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Abstract: High-intensity interval training (HIIT) improves functional capacity, muscle power and
physical performance in older adults with and without comorbidities. The aim of this study was to
explore the effectiveness of HIIT as a method for reducing major fall risk factors (balance, muscle
strength and physical activity) in older adults. A systematic literature search was conducted following
the PRISMA guidelines. A computerized search was conducted using electronic databases (PubMed,
CINAHL, Cochrane Library, APA PsycInfo, Web of Science, Scopus, PEDro, and AgeLine) published
up to July 2021. Eleven papers (9 studies) of moderate quality (mean of 5.5 in Pedro scale) involving
328 healthy older adults met the inclusion criteria. Studies were characterized by high heterogeneity
in terms of methodology, HIIT modality and protocol, subject characteristics, and outcome measures.
Results indicate that HIIT cannot be recommended as a single modality for fall prevention in older
adults due to insufficient data and no consensus among the studies. HIIT appears to be a safe
and well-tolerated supplement to proven fall prevention programs, due to its effects on lower limb
strength reflected in functional performance tests, and on dynamic balance and subjective balance
perception. However, caution is warranted following HIIT, especially after the first session, due to
possible temporary instability.

Keywords: high-intensity interval training approach; HIIT; falls risk; balance; older adults

1. Introduction

Falls are a major global public health challenge, causing a substantial and increasing
health and economic burden on older adults and society at large [1–3]. The World Health
Organization (WHO) developed a model that categorizes fall risk factors into four dimen-
sions: biological, socioeconomic, behavioral, and environmental [1]. Of these, behavioral
factors have the highest impact on fall frequency [1]. Accordingly, lifestyle behavioral
changes, such as increasing physical activity, have the potential to prevent falls [4].

According to the WHO guidelines, older adults should engage in the general pro-
gram recommended to adults (18–64 years old). Such a program should include at least
150–300 min of moderate-intensity aerobic exercise, or at least 75–150 min of vigorous
intensity aerobic exercise per week (or an equivalent combination of the two). Furthermore,
it is recommended that they participate in muscle-strengthening activities at moderate or
greater intensity that involve all major muscle groups, on 2 or more days per week. For
older adults, the recommendation is that they add to this program, on three or more days
per week, multicomponent physical activities at moderate or greater intensity, in order to
enhance functional capacity and prevent falls [5]. Most older adults do not follow these
guidelines and maintain a sedentary lifestyle, despite the well-established positive benefits
of a physically active lifestyle and the detailed guidelines provided [4,6,7].

Time constraints, lack of motivation or interest, and the perception of exercise regimes
as boring are among the most frequent barriers to physical activity in older adults [8,9].
These barriers must be considered when exercise interventions are prescribed [4,6]. One
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type of exercise that may bypass these barriers, particularly time constraints, is the high-
intensity interval training (HIIT) approach. This regime involves short to long bursts/bouts
of highly intensive exercise/activity interspersed with periods of recovery that consist of
low-intensity exercise or rest with various work-to-rest ratios [10].

HIIT is a time-efficient alternative strategy to moderate-intensity continuous exercise
training (MICT) [11]. A typical HIIT session may be up to three times shorter than a
traditional MICT session [12]. However, studies have reported health benefits and physio-
logical adaptations similar to MICT in a much shorter timeframe, particularly for untrained
persons [10]. HIIT also enables spending longer training time at high targeted intensities of
>90% VO2max and maximal heart rate, referred to as the “red zone” [13].

HIIT has been prevalent among athletes for many years [14–16]. In recent years, HIIT
protocols adjusted for non-athletic, healthy older adults, and adults with morbidities such
as cardiac disease and rheumatoid arthritis have emerged [17–21]. This exercise approach
has several advantages. In addition to being time saving compared with continuous aerobic
training, HIIT has been shown to have advantages in terms of cardiorespiratory aerobic
capacity (e.g., increased maximal oxygen consumption). This phenomenon is attributed
to increases in the heart’s pumping capacity and in the mitochondrial activity [22,23].
Increased aerobic capacity is related to health benefits such as longer lifespan, functional
independence, psychological well-being, and quality of life [24,25]. HIIT has also been
proven to have a positive effect on metabolic outcomes, such as improving blood glucose
control and increased utilization of glucose and lipids [20,26,27].

HIIT has been shown to improve functional capacity, muscle power, and physical
performance in older individuals with and without comorbidities such as heart failure
and diabetes mellitus [27–29]. While HIIT programs are regarded as more enjoyable and
motivating than standard continuous exercise programs, they have also been shown to be
safe for older adults with and without heart disease [19,30–32].

These findings, in particular the positive effects of HIIT on muscle power [27], justify
the examination of HIIT as a strategy for preventing falls by lowering intrinsic risk factors
such as muscle strength and power [3,33–36]. However, to the best of our knowledge,
a comprehensive review of the literature, including a summary and analysis of existing
studies on this issue, has not been conducted to date. In order to fill this gap, the purpose
of the present study was to answer the question: Is HIIT an effective method for reducing
major fall risk factors (balance, muscle strength and physical activity) in older adults?
An additional objective was to draw practical applications for the use of HIIT as a fall
prevention modality in healthy older adults living in the community.

2. Methods
2.1. Data Sources and Literature Searching

A systematic literature search was conducted following the PRISMA guidelines for
systematic reviews and meta-analyses [37]. The study was registered as health and social
care (PROSPERO: CRD42020173149). The review protocol is available on the PROSPERO
website (https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=173149,
accessed on 5 July 2021).

A computerized search was conducted using electronic databases for literature pub-
lished up to July 2021. The search dates were from March 2020 to July 2021. The following
electronic databases were searched using identical search strings and the MeSH (medical
subject headings) terms specific to the selected database:

• PubMed
• CINAHL
• The Cochrane Library
• APA PsycInfo
• Web of Science
• Scopus
• PEDro

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=173149
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• AgeLine

In addition, a gray literature search was conducted using ClinicalTrials.gov and
Google Scholar. Conference abstracts, dissertations, theses, and articles published in non-
peer-reviewed journals were not included. The search strings were further limited to
original research studies published in peer-reviewed journals written in English with no
restrictions on the publication year. We were assisted by a librarian in formulating the
database search strategy.

2.2. Inclusion and Exclusion Criteria

Clinical trials for which full texts were available were included. These included
randomized control trials (RCTs), cohort studies (prospective observational studies), and
cross-over studies. Single case studies were excluded.

Eligibility criteria were determined according to the PICO framework, that is, Partici-
pants/Population/Problem, Intervention, Control or Comparison, and Outcome [38]:

• Participants/Population/Problem: Clinical trials were conducted on humans and
healthy older adults with an average age of 60 and over for both genders. Stud-
ies with comorbidities such as obesity, metabolic syndrome, neurological disorders,
cardiovascular disorders, diabetes mellitus, or pulmonary disease were excluded.

• Intervention: The intervention protocol included at least one group performing an
intervention of HIIT, defined as high-intensity exercise separated by periods of low
to moderate-intensity or rest. High-intensity was defined as 90–95% of peak heart
rate, 90% of maximal oxygen uptake, at least 75% of peak work rate, or perceived
exertion (RPE) of at least 16 on the Börg scale [39]. Only studies in which it was
possible to isolate the effect of HIIT were included. For example, if a food supplement
was provided only to the HIIT group, the study was excluded. In addition, no
restrictions were included in the treatment characteristics, such as duration of protocol,
frequency of intervention, number of interventions, or type of HITT modality (e.g.,
walking/running, cycling).

• Comparison/Control: Treatment was compared to control groups either receiving no
treatment or an alternative treatment including another training/exercise modality.

• Outcome measures: Outcome measures assessed at least one of the following: bal-
ance, stability, fall frequency, lower extremity muscle strength and/or power, gait
performance, physical activity or quality of life.

2.3. Study Selection, Data Extraction, and Quality Assessment

Two of the authors independently searched the identified databases and reviewed titles
and abstracts in accordance with the criteria described above. The names of manuscript
authors and their institutions, as well as the names of the journals, were identified by the
reviewing authors. To ensure that all relevant articles were included, if the abstract or
title did not provide sufficient details regarding the exercise protocol, the methods section
of the manuscript was read. In addition, reference lists of the identified articles were
manually examined for additional relevant titles. Subsequently, full-text articles considered
potentially applicable were reviewed by the two authors for eligibility.

Covidence software (https://www.covidence.org/, accessed on 1 July 2021) was used
to manage the literature review and remove duplicates. The two authors who conducted
the search in the previous stage performed data extraction independently. A structured
form inserted into the Covidence software program to reduce the possibility of data entry
errors was used. A third author then reviewed all tables to ensure accuracy. Differences in
the data details were settled by mutual agreement. In cases of disagreement, consensus
was achieved through discussion with a third reviewer. Whenever necessary, the first or
corresponding author of the manuscript was contacted to obtain the relevant missing data.

The following data were extracted from each eligible study: general study information
(authors’ last name, publication year, study design, study aim, number of participants,
and outcome measures), participants information (average age, gender, baseline activity

https://www.covidence.org/
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level), and intervention data for HIIT (description, definition of high-intensity, supervision,
location, number of participants, number of bouts, work intensity, work time, rest interval
type and duration, and total intervention duration), information regarding the control
group/s (number of participants in each group, type of control—passive or modality if
there was a modality group—the components, work intensity, duration, follow-up period,
and dropout rate), and outcomes (times of measurement, effect). In addition, the number
and types of adverse events were extracted. The outcome measure data were provided by
mean values and measures of variability, either published or obtained from the authors.
We contacted the corresponding author via email in the following cases: when two or more
studies were published by the same authors in order to confirm no double-counting of
patients, and in cases where the mean values and measures of variability were presented
only in figures.

With regard to risk of bias (quality) assessment, two of the authors independently
assessed the methodological quality of the included studies using the Physiotherapy Ev-
idence Database (PEDro) scale [40,41], which assesses the external and internal validity
and statistical soundness of studies included in systematic reviews. Although the PEDro
scale includes 11 items (eligibility criteria, random allocation, concealed allocation, base-
line comparability, blind subjects, blind therapists, blind assessors, adequate follow-up,
intention-to-treat analysis, between-group comparisons, point estimates, and variability),
the total score ranges between zero and 10, as the first item (eligibility criteria) does not
add to the total score. Higher scores indicate higher quality. The quality of scores on the
PEDro scale were interpreted as follows: a total PEDro score equal or higher than 6 was
considered high quality, a score of 4 or 5 was viewed as moderate quality, and a score of 3
or less was considered low quality [41].

Articles not yet appearing in the PEDro database (if any) were scored by two of the
authors, with disagreements between them resolved by discussion, with input from a third
reviewer if necessary.

3. Results

An initial literature search of all the included databases resulted in 3540 references. Af-
ter 2356 duplicates were removed, 1184 titles and abstracts were screened for eligibility. A
total of 1173 studies were excluded for reasons detailed in Figure 1. A total of 11 studies met
the inclusion criteria and were included in this systematic review [3,33,35,42–49]. It should
be noted that three pairs of studies were based on the same population samples [3,33,43,44,47,49].
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Figure 1. PRISMA flow diagram to depict search strategy results.

