; MVC: maximal voluntary contraction.



J. Clin. Med. 2024, 13,1299

15 of 20

4. Discussion

In an aging society, the burden imposed by sarcopenia is increasingly marked, both
from an epidemiological and clinical perspective. Muscle mass decline is a physiological
process that starts from the early age of 30 (where the decrease can be approximately com-
puted at 3-8% per decade) and significantly increases after the age of 60 [31]. This process is
even more accelerated in patients with sarcopenia. However, its detrimental impacts extend
beyond muscle loss and related muscle tissue changes, affecting the entire health-related
perceived quality of life and well-being. Indeed, several co-morbidities are associated with
sarcopenia, ranging from dysmetabolic impairments to chronic degenerative disease.

As such, there is an onus to develop preventative strategies that can be effectively
applied to old and frail populations to mitigate against the burden generated by sarcope-
nia [32]. Among non-pharmacological interventions, HIIT has gained increasing popularity
in recent years for its potential benefits on muscle strength, endurance, power, and overall
health, and it appears to be a valuable exercise strategy for older adults, even though most
research has been conducted on healthy populations and in young and middle-aged adults.
Little is known about senior populations, in which the impact of HIIT has been generally
explored on metabolic and cardiovascular disease [33]

The purpose of this systematic review was to evaluate the effects of HIIT on muscle
strength for the prevention and treatment of sarcopenia in older adults and to establish
programming parameters for optimal exercise prescription. We also wanted to assess the
safety of this type of exercise in this specific population in light of previous suggestions
that it could be unsuitable [11,34,35]. Because of the lack of studies examining the effects
of HIIT in older adults, the effects of this type of exercise on increasing muscle strength
and function, as well as its general safety, are unclear. The main finding of our analysis is
that HIIT is effective in increasing muscle strength and in the prevention and treatment of
sarcopenia in older adults, with a moderate main effect being found. This complements
a previous review that supported the use of high-impact exercise for the improvement of
muscle strength [34,36]. Other meta-analyses [11,37] have described the benefits of HIIT
for the prevention and treatment of sarcopenia in older adults.

HIIT has previously been shown to promote a number of metabolic adaptations [38,39].
While much is known about aerobic adaptations to HIIT, complete characterization of
skeletal muscle remodeling, as a result of this type of training is unclear. The majority of
HIIT protocols, including those reviewed in the present study, have utilized the cycling
exercise modality which primarily loads the leg musculature. Varying HIIT protocols
lasting between 3-15 weeks have resulted in modest increases in total body and trunk
lean mass [40—42]. Muscle hypertrophy is dependent upon an increase in the ratio of
myofibrillar protein synthesis and breakdown [40]. Although the studies overviewed in
the present review did not directly measure muscle protein synthesis, a previous study by
Scalzo et al. [43] demonstrated an increase in mitochondrial biogenesis and muscle protein
synthesis in the vastus lateralis after nine cycling sessions of interval training at a resistance
equivalent to 7.5% of body mass for 4-8 bouts of 30 s. Similarly, Di Donato et al. [44]
demonstrated a significant increase in mitochondrial and myofibrillar protein synthesis
24-28 h postexercise following a higher intensity continuous exercise bout (60% Wattmax)
compared to a lower intensity bout (30% Wattmax). Damas et al. [45] observed a significant
correlation between myofibrillar protein synthesis and hypertrophy in the early stages of
resistance training. However, at 3 weeks, following five resistance-training bouts, muscle
hypertrophy was no longer correlated with muscle damage but with protein synthesis.

Researchers have also observed that even in older adults and in mobility-limited
subjects, power training resulted in increased gait speed which was attributed to improve-
ments in voluntary muscle activation [46]. Muscle mass, strength, and power decline
through the aging process, and neuromuscular function can deteriorate with age through
disuse, particularly of type II muscle fibers [47]. In their review of sarcopenia and dy-
napenia research, Mitchell et al. [48] determined that from a peak in the third decade of
life for men and fourth decade of life for women, the mean rate of muscle mass loss is
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0.47%-yr~! for men and 0.37%-yr~! for women, though in the eighth decade the rate of loss
accelerated to 0.8-0.98%-yr~! and 0.64-0.7%-yr !, respectively. By age ~65 years, muscle
power, an important component of functional movement, declines at a rate of ~3.5%/yr,
nearly twice as quickly as strength [49,50]. Decreases in muscle mass and muscle size of
predominantly type II muscle fibers have been associated with increased age [50]. The
mechanisms, however, are not fully understood.

