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Abstract

Background Preserving physiological functional capacity (PFC), the ability to perform the activities of daily life, and
the ease with which they can be performed, in older adults, defined for this study as > 50 years of age, is an important
consideration for maintaining health and independence through the ageing process. Physical activity, and exercise
training in particular, has been positively associated with improvement in PFC. In addition to improving aerobic and
anaerobic capacity, promoting and preserving functional movement as a component of PFC is an important goal of
physical activity, especially for older adults. High-intensity interval training (HIIT), an exercise protocol where repeated
bouts of increased intensity are interspersed with active or passive recovery periods, has often been studied as an
alternative to traditional moderate-intensity continuous training (MICT) exercise, where a continuous intensity is
maintained throughout the exercise session. A large body of research has determined that both types of exercise
programme are effective in improving measures of aerobic and anaerobic fitness in older adults. However, the effect
of the two exercise modalities on functional movement has most often been a secondary outcome, with a range of
observational techniques applied for measurement.

Objectives The primary objective of this research is to systematically review and meta-analyse published studies of
HIIT interventions that measured functional movement in older adults to conclude if HIIT is effective for improving
functional movement. A secondary objective is to determine if there are significant differences between HIIT and
MICT effect on functional movement.

Methods A search strategy of terms locating studies of HIIT interventions, functional movement outcome measures,
and older adult population samples was executed on seven digital databases. Randomized and pair-matched trials
of >2 weeks were considered for inclusion. Studies of participants with neurological impairment or studies using
combined exercise modality were rejected. Standardized mean difference for functional movement outcome meas-
ures was calculated. A meta-analysis of the included studies and subgroups was performed along with study quality
(risk of bias and publication bias) evaluation.

Results A total of 18 studies were included in random effects model pooled analysis. Subgroup analysis of HIIT versus
MICT on functional movement showed a trivial effect in favour of HIIT (ES 0.13, 95% CI [—0.06, 0.33] p=0.18) and did
not achieve statistical significance. However, HIIT showed a medium, statistically significant favourable effect on func-
tional movement versus non-intervention control (ES=0.60 95% Cl [0.24, 0.95] p=0.001). Further subgroups analysis
using singular and multiple functional movement outcome measures showed similar results.
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Conclusion This meta-analysis indicates that HIIT interventions in older adults may be effective at promoting
improvements in functional movement, though it is unclear whether HIIT is superior to MICT.

Keywords High-intensity interval training, Moderate-intensity continuous training, Functional movement, Older

adults

Key Points

+ High-intensity interval training is an effective exer-
cise regime for improving functional movement in
older adults.

« The results of HIIT versus moderate-intensity con-
tinuous training on functional movement are incon-
clusive.

« Future studies should use more comprehensive
measures to assess functional movement than those
oriented to the frail and elderly.

Introduction

Functional Movement

The ability of the older adult population, usually classi-
fied in guidelines as > 65 years of age [1], to perform the
physical tasks of daily life depends on the preservation
of functional movement [2]. Functional movement is
defined as fundamental movement patterns that require
a balance of mobility and stability (including neuromus-
cular/motor control) used in the performance of basic
locomotor, manipulative, and stabilizing movements [3].
Functional movement facilitates physiological functional
capacity (PFC), the ability to perform the activities of
daily life, and the ease with which they can be performed
[4, 5].

Functional Movement Measurement

The definition of PFC provides an impractical basis for
direct measurement, and the measurement of functional
movement, particularly in older adults, has not been
standardized in the same way as, for example the meas-
urement of aerobic (VO,, ,,) or anaerobic (peak power
output, PPO) capacity. Two test batteries, or components
thereof, have most often been used as indicative evalua-
tions of functional movement in older adults. The short
physical performance battery (SPPB) includes five physi-
cal tests that assess lower extremity function: three timed
static standing tasks with feet in different positions and
two timed mobility tasks: an eight-foot timed walk and
a five-repetition sit-to-stand task [6]. Though originally
designed as an indicator of mortality and independence,
the SPPB has been validated as a measure of functional
status in older adults. The senior fitness test [7] was
developed as a functional fitness test battery to assess

physiological parameters of mobility and independence
in older adults. The test incorporates two static indicators
of flexibility: a seated chair sit and reach and shoulder
flexibility back scratch test, and four dynamic tasks: the
30-s chair sit-to-stand (STS), seated arm curl, six-min-
ute walk test (6MWT), and eight-foot (timed) up and go
(TUG). The tests have been subsequently used to develop
performance standards for mobility and independence in
older adults [8]. The dynamic components of these test
batteries are more commonly used as they seem best
suited to measure functional movement, though the
selection is often arbitrary. Other functional movement
evaluations exist, for example, the functional movement
screening (FMS) [9] but are rarely applied to intervention
studies in older adults.

Change in Functional Movement With Age

Functional movement in older adults is typically evalu-
ated by the above-referenced tests which largely concen-
trate on lower-body skeletal muscle in the sagittal plane
rather than assessments of whole-body movements in
multiple planes. Consequently, there is less information
and some debate about the rate of change in functional
movement through the ageing process. Using five-year
stratified age groups, the normative values of FMS [9]
generally indicate a rate of decline of about 7% per dec-
ade (n=622) [10] from peak at about age 35-40 years
[4] through age 64. In a much smaller sample (n=108)
Mitchell et al. [11] observed a 27.4% lower FMS score
between 50- and 54-year-old and 70- and 74-year-old
groups. Similarly, functional movement measured by the
senior fitness test [7] has shown a 32.2% decline from 60
to 90 years, with the rate of change more than doubling
in the eighth and ninth decades [8]. This implies a period
of age 50-70 years where functional movement decline
might be relatively linear, followed by an accelerated or
even quadratic deterioration in later years.

The Relationship Between Physical Activity and Functional
Movement

Like other physical fitness parameters, functional move-
ment can be mediated by structured exercise. Physical
activity (PA) guides and references [1, 2] have recom-
mended implementing the principles of overload, speci-
ficity, and functional relevance (muscle activation
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similar to everyday activities), to combat deterioration
in the functional movement leading to impairment and
functional limitations with advancing age. Farrell et al
[12] found significant (p<0.0001) positive correlations
between functional movement and level of PA (r=0.252)
and frequency of resistance training (r=0.208) in adults
aged > 55 years, though the relatively low coefficients
might indicate that it is still unclear what mode, intensity
and duration of exercise are most effective for promoting
functional movement in older adults.