3.1. Overview and General Characteristics of the Analyzed Studies

The 11 studies included in this review [3,33,35,42–49] were published between 2015
and 2020. Of these, seven were parallel RCTs [3,35,42,46,48,49]. One study used a ran-
domized control crossover design with two age groups of 20 healthy older adults (age:
M = 70, SD = 3.8) and 20 young adults (age: M = 27.1, SD = 3) [33], and additional studies
were conducted on the same sample with a pre-post design [47]. Two studies used a
within-subject design [43,44].
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The characteristics of the participants involved in the 11 included studies is detailed
in Table 1. The total number of older adults across all the studies was 328; focusing only on
the HIIT intervention, the number of participants was 143. Three studies reported the age
range of the sample [35,46,48], while the other studies reported an average age (M) and
standard deviation (SD) [3,33,35,42–49].

Table 1. Characteristics of the participants.

Study Place Age
M (SD) Years

Number of
Participants
(Total and in
Each Group)

Gender of
the HIIT

Group M/F
(Number)

Baseline Activity
Level

Enrollment
Prerequisite

1 Bruseghini,
2015 [43] Italy 68 (4) 12 12/0 Moderately active.

Medical
examination,
preliminary

cycle-ergometer
stress test.

2 Bruseghini,
2019 [44] Italy 69.3 (4.2) 12 12/0

Moderately active-
IPAQ score:

4333 ± 1750, MET
min week−1.

IPAQ, medical
examination.

3 Donath,
2015 [33] Germany 70.0 (3.8)

40
20 active older

adults.
20 young

adults. Age:
27.1(3) years.

8/12

Active older
adults—

Freiburger
Physical Activity:
10.9(5.8) h·week.

Medical
examination,

PAR-Q, resting
ECG in supine and
exercise ECG and

maximal heart rate
in exhaustive

ramp-like
treadmill

exercise testing

4 Donath,
2015 [47] Germany 70.0 (3.8)

40
20 active

older adults.
20 young

adults.
Age—(27.1) (3)

8/12

Active older
adults—

Freiburger
Physical Activity:

(10.9) (5).
8 h·week.

Not reported.

5 Coetsee,
2017 [46]

South
Africa

All groups—only
range reported

(55–75).
HIIT

group—64.5(6.3).
RT

group—62.4(5.1).
MCT

group—61.6(5.8).
CON

group—62.5(5.6).

77
4 groups:
HIIT—13
RT—22

MCT—13
CON—19

3/10

Inactive—not been
participating in at

least 30 min of
moderate-intensity

physical activity
(64–76% of

maximal heart
rate) on at least 3
days of the week
for the previous 3
months. No report

how this
information

was collected.

Screening
procedure to

identify
eligibility—ECG in
rest, waist-to-hip

ratio, BMI,
MoCA, TUG.
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Table 1. Cont.

Study Place Age
M (SD) Years

Number of
Participants
(Total and in
Each Group)

Gender of
the HIIT

Group M/F
(Number)

Baseline Activity
Level

Enrollment
Prerequisite

6 Sculthorpe,
2017 [36]

West
Scotland

All
groups—Limited

age group of
56–65 years old.
HIIT—62.3(4.1).
CON—61.6(5.0).

33
HIIT—22
CON—11

22/0

Lifelong
sedentary—self

report of not being
involved in any

regular and formal
physical activity

for either
recreational or
work-related
purpose for
minimum of

30 years.

General medical
practitioners to

take part in
strenuous physical

activity.
Completion of the

PAR-Q.
Cardiorespiratory

fitness was
established in an

exercise
physiology

laboratory by
indirect

calorimetry.

7
Ballesta-
García,

2019 [42]
Spain

All
groups—67.8(6.2).

Age of each
group—not

reported.

54
HIIT—18
MICT—18
CON—18

0/54

Independent.
In activities of

daily
living—Lawton
and Brody and
Katz scale and

PAR-Q negative or
only item 6

positive and
controlled.

General medical
evaluation to

ensure physically
and mentally

ability to perform
in the intervention.

Excluded those
participating in or

who had
previously

participated in a
similar exercise
program in the

past three months.

8 Hurst,
2019 [48]

United
Kingdom

HIIT—range:
50–81,

average: 61.9,
SD not reported.

CON—range:
50–74,

average: 62.8.
SD not reported.

36
HIIT—18

CON
group—18

11/7

Physically
active—not
engaged in

structured and
systematic

(moderate to
high-intensity)
endurance or

strength training
exercise more than
twice per week in
the previous year.

Medical screening
questionnaire.

9
Jiménez-
García,
2019 [3]

Spain

All groups (all of
whom completed
the intervention)—

68.49 (5.18).
HIIT—68.23 (2.97).
MIIT—68.75 (5.98).
CON—68.52 (6.33).

82 reduced to
73.

HIIT—28
reduced to 26.

MIIT—27
reduced to 24.

CON—27
reduced to 23.

2/24 Not reported.

Being over
60 years old, not
suffering from
conditions that

were
contraindicated in
exercise program.
Excluded those

who were already
included in other
training program.
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Table 1. Cont.

Study Place Age
M (SD) Years

Number of
Participants
(Total and in
Each Group)

Gender of
the HIIT

Group M/F
(Number)

Baseline Activity
Level

Enrollment
Prerequisite

10
Jiménez-
García,

2019 [49]
Spain

All groups (all of
whom completed
the intervention)—

68.49 (5.18).
HIIT—68.23 (2.97).
MIIT—68.75 (5.98).
CON—68.52 (6.33).

82 reduced
to 73.

HIIT—28
reduced to 26.

MIIT—27
reduced to 24.

CON—27
reduced to 23.

2/24 Not reported.

Being over
60 years old, not
suffering from
conditions that

were
contraindicated in
exercise program.
Excluded those

who were already
included in other
training program.

11 Bruseghini,
2020 [45] Italy

All groups—not
reported.

HIIT—69.4(4.3).
MCIT—69.7(4.1).

24
HIIT—12
MCIT—12

24/0
Moderate physical

activity
>90 min/d.

A preliminary
medical

examination with a
cycle ergometer

stress test to
exclude abnormal

response to
exercise.

Requirement of
normal ECG

at rest.

SD, standard deviation; M, male; F, female; IPAQ, International Physical Activity Questionnaire; MET, average daily metabolic equivalent;
h, hours; ECG, electrocardiogram; HIIT, high-intensity interval training; RT, resistance training; MCT, moderate continuous aerobic
training; CON, control; BMI, Body Mass Index; MoCA, Montreal Cognitive Assessment; TUG, Timed Up and Go test; s, second; MICT,
moderate-intensity continuous training; PAR-Q, Physical Activity Readiness Questionnaire; MIIT, moderate-intensity interval training;
MCIT, moderate continuous intensity training.

In the three studies that reported age range [35,46,48], the minimum age was 50 and
the maximum age was 81 [48]. The average age of the rest of the sample ranged between
67.7 [42] and 70 [33,47]. With regard to the HIIT group, the average age ranged from
61.9 [48] to 70 [33,47].

Regarding the gender of the participants, four papers included only males [35,43–45],
six papers included both genders [3,33,46–49], and one study included only females [42].

None of the studies reported previous history of falling.
Of the 328 participants distributed over the exercise groups in the nine studies (11 pa-

pers), 143 participants completed a form of HIIT (see Table 2).

Table 2. Characteristics of the HIIT protocols.

Study
Author,

Year
HIIT Group

Duration/
Frequency (Per

Week)/Total
Amount

Mode Nu.
Bouts

Work
Intensity Rest Intensity Work & Recovery

(Rest) & Total Duration

1 Bruseghini,
2015 [43] 8 w/(3)/24 Cycling

exercise 7 85–95%
VO2 max 40% VO2 max

2 min work, 2 min active
recovery, total 55–60 min
included warm-up and

cooldown phase.
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Table 2. Cont.

Study
Author,

Year
HIIT Group

Duration/
Frequency (Per

Week)/Total
Amount

Mode Nu.
Bouts

Work
Intensity Rest Intensity Work & Recovery

(Rest) & Total Duration

2 Bruseghini,
2019 [44] 8 w/(3)/24 Cycling

exercise 7 85–95%
VO2 max 40% VO2 max

2 min work, 2 min active
recovery, total 55–60 min
included warm-up and

cooldown phase.

3 Donath,
2015 [33] Single session Treadmill

walking $ 4 90–95%
HR max 70% HR max

4 min work, 3 min active
recovery, total not

reported, assumed to be
≈28 min.

4 Donath,
2015 [47] Single session Treadmill

walking $ 4 90–95%
HR max 70% HR max

4 min work, 3 min active
recovery, total not

reported, assumed to be
≈28 min.

5 Coetsee,
2017 [46] 16 w/(3)/48 Treadmill

walking $ 4 90–95%
HR max 70% HR max

4 min work, 3 min active
recovery, total ≈ 30 min,
warm-up and cooldown

phase not reported.

6 Sculthorpe,
2017 [36]

6 w/1 every
5 days/9

Cycle
ergometer 6

>90% HRR
was

measured as
50% PP in the

last 6 (out
of 9) sessions
while in the

first 3
sessions it

was 40% PP

Not reported

30 s work, 3 mins active
recovery, total assumed

to be ≈ 21 min, only
states 5 min of warm-up
and no details as to the

duration of the
cooldown phase.

7
Ballesta-
García,

2019 [42]
18 w/(2)/36

Mesocycles
-movement of

the lower
and upper

limbs
with/without
external load

6–8 to
8–12

14–15 RPE to
16–18 RPE.
Gradually
increased

every 3 w out
of the 18 w

From 7–8 RPE to
10–11 RPE.

Gradually increase
each 3 w out of the

18 w

1–1.5 min work,
2–2.5 min active

recovery, total- from
18–32 to 28–40 min

during the last 3 w out
of 18 of the intervention

8 Hurst,
2019 [48] 12 w/(2)/24

Upper, lower,
and full body

exercises
using a

hydraulic
resistance
ergometer

4 90% of
HR max Passive recovery

Started at 45 s, increased
by 10 s at the end of

every 3rd w (out of 12)
to 1.25 min (by w 10),

3 min passive recovery
remained constant

over the course of the
intervention, total

increasing from 12 to
20 min. Each session
included ≈6 min of
warm-up phase &

≈4 min of
cooldown phase.
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Table 2. Cont.

Study
Author,

Year
HIIT Group

Duration/
Frequency (Per

Week)/Total
Amount

Mode Nu.
Bouts

Work
Intensity Rest Intensity Work & Recovery

(Rest) & Total Duration

9
Jiménez-
García,
2019 [3]

12w/(2)/24
Suspension

training
system (TRX)

4 90–95%
HR max 50–70% HR max

4 min work, 3 min active
recovery, total ~28 min.
10 min warm-up phase

& 10 min
cooldown period.

10
Jiménez-
García,

2019 [46]
12w/(2)/24 TRX 4 90–95%

HR max 50–70% HR max

4 min work, 3 min active
recovery, total ~28 min.
10 min warm-up phase

& 10 min
cooldown period.

11 Bruseghini,
2020 [45]

Cycling
exercise 7 85–95%

VO2 max 40% VO2 max

2 min work, 2 min active
recovery, –total—45 to

60 min including 15 min
warm-up phase.

Nu, number; w, weeks; VO2, maximal oxygen consumption; min, minute; HR, heart rate; max, maximum; ≈, approximately; HRR, heart
rate reserve; PP, peak power; RPE, rate of perceived exertion as per Börg scale; TRX, suspension weight training. $, treadmill walking with
speed and inclination adjustments when needed to maintain the targeted intensity.

Eighty-nine participants completed another exercise modality: resistance exercise,
22 subjects [46]; moderate continuous aerobic training, 43 subjects [42,45,46]; moderate-
intensity interval training, 24 subjects [3,49] (see Table 1 for details). A total of 89 partici-
pants did not exercise at all (control group) [3,35,42,46,48,49].