Strategies to prevent the age-related decline in cardiorespiratory fitness (CRF) and
muscular performance may help to prevent or slow the progression of sarcopenia and its
associated functional declines in generally healthy older adults. Even though the World
Health Organization [51] recommends concurrent endurance (>150 min/wk) and resistance
training (>2 sessions/wk), a lack of free time is a major barrier to attaining these exercise
goals [52]. In this regard, several small, randomized trials utilizing less time-consuming
HIIT protocols, characterized by brief intermittent bouts of high-intensity aerobic exer-
cise, have emerged over recent years and revealed impressive effects on cardiovascular
health and CRF. However, Ferreira et al. [53], in a cross-sectional study, showed that being
involved in an aerobic training program versus being sedentary did not affect the sarcope-
nia prevalence among older women. In contrast, Lui et al. [11] in their narrative review,
showed that HIIT might become a promising potential method for treating sarcopenia in
older adults and obtaining remarkable metabolic changes in sarcopenia patients. Firstly,
acute skeletal muscle responses can occur. HIIT upregulates 22 mitochondrial genes in
older people, including genes participating in translational regulation and mitochondrial
tRNA transferase, thereby resulting in a significant increase in protein abundance [54]. In
this context, HIIT induces great growth of muscle, prevents skeletal muscle atrophy, and
improves motor function via promoting great phosphorylation of the mammalian target of
rapamycin (mTOR) and ribosomal protein S6 kinase (rps6) and inducing the expression
of transcriptional coactivator peroxisome proliferator-activated receptor y coactivator 1o
(PGC-1), which is crucial for mitochondrial biogenesis [55,56]. It is also of importance in
the vascularization of muscle [57].

Collectively, HIIT significantly improved muscle strength [34,35] and reduced fat in
the blood and liver [58]. Nevertheless, HIIT may not reduce body weight while reducing
body fat because of muscle hypertrophy [35]. For instance, a recent study summarized the
molecular mechanisms of HIIT in the treatment and prevention of sarcopenia [11]. However,
despite the positive effects found in this review, some limitations should be acknowledged.
First, the limited number of studies available and the high risk of bias severely limit the
validity and generalization of the findings as well as the overall strength of evidence.
Second, the heterogeneity in the characteristics of the older adults and populations across
the included studies, such as age, baseline health status, and comorbidities, may impact
the generalizability of the findings to other groups different from the specific subgroups
of older adult individuals overviewed here. Third, other lifestyle factors, such as diet,
medication use, and adherence to exercise regimens, were not consistently reported in
all studies. These factors may act as confounders, making it challenging to isolate the
specific impact of HIIT on muscle strength in sarcopenic older adults. Fourth, the absence
of a universally accepted definition and diagnostic criteria for sarcopenia could introduce
variability in participant selection across studies, potentially influencing the outcomes
reported in this systematic review.

The insights derived from this systematic review offer several practical applications for
healthcare and exercise practitioners in the context of preventing and treating sarcopenia in
older adults through HITT.

Overall, the body of evidence supporting the positive effects of HIIT on muscle
strength can inform the development of comprehensive geriatric care plans. Healthcare
providers and geriatricians may consider integrating HIIT as a structured component
of rehabilitation or maintenance programs for older adult individuals to mitigate the
progression of sarcopenia and enhance overall functional capacity. Exercise practitioners
play a pivotal role in implementing evidence-based strategies to enhance muscle strength
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and mitigate sarcopenia in older adults, and they can use the evidence from this systematic
review to develop individualized exercise prescriptions for older adult clients at risk of
sarcopenia. Tailoring HITT protocols based on factors such as baseline fitness, health status,
and mobility can optimize the benefits of exercise while considering individual limitations
and preferences. Moreover, this systematic review suggested that HIIT can be effective
in improving muscle strength among older adults. Exercise practitioners can design
progressive and structured HIIT programs that gradually increase intensity, duration, and
frequency over time. This approach ensures that older adult clients can safely adapt to
and benefit from the demands of HIIT while minimizing the risk of injury. Additionally,
incorporating functional movements into HIIT sessions is crucial for enhancing not only
muscle strength but also overall functional capacity in daily activities. Exercise practitioners
should focus on exercises that mimic real-life movements, promoting the transfer of strength
gains to functional tasks.