Physical Activity Recommendations for Older Adults
According to the current American College of Sports
Medicine (ACSM) and UK Chief Medical Officers’ guide-
lines, PA recommendation for adults, including older
adults, is for 150 min of moderate activity (55-70% maxi-
mum heart rate (HR_,)/40-60% VO,,.,) or 75 min
of vigorous activity (70-90% HR,_,,/60—-85% VO,,..)
per week [1, 13, 14]. Though no explicit combination of
moderate and vigorous exercise is stated, ACSM recom-
mendations include training sessions of 10-60 min and
frequency of 3-5 days-week L. In recent editions, these
recommendations have been supplemented with resist-
ance training 2 days-week !, and balance and flexibility
exercises performed as often as daily [1].

Most exercise interventions for older adults have in the
past focussed on a weekly volume of continuous training
at moderate or vigorous intensity [1, 14]. High-intensity
interval training (HIIT) is also now recognized as an
exercise prescription for physical fitness along with con-
tinuous intensity training [1, 15]. During a HIIT exercise
session, exercise is performed in intervals of submaxi-
mal intensity exercise, usually attaining ~ 85-90% HR ..,
interspersed with recovery periods [16]. The alternating
work bout and recovery times generally range from 45 s
to 4 min [17]. Interval training where work bouts are
programmed at supramaximal intensities (greater than
the intensity that would achieve VO, ,.) is commonly
referred to as sprint interval training (SIT) [16, 18]. Using
supramaximal intensity usually involves reducing the
work bouts to no more than 30 s, with recovery durations
lasting several minutes [19]. A further variation, reduced
exertion high-intensity training (REHIT) which endeav-
ours to reduce training time by using shorter work bouts
and fewer intervals in each session [20], has been stud-
ied for effectiveness and acceptance. For the purpose of
this review, HIIT will serve as the umbrella term for these
types of interval exercise interventions unless otherwise
specified.

Page 3 of 19

Reasons to Evaluate HIIT Effect on Functional Movement
Various iterations of HIIT have been studied, the results
showing that in terms of improving cardiorespiratory fit-
ness [21], body composition [22], anaerobic capacity [23]
and metabolic health [24], HIIT appears to be at least as
effective as MICT. Intervention studies of both healthy
[24] and morbid subjects [25, 26] indicate that markers
of cardiovascular and metabolic health are significantly
improved with exercise prescriptions of either HIIT or
MICT, though some ambiguity about the relative effec-
tiveness exists. That said, the evaluation of HIIT inter-
ventions can be confounded by the many programming
variables, e.g. work and recovery intensity and duration,
number of series, frequency, exercise mode, etc. [17]. In
comparative studies, the overall volume and intensity of
HIIT protocols can be work-matched, iso-caloric, iso-
time, or arbitrary relative to MICT interventions, con-
tributing to a lack of consistency and clarity of results.

Research supports HIIT as an effective and time-effi-
cient exercise programme for improving cardiovascu-
lar and cardiorespiratory fitness characteristics in older
adults, attaining similar results to traditional MICT
despite a lower training volume [27]. However, HIIT may
have additional effects on the initiation of a traditional
exercise intervention on sedentary or untrained older
adults [28]. There is evidence that intermittency, as well
as intensity, plays a role in the physiological response
to exercise training. A three-arm time-matched study
incorporating HIIT, MICT, and moderate-intensity
interval training (MIIT) on women>65 years of age
(n=43) showed significantly greater effects from MIIT
than MICT on body composition and reduction in rest-
ing heart rate [29]. This is despite the MICT interven-
tion having higher total work and volume than MIIT. The
study further included STS and 6MW T functional move-
ment testing. All three interventions showed significant
improvement in the STS, though only HIIT showed sig-
nificant improvements in 6MWT.

Change in Muscle Function with Age

Muscle mass, strength and power decline through the
ageing process, and neuromuscular function can dete-
riorate with age through disuse, particularly of type II
muscle fibres [30]. In their review of sarcopenia and
dynapenia research, Mitchell et al. [31] determined that
from a peak in the third decade of life for men and fourth
decade of life for women, the mean rate of muscle mass
loss is 0.47%-yr~' for men and 0.37%yr ' for women,
though in the eighth decade the rate of loss accelerated
to 0.8-0.98%yr™! and 0.64-0.7%yr"!, respectively. By
age ~ 65 years, muscle power, an important component of
functional movement, declines at~ 3.5%/yr, nearly twice
as quickly as strength [32, 33]. Decreases in muscle mass
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and muscle size of predominantly type II muscle fibres
have been associated with increased age [33]. The mecha-
nisms, however, are not fully understood.

Functional Movement and Muscular Power

Muscle function, particularly muscular power, has a
strong association with indicators of functional move-
ment in older adults [31]. Several studies [34, 35] have
found that high-velocity resistance training, where rapid
or maximum speed concentric activation is used, signifi-
cantly increases peak torque and average power, along
with improvements in measures of functional move-
ment. Both high-velocity resistance training and tradi-
tional (using 2—3 s concentric and eccentric contractions)
resistance strength training resulted in significant and
almost equal (~27%) increases in measures of one rep-
etition maximum (1RM) leg press strength in men aged
60-76 years [35]. Both training groups also improved
functional movement measures, though only the high-
velocity training group achieved statistically significant
improvement in the STS and TUG tests.

High-Intensity Interval Training and Power Adaptations
There is some evidence that HIIT, through excursions
into intensities higher than the anaerobic threshold,
has an effect on anaerobic capacity. In a randomized
controlled trial [27], a 6-week HIIT intervention on
healthy older adults aged 65-85 years resulted in signifi-
cant increases in peak power (159+59 vs. 145+60 W,
»<0.001) and anaerobic threshold (15.3+3.8 ws.
13.243.4 mlkgmin™!, p<0.001) measured using the
ramped Bruce protocol cardiopulmonary exercise testing
[36]. A related randomized controlled trial [37] showed
significant increases in peak power from 2-, 4- and
6-week HIIT interventions in subjects aged 65—85 years.
However, at least one parallel study of HIIT and MICT in
older adults aged 56-83 years (n =38) has indicated that
both interventions can produce significant power adapta-
tions [38], and therefore the relative effectiveness of HII'T
in improving measures of power is still unclear.