All the subjects were healthy older adults as per the inclusion criteria. The pre-
intervention level of activity was reported in most of the papers [33,35,43–48] (see Table 1
for details). Although in some studies the level of activity was assessed accurately by means
of validated questionnaires [33,43,44,47], in two studies, the information was collected
by self-report with no mention of any specific questionnaire [35,48], and in one study it
is not clear how this information was gathered [46]. Furthermore, three papers did not
report the prior activity levels of the participants [3,42,49]. No uniformity was found be-
tween the articles in terms of the participants’ pre-intervention activity level which ranged
from sedentary lifestyle (inactive) [35,46,48] to physically active [33,47] and moderately
active [43–45] (see Table 1).

3.2. Protocols and Periodization of HIIT Interventions

The 11 reviewed studies [3,33,35,42–49] utilized various forms of HIIT that varied in
modality, intensity, work-to-rest ratio, intervention duration, intervention frequency, and
total number of interventions, as presented in Table 2.

Four of the 11 studies conducted HIIT using stationary cycle ergometers with various
levels of resistance [35,43–45], three evaluated treadmill walking at different speeds and
levels of inclination [33,46,47], and four performed multiple forms of strength training with
and without external resistance [3,42,48,49].

The intensity of HIIT training was measured in one of four ways: VO2 max, maximal
heart rate, heart rate reserve, and rate of perceived exertion using the Börg scale. An
intensity of 85–95% of VO2 max was applied in three studies [43–45], 90–95% maximal
heart rate was used in six studies [3,33,46–49], a heart rate reserve of greater than 90% as
measured indirectly by estimating the peak power of the lower leg muscles was used in
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one study [36], and a score of 16–18 of perceived exertion according to the Börg scale in
one study [42].

The number of bouts in the included studies ranged from a minimum of four bouts [3,
33,46–49] to a maximum of 12 bouts [42]. In six of the studies there were four bouts of high-
intensity [3,33,46–49], in three studies there were seven high-intensity bouts [43–45], in one
study there were six high-intensity bouts [36] and in one study, there were 12 high-intensity
bouts [42].

High volume protocols of HIIT were used in six of the studies: five studies applied
a 4 × 4 protocol [3,33,46,47,49], and one study used a protocol of 12 × 1.5 [42]. Low HIIT
volume was used in five studies, with each one of the five including different combinations
of number of bouts and duration of the activity interval: 7 × 2 [43–45], 6 × 0.5 [35], and
4 × 1.25 [48]. The duration of the work interval ranged from 30 s [36] to 4 min [3,33,46,
47,49]. One study applied 1–1.5 min of work [42], one study used 1.25 min of work [48],
three studies applied 2 min of work [43–45], while the other five studies applied 4 min of
work [3,33,46,47,49].

Periods of passive recovery [48] or active recovery were interspersed between work
bouts in 10 out of the 11 studies [3,33,35,42–47,49]. The intensity of the active recovery was
assessed in the same four ways as the intensity of the training: VO2 max, maximum heart
rate, heart rate reserve, and rate of perceived exertion using the Börg scale. Regarding
the intensity of the rest recovery, 40% of VO2 max was applied in three studies [43–45],
70% maximal heart rate was applied in three studies [33,46,47], 50–70% HR max was
applied in two studies [3,49], a score of 10–11 of perceived exertion according to the Börg
scale was applied in one study [42], and in one study the intensity of active rest was
not reported [35]. The recovery duration ranged from a minimum of 2 min [43–45] to
a maximum of 3 min [3,33,35,46–49], with one study reporting a value of 2–2.5 min rest
duration [42].

The total number of HIIT sessions ranged from one [33,47] to 48 [46], which lasted
between 6 [36] to 18 weeks [42], and at a training frequency ranging between one [36] and
three [46] sessions per week [36,46].

3.3. Protocols for Additional Intervention Groups and Control Groups

Details of the intervention group compared with the HIIT group or/and with the
control group are presented in Table 3.

Table 3. The characteristics of the control groups in the studies under review.

Study
Author, Year

Intervention Group
Control Group
Non-Exercise Group
(Yes/No)Modality

Duration/
Frequency
(Per Week)/
Total Amount

Intensity

1 Bruseghini,
2015 [43]

RT—Bilateral
resistance exercise
using leg press
flywheel
ergometer

8 w/3/24

4 sets of 7 maximal bilateral knee
concentric extensions and
eccentric flexions of the knee from
about 90◦ to 160–170◦ knee joint
interspersed by 3 min rest periods
were initiated immediately
following two
submaximal actions.
10 min warm-up including 3 sets
of 7 submaximal actions with
progressively increased effort.
Session duration 15 min including
warm-up and rest periods.

No.
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Table 3. Cont.

Study
Author, Year

Intervention Group
Control Group
Non-Exercise Group
(Yes/No)Modality

Duration/
Frequency
(Per Week)/
Total Amount

Intensity

2 Bruseghini,
2019 [44] The same as paper number 1

3 Donath, 2015 [33] Treadmill walking Single session

Comfortable normal walking
speed below 50% of HR max for
4 × 4 min. During the 3 min
breaks, participants stood still in
an upright position.

No.

4 Donath, 2015 [47] Not relevant, pre-post design

5 Coetsee, 2017 [46]

1. RT group.
2. MCT
group—walking
on treadmill.

16 w/3/48

1. RT group—upper and lower
body resistance exercises using
machines and free weights. Three
sets of 10 repetitions were
performed at 50%, 75%, and 100%
of the individual’s 10 RM. After 8
weeks the load for each set was
increased to 75%, 85%, and 100%
of the individual’s 10 RM.
Duration of the RT session was
approximately 30 min, excluding
the warm-up and cooldown.
2. MCT group performed
continuous walking on a
treadmill at 70–75% of maximal
HR. Duration—47 min.

Yes.

6 Sculthorpe,
2017 [36] No Yes.

7 Ballesta-García,
2019 [42] MCT 2 w/18/36

Similar to HIIT movements of the
lower limbs & upper limbs with
or without external load.
9–14 perceived exertion score as
per the Börg scale.
Duration—1 h including
warm-up and cooldown phase.

Yes.

8 Hurst, 2019 [48] No Yes.

9 Jiménez-García,
2019 [3] MIIT 12 w/2/24

Same protocol as HIIT with lower
intensities: 70% of the maximum
HR for the main squat activity
with TRX and 50–55% of the
maximum HR for the active
rest intervals.

Yes—2 × 90 min health
education classes
focused on health
promotion during the
study period.

10 Jiménez-García,
2019 [49] MIIT 12 w/2/24 Same as paper 9.

Yes, yet it was reported
that the participants were
instructed to maintain
their daily lifestyle
including guidelines to
encourage physical
activity but were
instructed to refrain from
participating in any
systematized
exercise activity.
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Table 3. Cont.

Study
Author, Year

Intervention Group
Control Group
Non-Exercise Group
(Yes/No)Modality

Duration/
Frequency
(Per Week)/
Total Amount

Intensity

11 Bruseghini,
2020 [45] MCT 8 w/3/24

Stationary bike cycling or
treadmill walking at 46–64% of
VO2 max.
Duration—20–30 min.

No.

RT, resistance training; w, weeks; HR, heart rate; MCT, moderate continuous aerobic training; RM, repetition maximum; HIIT, high-intensity
interval training; MIIT, moderate intensity interval training; TRX, suspension weight training; VO2, maximal oxygen consumption.

In some studies, the effect of HIIT was compared to that of other types of exercise,
as shown in Table 2 [3,33,42–46,49]. Two of these studies were not RCTs, but were within-
subject designs [43,44]. The other exercise modalities included: (1) moderate-intensity
continuous treadmill walking was performed in two studies [33,46]; (2) moderate-intensity
continuous cycling or treadmill walking in one study [45]; (3) resistance training in four pa-
pers [42–44,46]; and (4) moderate-intensity interval training of TRX [3,49]. One study used
a pre-post design and compared an older population to a younger population [47], and five
studies included control groups that did not undergo exercise training [3,35,42,46,48,49].

3.4. Preconditioning and Familiarization

Five of the 11 studies included a familiarization period prior to the exercise inter-
vention, during which subjects preformed a similar or simplified version of the training
in order to familiarize themselves with the exercises [3,35,42,44,49]. No consistency was
found between the reviewed studies in terms of the duration of the preconditioning period
which ranged from two weeks [42], four weeks [3,49], and six weeks [35]; in one study, this
information was not provided [43]. Four studies conducted familiarization of the physical
tests and outcome measures before data were collected [33,36,43,44], while several other
studies did not provide data regarding preconditioning and familiarization [45,47,48,50].

3.5. Supervision and Monitoring of the Treatment Intensity

Seven of the 11 studies under review reported that the participants were supervised
during the HIIT [3,35,42,44,45,48,49]. Of these, only three reported who performed the
supervision [3,42,49].

The intensity of the training and the recovery interval was monitored by means of
continuous heart rate monitoring during training in seven studies [3,33,35,46–49]. Three
studies monitored the intensity of the training and recovery by measuring the VO2 max dur-
ing the warm-ups and during the last minute of each training load [43–45]. One study [42]
monitored the required intensity by participants’ self-reported rating of perceived exertion
after each block of work and rest of the HIIT.

3.6. Location of the Intervention

All 11 of the reviewed studies were conducted in a laboratory setting [3,33,35,42–49].

3.7. Adherence

The number of participants who dropped out and the training attendance percentages
are detailed in Table 4. The attendance rates of the study participants were not reported in
three studies [33,46,47]. Six studies reported the general attendance rates of all participants
but no specifics for each group [3,35,43–45,49]. Two studies reported attendance rates of
84% [42] and 99% [48] for the HIIT groups.
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Table 4. Number of dropouts and percentage of attendance for each study group.

Study
Author, Year Number of Dropouts/Percentage of Attendance for Each Group

1 Bruseghini, 2015 [43] 0/100%

2 Bruseghini, 2019 [44] 0/100%

3 Donath, 2015 [33] Older adults—0/NR
Young adults—0/NR

4 Donath, 2015 [47] Older adults—0/NR
Young adults—0/NR

5 Coetsee, 2017 [46]

HIIT group—2/86.67%
RT group—2/91.67%
MCT group—0/100%
CON group—3/86.36%

6 Sculthorpe, 2017 [36] 0/all participants completed at least 80% of training sessions

7 Ballesta-García, 2019 [42]
HIIT group—1/94.44%
MICT group—6/86.67%
CON group—6/86.67%

8 Hurst, 2019 [48]

HIIT group—0/99% (429/432); “42 individual sessions rearranged (≈10%) throughout the
intervention period to offset participant unavailability and maximize attendance.”
CON group—0/Sixteen participants completed all 24 HIIT sessions, one participant
completed 23 sessions and one participant completed 22.
Participants were required to attend a minimum of 90% (≥22/24) of the sessions

9 Jiménez-García, 2019 [3]
HIIT group—2/92.86%
MIIT group—3/88.89%
CON group—4/85.19%

10 Jiménez-García,2019 [49]
HIIT group—2/92.86%
MIIT group—3/88.89%
CON group—4/85.19%

11 Bruseghini, 2020 [45] HIIT group—0/100%
CON group—0/100%

NR, not reported; HIIT, high-intensity interval training; RT, resistance training; MCT, moderate continuous aerobic training; CON, control
group; HIIT, high-intensity interval training; MICT, moderate-intensity continuous training; MIIT, moderate-intensity interval training.