Lastly, this systematic review identified gaps in the existing literature, such as the need
for larger sample sizes, higher-quality, long-term studies involving also female subjects and
consensus on diagnostic criteria for sarcopenia. This can inform future research directions,
encouraging investigators to design well-controlled, longitudinal studies that explore the
sustained impact of HIIT on muscle strength, and address methodological inconsistencies
across trials.

In summary, while older adults can feasibly engage in HIIT, it should be approached
with caution and individualization. Consulting with healthcare professionals and fitness
experts, considering the individual’s health status, and gradually progressing the intensity
can contribute to a safe and effective HIIT program for older adults. Moreover, older
adults may feasibly and longitudinally engage in HITT with appropriate modifications and
guidance. While the type and intensity of physical activity may vary based on individual
health and fitness levels, research has shown that HITT can improve cardiovascular health,
strength, and flexibility in older adults. However, it is essential to consult with a health-
care provider or certified fitness professional before starting any new exercise program,
especially for older adults with underlying health conditions or injuries. Additionally,
modifications such as slower movements, shorter intervals, and longer rest periods may
be necessary to accommodate age-related changes in mobility and balance. Regularly
monitoring progress and adjusting the program as needed can also help ensure safety and
effectiveness over time.

5. Conclusions

The findings of this review confirm the feasibility and the effectiveness of HIIT-based
protocols in old populations, showing their positive impacts on a variety of variables, includ-
ing body composition, muscle quality, cardiorespiratory, neuromuscular, and performance
capacity. Considering the above information, HIIT can be a viable strategy for improving
muscle strength and countering sarcopenia in older adults. However, given the limited
number of studies included in the present review and their shortcomings, further research
is warranted. In particular, besides addressing these limitations, future studies should
investigate the feasibility of implementing individualized approaches to provide proper
guidance, ensure safety, and maximize the benefits of HIIT for this vulnerable population.

Author Contributions: Conceptualization, J.A.M.-L.; methodology, M.d.P.D.-M., B.M.-V. and N.L.B,;
investigation, ..M. and HIC,; writing—original draft preparation, ].A.M.-L., HIC., M.d.PD.-M,,
BM.-V,, ] PM. and N.L.B.; writing—review and editing, ] AM.-L., HIiC, M.dPD.-M.,, BM.-V,,
J.PM. and N.L.B,; supervision, H.1.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The protocol was registered within the “International Platform
of Registered System-atic Review and Meta-Analysis Protocols” (code number INPLASY202310069,
approval date 20 January 2023).



J. Clin. Med. 2024, 13,1299 18 of 20

Informed Consent Statement: Not applicable.
Data Availability Statement: No new data were generated.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Cruz-Jentoft, A.].; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F; Rolland, Y.; Sayer, A.A.; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16-31. [CrossRef]

2. Santilli, V;; Bernetti, A.; Mangone, M.; Paoloni, M. Clinical definition of sarcopenia. Clin. Cases Miner. Bone Metab. 2014, 11,
177-180. [CrossRef]

3. Rolland, Y.; Czerwinski, S.; van Kan, G.A.; Morley, ].E.; Cesari, M.; Onder, G.; Woo, J.; Baumgartner, R.; Pillard, F.; Boirie, Y.; et al.
Sarcopenia: Its assessment, etiology, pathogenesis, consequences and future perspectives. J. Nutr. Health Aging 2008, 12, 433—450.
[CrossRef] [PubMed]

4.  Kakehi, S.; Wakabayashi, H.; Inuma, H.; Inose, T.; Shioya, M.; Aoyama, Y.; Hara, T.; Uchimura, K.; Tomita, K.; Okamoto, M.; et al.
Rehabilitation Nutrition and Exercise Therapy for Sarcopenia. World J. Mens. Health 2022, 40, 1. [CrossRef]

5. Burgos, R. Enfoque terapéutico global de la sarcopenia. Nutr. Hosp. 2006, 21, 51-60.

6. Padilla, C.; Sanchez, P.; Cuevas, M.]. Beneficios del entrenamiento de fuerza para la prevencion y tratamiento de la sarcopenia.
Nutr. Hosp. 2014, 29, 979-988.