Objective

Functional movement is an important factor for the
maintenance of health and independence for older
adults, though the measurement of functional move-
ment is largely indirect and diverse. While the relation-
ship between muscular power and functional movement
is positive and there is evidence of positive power adap-
tations to HIIT, the variability of HIIT protocols, incon-
sistency of functional movement testing, and conflicting
evidence on the relative efficacy of HIIT and MICT for
improving aspects of functional movement indicates
a necessity to amalgamate the evidence of functional
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movement adaptations to HIIT interventions. The objec-
tive of this review was to synthesize the existing literature
that evaluates the effects of HIIT on functional move-
ment measured by the senior fitness test, SPPB, or com-
ponents thereof relative to MICT and non-intervention
control in adults aged > 50.

Methods

Protocol Registration

We searched the Prospero database and Cochrane
Library of systematic reviews to ensure that this work
was not duplicated by an existing or pending systematic
review (SR). A protocol and Prospero registration were
submitted and accepted (Prospero ID CRD42021231273)
prior to the final search strategy design.

Definitions and Study Inclusion Criteria

High-intensity interval training was defined as exer-
cise protocols with intermittent high- and low-intensity
intervals. The minimum duration of intervention was set
at 2 weeks in an effort to capture training adaptations
rather than acute effects. No criteria for exercise mode,
intensity, work or rest repetition, work or rest time, or
frequency were specified in order to incorporate the
broadest range of HIIT protocols. Moderate-intensity
continuous training was defined as aerobic endurance
training at a constant submaximal intensity. No criteria
for duration, volume, or intensity of the MICT protocol
relative to HIIT were specified.

Functional movement outcome measures were
defined as validated measures of functional movement
for older adults. These included the SPPB [6], The Sen-
ior Fitness Test [7], Functional Movement Screening [3,
9], or components thereof.

Older adults were defined as persons>50 years old
to incorporate a broad spectrum of studies of older
adults past their functional capacity peak. No criteria
for health status were used, other than the exclusion
of neurological impairment or disease to assess physi-
ological adaptation in populations with normally func-
tioning neuromuscular systems and to avoid studies of
rehabilitation therapy.

Study inclusion criteria were:

+ Randomized controlled and randomized pair-
matched intervention studies of HIIT vs non-inter-
vention control, or HIIT vs. MICT.

+ Supervised or unsupervised interventions.

« DParticipants > 50 years of age.

+ Primary or secondary outcome measures of func-
tional movement.

+  Minimum intervention duration of 2 weeks.



Stern et al. Sports Medicine - Open (2023) 9:5

Table 1 Systematic review search terms
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Search Term 2 Outcome search
term combined with OR

Search Term 1 Intervention
Search term combined with

Search Term 3 Participant search term
combined with OR

Search Term 4 Consolidated
search term combined with

OR AND
HIIT Mobility (Older adults) St
High-intensity interval training)  (Function* movement) Elderly S2
High-intensity training) (Function* capacity) Geriatric* S3

(

(

(Sprint interval training) (Biomechanic* mobility)
(Interval training) PFC

(

Interval exercise) (Physiologic* functional capacity)

Ageing
Senior
(Older people) (Age 50) (Age 65) (Age 65+)

Study exclusion criteria were:

« Studies including children, adolescents,
adults <50 years of age.

« Participants with neurological impairment/disease.

+ Studies of combined exercise modality vs control

(e.g. HIIT + resistance training).

Search Strategy

The search strategy was piloted for filters and consist-
ency across databases, then duplicated by an academic
librarian and cross-matched. Seven electronic data-
bases: National Library of Medicine (PubMed), Web
of Science, SPORTDiscus, Medline, Scopus, Embase,
Cumulative Index to Nursing and Allied Health Litera-
ture (CINAHL), were searched using appropriate syntax
and Boolean operators for each. The search dates were 1
January 1960 to 31 January 2022. Filters were for human
studies and an available English language abstract.

Three “gold standard” papers [12, 39, 40] were identi-
fied as containing terminology relevant to the search
terms and used to cross-check the effectiveness of the
search strategy, with each selected database returning
at least one of the papers. The search strategy was con-
ducted on each database in four parts: Part 1 was a ref-
erence search of terms relating to the intervention (e.g.
HIIT, Interval Training). Part 2 was a reference search
of terms relating to the primary outcome measure (e.g.
mobility, functional movement, physiological functional
capacity). Part 3 was a reference search of terms relating
to the target population (e.g. older adults, elderly, senior,
age 50+). Part 4 was the results from parts one, two and
three combined using the Boolean operator AND (see
Table 1). Grey literature and dissertation databases were
screened for additional references. The results of the
seven searches were uploaded into the Covidence Sys-
tematic Review Management system (covidence.org).

Data Extraction

A data extraction sheet was developed specifically for
this systematic review and populated with study data.
Extracted data included recruitment and participant
information, intervention and comparator information,
and pre- and post-intervention outcome measures data.
Incomplete data were requested and supplied by study
authors [40, 41].

Risk of Bias and Publication Bias

A risk-of-bias analysis on each study was performed inde-
pendently by two reviewers. Six domains were assessed:
randomization sequence generation, allocation conceal-
ment, blinding of assessment, incomplete outcome data,
selective reporting, and other bias. In exercise intervention
studies, participant blinding is not possible, so that domain
was not assessed. Any discrepancies were discussed by all
three reviewers until resolved.

Effect size and standard error (see “Meta-analysis” Sec-
tion) were used to generate funnel plots in the RevMan
software [42] and analysed for asymmetry which could
indicate publication bias.

Analysis

Meta-analysis

To perform the meta-analysis, the pooled standard devia-
tion and standardized mean difference (SMD) were cal-
culated for each functional movement outcome measure
from the individual study data. The formula used was:

Ax
SMD = ———
/ SD?+SD3
p)
where:

Ax =within group mean difference.
SD, =standard deviation at baseline.
SD, =standard deviation post-intervention
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| SD? + SD3
% = pooled standard deviation

The extracted and calculated data were loaded into the
RevMan meta-analysis software [42]. The meta-analysis
used an inverse variance statistical method on a random
effects analysis model to generate the between-groups
effect size with 95% confidence interval (CI) compar-
ing the SMD of the HIIT group results with those of the
comparator (MICT or control) for each study. The statis-
tical significance threshold was set at p =0.05. Effect sizes
were reported as small (0.20), medium (0.50), large (0.80)
and very large (1.20) [43].