3.8. Adverse Effects

Seven studies reported that no adverse effects occurred during HIIT training [3,35,42,
44–46,48]. Four studies did not state whether adverse effects occurred [33,43,47,49]. One
study [46] reported that five participants dropped out of the study due to adverse effects
not related to the study or to HIIT (the five adverse events: MICT = 4, CON = 1, including
eye surgery, foot surgery, clavicle fracture, and two hip fractures after a fall) [42]. One study
reported that two participants dropped out of the HIIT group as a result of injury which
was unrelated to the study. Finally, one study [48] reported that one participant missed
two HIIT sessions because of an injury unrelated to the study.

3.9. Comparison between HIIT and Other Exercise Modality or Non exercise
3.9.1. Outcome Measure and Intervention Effect

Details are presented in Table 5.
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Table 5. Summary of outcome measures, study design, measurement, and results.

Study
Author, Year

Domain,
Measurement Study Design Number/Time of

Measurement Results

1 Bruseghini,
2015 [43]

Lower limb strength,
muscle area, volume
and activity
MRI scan & DXA.

Within-subject
design

2/Pre & post
intervention.
Fixed sequence
(HIIT, 4 months of
detraining
followed by RT).

Hypertrophy of the quadriceps
muscle in HIIT & RT.
Maximal voluntary isometric torque
& the isokinetic concentric-eccentric
torque of quad.
Increase only after RT.

2 Bruseghini,
2019 [44]

Lower limb strength,
mass, morphology &
quality
isometric/isokinetic
dynamometer

Within-subject
design

2/pre- and
postintervention.
Fixed sequence
(HIIT, 4 months of
detraining
followed by RT).

Knee extension isometric—increased
only in RT.
Maximal concentric
torque—increased only in RT.
Anatomical cross-sectional area at
25%, 50%, and 75% of femur length-
increased in HIIT and RT.
Physiological cross-sectional
area—increased only in RT.
Quad volume—increased in HIT
and RT.
Intermuscular adipose tissue—at 50%
of femur length decreased after both
HIT and RT in particular after RT.
Pennation angle (θp) of the fibers
from the vastus lateralis—increased
both after HIIT and RT.
Voluntary activation of the Quad
(%Act)—increased only in RT.

3 Donath, 2015
[33]

Balance—piezoelectric
force plate.
Muscle activity of
lower limbs—surface
electromyography
recording.

Crossover design

5/Pre HIIT,
immediate post
HIIT, post 10 min,
post 30 min, and
post 45 min

Postural sway—increases
immediately after HIIT during SLEO.
Increased sway during DLEC
immediately and 10 min after HIIT
up to 30 min.
Muscle activity increased during
SLEO for anterior tibialis until 10 min
post HIIT.

4 Donath,
2015 [47]

Balance—piezoelectric
force plate.
Muscle activity of
lower limb—surface
electromyography
recording.

Pre-post design.
Comparison with
young adults.

2/Pre and post
single session
of HIIT

No change in the ankle muscle
coordination patterns during DLEC
and SLEO.
Pattern of elevated postural sway
only during SLEO due to higher
relative contribution of the tibialis
muscle was not changed post HIIT.
Pattern of co-activation of higher
tibialis/soleus muscle activity only in
SLEO was not affected by HIIT.

5 Coetsee,
2017 [46]

Physical
function—TUG RCT

2/Pre and post
intervention
groups

TUG
HIIT > MCT and RT and CON

6 Sculthorpe,
2017 [36]

Balance
muscle—Footscan
portable foot pressure
plate. Lower limb
strength—Herbert 6-s
peak power test.

RCT

3/On enrolment to
the study, after
conditioning
exercise and after
the HIIT

Static balance in double standing and
while single standing—no effect
of HIIT.
Peak power output relative to total
body mass to fat-free
mass—increased only in the HIIT
compared with non exercise group.
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Table 5. Cont.

Study
Author, Year

Domain,
Measurement Study Design Number/Time of

Measurement Results

7 Ballesta-García,
2019 [42]

Upper limb
strength—30-s arm
curl test & maximal
handgrip strength.
Lower limb
strength—30 s
sit-to-stand (STS-30).
Mobility—
TUG &
6MWT.
Balance—one-leg
standing test.

RCT 2—pre and post
intervention group

Arm curl test—HIIT > MICT and
CON.
Lower limb strength & TUG&6MWT
HIIT & MICT > CON.
One-leg standing test—left leg: no
change in both groups; right leg:
decreased only in HIIT group.

8 Hurst,
2019 [48]

Leg extensor muscle
strength—
Nottingham leg
extensor power rig.
Handgrip strength—
dynamometer.
Health-related quality
of life—SF-36.

RCT

2-pre-post-
intervention
(~3–7 days
following final
training session)

* HIIT showed possibly small
beneficial effects for dominant leg
power, non-dominant leg power and
non-dominant handgrip strength
compared to CON.
Trivial effect for the dominant
handgrip strength.
Possibly small beneficial effects for
role-physical, general health, vitality,
and mental health of the SF-36.
Likely small beneficial effect for
bodily pain in the HIT group
compared with CON.
Possibly moderate beneficial effect for
role emotional.

9
Jiménez-
García,
2019 [3]

Balance confidence—
1. Activities-specific
Balance Confidence
Scale.
2. Fear of falling -Falls
Efficacy Scale.
Dynamic
balance—TUG.
Gait
analysis—OptoGait
optical detection
system.

RCT
2/-pre-
intervention and
post-intervention

Balance confidence—HIIT & MIIT >
CG.
Fear of falling, gait analysis, & TUG—
HIIT > MIIT & CON.

10
Jiménez-
García,
2019 [49]

Handgrip strength—
dynamometer.
Functional mobility
and balance—
1.TUG.
2.Gait
speed—estimated by
the formula [6/(TUG
time) * 1.62].
Health-related quality
of life—SF-36.

RCT
2-pre-intervention
and
post-intervention

Handgrip strength increase was also
observed after HIIT, but no
differences were observed with MIIT
and CG.
Gait speed & TUG—HIIT > MIIT
& CON.
SF-36 domains: general health,
vitality & physical functioning HIIT >
MIIT & CON.
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Table 5. Cont.

Study
Author, Year

Domain,
Measurement Study Design Number/Time of

Measurement Results

11 Bruseghini,
2020 [45]

Level of physical
activity—multisensor
activity monitor

RCT

3/-worn for 1
week during the 2
months before the
start of training
(T1), 1 week
during training
(T2) (randomly
during weeks 5, 6,
and 7 of training),
and then for 1
week during 2
months after the
end of training (T3)

HIIT affected vigorous physical
activity on training days but not on
the general physical activity patterns
on non-training days.
HIIT increase in levels of physical
activity these lifestyle changes were
not maintained at 2 months after the
end of the program.
HIIT does not increase
sedentary time.
Higher physical activity levels during
weekdays were found in the HIIT
group compared with CMIT.
CMIT group increased physical
activity during training days but
decreased the overall physical
activity during weekdays.

Only outcome measures that fit the inclusion criteria were reported. Only results with statistical significance were reported. MRI, magnetic
resonance imaging; HIIT, high-intensity interval training; RT, resistance training; Quad, quadriceps muscle; Act, activation; SLEO, single
limb stance with eyes open; DLEC, double-limb stance with closed eyes; RCT, randomized control trial; MCT, moderate continuous
aerobic training; CON, control; TUG, Timed Up and Go test; MICT, moderate-intensity continuous training; MIIT, moderate-intensity
interval training; 6 MWT, 6-min walk test, SF-36, Short Form-36 health questionnaire. * The effect was evaluated by calculating the mean
intervention effect for each outcome, together with the confidence interval (uncertainty) classified as three levels of probability of the true
effect, that is, trivial, beneficial, or harmful and defined as most unlikely or almost certainly not (<0.5%), very unlikely (0.5–5%), unlikely or
probably not (5–25%), possibly (25–75%), likely (75–95%), very likely (95–99.5%), most likely (>99.5%) [48].

The effect of HIIT and other exercise modalities or nonexercise in the included
studies was examined using a number of outcome measures which can be divided into
four categories:

1. Muscle function and morphology. This category can be further divided into the
following subcategories: (1a) upper limb strength and power [42,48,49] and (1b)
lower limb strength, muscle area, volume, and activity [33,35,42–44,47,48];

2. Balance and subjective balance perception [3,33,35,42,47];
3. Gait and level of physical activity [3,42,45,49];
4. Quality of life [48,49].

(1) Muscle function and morphology
(1a) Upper limb strength and power.
Three studies evaluated upper limb strength [42,48,49]. The arm curl test was pre-

sented in one study [42], whereas hand grip strength was shown in three studies [42,48,49].
One study showed that HIIT was more beneficial in improving the arm curl test than

MICT and the non-exercise group [42].
With regard to the effect of HIIT on hand grip strength, one study demonstrated

an increase in hand grip strength; however, this improvement was equal to MIIT and
CON [49]. In contrast, one study stated that HIIT caused a “likely trivial effect” on the
dominant handgrip strength and “possible small beneficial effects” on non-dominant
handgrip strength [48]. In the third study [49], HIIT did not have an effect on hand
grip strength.

(1b) Lower limb strength, muscle area, volume and activity.
Lower limb strength, muscle mass, and muscle activity was measured in seven stud-

ies [33,35,42–44,47,48].
Three studies evaluated the strength of the lower limb muscles without targeting

specific muscles. One study used the 30 s sit-to-stand test as a measurement of functional
lower limb muscle strength, demonstrating improvement in both HIIT and MICT compared
with the non-exercise group, but no beneficial effect of the HIIT over MICT [42]. The
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Herbert 6 s peak power test was used [36] to measure absolute and relative peak power of
lower limb muscles; a significant increase in the HIIT compared with the control group,
which remained inactive, was demonstrated. The third study assessed leg extensor muscle
power [48] using the Nottingham leg extensor power rig; small beneficial effects for
dominant leg power and for non-dominant leg power compared with the nonexercise
group were demonstrated [48].

Two studies [43,44] measured knee extension muscle strength using an isometric/
isokinetic dynamometer; HIIT did not affect the knee extension isometric and maximal
concentric torque, which increased only in the RT group.

Mass, morphology, and muscle quality (intermuscular adipose tissue and neuromus-
cular activation) of the quadriceps were evaluated using MRI scans and a dynamometer; it
was demonstrated that HIT and RT seemed to be able to induce significant and remarkable
changes in muscle mass (hypertrophy of the quadriceps muscle), morphology (increased
anatomical cross-sectional area at 25%, 50%, and 75% of femur length, increased pentation
angle of the fibers from the vastus lateralis) and quality (decreased intermuscular adipose
tissue at 50% of femur length without additional benefit of HIIT) [43,44]. Furthermore,
two positive effects (physiological cross-sectional area and voluntary activation of the
quadriceps, as evaluated via the interpolated twitch technique) were demonstrated only
following RT training [43,44].

Tibialis/soleus muscle activity was assessed by surface electromyography recording
in two studies [33,47], including one single session of HIIT. Anterior tibialis muscle activity
increased during single limb stance with eyes open (SLEO) for up to 10 min after HIIT [33].
The anterior–posterior muscle coordination pattern during single-leg stance did not change
following one session of HIIT [47].