7. Palop Montoro, M.V,; Parraga Montilla, ].A.; Lozano Aguilera, E.; Arteaga Checa, M. El entrenamiento vibratorio en la sarcopenia:
Repercusiones en el sistema neuromuscular de los adultos mayores. Nutr. Hosp. 2015, 32, 1454-1461. [PubMed]

8.  Ito, S. High-intensity interval training for health benefits and care of cardiac diseases—The key to an efficient exercise protocol.
World |. Cardiol. 2019, 11, 171-188. [CrossRef] [PubMed]

9. Wewege, M.A; Ahn, D.; Yu, |.; Liou, K,; Keech, A. High-Intensity Interval Training for Patients With Cardiovascular Disease—Is
It Safe? A Systematic Review. |. Am. Heart Assoc. 2018, 7, e009305. [CrossRef]

10. Yue, T.; Wang, Y.; Liu, H.; Kong, Z.; Qi, F. Effects of High-Intensity Interval vs. Moderate-Intensity Continuous Training on
Cardiac Rehabilitation in Patients With Cardiovascular Disease: A Systematic Review and Meta-Analysis. Front. Cardiovasc. Med.
2022, 9, 845225. [CrossRef]

11. Liu, Q.-Q.; Xie, W.-Q.; Luo, Y.-X,; Li, Y.-D.; Huang, W.-H.; Wu, Y.-X,; Li, Y.-S. High Intensity Interval Training: A Potential Method
for Treating Sarcopenia. Clin. Interv. Aging 2022, 17, 857-872. [CrossRef] [PubMed]

12. Alzar-Teruel, M.; Aibar-Almazan, A.; Hita-Contreras, F.; del Carmen Carcelén-Fraile, M.; Martinez-Amat, A.; Jiménez-Garcia, J.D.;
Fabrega-Cuadros, R.; Castellote-Caballero, Y. High-intensity interval training among middle-aged and older adults for body
composition and muscle strength: A systematic review. Front. Public Healh 2022, 10, 992706. [CrossRef]

13.  Hayes, L.D.; Elliott, B.T.; Yasar, Z.; Bampouras, T.M.; Sculthorpe, N.E; Sanal-Hayes, N.E.M.; Hurst, C. High Intensity Interval
Training (HIIT) as a Potential Countermeasure for Phenotypic Characteristics of Sarcopenia: A Scoping Review. Front. Physiol.
2021, 12, 715044. [CrossRef]

14. Escriche-Escuder, A.; Fuentes-Abolafio, I.].; Roldan-Jiménez, C.; Cuesta-Vargas, A I Effects of exercise on muscle mass, strength,
and physical performance in older adults with sarcopenia: A systematic review and meta-analysis according to the EWGSOP
criteria. Exp. Gerontol. 2021, 151, 111420. [CrossRef]

15.  Rubio del Peral, J.A.; Gracia, M.S. Ejercicios de resistencia en el tratamiento y prevencién de la sarcopenia en ancianos. Revision
sistematica. Rev. Gerokomos 2017, 29, 133-137.

16. Redin, M.I. (Ed.) Biomecdnica y Bases Neuromusculares de la Actividad Fisica y el Deporte; Editorial Médica Panamericana: Madrid,
Spain, 2008; ISBN 9788498350234.

17. Goémez, A.E. Sarcopenia puesta al dia. Ambito farmacéutico. Divulg. Sanit. 2011, 30, 60-65.

18. Chen, Y.C,; Chen, W.-C,; Liu, C.-W,; Huang, W.-Y,; Lu, I; Lin, CW.,; Huang, R.Y,; Chen, ].S.; Huang, C.H. Is moderate resistance
training adequate for older adults with sarcopenia? A systematic review and network meta-analysis of RCTs. Eur. Rev. Aging
Phys. Act. 2023, 20, 22. [CrossRef] [PubMed]

19. Cruz-Jentoft, A.].; Triana, F.C.; Gémez-Cabrera, M.C.; Lopez-Soto, A.; Masanés, F.; Martin, PM.; Rexach, ].A.S.; Hidalgo, D.R,;
Salva, A.; Vifa, J.; et al. La eclosion de la sarcopenia: Informe preliminar del Observatorio de la Sarcopenia de la Sociedad
Esparfiola de Geriatria y Gerontologia. Rev. Esp. Geriatr. Gerontol. 2011, 46, 100-110. [CrossRef]

20. Lopez, ].; Campos, V. Hiit. Entrenamiento Intervilico de Alta Intensidad: Bases Fisiologicas y Aplicaciones Prdcticas; Exercise Physiology
& Training, Fisiologia del Ejercicio: Madrid, Spain, 2018; ISBN 978-84-09-00923-7.