Heterogeneity

Estimates for heterogeneity for each meta-analysis
and subgroup were calculated as Tau? the estimate of
between-study variance of the group, chi-square, the
probability that differences in results are due to chance
alone, and %, heterogeneity due to between-study vari-
ance. Absolute thresholds are not recommended [44].
For the purpose of this review, a chi-square p <0.05 will
serve as an indication of heterogeneity, and values of I*
have been interpreted as [45]:

0-40%: low heterogeneity.
30-60%: moderate heterogeneity.
50-90%: substantial heterogeneity.
>75%: considerable heterogeneity.

Subgroup Analysis

A subgroup analysis of control (CON) as the compara-
tor and MICT as the comparator is required to provide
insight into whether the cogent independent variable
might be structured exercise activity rather than HIIT
in particular. A meta-analysis using a single primary
functional movement outcome measure for each study
was performed with the chosen outcome measure as
described in “Subgroup Analysis —HIIT Versus MICT
or Control: Single Outcome for each Study” Section.
A second meta-analysis using all functional movement
outcome measures from all studies is included. This
treats each outcome measure as a separate study with
outcome measure weights adjusted by the inverse vari-
ance method. Three additional meta-analyses of com-
mon outcome measures across studies were performed
to evaluate whether the specific outcome measure used
substantially altered the results. Meta-analysis of the 10
studies that reported TUG, 12 studies that reported the
6MWT, and nine that reported STS as an outcome meas-
ure are presented separately.
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Because HIIT protocols for this review include sub-
maximal and supramaximal intensities, it is also interest-
ing to provide subgroup analysis of interventions with
interval Intensities >90% versus <90% of maximal inten-
sity metric used for each study. This is to evaluate if high
to maximal intensity levels would have a different effect
than moderate to vigorous intensity intervals [13, 46].

Results

Study Selection

After removing duplicates, the combined searches
retrieved 6233 studies. The title and abstract review
determined 6128 studies to be irrelevant, leaving 105
studies to be assessed through a full-text review by at
least two of the three reviewers. Any disagreements were
settled through discussion by the three reviewers. Eight-
een studies were ultimately included in the SR. Thereaf-
ter, a recursive search and citation search of the included
studies reference lists were performed resulting in three
additional studies for full-text review by at least two
reviewers. None of those studies were included in the SR

(Fig. 1).

Study Characteristics

A total of 851 participants with an average age of
65+6.1 years were recruited and data for 757 partici-
pants were included in the studies. The total number
of participants completing HIIT interventions was 353
(mean of 18 studies=19.6; range n=5-60) with 193
completing MICT protocols (mean of 12 studies=16.1;
range n=4-36) and 184 total non-intervention control
participants (CON) (mean of eight studies=23; range
n=6-59). Two studies [41, 47] used a three-arm paral-
lel design including MICT and CON. Two studies [48,
49] used a three-arm parallel design including MICT and
resistance training comparators.

Two studies [50, 51] did not disclose the sex break-
down of participants; therefore, the sex distribution of
the review is not available. Three studies were of female
subjects [47, 52, 53], one was of male subjects [53], and
12 studies were of mixed sex [39, 41, 42, 48, 49, 54—60].
Seven studies [39, 41, 47, 52, 53, 56, 60] described partici-
pants as untrained. All others did not disclose the level
of pre-intervention physical fitness of participants. Pre-
intervention PA levels were indicated in four studies [42,
48, 49, 54] as sedentary or insufficiently active. All others
did not disclose levels of pre-intervention PA. While all
studies were of participants without contraindications to
exercise training, five studies [42, 47, 52, 54, 60] reported
mixed health conditions and two studies [51, 55] did not
disclose participant health status. Three studies [50, 58,
59] were specifically of chronic obstructive pulmonary
disease (COPD) patients, two studies [56, 61] were of
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87
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>

Fig. 1 PRISMA flow chart of literature screening for inclusion. From covidence.org

coronary artery disease patients, and there was one study
each of patients with mild-to-moderate Alzheimer’s dis-
ease [40], chronic heart failure [56], controlled hyperten-
sion [62], and obesity [52]. Two studies [48, 49] described
participants as healthy.

Ten studies used cycle ergometers as the training
modality [39, 41, 49, 50, 54-59], one used a recumbent
bike [41], three used treadmill walking [48, 53, 61], two
were non-swimming water-based [52, 60], and one each
used dance [46] and land based running [50]. Fifteen
studies reported using supervised training sessions[39,
41, 42, 48-50, 52-54, 56-61], one study [50] used an
unsupervised intervention, and two studies [47, 55] did
not disclose whether the training was supervised or not.
Intervention duration averaged 11.75 4 6.30 weeks with a
range of 3—18 weeks. Exercise session length ranged from
11.6 to 60 (mean=32.66=+12.17) minutes for HIIT and
20-60 (mean=39.22410.81) minutes for MICT inter-
ventions (see Table 2: Study Characteristics).