(2) Balance and subjective balance perception
(2a) Balance
Five studies assessed the effect of HIIT on balance and subjective balance perception [3,

33,35,42,47]. Direct measures of static balance were performed in three studies [33,35,47]
using a foot scan portable foot pressure plate [36] and piezoelectric force plate. One study
reported that six weeks of HIIT once every five days did not affect static balance in double
standing and in single standing [36], while the other studies demonstrated that a single
session of HIIT increased postural sway immediately after HIIT during SLEO and during
double-limb stance with closed eyes (DLEC) immediately and 10 min after HIIT for up to
30 min [33].

The effect of HIIT compared to the MICT group and the nonexercise group on balance
was explored in one study [42] by measuring the time a participant could stand on one leg
without support (one-leg standing test) in both legs. The results showed that the perfor-
mance in the test on the left leg did not change in either of the groups. The performance in
the right leg was significantly decreased only in the HIIT group. However, the baseline test
performance was different between the groups.

The Timed Up and Go (TUG) test was used to measure dynamic balance and functional
mobility in four studies [3,42,46,49]. Two of these studies demonstrated that HIIT was
superior to other exercise interventions in terms of improving TUG performance compared
with the MIIT group and the CON [3,49] and one study demonstrated greater improvement
in TUG in the HIIT group compared with the MCT group, the RT group, or the CON [46].
In contrast, in one study HIIT and MICT had the same positive effect on TUG compared
with the nonexercise group [42].

(2b) Subjective balance perception
One study [3] measured subjective balance perception/confidence via two assessment

tools, the Falls Efficacy Scale (to measure fear of falling), and the Activities-specific Balance
Confidence Scale (ABCS). It was shown that HIIT was more effective than MIIT and
nonexercise in improving fear of falling; however, it was equal to MIIT in improving
balance confidence [3].

(3) Gait and level of activity
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(3a) Gait
Gait was measured in two studies (reported in three articles) [3,42,49]. One study

measured the 6 min walk test (6MWT) and showed that both HIIT and MICT statisti-
cally increased gait speed compared with the nonexercise group [42]. In contrast, it was
demonstrated that HIIT led to greater improvement in gait spatiotemporal parameters
(using the OptoGait optical detection system) [3] and by calculating gait speed (via TUG
performance) [49] compared with the MIIT and nonexercise groups.

(3b) Level of physical activity
One study evaluated physical activity during the week by using a multi sensor activity

monitor [45] an improvement in physical activity in HIIT compared with CMIT was
demonstrated, as HIIT affected vigorous physical activity on training days but not on the
general physical activity patterns on non-training days. HIIT did not lead to increased
sedentary time as reflected in higher physical activity levels during weekdays compared
with CMIT, in which physical activity during training days was increased but the overall
physical activity during weekdays decreased. However, these lifestyle changes were not
maintained at the two-month point after the end of the program.

(4) Quality of life
Quality of life was evaluated in two studies [48,49]. One study [48] assessed health

related quality of life using the Short Form-36 health questionnaire (SF-36). The results
demonstrated that a HIIT program involving the upper- and lower-body HIIT had a small
effect on the physical, general health, vitality, mental health, and bodily pain domains of the
SF-36 compared to the nonexercise control group. In the second study [49], improvement
of quality of life was demonstrated following HIIT program with TRX suspension training
exercises compared with MIIT and nonexercise control groups. The observed improvement
was in the following SF-36 domains: general health, vitality, and physical functioning [49].

Quality of the Study

Quality of studies detailed in Table 6.

Table 6. PEDro scale of the included studies.

Study
Author, Year 1 2 3 4 5 6 7 8 9 10 11 Total (/10) Quality

1 Bruseghini, 2015 [43] Y N N Y N N N Y Y Y Y 5 Moderate

2 Bruseghini, 2019 [44] Y N N Y N N N Y Y Y Y 5 Moderate

3 Donath, 2015 [33] * N Y N N N N N N N Y Y 3 Low

4 Coetsee, 2017 [46] * Y Y N Y N N N Y N Y Y 5 Moderate

6 Sculthorpe, 2017 [33] * N Y N Y N N N Y Y Y Y 6 High

7 Ballesta-García,2019 [42] * Y Y Y Y N N Y N Y Y Y 7 High

8 Hurst,2019 [48] Y Y Y N N Y Y Y Y Y Y 8 High

9 Jiménez-García,2019 [3] * Y Y Y Y N N N Y N Y Y 6 High

10 Jiménez-García,2019 [49] * Y Y Y Y N N N Y N Y Y 6 High

11 Bruseghini, 2020 [45] Y Y N Y N N N N N Y Y 4 Moderate

1. Eligibility criteria; 2. Random allocation; 3. Concealed allocation; 4. Baseline comparability; 5. Blind subjects; 6. Blind therapists; 7. Blind
assessors; 8. Outcomes were obtained in more than 85% of the subjects; 9. Intention-to-treat analysis; 10. Between-group comparisons; 11.
Point estimates and variability, the eligibility criteria did not add to the total score. Y, Yes; N, No. * Appears in the PEDro database.

Only 10 out of the 11 included studies could be assessed by the Pedro scale, as the
study of Donath, 2015 [47] used a pre-post design and did not include a group comparison.

The PEDro scores range between 3 to 8 out of 10. Five studies were rated as high
quality [3,35,42,48,49], four studies were rated as moderate quality [43–46], and one study
was rated as low quality [33].
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4. Discussion

The aim of this study was to test the effectiveness of HIIT as a treatment modality to
prevent falls by targeting fall risk factors. Accordingly, we searched the literature for articles
examining the effectiveness of HIIT in reducing proven major risk factors for falls, namely
balance, muscle strength, and physical activity. Eleven studies involving 328 healthy older
individuals were included in this review. None of the studies addressed the number of falls
among the participants. The main findings of this systematic review and recommendations
are discussed below.

4.1. HIIT Protocols Used for Older Adults

The included studies were characterized by large variations in the HIIT protocols in
terms of modality, number of sessions (1–48), frequency (one session per week to three
sessions per week), duration (single sessions to 18 weeks), intensity of the exercise, measure
of the intensity (VO2 max, maximal heart rate, heart rate reserve, or rate of perceived
exertion as per the Börg scale), number of bouts (4 to 12), length of activity (30 s to 4 min),
and rest interval (passive recovery/active recovery with different intensity ranges between
2 to 3 min).

A meta-analysis by Wu et. al. [27], which examined the effect of HIIT on physical
fitness, metabolic parameters, and cardiorespiratory fitness in older adults determined
the optimal HIIT protocol for improved VO2 peak (“training periods > 12 weeks, training
frequencies of 2 sessions/week, session lengths of 40 min, 6 sets and repetitions, training
times per repetition of >60 s, and rest times of <90 s”) [27]. However, to the best of our
knowledge there is no study that reports an effective HIIT protocol for improving balance
and increasing muscle strength.

There is a differentiation between a “high volume HIIT protocol” and a “low volume
HIIT protocol” [51,52]. High volume is defined as intensive active intervals (i.e., not
including rest periods) longer than 15 min, while low volume is defined as total active time
less than 15 min [52,53]. High volume HIIT protocols included the most common HIIT
protocol of 4 × 4 min, which was developed by a Norwegian research group; referred to as
“Wisloff’s Group 4 × 4”, it includes four periods of four minutes of intense work at 80%
to 95% of the individual’s maximum heart rate, where each period is followed by a less
intensive rest period of three minutes. This HIIT protocol has provided evidence in clinical
and non-clinical populations and is considered safe for patients with stable coronary
heart morbidity [52,54]. Alternatively [55,56], there is no consent among researchers
which of the two types of HIIT protocols is more effective in terms of cardiorespiratory
fitness [32,53,55,57]. A low volume of HIIT protocol has an advantage in terms of time-
saving as the training duration is shorter compared to the high volume HIIT protocol [56].

In the 11 studies included in the current study, it was not possible to point to a single
protocol that was most common [3,33,43,44,47,49].

High-volume studies in the current review demonstrated better results than MCT in
two studies in term of functional mobility [46] and upper limb strength (arm curl test) [42],
in one of these studies [42], the effectiveness of HIIT was equal to MCIT in terms of lower
limb strength. All other studies that used a high-volume HIIT protocol [3,33,47,49] did
not compare HIIT with MCIT. Only one study with a low volume of HIIT used MCIT as a
control group, and the results showed that HIIT is superior to MCIT in terms of level of
weekly physical activity [45]. Accordingly, based on the included studies in the current
systematic review, it cannot be recommended which protocol of HIIT (high or low volume)
is optimal in terms of balance, muscle strength, or other fall risks.

A related point was the weekly frequency of HIIT. Sculthorpe et al. [35] studied the
effect of reducing the weekly frequency of HIIT to once a week (and called it low-frequency
HIIT) based on the rationale that it may be necessary to change the conventional frequency
of three times per week in order to adapt the standard HIIT protocol to the unique age-
related requirement of older persons, namely longer recovery time following intense
exercise compared with younger individuals in order to avoid accumulated fatigue [35,
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58]. This rationale was reinforced by Herbert et al. [58] demonstrated that five days is
the average recovery time of peak leg power output from a single session of HIIT in
men aged 60 years compared with the average recovery time of three days in men aged
25 years. Sculthorpe et al. [35] demonstrated that low-frequency HIIT led to a significant
improvement in peak muscle power compared with the nonexercise group. However, it
is evident from only one study without blindness of the examiner using a low volume of
HIIT and without comparison to the standard weekly frequency of HIIT (3× session wk−1).
Accordingly, further studies with high mythological quality are warranted to explore the
advantage of low frequency of HIIT in elderly adults.

4.2. Modality

The noted heterogeneity among the studies included in this review was also expressed
in the modality of the HIIT that was used. Seven of the studies included training only
the lower limbs via cycling [35,43–45] or treadmill walking [33,46,47], and four studies
included upper and lower limb exercises of different types: mesocycles (movement of
the lower limbs, combined with movement of the upper limbs with or without external
load [42]), upper, lower, and full body exercises using a hydraulic resistance ergometer [48],
or TRX exercise [3,49].

Based on the current results, a conclusion regarding which modality is most favorable
to reduce fall risk in healthy older individuals cannot be reached. Yet, previous studies
have shown that the cycle ergometer was the most common type of HIIT instrument
used among older persons, followed by treadmill walking [59]. Furthermore, previous
reviews recommended cycling (cycle ergometer) as an effective HIIT modality to improve
cardiometabolic and cardiovascular health in older persons, including additional benefits
in terms of accessibility, safety, and decreased stress on joints [59–61].

4.3. Characteristic of the Participants

The maximum average age of the participants was 70 [33,47], indicating that persons
older than 70 and frail older persons (older than 75) [62] were not included in the studies
that examined the effect of HIIT on fall risk. Furthermore, none of the included studies
considered the fall status of the participants. Accordingly, further studies should examine
the effect of HIIT on specific elderly adults such as those with a history of falls or those at
high risk of falling.

Both genders were involved in six of the reviewed studies [3,33,46–49]. One study
involved only women [42] and four studied involved only men [35,43–45]. Based on the
current results, we could not differentiate the effect of HIIT on the gender of the participants.

The baseline level of activity of the participants is crucial in terms of safety issues and
avoidance of adverse events [61]. Accordingly, the intensity of HIIT should be tailored to
the participants’ fitness and activity baseline [61]. In addition, it has been claimed that HIIT
is suitable for individuals with low levels of physical fitness who are unable to perform
continuous high-intensity exercise [11].