21. Keating, C.J.; Parraga Montilla, ].A. ; Latorre Romdn, P.A.; Moreno del Castillo, R. Comparison of High-Intensity Interval Training
to Moderate-Intensity Continuous Training in Older Adults: A Systematic Review. J. Aging Phys. Act. 2020, 28, 798-807. [CrossRef]

22. Moher, D,; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

23. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Getzsche, P.C.; Ioannidis, J.P.A.; Clarke, M.; Devereaux, PJ.; Kleijnen, J.;

Moher, D. The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies That Evaluate Health Care
Interventions: Explanation and Elaboration. PLoS Med. 2009, 6, €1000100. [CrossRef]


https://doi.org/10.1093/ageing/afy169
https://doi.org/10.11138/ccmbm/2014.11.3.177
https://doi.org/10.1007/BF02982704
https://www.ncbi.nlm.nih.gov/pubmed/18615225
https://doi.org/10.5534/wjmh.200190
https://www.ncbi.nlm.nih.gov/pubmed/26545504
https://doi.org/10.4330/wjc.v11.i7.171
https://www.ncbi.nlm.nih.gov/pubmed/31565193
https://doi.org/10.1161/JAHA.118.009305
https://doi.org/10.3389/fcvm.2022.845225
https://doi.org/10.2147/CIA.S366245
https://www.ncbi.nlm.nih.gov/pubmed/35656091
https://doi.org/10.3389/fpubh.2022.992706
https://doi.org/10.3389/fphys.2021.715044
https://doi.org/10.1016/j.exger.2021.111420
https://doi.org/10.1186/s11556-023-00333-4
https://www.ncbi.nlm.nih.gov/pubmed/38030985
https://doi.org/10.1016/j.regg.2010.11.004
https://doi.org/10.1123/japa.2019-0111
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000100

J. Clin. Med. 2024, 13, 1299 19 of 20

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Group CCCR. Data Extraction Template for Included Studies. 2016. Available online: https:/ /cccrg.cochrane.org/sites/cccrg.
cochrane.org/files/uploads/det_2015_revised_final_june_20_2016_nov_29_revised.doc (accessed on 1 December 2023).

Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BM] 1997, 315,
629-634. [CrossRef]

Miiller, D.C.; Boeno, F.P,; Izquierdo, M.; Aagaard, P.; Teodoro, J.L.; Grazioli, R.; Cunha, G.; Ferrari, R.; Saez de Asteasu, M.L,;
Pinto, R.S.; et al. Effects of high-intensity interval training combined with traditional strength or power training on functionality
and physical fitness in healthy older men: A randomized controlled trial. Exp. Gerontol. 2021, 149, 111321. [CrossRef] [PubMed]
Andrade, L.S.; Pinto, S.S.; Silva, M.R.; Schaun, G.Z.; Portella, E.G.; Nunes, G.N.; David, G.B.; Wilhelm, E.N.; Alberton, C.L.
Water-based continuous and interval training in older women: Cardiorespiratory and neuromuscular outcomes (WATER study).
Exp. Gerontol. 2020, 134, 110914. [CrossRef] [PubMed]

Wyckelsma, V.L.; Levinger, I.; Murphy, R.M.; Petersen, A.C.; Perry, B.D.; Hedges, C.P.; Anderson, M.].; McKenna, M.]. Intense
interval training in healthy older adults increases skeletal muscle [3 HJouabain-binding site content and elevates Na* K*-ATPase
o« 2 isoform abundance in Type II fibers. Physiol. Rep. 2017, 5, €13219. [CrossRef]