Meta-analyses

Subgroup Analysis—HIIT Versus MICT or Control: Single
Outcome for Each Study

The Short Physical Performance Battery (SPPB) (gait
speed, sit to stand, standing balance) [6] or Senior Fit-
ness Test (timed up-and-go, six-minute walk, back
scratch, sit and reach, two-minute step, chair stand, arm
curl) [7], or components thereof were contained within
all 18 included studies. The meta-analysis using a single
outcome for each study used the TUG as the primary
dependent variable outcome measure where available, as
it includes components of level change (rising from and
lowering to the seated position), acceleration/decelera-
tion from static start position to static end position, gait
speed during the distance walked, and change of direc-
tion at the turnaround point. The 6MWT was used for
the meta-analysis in seven studies where TUG was not
present as it incorporates gait speed and change of direc-
tion. The STS was used for the meta-analysis in two stud-
ies where TUG and 6MW T were not present.
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Table 2 Study characteristics
Study identifiers Participants characteristics Functional Comparator
outcome
Author Ref # Average age Training Health status Intervention  Session (min) Intensity
(years) status comparison
Adamsonetal. [62] 17 66 Untrained Controlled TUG SITv Con NA NA
Hypertension
Adamsonetal. [54] 12 645 ND ND TUG, STS SIT v Con NA NA
Ballesta-Garcia  [46] 54 678 Untrained Mixed w/No TUG, BMWT, HIIT v MICT (iso- 60 9-14
etal. Contraindica- STS time) v Con
tions
Bellumorietal. [41] 26 70 Untrained Mixed w/No TUG HIIT v Con NA NA
Contraindica-
tions
Bouaziz et al. [61] 60 736 Sedentary Mixed w/No TUG, 6MWT HIIT v Con NA NA
Contraindica-
tions
Boukabous [52] 18 649 Untrained Obesity TUG, BMWT, 0.5 time/calorie 50 55% HRR
etal STS HIIT vs MICT
Coetsee and 471 67 627 Untrained Healthy TUG HIIT v MICT 47 70-75% HRmax
Terblanche (iso-caloric) v
RT v Con
Enette et al. [40] 52 779 Untrained Alzheimer's 6MWT HIIT v MICT (iso- 30 70% HRmax
time) v Con
Gloeckl et al. [57] 60 53 Untrained COPD O6MWT HIIT vs MICT 10-30 60% PWR
Iso-caloric/Iso-
work
lkenaga et al. [50] 81 708 Untrained ND STS HIIT v Con NA NA
Jaureguizar [55] 72 58 Untrained CAD 6MWT HIIT vs MICT 40 VT1—VT14+10%
etal. Iso-time
Koufaki et al. [56] 32  59.1 Untrained CHF STS HIT v MICT 40 40-60% VO2peak
Mador et al. [49] 48 72 ND COPD 6MWT HIIT vs MICT 20 50% Wmax
Iso-work
Nasis et al. [58] 42 655 ND COPD 6MWT HIIT vs MICT 30 60% Wpeak
Iso-work
Reichert et al. [59] 36 679 Untrained Mixed w/No TUG, 6BMWT, HIIT vs MICT 30-36 Borg 13-17
Contraindica- STS Iso-time
tions
Siqueira- [51] 41 64.3 Untrained Mixed w/No TUG, 6BMWT, HIIT vs MICT 36 Borg 16
Andrade et al. Contraindica- STS Iso-time
tions
Tavoian et al. [48] 14 664 Untrained Healthy 6MWT, STS ca. 0.5 time HIT 30-45 50-75% HRR
v MICT vRT
Wolszakiewicz ~ [53] 119 58 Untrained CAD 6MWT HIIT v Con NA NA
etal.
473 657
Study identifiers Interval protocol
Author Ref Exercise Duration  Session Sessions/ Intervals/ Interval Interval Recovery Recovery Time
Modality (weeks) (min) week session Intensity (sec) Intensity (sec) Interval
(sec)
Adamson  [62] Cycle 10 11.6 2 10 Max 6 0% 60 NA
etal. Ergometer
Adamson  [54] Cycle 6 ND 2 6-10 Max 6 ND 60 NA
etal. Ergometer
Ballesta- [46] Dance 18 60 2 6-12 Borg 14-18 60-90 Borg 7-11 120-180 NA
Garcia et al.
Bellumori [41] Recumbent 6 30 2 30 Max 20 Min 40 NA

etal.

Cycle
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Table 2 (continued)

Study identifiers Interval protocol

Author Ref Exercise Duration  Session Sessions/ Intervals/ Interval Interval Recovery Recovery Time
Modality  (weeks) (min) week session Intensity  (sec) Intensity  (sec) Interval

(sec)

Bouaziz [61] Cycle 9.5 30 2 VT 240 40%VT 60 NA

etal. Ergometer

Boukabous  [52] Treadmill 8 25 3 90% HRR 60 40% HRR 120 NA

etal. walk

Coetsee [47] Treadmill 16 30 3 90-95% 240 70% 180 NA

and Ter- walk HRmax HRmax

blanche

Enetteetal. [40] Cycle 9 30 2 80% 60 60% 240 NA
Ergometer HRmax HRmax

Gloeckl [57] Cycle 3 12-36 5-6 100% PWR 30 0% 30 NA

etal. Ergometer

lkenaga [50] Run 12 189 ND ND 60 ND 60 NA

etal.

Jaureguizar  [55] Cycle 8 40 3 15-30 50% max 20 10% max 40 NA

etal. Ergometer

Koufaki [56] Cycle 24 30 3 100% PPO 30 20-30% 60 NA

etal. Ergometer PPO

Mador etal. [49] Cycle 8 21 3 150% MICT 60 75% MICT 120 NA
Ergometer W W

Nasisetal.  [58] Cycle 10 45 3 100% 30 0% 30 NA
Ergometer Wpeak

prog

Reichert [59] Water- 28 30-36 2 6-Dec Borg 15-18  120-240 11-15 30-60 NA

etal. based

Siqueira- [51] Water- 12 36 2 Borg 18 60 Borg 11 60 NA

Andrade based

etal.

Tavoian [48] Cycle 12 15-30 3 80-100% 15-60 40-60% 15-60 NA

etal. Ergometer HRR HRR

Wolszakie-  [53] Walk 12 36 5-7 ND 360 0% 180 NA

wicz et al.

11.75

6MWT six minute walk test, CAD coronary artery disease, CHF chronic heart failure, Con control, COPD chronic obstructive pulmonary disease, ND not disclosed,
HR,,.x heart rate maximum, HRR heart rate reserve, MICT moderate-intensity continuous training, PWR = peak work rate, RT = resistance training, SIT = sprint interval
training, STS sit to stand, TUG timed up and go, VO, peak rate of oxygen consumption, VT1 ventilatory threshold 1, W,,,,, maximum power, W, peak power

HIT Versus MICT The effect of HIIT vs. MICT on func-
tional movement outcomes was investigated in 12 studies
(n=391) [41, 47-50, 52, 53, 56, 58—60). Figure 2 shows
a trivial non-significant effect (ES=0.13 95% CI [—0.06,
0.33] p=0.18). No heterogeneity was evident.

HIIT Versus CON 'The effect of HIIT vs. CON on func-
tional movement outcomes was investigated in eight stud-
ies (n=2338) [44, 46, 47, 53, 57, 60, 61, 62,]. Figure 2 shows
a significant effect in favour of HIIT (ES=0.60 95% CI
[0.24, 0.95] p=0.001). Moderate heterogeneity was evi-
dent, with three of eight studies reporting significant find-
ings in favour of HIIT.

HIIT Versus MICT or Control: All Functional Movement
Outcome Measures Treated as Separate Studies

HIT Versus MICT The effect of HIIT vs. MICT on
functional movement outcomes was investigated in 12
studies (n =391) reporting 21 outcome measures [41, 47—
50, 52, 53, 56—60]. Figure 3 shows a trivial non-significant
effect (ES=0.14 95% CI [—0.03, 0.30] p=0.10). No het-
erogeneity was evident.