However, in the current review, the baseline level of activity varied among the studies
but can be categorized into three groups:

(1) Physically active patients with a variety of activity levels: Six studies [33,43–45,47,48],
with only some studies reporting how activity was evaluated. The levels of activity
were as follows: (a) moderately active, as assessed by the IPAQ [43,44] or by minutes
of activity per day [45], and (b) active, as measured by the Freiburger Physical Activity
scale [33,47]. One study [48] reported that the participants were “physically active”
but had not in the previous year engaged in structured and systematic (moderate to
high-intensity) endurance or strength training exercise more than twice per week.

(2) Not active: Two studies reported that the subjects were not active [35,46]. However,
the definition of inactivity was completely different between the two studies [35,46].
One study defined it as no participation in any regular physical activity for a minimum
of 30 years (for either recreational or work-related purposes) [35]. The other study
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defined it as not participating in at least 30 min of moderate-intensity physical activity
(64–76% of maximal heart rate) on at least three days of the week for the previous
three months [63].

(3) The level of activity of the participants was not reported [3,42,49]. Based on the
current review, it is not clear whether the base level of activity of older adults is a
contributing factor to the effect of HIIT on fall risk, as was demonstrated in a previous
meta-analysis which showed that the positive effect of HIIT on the VO2 max values
in healthy, young to middle-aged adults was higher in the less fit participants [64].
Further studies should examine the effect of HIIT on fall risk factors in elderly adults
engaged in different levels of activity.

4.4. Effect of HIIT on Level of Balance and Postural Control

Balance and postural control are crucial factors that affect the incidence of falls in older
adults [65,66]; accordingly, we examined the effect of HIIT on balance in older persons.
The included studies explored the effect of HIIT on balance by examining static or dynamic
balance [3,33,35,42,46,49]. The effect of HIIT on static balance could not be determined
because of insufficient data as only two studies [33,35] investigated this issue and they
were incompatible. One of the two studies [36] examined the effect of six weeks of HIIT,
while the second study [33] examined the effect of a single HIIT session with results being
completely diverse. While six weeks of HIIT demonstrated no effect on static stability [35],
the second study that used a single session of 4 × 4 min at 90% of HR max walking
on a treadmill increased postural sway during double-limb support compared with no
application of HIIT immediately and 10 min after the end of the training, even up to 30
min until returning to baseline in the case of occluded vision in healthy older adults [33].
Based on this finding, we recommend that clinicians and trainers be cautious during the
initial stage of an HIIT program, especially in older subjects with a sedentary lifestyle.
Accordingly, older persons should be monitored and supervised because of the fear of
the negative consequence of continuous instability (10 to 30 min) following a single HIIT
session. The authors of this study [33] referred to this phenomenon as “an acute open-
fall-window” indicating that a single session may be dangerous to older persons as it may
cause fall due to reduce stability. On the basis of the findings of the second study [35] that
involved a prolonged HIIT program over several weeks, it is not possible to answer the
question raised by the Donath et al. study [33] regarding whether the acute negative effect
of a single HIIT application on static balance will diminish (adaptation) over prolonged
repeated sessions of HIIT as the two studies [33,35] are not comparable in terms of the
HIIT protocol (such as treatment modality, dose of the high-intensity, and active recovery).
Furthermore, the prolonged HIIT program was conducted in a lower total volume (total of
six sessions) and lower frequency of weekly HIIT sessions that is lower than the commonly
used protocol of HIIT, which is composed usually of three weekly sessions [34].

The TUG test is one of the most commonly used tools for measuring functional balance
in fall risk assessment and is recommended by the American Geriatrics Society and the
British Geriatric Society as an assessment tool for fall risk [67]. In accordance with the goal
of this systematic review, it is crucial to explore the effect of HIIT on TUG performance in
older persons. The current systematic review revealed that the TUG test was measured
in three studies (four papers) [3,42,46,49], all of which demonstrated improvement in
the TUG test following HIIT. No consistent results were found regarding the effect of
TUG compared with other treatment modalities, with one study demonstrating equal
improvement in TUG following HIIT and moderate continuous training compared with
the nonexercise group [42]. In contrast, two other studies demonstrated the superiority of
HIIT in improving TUG performance compared with MCT [46], RT [46] or MIIT [3,49] to
the nonexercise group [3,46,49]. It is possible that the noted improvement in the TUG test
is a result of improvement in dynamic balance as well as in the strength of the lower limb
muscles due to the HIIT [68]. However, these studies [3,42,46,49] are not comparable due
to different HIIT protocols in terms of modality and the dose of the treatment.
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As mentioned, the current review included only older individuals without balance
impairments. However, there is evidence for the potential of HIIT in older persons with
balance impairments; for example, a systematic review reported that HIIT caused signifi-
cant improvements in the TUG test and the Berg Balance Scale (BBS) among post-stroke
patients [69]. Similarly, an RCT demonstrated that a six-week HIIT program improved
dynamic balance evaluated by the Y Balance Test in subjects with type 1 diabetes melli-
tus [70].

An interesting finding that was explored in the current review was that fear of falling
improved more following HIIT than after MIIT [3]. This finding has a clinically important
implication as the rule of fear of falling in terms of fall prevention has recently received
greater attention because the subjective psychological aspect of fear and anxiety should be
considered as a fall risk [71]. Similarly, this study [3] demonstrated that HIIT improved
the participants’ confidence in their ability to perform daily life activity tasks without
losing balance and becoming unsteady, as assessed by the ABCS compared with MIIT
(HIIT: difference = 1.12; MIIT: difference = 0.63); however, the difference did not reach
statistical significance.

4.5. Effect of HIIT on Lower Limb Muscle Strength and Activity

HIIT was demonstrated in two studies as an effective modality to improve the strength
of the lower limbs as reflected in improved performance of the Herbert 6-s peak power test
compared with the nonexercise regimen [35] and in improved performance of 30 s sit to
stand test, which was equal to the improvement with MCT [42]. Similar results were found
in individuals with Parkinson’s disease, in which HIIT and moderate-intensity continuous
exercise training improved the performance of the five times sit to stand test [72].

The effect of HIIT on quadriceps muscle strength was tested in only three papers [43,44,
48] with contrasting results. HIIT demonstrated no effect on quadriceps strength compared
with RT [43,44]. In contrast, the second study [48] demonstrated that HIIT had a mild
possible effect on muscle strength compared with the nonexercise regimen. It is difficult to
compare the two studies because they used different HIIT protocols [43,44,48].

HIIT was also found to have no effect on the activity of the tibialis/soleus muscles
during single-limb leg support [33,47].

The current results contradict the results of a recent meta-analysis that concluded
that muscle strength was significantly higher in older adults after HIIT interventions [27].
However, it should be emphasized that the meta-analysis’s [27] conclusion was based
on data from five studies, two of which examined upper limb muscles and three lower
limb muscles. Of the latter three studies, one did not apply HIIT but vigorous exercise
intensity [73], and another included obese older adults who were divided according to
daily protein intake distribution [74]. Both of these studies were not included in the current
review as they did not meet the inclusion criteria. The third study was included in the
current review [48].

Accordingly, based on the findings of the current review and the existing knowledge
in the literature on HIIT in general, we believe that the effect of HIIT on the quadriceps
or other specific lower limb muscle group strength is not clearly demonstrated in healthy
older individuals.

4.6. Effect of HIIT on Gait and Level of Activity

HIIT was found to improve the gait performance of healthy older persons in terms of
six MWT performance compared with the nonexercise group and was similar to the effect
of MICT [42]. In addition, HIIT demonstrated greater improvement in gait spatiotemporal
parameters compared with MIIT and the nonexercise group [3,49]. These two studies
are not compatible because of different HIIT protocols [3,42,49]. The increase in gait
performance may be due to an increase in cardiorespiratory fitness following HIIT [75].
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An interesting point that emerged in one study [45] was that HIIT did not increase
the sedentary time (measured by the amount of weekly hours of physical activity) in
non-training healthy older persons compared with CMIT.

4.7. Effect on HIIT on Quality of Life

HIIT was found to have a positive effect on quality of life in healthy older persons,
as evaluated by the SF-36 questionnaire, compared with MIIT [49] or the nonexercise
group [48]. The two studies [48,49] are not comparable in terms of the HIIT protocol and
the magnitude of the resulting effect.

These results demonstrate that the positive effect of HIIT on quality of life is consistent
with previous results in adults and older subjects with and without morbidity [32,76,77].

4.8. Safety, Feasibility and Responsiveness of HIIT

HIIT training seems to be a safe training modality for the older adult population, as
none of the included studies reported any adverse effects [3,33,35,42–49].

A clear conclusion regarding the dropout rate and level of attendance compared with
other training modalities cannot be made based on the included studies, as there is not
enough data, and the reported data are incomplete in some of the studies. Furthermore, the
reported advantage of higher participants responsiveness to HIIT compared with MCT [30]
was not demonstrated in the current review. One study demonstrated lower dropout rates
in the HIIT group compared with the MCIT group (HIIT = one participant versus MCT
= six participants) [42], while another study [46] reported a higher dropout rate in the
HIIT group compared with the MCT group (HIIT = 11 participants versus MCT = zero
participants). However, the two studies were not comparable because of the heterogene-
ity of the training protocols. However, based on the available data from the included
studies [3,35,42–45,48,49], it seems that HIIT was well attended by older participants.

It should be noted that the HIIT was performed under supervision and in a clinical
setting to ensure the maintenance of the study protocol and the safety of the participants
(maintaining the required balance between high intensity of heart rate for a fixed short time
along with sufficient recovery time between bouts). However, such a training setting raises
the question of the applicability of HIIT for independent performance by older persons at
home. Moreover, none of the included studies tested the therapeutic effects of HIIT over
time. This also calls into question the degree of applicability of the HIIT program over time,
even in a clinical setting.

Only one study [48] examined the feasibility of performing the HIIT program in a
group setting, which has some benefits such as increased compliance, decreased dropout
level, social interaction between the participants, and streamlining financial resources and
manpower [78].

4.9. Strength and Limitations

This is the first study in which the effects of HIIT on fall risk and balance in healthy
older individuals were systemically pooled based on a literature review. In the present sys-
tematic review, it is impossible to determine the influence of HIIT due to the small number
of studies and the high degree of heterogeneity. The generalizability and transferability
of the clinical recommendations is limited as the studies were performed in older adults
without balance impairments and not in the fall-prone population.

5. Conclusions

The systematic review of the literature yielded only 11 papers (9 studies) that met the
inclusion criteria. The included studies were characterized by high heterogeneity in terms
of methodology, HIIT modality, HIIT protocol, patient characteristics, comparison group,
and outcome measures. Since there is insufficient data and no consensus among the trials
regarding the effect of HIIT, it is difficult to conclude whether HIIT is an effective method
for reducing fall risk or improving balance in healthy older adults. Further research is
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needed to explore the effect of the HIIT protocol as a fall prevention modality for older
adults compared with other treatment modalities, including determining the optimal
HIIT protocol to achieve this target. However, based on the currently available evidence
regarding HIIT, it cannot be recommended as a single modality for fall prevention strategies
in individual seniors living in the community. However, HIIT may be considered as a
supplement to proven fall prevention programs such as the Otago exercise program [79]
because of the potential of HIIT to improve functional lower limb strength reflected in
functional performance tests (such as the sit-to-stand test). HIIT also has the potential to
improve dynamic balance (TUG test performance) and subjective balance perception. HIIT
seems to be a safe and well-tolerated modality in an older population. However, caution
is warranted following HIIT, especially after the first session, due to possible temporary
instability. Older individuals should be warned that they may suffer from temporary
instability that will last up to half an hour. Therefore, attention is needed in this period
of time while performing unstable physical activity (such as during a shower or using
an escalator).