Sculthorpe, N.E,; Herbert, P.; Grace, F. One session of high-intensity interval training (HIIT) every 5 days, improves muscle power
but not static balance in lifelong sedentary ageing men. Medicine 2017, 96, e6040. [CrossRef] [PubMed]

Bruseghini, P.; Capelli, C.; Calabria, E.; Rossi, A.P.; Tam, E. Effects of High-Intensity Interval Training and Isoinertial Training
on Leg Extensors Muscle Function, Structure, and Intermuscular Adipose Tissue in Older Adults. Front. Physiol. 2019, 10, 1260.
[CrossRef] [PubMed]

Volpi, E.; Nazemi, R.; Fujita, S. Muscle tissue changes with aging. Curr. Opin. Clin. Nutr. Metab. Care 2004, 7, 405-410. [CrossRef]
[PubMed]

Rogeri, PS.; Zanella, R.; Martins, G.L.; Garcia, M.D.A.; Leite, G.; Lugaresi, R.; Gasparini, S.O.; Sperandio, G.A.; Ferreira, L H.B.;
Souza-Junior, T.P; et al. Strategies to Prevent Sarcopenia in the Aging Process: Role of Protein Intake and Exercise. Nutrients 2021,
14, 52. [CrossRef] [PubMed]

Marriott, C.ES.; Petrella, A.FM.; Marriott, E.C.S.; Boa Sorte Silva, N.C.; Petrella, R.J. High-Intensity Interval Training in Older
Adults: A Scoping Review. Sports Med.-Open 2021, 7, 49. [CrossRef]

Stern, G.; Psycharakis, S.G.; Phillips, S.M. Effect of High-Intensity Interval Training on Functional Movement in Older Adults: A
Systematic Review and Meta-analysis. Sports Med.-Open 2023, 9, 5. [CrossRef]

Batacan, R.B.; Duncan, M.].; Dalbo, V].; Tucker, P.S.; Fenning, A.S. Effects of high-intensity interval training on cardiometabolic
health: A systematic review and meta-analysis of intervention studies. Br. J. Sports Med. 2017, 51, 494-503. [CrossRef]

Blue, M.N.M.; Smith-Ryan, A.E.; Trexler, E.T.; Hirsch, K.R. The effects of high intensity interval training on muscle size and
quality in overweight and obese adults. J. Sci. Med. Sport 2018, 21, 207-212. [CrossRef]

Beckwée, D.; Delaere, A.; Aelbrecht, S.; Baert, V.; Beaudart, C.; Bruyere, O.; de Saint-Hubert, M.; Bautmans, 1. Exercise
Interventions for the Prevention and Treatment of Sarcopenia. A Systematic Umbrella Review. J. Nutr. Health Aging 2019, 23,
494-502. [CrossRef]

Weston, K.S.; Wisleff, U.; Coombes, J.S. High-intensity interval training in patients with lifestyle-induced cardiometabolic disease:
A systematic review and meta-analysis. Br. J. Sports Med. 2014, 48, 1227-1234. [CrossRef]

Gibala, M.J.; Little, J.P; Van Essen, M.; Wilkin, G.P,; Burgomaster, K.A.; Safdar, A.; Raha, S.; Tarnopolsky, M.A. Short-term sprint
interval versus traditional endurance training: Similar initial adaptations in human skeletal muscle and exercise performance. J.
Physiol. 2006, 575, 901-911. [CrossRef]

Rennie, M.].; Wackerhage, H.; Spangenburg, E.E.; Booth, EW. Control of the Size of the Human Muscle Mass. Annu. Rev. Physiol.
2004, 66, 799-828. [CrossRef] [PubMed]

Smith-Ryan, A.E.; Melvin, M.N.; Wingfield, H.L. High-intensity interval training: Modulating interval duration in over-
weight/obese men. Phys. Sportsmed. 2015, 43, 107-113. [CrossRef] [PubMed]

Trapp, E.G.; Chisholm, D.J.; Freund, J.; Boutcher, S.H. The effects of high-intensity intermittent exercise training on fat loss and
fasting insulin levels of young women. Int. J. Obes. 2008, 32, 684—691. [CrossRef] [PubMed]