HIIT Versus CON The effect of HIIT vs. CON on func-
tional movement outcomes was investigated in eight stud-
ies (n=338) reporting 15 outcome measures [39, 41, 42,
47, 51, 54, 55, 61]. Figure 3 shows a medium significant
effect in favour of HIIT (ES=0.70 95% CI [0.42, 0.97]
p<0.001). Low heterogeneity was evident, with six of 15
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HIT MICT or Con
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference

1V, Random, 95% CI

Std. Mean Difference

1V, Random, 95% CI
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1.1.1 HIIT vs MICT

Ballesta-Garcia et al. TUG [52] 0.78 1.09 17 0.9 1.255 12 4.4% -0.10 [-0.84, 0.64] —
Boukabous et al. TUG [58] 0.7 1.57 9 -0.1 1.061 9 2.9% 0.57 [-0.38, 1.52] —

Coetsee and Terblanche TUG [53] 0.3 0.72 13 0.2 0.743 13 4.1% 0.13 [-0.64, 0.90] D e
Enette et al. 6MWT [45] 36.2 111.76 17 28.7 125.4 14 4.7% 0.06 [-0.65, 0.77] e
Gloeckl et al. 6BMWT [64] 35.4 28.9 30 35.7 42.2 30 7.7% -0.01[-0.51, 0.50] [ —
Jaureguizar et al. 6MWT [62] 49 77.06 36 30 102.7 36 8.6% 0.21[-0.26, 0.67] I —
Koufaki et al. STS [63] 5.8 11 8 3.7 14.75 9 2.8% 0.15 [-0.80, 1.11] —

Mador et al. 6MWT [55] 158 204.6 21 106 4296 20  5.8% 0.15 [-0.46, 0.77] —_—t
Nasis et al. 6BMWT [65] 52 22.51 21 44 22.64 21 5.9% 0.35 [-0.26, 0.96] I e —
Reichert et al. TUG [66] 0.8 0.73 13 0.8 1.036 12 3.9% 0.00 [-0.78, 0.78] e E—
Siqueira-Andrade et al. TUG [57] 0 0.96 9 0.1 0.857 13 3.4% -0.11 [-0.96, 0.74] e
Tavoian et al. 6MWT [54] 43.2 36.26 5 13.2 58.15 4 1.5% 0.57 [-0.79, 1.93]

Subtotal (95% CI) 199 193 55.7% 0.13 [-0.06, 0.33] <
Heterogeneity: Tau? = 0.00; Chi® = 2.92, df = 11 (P = 0.99); I* = 0%

Test for overall effect: Z = 1.33 (P = 0.18)

1.1.2 HIIT vs CON

Adamson et al. (a) TUG [61] 0.7 0.71 6 0.2 1 6 2.0% 0.53 [-0.63, 1.69] —
Adamson et al. (b) TUG [43] 0.8 1.1 10 0 1.05 7 2.6% 0.70[-0.30, 1.71] —
Ballesta-Garcia_C et al. TUG [52] 0.78 1.09 17 -1.9 2.2875 12 3.4% 1.55 [0.69, 2.40]

Bellumori et al. TUG [46] 2.1 2.65 14 0.5 1.85 12 3.9% 0.67 [-0.13, 1.46] T

Bouaziz et al. TUG [60] 1.9 1.73 27 -0.7 3.268 29 6.7% 0.97 [0.41, 1.53]

Enette_C et al. 6MWT [45] 36.2 111.76 17 -9.1 102.34 21 5.4% 0.42 [-0.23, 1.06] 1

lkenaga et al. STS [56] 1.3 1.94 37 0.5 1.414 38 8.7% 0.47 [0.01, 0.93] —
Wolszakiewcz et al. 6MWT [59] 96 71.52 60 97 79.77 59 11.6% -0.01[-0.37, 0.35] s
Subtotal (95% CI) 188 184 44.3% 0.60 [0.24, 0.95] R
Heterogeneity: Tau? = 0.14; Chi® = 16.64, df = 7 (P = 0.02); I> = 58%

Test for overall effect: Z = 3.30 (P = 0.0010)

Total (95% CI) 387 377 100.0% 0.31 [0.14, 0.48] <&
Heterogeneity: Tau? = 0.03; Chi? = 24.46, df = 19 (P = 0.18); I = 22% _52 _51 ) 51 25

Test for overall effect: Z = 3.56 (P = 0.0004)
Test for subgroup differences: Chi2 = 4.97, df = 1 (P = 0.03), 1> = 79.9%

Favours MICT or Con Favours HIIT

Fig. 2 Meta-analysis subgroups HIIT versus MICT, HIIT versus Control with single outcome for each study

outcome measures reporting significant findings in favour
of HIIT.

HIIT Versus MICT or Control: Outcome 6MWT

HIIT Versus MICT 'The effect of HIIT versus MICT on
the 6MWT functional movement outcome was inves-
tigated in 10 studies (n=349) [41, 47, 49, 50, 52, 53, 56,
58-60]. Figure 4 shows a trivial non-significant effect
(ES=0.1495% CI [—0.07, 0.35] p=0.19). No heterogene-
ity was evident.

HIIT Versus CON The effect of HIIT vs. CON on the
6MWT functional movement outcome was investigated
in four studies (n=221) [41, 47, 54, 61]. Figure 4 shows
a small effect in favour of HIIT that approached signifi-
cance (ES=0.35 95% CI [—0.02, 0.73] p=0.06). Moder-
ate heterogeneity was evident, with one of four studies
reporting significant findings in favour of HIIT.

HIIT Versus MICT or Control: Outcome TUG

HIIT Versus MICT 'The effect of HIIT versus MICT on
the TUG functional movement outcome was investigated
in five studies (n=120) [47, 48, 52, 53, 60]. Figure 5 shows
a trivial non-significant effect (ES=0.07 95% CI [—0.29,
0.43] p=0.71). No heterogeneity was evident.

HIIT Versus CON 'The effect of HIIT vs. CON on the
TUG functional movement outcome was investigated in
five studies (n=140) [39, 42, 47, 54, 55]. Figure 5 shows
a large significant effect in favour of HIIT (ES=0.94 95%
CI [0.58, 1.29] p<0.001). No heterogeneity was evident,
with two of four studies reporting significant findings in
favour of HIIT.