Author Contributions: Conceptualization, M.E.-G. and R.B.; methodology, M.E.-G. and R.B.; soft-
ware, M.E.-G. and R.B.; data curation, M.E.-G., R.B. and R.K.; writing—original draft preparation,
M.E.-G., R.B. and R.K.; writing—review and editing, M.E.-G., R.B. and R.K.; visualization, M.E.-G.,
R.B. and R.K.; project administration, M.E.-G. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Acknowledgments: The authors sincerely thank Amy Lauren Shapira (BPT, MA) of the reference
department at the Younes and Soraya Nazarian Library at the University of Haifa for her advice and
assistance with formulating the database search strategies.

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

References
1. Qian, X.; Chau, P.H.; Kwan, C.; Lou, V.; Leung, A.; Ho, M.; Fong, D.; Chi, I. Investigating Risk Factors for Falls among

Community-Dwelling Older Adults According to WHO’s Risk Factor Model for Falls. J. Nutr. Health Aging 2021, 25, 425–432.
[CrossRef]

2. Appeadu, M.; Bordoni, B. Falls and Fall Prevention in the Elderly. StatPearls Publishing, 2021. Available online: https:
//www.ncbi.nlm.nih.gov/books/NBK560761/ (accessed on 29 October 2021).

3. Jiménez-García, J.D.; Hita-Contreras, F.; de la Torre-Cruz, M.; Fábrega-Cuadros, R.; Aibar-Almazán, A.; Cruz-Díaz, D.; Martínez-
Amat, A. Risk of falls in healthy older adults: Benefits of high-intensity interval training using lower body suspension exercises. J.
Aging Phys. Act. 2019, 27, 325–333. [CrossRef]

4. Fleig, L.; McAllister, M.M.; Chen, P.; Iverson, J.; Milne, K.; McKay, H.A.; Clemson, L.; Ashe, M.C. Health behaviour change theory
meets falls prevention: Feasibility of a habit-based balance and strength exercise intervention for older adults. Psychol. Sport
Exerc. 2016, 22, 114–122. [CrossRef]

5. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef]

6. Rai, R.; Jongenelis, M.I.; Jackson, B.; Newton, R.U.; Pettigrew, S. Factors influencing physical activity participation among older
people with low activity levels. Ageing Soc. 2020, 40, 2593–2613. [CrossRef]

7. Katzmarzyk, P.T.; Powell, K.E.; Jakicic, J.M.; Troiano, R.P.; Piercy, K.; Tennant, B.; Committee, P.A.G.A. Sedentary behavior and
health: Update from the 2018 physical activity guidelines advisory committee. Med. Sci. Sports Exerc. 2019, 51, 1227. [CrossRef]

8. Costello, E.; Kafchinski, M.; Vrazel, J.; Sullivan, P. Motivators, barriers, and beliefs regarding physical activity in an older adult
population. J. Geriatr. Phys. Ther. 2011, 34, 138–147. [CrossRef] [PubMed]

9. Manaf, H. Barriers to participation in physical activity and exercise among middle-aged and elderly individuals. Singap. Med. J.
2013, 54, 581–586.

10. Gibala, M.J.; McGee, S.L. Metabolic adaptations to short-term high-intensity interval training: A little pain for a lot of gain? Exerc.
Sport Sci. Rev. 2008, 36, 58–63. [CrossRef]

http://doi.org/10.1007/s12603-020-1539-5
https://www.ncbi.nlm.nih.gov/books/NBK560761/
https://www.ncbi.nlm.nih.gov/books/NBK560761/
http://doi.org/10.1123/japa.2018-0190
http://doi.org/10.1016/j.psychsport.2015.07.002
http://doi.org/10.1136/bjsports-2020-102955
http://doi.org/10.1017/S0144686X1900076X
http://doi.org/10.1249/MSS.0000000000001935
http://doi.org/10.1519/JPT.0b013e31820e0e71
http://www.ncbi.nlm.nih.gov/pubmed/21937904
http://doi.org/10.1097/JES.0b013e318168ec1f


Int. J. Environ. Res. Public Health 2021, 18, 11809 26 of 28

11. Kessler, H.S.; Sisson, S.B.; Short, K.R. The potential for high-intensity interval training to reduce cardiometabolic disease risk.
Sports Med. 2012, 42, 489–509. [CrossRef] [PubMed]

12. Nicolò, A.; Girardi, M. The physiology of interval training: A new target to HIIT. J. Physiol. 2016, 594, 7169. [CrossRef]
13. Sarkar, S.; Debnath, M.; Das, M.; Bandyopadhyay, A.; Dey, S.K.; Datta, G. Effect of high intensity interval training on antioxidant

status, inflammatory response and muscle damage indices in endurance team male players. Apunt. Sports Med. 2021, 56, 100352.
[CrossRef]

14. García-Pinillos, F.; Cámara-Pérez, J.C.; Soto-Hermoso, V.M.; Latorre-Román, P.Á. A high intensity interval training (HIIT)-based
running plan improves athletic performance by improving muscle power. J. Strength Cond. Res. 2017, 31, 146–153. [CrossRef]
[PubMed]

15. ÅStrand, I.; ÅStrand, P.O.; Christensen, E.H.; Hedman, R. Intermittent muscular work. Acta Physiol. Scand. 1960, 48, 448–453.
[CrossRef] [PubMed]

16. Feito, Y.; Heinrich, K.M.; Butcher, S.J.; Poston, W.S.C. High-intensity functional training (HIFT): Definition and research
implications for improved fitness. Sports 2018, 6, 76. [CrossRef]

17. Way, K.L.; Vidal-Almela, S.; Keast, M.-L.; Hans, H.; Pipe, A.L.; Reed, J.L. The feasibility of implementing high-intensity interval
training in cardiac rehabilitation settings: A retrospective analysis. BMC Sports Sci. Med. Rehabil. 2020, 12, 1–11. [CrossRef]
[PubMed]

18. Martland, R.; Mondelli, V.; Gaughran, F.; Stubbs, B. Can high-intensity interval training improve physical and mental health
outcomes? A meta-review of 33 systematic reviews across the lifespan. J. Sports Sci. 2020, 38, 430–469. [CrossRef]

19. Pires Peixoto, R.; Trombert, V.; Poncet, A.; Kizlik, J.; Gold, G.; Ehret, G.; Trombetti, A.; Reny, J.-L. Feasibility and safety of
high-intensity interval training for the rehabilitation of geriatric inpatients (HIITERGY) a pilot randomized study. BMC Geriatr.
2020, 20, 1–10. [CrossRef]

20. Briggs, B.C.; Ryan, A.S.; Sorkin, J.D.; Oursler, K.K. Feasibility and effects of high-intensity interval training in older adults living
with HIV. J. Sports Sci. 2021, 39, 304–311. [CrossRef]

21. Andonian, B.J.; Johannemann, A.; Hubal, M.J.; Pober, D.M.; Koss, A.; Kraus, W.E.; Bartlett, D.B.; Huffman, K.M. Altered Skeletal
Muscle Metabolic Pathways, Age, Systemic Inflammation, and Low Cardiorespiratory Fitness Associate with Improvements in
Disease Activity Following High-Intensity Interval Training in Persons with Rheumatoid Arthritis. Arthritis Res. Ther. 2021, 23,
187. [CrossRef]

22. Østerås, H.; Hoff, J.; Helgerud, J. Effects of high-intensity endurance training on maximal oxygen consumption in healthy elderly
people. J. Appl. Gerontol. 2005, 24, 377–387. [CrossRef]

23. Calverley, T.A.; Ogoh, S.; Marley, C.J.; Steggall, M.; Marchi, N.; Brassard, P.; Lucas, S.J.; Cotter, J.D.; Roig, M.; Ainslie, P.N. HIITing
the brain with exercise: Mechanisms, consequences and practical recommendations. J. Physiol. 2020, 598, 2513–2530. [CrossRef]
[PubMed]

24. Izquierdo, M.; Merchant, R.; Morley, J.; Anker, S.; Aprahamian, I.; Arai, H.; Aubertin-Leheudre, M.; Bernabei, R.; Cadore, E.;
Cesari, M. International Exercise Recommendations in Older Adults (ICFSR): Expert Consensus Guidelines. J. Nutr. Health Aging
2021, 25, 824–853. [CrossRef] [PubMed]

25. Herbert, P.; Hayes, L.D.; Beaumont, A.J.; Grace, F.M.; Sculthorpe, N.F. Six weeks of high intensity interval training (HIIT)
facilitates a four year preservation of aerobic capacity in sedentary older males: A reunion study. Exp. Gerontol. 2021, 150, 111373.
[CrossRef]

26. Phillips, B.E.; Kelly, B.M.; Lilja, M.; Ponce-González, J.G.; Brogan, R.J.; Morris, D.L.; Gustafsson, T.; Kraus, W.E.; Atherton, P.J.;
Vollaard, N.B. A practical and time-efficient high-intensity interval training program modifies cardio-metabolic risk factors in
adults with risk factors for type II diabetes. Front. Endocrinol. 2017, 8, 229. [CrossRef]

27. Wu, Z.-J.; Wang, Z.-Y.; Gao, H.-E.; Zhou, X.-F.; Li, F.-H. Impact of high-intensity interval training on cardiorespiratory fitness,
body composition, physical fitness, and metabolic parameters in older adults: A meta-analysis of randomized controlled trials.
Exp. Gerontol. 2021, 150, 111345. [CrossRef]

28. Rose, G.A.; Adamson, M.J.; Davies, R.G.; Appadurai, I.R.; Bailey, D.M. High-intensity exercise training improves perioperative
risk stratification in the high-risk patient. Physiol. Rep. 2020, 8, e14409. [CrossRef]

29. Taya, M.; Amiya, E.; Hatano, M.; Maki, H.; Nitta, D.; Saito, A.; Tsuji, M.; Hosoya, Y.; Minatsuki, S.; Nakayama, A. High-intensity
aerobic interval training can lead to improvement in skeletal muscle power among in-hospital patients with advanced heart
failure. Heart Vessel. 2018, 33, 752–759. [CrossRef]

30. Pineda-García, A.D.; Lara-Vargas, J.A.; Ku-González, A.; Lastra-Silva, V.J.; Arteaga, R.; Pineda-Juárez, J.A. Safety and improve-
ment in exercise tolerance with interval training vs moderate-intensity continuous training in heart disease patient of very high
cardiovascular risk. Arch. Cardiol. Mex. 2021, 91, 178–185. [CrossRef]

31. Pymer, S.; Ibeggazene, S.; Palmer, J.; Smith, G.E.; Harwood, A.E.; Carroll, S.; Ingle, L.; Chetter, I.C. Considering the Feasibility,
Tolerability, and Safety of High-Intensity Interval Training as a Novel Treatment for Patients with Intermittent Claudication. J.
Cardiopulm. Rehabil. Prev. 2021, 41, 188–193. [CrossRef]

32. Knowles, A.-M.; Herbert, P.; Easton, C.; Sculthorpe, N.; Grace, F.M. Impact of low-volume, high-intensity interval training on
maximal aerobic capacity, health-related quality of life and motivation to exercise in ageing men. Age 2015, 37, 1–12. [CrossRef]