Scalzo, R.L.; Peltonen, G.L.; Binns, S.E.; Shankaran, M.; Giordano, G.R.; Hartley, D.A.; Klochak, A.L.; Lonac, M.C.; Paris, H.L.R,;
Szallar, S.E.; et al. Greater muscle protein synthesis and mitochondrial biogenesis in males compared with females during sprint
interval training. FASEB . 2014, 28, 2705-2714. [CrossRef] [PubMed]

Di Donato, D.M.; West, D.W.D.; Churchward-Venne, T.A.; Breen, L.; Baker, S.K; Phillips, S.M. Influence of aerobic exercise
intensity on myofibrillar and mitochondrial protein synthesis in young men during early and late postexercise recovery. Am. J.
Physiol. Metab. 2014, 306, E1025-E1032. [CrossRef] [PubMed]

Damas, F.; Phillips, S.M.; Libardi, C.A.; Vechin, EC.; Lixandrao, M.E.; Jannig, P.R.; Costa, L.A.R.; Bacurau, A.V,; Snijders, T.; Parise,
G.; et al. Resistance training-induced changes in integrated myofibrillar protein synthesis are related to hypertrophy only after
attenuation of muscle damage. J. Physiol. 2016, 594, 5209-5222. [CrossRef] [PubMed]

Hvid, L.G; Strotmeyer, E.S.; Skjedt, M.; Magnussen, L.V.; Andersen, M.; Caserotti, P. Voluntary muscle activation improves with
power training and is associated with changes in gait speed in mobility-limited older adults—A randomized controlled trial. Exp.
Gerontol. 2016, 80, 51-56. [CrossRef] [PubMed]

Evans, W.J.; Lexell, ]. Human Aging, Muscle Mass, and Fiber Type Composition. . Gerontol. Ser. A Biol. Sci. Med. Sci. 1995, 504,
11-16. [CrossRef] [PubMed]


https://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/uploads/det_2015_revised_final_june_20_2016_nov_29_revised.doc
https://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/uploads/det_2015_revised_final_june_20_2016_nov_29_revised.doc
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1016/j.exger.2021.111321
https://www.ncbi.nlm.nih.gov/pubmed/33757813
https://doi.org/10.1016/j.exger.2020.110914
https://www.ncbi.nlm.nih.gov/pubmed/32145293
https://doi.org/10.14814/phy2.13219
https://doi.org/10.1097/MD.0000000000006040
https://www.ncbi.nlm.nih.gov/pubmed/28178145
https://doi.org/10.3389/fphys.2019.01260
https://www.ncbi.nlm.nih.gov/pubmed/31649552
https://doi.org/10.1097/01.mco.0000134362.76653.b2
https://www.ncbi.nlm.nih.gov/pubmed/15192443
https://doi.org/10.3390/nu14010052
https://www.ncbi.nlm.nih.gov/pubmed/35010928
https://doi.org/10.1186/s40798-021-00344-4
https://doi.org/10.1186/s40798-023-00551-1
https://doi.org/10.1136/bjsports-2015-095841
https://doi.org/10.1016/j.jsams.2017.06.001
https://doi.org/10.1007/s12603-019-1196-8
https://doi.org/10.1136/bjsports-2013-092576
https://doi.org/10.1113/jphysiol.2006.112094
https://doi.org/10.1146/annurev.physiol.66.052102.134444
https://www.ncbi.nlm.nih.gov/pubmed/14977422
https://doi.org/10.1080/00913847.2015.1037231
https://www.ncbi.nlm.nih.gov/pubmed/25913937
https://doi.org/10.1038/sj.ijo.0803781
https://www.ncbi.nlm.nih.gov/pubmed/18197184
https://doi.org/10.1096/fj.13-246595
https://www.ncbi.nlm.nih.gov/pubmed/24599968
https://doi.org/10.1152/ajpendo.00487.2013
https://www.ncbi.nlm.nih.gov/pubmed/24595306
https://doi.org/10.1113/JP272472
https://www.ncbi.nlm.nih.gov/pubmed/27219125
https://doi.org/10.1016/j.exger.2016.03.018
https://www.ncbi.nlm.nih.gov/pubmed/27090485
https://doi.org/10.1093/gerona/50A.Special_Issue.11
https://www.ncbi.nlm.nih.gov/pubmed/7493202

J. Clin. Med. 2024, 13, 1299 20 of 20

48.
49.
50.
51.
52.
53.