HIIT Versus MICT or Control: Outcome STS

HIIT Versus MICT 'The effect of HIIT versus MICT on
the STS functional movement outcome was investigated
in six studies (n=120) [47, 49, 52, 53, 57, 60]. Figure 6
shows a small non-significant effect (ES=0.20 95% CI
[—0.17,0.56] p =0.28). No heterogeneity was evident.

HIIT Versus CON  The effect of HIIT versus CON on the
STS functional movement outcome was investigated in
three studies (n=116) [47, 51, 55]. Figure 6 shows a large
non-significant effect (based on significance criterion of
»=0.05) in favour of HIIT (ES = 1.09 95% CI [—0.20, 2.37]
p=0.10). Substantial heterogeneity was evident, with two
of three studies reporting significant findings in favour of
HIIT.

HIIT Versus MICT or Control: Subgroups Intensity
HIIT Versus MICT Intensity>90% The effect of HIIT
intensities >90% of maximum vs. MICT on functional
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HIT MICT or Con
Study or Subgroup Mean SD Total Mean

SD Total Weight
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Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI IV, Random, 95% CI

1.1.1 HIIT vs MICT

Ballesta-Garcia et al. 6MWT [52] 36 60.38 17 43 72.45 12 2.8% -0.10 [-0.84, 0.64] E —
Ballesta-Garcia et al. STS [52] 5.6 2.93 17 3.8 4.1801 12 2.8% 0.50 [-0.25, 1.25] [ e —
Ballesta-Garcia et al. TUG [52] 0.78 1.09 17 0.9 1.255 12 2.8% -0.10 [-0.84, 0.64] [ —
Boukabous et al. 6MWT [58] 72 101.97 9 62 30.01 9 2.0% 0.13 [-0.80, 1.05] T
Boukabous et al. STS [58] 1 2.4 9 1 2.8504 9 2.0% 0.00 [-0.92, 0.92] I —
Boukabous et al. TUG [58] 0.7 1.57 9 -0.1 1.061 9 2.0% 0.57 [-0.38, 1.52] e e —
Coetsee and Terblanche TUG [53] 0.3 0.72 13 0.2 0.743 13 2.7% 0.13 [-0.64, 0.90] e —
Enette et al. 6MWT [45] 36.2 111.76 17 28.7 125.4 14 3.0% 0.06 [-0.65, 0.77] T
Gloeckl et al. 6MWT [64] 35.4 28.9 30 35.7 42.2 30 4.5% -0.01[-0.51, 0.50] o
Jaureguizar et al. 6MWT [62] 49 77.06 36 30 102.7 36 4.9% 0.21[-0.26, 0.67] -
Koufaki et al. STS [63] 5.8 11 8 3.7 1475 9 1.9% 0.15 [-0.80, 1.11] D —
Mador et al. 6MWT [55] 158 204.6 21 106 429.6 20 3.6% 0.15 [-0.46, 0.77] o
Nasis et al. 6MWT [65] 52 22.51 21 44  22.64 21 3.6% 0.35 [-0.26, 0.96] I
Reichert et al. BMWT [66] 62.36 89.92 13 23.7 7333 13 2.6% 0.46 [-0.32, 1.24] B e —
Reichert et al. STS [66] 7.18 3.11 13 6.8 5.435 12 2.6% 0.08 [-0.70, 0.87] e —
Reichert et al. TUG [66] 0.8 0.73 13 0.8 1.036 12 2.6% 0.00 [-0.78, 0.78] I —
Siqueira-Andrade et al. TUG [57] 0 0.96 9 0.1 0.857 13 2.3% -0.11 [-0.96, 0.74] . —
Siquiera-Andrade et al. 6MWT [57] 11.99 48.36 9 209 38.64 13 2.3% -0.20 [-1.05, 0.65] I E—
Siquiera-Andrade et al. STS [57] 2.12 3.5 9 0.8 3.0306 13 2.3% 0.39[-0.47, 1.25] R e —
Tavoian et al. BMWT [54] 43.2 36.26 5 13.2 58.15 4 1.1% 0.57 [-0.79, 1.93] B—

Tavoian et al. STS [54] 1.17 2.34 5 2.1 1.741 4 1.1% -0.39[-1.73, 0.94] —
Subtotal (95% CI) 300 290 55.6% 0.14 [-0.03, 0.30] »
Heterogeneity: Tau? = 0.00; Chi? = 6.52, df = 20 (P = 1.00); I = 0%

Test for overall effect: Z = 1.65 (P = 0.10)

1.1.2 HIIT vs CON

Adamson et al. (a) STS [61] 1.5 1.92 6 0.2 4.4727 6  1.4%  0.35[-0.80, 1.49] —_—
Adamson et al. (a) TUG [61] 0.7 071 6 0.2 1 6 1.4%  0.53[-0.63, 1.69] —

Adamson et al. (b) LW [43] 3.4 495 10 0.5 4.1527 7 1.8% 0.59 [-0.40, 1.58] —

Adamson et al. (b) SCP [43] 32 529 10 -7.4 53.86 7 1.8%  0.70[-0.30, 1.70] —

Adamson et al. (b) TUG [43] 0.8 1.1 10 0 105 7 1.8%  0.70[-0.30, 1.71] -
Ballesta-Garcia_C et al. 6MWT [52] 36 60.38 17 -16 54.46 12 2.6% 0.87[0.09, 1.65]

Ballesta-Garcia_C et al. STS [52] 5.6 2.93 17 -0.4 0.8184 12 1.8% 2.52[1.50, 3.53]

Ballesta-Garcia_C et al. TUG [52] 0.78 1.09 17 -1.9 2.2875 12 2.3% 1.55 [0.69, 2.40]

Bellumori et al. TUG [46] 2.1 2.65 14 0.5 1.85 12 2.6% 0.67 [-0.13, 1.46] T
Bouaziz et al. 6MWT [60] 56.9 80.27 27 149 87.525 29 4.2% 0.49 [-0.04, 1.02] T
Bouaziz et al. SPPB [60] 1.3 1.4 27 0.3 1.756 29 4.2% 0.62 [0.08, 1.16] —_—
Bouaziz et al. TUG [60] 1.9 1.73 27 -0.7 3.268 29 4.1% 0.97 [0.41, 1.53] —
Enette_C et al. 6MWT [45] 36.2 111.76 17 -9.1 102.34 21 3.4% 0.42 [-0.23, 1.06] T
Ikenaga et al. STS [56] 1.3 1.94 37 0.5 1.414 38 4.9% 0.47[0.01, 0.93] —
Wolszakiewcz et al. 6MWT [59] 96 71.52 60 97 79.77 59 6.0% -0.01[-0.37, 0.35] i
Subtotal (95% CI) 302 286 44.4% 0.70 [0.42, 0.97] <&
Heterogeneity: Tau? = 0.16; Chi? = 32.70, df = 14 (P = 0.003); I° = 57%