33. Donath, L.; Kurz, E.; Roth, R.; Hanssen, H.; Schmidt-Trucksaess, A.; Zahner, L.; Faude, O. Does a single session of high-intensity
interval training provoke a transient elevated risk of falling in seniors and adults? Gerontology 2015, 61, 15–23. [CrossRef]

http://doi.org/10.2165/11630910-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22587821
http://doi.org/10.1113/JP273466
http://doi.org/10.1016/j.apunsm.2021.100352
http://doi.org/10.1519/JSC.0000000000001473
http://www.ncbi.nlm.nih.gov/pubmed/27172268
http://doi.org/10.1111/j.1748-1716.1960.tb01879.x
http://www.ncbi.nlm.nih.gov/pubmed/13794890
http://doi.org/10.3390/sports6030076
http://doi.org/10.1186/s13102-020-00186-9
http://www.ncbi.nlm.nih.gov/pubmed/32612840
http://doi.org/10.1080/02640414.2019.1706829
http://doi.org/10.1186/s12877-020-01596-7
http://doi.org/10.1080/02640414.2020.1818949
http://doi.org/10.1186/s13075-021-02570-3
http://doi.org/10.1177/0733464804273185
http://doi.org/10.1113/JP275021
http://www.ncbi.nlm.nih.gov/pubmed/32347544
http://doi.org/10.1007/s12603-021-1665-8
http://www.ncbi.nlm.nih.gov/pubmed/34409961
http://doi.org/10.1016/j.exger.2021.111373
http://doi.org/10.3389/fendo.2017.00229
http://doi.org/10.1016/j.exger.2021.111345
http://doi.org/10.14814/phy2.14409
http://doi.org/10.1007/s00380-018-1120-x
http://doi.org/10.24875/ACME.M21000194
http://doi.org/10.1097/HCR.0000000000000551
http://doi.org/10.1007/s11357-015-9763-3
http://doi.org/10.1159/000363767


Int. J. Environ. Res. Public Health 2021, 18, 11809 27 of 28

34. García, I.B.; Arias, J.Á.R.; Campo, D.J.R.; González-Moro, I.M.; Poyatos, M.C. High-intensity interval training dosage for heart
failure and coronary artery disease cardiac rehabilitation. A systematic review and meta-analysis. Rev. Española Cardiol. 2019, 72,
233–243.

35. Sculthorpe, N.; Herbert, P.; Grace, F.M. Low-frequency high-intensity interval training is an effective method to improve muscle
power in lifelong sedentary aging men: A randomized controlled trial. J. Am. Geriatr. Soc. 2015, 63, 2412–2413. [CrossRef]

36. Sculthorpe, N.F.; 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: A randomized controlled trial. Medicine 2017, 96, e6040. [CrossRef]

37. Rethlefsen, M.L.; Kirtley, S.; Waffenschmidt, S.; Ayala, A.P.; Moher, D.; Page, M.J.; Koffel, J.B. PRISMA-S: An extension to the
PRISMA statement for reporting literature searches in systematic reviews. Syst. Rev. 2021, 10, 1–19. [CrossRef]

38. Scells, H.; Zuccon, G.; Koopman, B.; Deacon, A.; Azzopardi, L.; Geva, S. Integrating the framing of clinical questions via pico into
the Retrieval of Medical Literature for Systematic Reviews. In Proceedings of the 2017 ACM on Conference on Information and
Knowledge Management, Singapore, 6–10 November 2017; pp. 2291–2294. [CrossRef]

39. Williams, N. The Borg rating of perceived exertion (RPE) scale. Occup. Med. 2017, 67, 404–405. [CrossRef]
40. Maher, C.G.; Sherrington, C.; Herbert, R.D.; Moseley, A.M.; Elkins, M. Reliability of the PEDro scale for rating quality of

randomized controlled trials. Phys. Ther. 2003, 83, 713–721. [CrossRef]
41. Cashin, A.G.; McAuley, J.H. Clinimetrics: Physiotherapy Evidence Database (PEDro) Scale. J. Physiother. 2019, 66, 59. [CrossRef]
42. Ballesta-García, I.; Martínez-González-Moro, I.; Rubio-Arias, J.Á.; Carrasco-Poyatos, M. High-intensity interval circuit training

versus moderate-intensity continuous training on functional ability and body mass index in middle-aged and older women: A
randomized controlled trial. Int. J. Environ. Res. Public Health 2019, 16, 4205. [CrossRef]

43. Bruseghini, P.; Calabria, E.; Tam, E.; Milanese, C.; Oliboni, E.; Pezzato, A.; Pogliaghi, S.; Salvagno, G.L.; Schena, F.; Mucelli, R.P.;
et al. Effects of eight weeks of aerobic interval training and of isoinertial resistance training on risk factors of cardiometabolic
diseases and exercise capacity in healthy elderly subjects. Oncotarget 2015, 6, 16998–17015. [CrossRef]

44. 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]

45. Bruseghini, P.; Tam, E.; Calabria, E.; Milanese, C.; Capelli, C.; Galvani, C. High intensity interval training does not have
compensatory effects on physical activity levels in older adults. Int. J. Environ. Res. Public Health 2020, 17, 1083. [CrossRef]

46. Coetsee, C.; Terblanche, E. The effect of three different exercise training modalities on cognitive and physical function in a healthy
older population. Eur. Rev. Aging Phys. Act. 2017, 14, 13. [CrossRef]

47. Donath, L.; Kurz, E.; Roth, R.; Zahner, L.; Faude, O. Different ankle muscle coordination patterns and co-activation during
quiet stance between young adults and seniors do not change after a bout of high intensity training. BMC Geriatr. 2015, 15, 19.
[CrossRef]

48. Hurst, C.; Weston, K.L.; Weston, M. The effect of 12 weeks of combined upper- and lower-body high-intensity interval training on
muscular and cardiorespiratory fitness in older adults. Aging Clin. Exp. Res. 2019, 31, 661–671. [CrossRef]

49. Jiménez-García, J.D.; Martínez-Amat, A.; De la Torre-Cruz, M.J.; Fábrega-Cuadros, R.; Cruz-Díaz, D.; Aibar-Almazán, A.;
Achalandabaso-Ochoa, A.; Hita-Contreras, F. Suspension Training HIIT Improves Gait Speed, Strength and Quality of Life in
Older Adults. Int. J. Sports Med. 2019, 40, 116–124. [CrossRef]

50. Coetsee, C.; Terblanche, E. Cerebral oxygenation during cortical activation: The differential influence of three exercise training
modalities. A randomized controlled trial. Eur. J. Appl. Physiol. 2017, 117, 1617–1627. [CrossRef]

51. Karlsen, T.; Aamot, I.-L.; Haykowsky, M.; Rognmo, Ø. High intensity interval training for maximizing health outcomes. Prog.
Cardiovasc. Dis. 2017, 60, 67–77. [CrossRef]

52. Taylor, J.L.; Holland, D.J.; Spathis, J.G.; Beetham, K.S.; Wisløff, U.; Keating, S.E.; Coombes, J.S. Guidelines for the delivery and
monitoring of high intensity interval training in clinical populations. Prog. Cardiovasc. Dis. 2019, 62, 140–146. [CrossRef]

53. Sabag, A.; Little, J.P.; Johnson, N.A. Low-volume high-intensity interval training for cardiometabolic health. J. Physiol. 2021, 1–14.
[CrossRef]

54. Wewege, M.A.; Ahn, D.; Yu, J.; Liou, K.; Keech, A. High-intensity interval training for patients with cardiovascular disease—Is it
safe? A systematic review. J. Am. Heart Assoc. 2018, 7, e009305. [CrossRef]

55. Williams, C.J.; Gurd, B.J.; Bonafiglia, J.T.; Voisin, S.; Li, Z.; Harvey, N.; Croci, I.; Taylor, J.L.; Gajanand, T.; Ramos, J.S. A multi-center
comparison of O2peak trainability between interval training and moderate intensity continuous training. Front. Physiol. 2019, 10,
19. [CrossRef]

56. Jayo-Montoya, J.A.; Maldonado-Martín, S.; Aispuru, G.R.; Gorostegi-Anduaga, I.; Gallardo-Lobo, R.; Matajira-Chia, T.; Villar-
Zabala, B.; Blanco-Guzmán, S. Low-volume high-intensity aerobic interval training is an efficient method to improve cardiorespi-
ratory fitness after myocardial infarction: Pilot study from the INTERFARCT Project. J. Cardiopulm. Rehabil. Prev. 2020, 40, 48–54.
[CrossRef]

57. Boukabous, I.; Marcotte-Chénard, A.; Amamou, T.; Boulay, P.; Brochu, M.; Tessier, D.; Dionne, I.; Riesco, E. Low-volume
high-intensity interval training versus moderate-intensity continuous training on body composition, cardiometabolic profile, and
physical capacity in older women. J. Aging Phys. Act. 2019, 27, 879–889. [CrossRef]

58. Herbert, P.; Grace, F.M.; Sculthorpe, N.F. Exercising caution: Prolonged recovery from a single session of high-intensity interval
training in older men. J. Am. Geriatr. Soc. 2015, 63, 817–818. [CrossRef]

http://doi.org/10.1111/jgs.13863
http://doi.org/10.1097/MD.0000000000006040
http://doi.org/10.1186/s13643-020-01542-z
http://doi.org/10.1145/3132847.3133080
http://doi.org/10.1093/occmed/kqx063
http://doi.org/10.1093/ptj/83.8.713
http://doi.org/10.1016/j.jphys.2019.08.005
http://doi.org/10.3390/ijerph16214205
http://doi.org/10.18632/oncotarget.4031
http://doi.org/10.3389/fphys.2019.01260
http://doi.org/10.3390/ijerph17031083
http://doi.org/10.1186/s11556-017-0183-5
http://doi.org/10.1186/s12877-015-0017-0
http://doi.org/10.1007/s40520-018-1015-9
http://doi.org/10.1055/a-0787-1548
http://doi.org/10.1007/s00421-017-3651-8
http://doi.org/10.1016/j.pcad.2017.03.006
http://doi.org/10.1016/j.pcad.2019.01.004
http://doi.org/10.1113/JP281210
http://doi.org/10.1161/JAHA.118.009305
http://doi.org/10.3389/fphys.2019.00019
http://doi.org/10.1097/HCR.0000000000000453
http://doi.org/10.1123/japa.2018-0309
http://doi.org/10.1111/jgs.13365


Int. J. Environ. Res. Public Health 2021, 18, 11809 28 of 28

59. Marriott, C.F.; Petrella, A.F.; Marriott, E.C.; Silva, N.C.B.S.; Petrella, R.J. High-Intensity Interval Training in Older Adults: A
Scoping Review. Sports Med. Open 2021, 7, 1–24. [CrossRef]

60. García, J.D.J.; Almazán, A.A.; Contreras, F.H.; Diaz, D.C.; Cuadros, R.F.; Amat, A.M. Role of the exercise of high intensity intervals
(HIIT) in health in the older adults: A systematic review of randomized clinical trials. Eur. J. Health Res. 2020, 6, 51–64. [CrossRef]

61. Keating, C.J.; Montilla, J.Á.P.; Román, P.Á.L.; Del Castillo, R.M. 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]

62. Gordon, S.; Baker, N.; Kidd, M.; Maeder, A.; Grimmer, K. Pre-frailty factors in community-dwelling 40–75 year olds: Opportunities
for successful ageing. BMC Geriatr. 2020, 20, 1–13. [CrossRef]

63. Coswig, V.S.; Barbalho, M.; Raiol, R.; Del Vecchio, F.B.; Ramirez-Campillo, R.; Gentil, P. Effects of high vs moderate-intensity
intermittent training on functionality, resting heart rate and blood pressure of elderly women. J. Transl. Med. 2020, 18, 88.
[CrossRef]
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