54.

55.

56.

57.

58.

Mitchell, U.H.; Johnson, A.W.; Vehrs, PR.; Feland, J.B.; Hilton, S.C. Performance on the Functional Movement Screen in older
active adults. J. Sport Healh Sci. 2016, 5, 119-125. [CrossRef]

Metter, E.J.; Conwit, R.; Tobin, J.; Fozard, ].L. Age-Associated Loss of Power and Strength in the Upper Extremities in Women and
Men. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 1997, 52A, B267-B276. [CrossRef] [PubMed]

Lexell, J.; Taylor, C.C.; Sjostrom, M. What is the cause of the ageing atrophy? J. Neurol. Sci. 1988, 84, 275-294. [CrossRef]

WHO. Global Recommendations on Physical Activity for Health; WHO: Geneva, Switzerland, 2015.

Gomez-Lépez, M.; Gallegos, A.G.; Extremera, A.B. Perceived barriers by university students in the practice of physical activities.
J. Sports Sci. Med. 2010, 9, 374-381.

Ferreira, L.F,; de Oliveira, A.R.; Schiefelbein, M.L.; Garcia, E.; da Rosa, L.H.T. Aerobic Training Does not Decrease the Prevalence
of Sarcopenia in Older Women: Cross-Sectional Study. Ageing Int. 2023, 48, 563-574. [CrossRef]

Robinson, M.M.; Dasari, S.; Konopka, A.R.; Johnson, M.L.; Manjunatha, S.; Esponda, R.R.; Carter, R.E.; Lanza, I.R.; Nair, K.S.
Enhanced Protein Translation Underlies Improved Metabolic and Physical Adaptations to Different Exercise Training Modes in
Young and Old Humans. Cell Metab. 2017, 25, 581-592. [CrossRef]

Liu, Y;; Guo, C.; Liu, S.; Zhang, S.; Mao, Y.; Fang, L. Eight Weeks of High-Intensity Interval Static Strength Training Improves
Skeletal Muscle Atrophy and Motor Function in Aged Rats via the PGC-1&/FNDC5/UCP1 Pathway. Clin. Interv. Aging 2021, 16,
811-821. [CrossRef] [PubMed]

Fyfe, ].J.; Bartlett, ].D.; Hanson, E.D.; Stepto, N.K.; Bishop, D.J. Endurance Training Intensity Does Not Mediate Interference to
Maximal Lower-Body Strength Gain during Short-Term Concurrent Training. Front. Physiol. 2016, 7, 487. [CrossRef] [PubMed]
Leuchtmann, A.B.; Mueller, SM.; Aguayo, D.; Petersen, J.A.; Ligon-Auer, M.; Fliick, M.; Jung, H.H.; Toigo, M. Resistance
training preserves high-intensity interval training induced improvements in skeletal muscle capillarization of healthy old men: A
randomized controlled trial. Sci. Rep. 2020, 10, 6578. [CrossRef] [PubMed]

Cassidy, S.; Thoma, C.; Houghton, D.; Trenell, M.I. High-intensity interval training: A review of its impact on glucose control and
cardiometabolic health. Diabetologia 2017, 60, 7-23. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jshs.2015.04.006
https://doi.org/10.1093/gerona/52A.5.B267
https://www.ncbi.nlm.nih.gov/pubmed/9310077
https://doi.org/10.1016/0022-510X(88)90132-3
https://doi.org/10.1007/s12126-022-09485-7
https://doi.org/10.1016/j.cmet.2017.02.009
https://doi.org/10.2147/CIA.S308893
https://www.ncbi.nlm.nih.gov/pubmed/34040358
https://doi.org/10.3389/fphys.2016.00487
https://www.ncbi.nlm.nih.gov/pubmed/27857692
https://doi.org/10.1038/s41598-020-63490-x
https://www.ncbi.nlm.nih.gov/pubmed/32313031
https://doi.org/10.1007/s00125-016-4106-1

	Introduction 
	Materials and Methods 
	Study Design and Protocol 
	Eligibility Criteria 
	Information Sources and Search 
	Data Extraction 
	Risk of Bias Assessment 
	Methodological Quality Assessment 

	Results 
	Study Identification and Selection 
	Study Characteristics and Context 

	Discussion 
	Conclusions 
	References