Test for overall effect: Z = 4.90 (P < 0.00001)

Total (95% CI) 602 576 100.0% 0.37 [0.22, 0.52] ¢
Heterogeneity: Tau? = 0.06; Chi® = 51.96, df = 35 (P = 0.03); I = 33% + +

Test for overall effect: Z = 4.81 (P < 0.00001)
Test for subgroup differences: Chi? = 11.56, df = 1 (P = 0.0007), I> = 91.3%

2 -1 0 1 2
Favours MICT or Con Favours HIT

Fig. 3 Meta-analysis subgroups HIIT versus MICT, HIIT versus Control with all functional movement outcome measures for each study

movement outcomes was investigated in five studies
(n=163) reporting seven outcomes [6, 48, 53-59, 61].
Figure 7 shows a trivial non-significant effect (ES=0.16
95% CI [—0.12, 0.44] p=0.26). No heterogeneity was evi-
dent.

HIIT Versus MICT Intensity< 90% The effect of HIIT
intensities<90% of maximum vs. MICT on functional
movement outcomes was investigated in seven stud-
ies (n=224) reporting 14 outcomes [41, 47, 49, 50, 52,
56, 60]. Figure 7 shows a trivial non-significant effect
(ES=0.12 95% CI [—0.08, 0.32] p=0.22). No heterogene-
ity was evident.

HIIT Versus CON Intensity>90% The effect of HIIT
intensities > 90% of maximum versus CON on functional
movement outcomes was investigated in two studies

(n=29) reporting five outcomes [39, 55]. Figure 7 shows
a medium significant effect in favour of HIIT (ES=0.59
95% CI [0.12, 1.06] p=0.01). No heterogeneity was evi-
dent.

HIIT Versus CON Intensity< 90% The effect of HIIT
intensities<90% of maximum vs. CON on functional
movement outcomes was investigated in six studies
(n=322) reporting 10 outcomes [41, 42, 47, 51, 54, 61].
Figure 7 shows a medium significant effect in favour of
HIIT (ES=0.75 95% CI [0.39, 1.11] p<0.001). Substantial
heterogeneity was evident with six of 10 outcomes report-
ing significant findings in favour of HIIT.
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HIT MICT or Con Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI

1.1.1 HIIT vs MICT

Ballesta-Garcia et al. 6MWT [52] 36 60.38 17 43 72.45 12 4.8% -0.10 [-0.84, 0.64] —

Boukabous et al. 6MWT [58] 72 101.97 9 62 30.01 9 3.1% 0.13 [-0.80, 1.05] —

Enette et al. 6MWT [45] 36.2 111.76 17 28.7 125.4 14 5.3% 0.06 [-0.65, 0.77] e

Gloeckl et al. 6MWT [64] 35.4 28.9 30 35.7 42.2 30 10.3% -0.01[-0.51, 0.50] B .

Jaureguizar et al. 6MWT [62] 49 77.06 36 30 102.7 36 12.3% 0.21[-0.26, 0.67] e —

Mador et al. 6MWT [55] 158 204.6 21 106 429.6 20 7.0% 0.15 [-0.46, 0.77] e —

Nasis et al. BMWT [65] 52 22.51 21 44  22.64 21 7.1% 0.35 [-0.26, 0.96] I e —

Reichert et al. 6MWT [66] 62.36 89.92 13 23.7 7333 13 4.3% 0.46 [-0.32, 1.24] I

Siquiera-Andrade et al. 6MWT [57] 11.99 48.36 9 209 38.64 13 3.6% -0.20 [-1.05, 0.65] e

Tavoian et al. 6BMWT [54] 43.2 36.26 5 13.2 58.15 4 1.4% 0.57 [-0.79, 1.93]

Subtotal (95% CI) 178 172 59.5% 0.14 [-0.07, 0.35] L 2

Heterogeneity: Tau? = 0.00; Chi® = 2.95, df = 9 (P = 0.97); I* = 0%

Test for overall effect: Z = 1.30 (P = 0.19)

1.1.2 HIIT vs CON

Ballesta-Garcia_C et al. 6MWT [52] 36 60.38 17 -16 54.46 12 4.4% 0.87[0.09, 1.65]

Bouaziz et al. 6MWT [60] 56.9 80.27 27 149 87.525 29 9.3% 0.49 [-0.04, 1.02] T

Enette_C et al. 6MWT [45] 36.2 111.76 17 -9.1 102.34 21 6.3% 0.42 [-0.23, 1.06] I e —

Wolszakiewcz et al. 6MWT [59] 96 71.52 60 97 79.77 59 20.5% -0.01[-0.37, 0.35] —_—

Subtotal (95% ClI) 121 121 40.5% 0.35 [-0.02, 0.73] i

Heterogeneity: Tau? = 0.07; Chi? = 5.54, df = 3 (P = 0.14); I* = 46%

Test for overall effect: Z = 1.85 (P = 0.06)

Total (95% CI) 299 293 100.0% 0.19 [0.03, 0.35] <

Heterogeneity: Tau? = 0.00; Chi? = 9.05, df = 13 (P = 0.77); I* = 0% _=1 _0= s o 0=5 1

Test for overall effect: Z = 2.30 (P = 0.02)
Test for subgroup differences: Chi? = 0.95, df = 1 (P = 0.33), I> = 0%

Favours MICT or Con Favours HIIT

Fig. 4 Meta-analysis subgroups HIIT versus MICT, HIIT versus Control with 6MWT outcome measure

HIT MICT or Con Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.1.1 HIIT vs MICT
Ballesta-Garcia et al. TUG [52] 0.78 1.09 17 0.9 1.255 12 11.3% -0.10 [-0.84, 0.64] I E—
Boukabous et al. TUG [58] 0.7 1.57 9 -0.1 1.061 9 8.5% 0.57 [-0.38, 1.52] R B
Coetsee and Terblanche TUG [53] 0.3 0.72 13 0.2 0.743 13 10.9% 0.13 [-0.64, 0.90] I e —
Reichert et al. TUG [66] 0.8 0.73 13 0.8 1.036 12 10.6% 0.00 [-0.78, 0.78] I E—
Siqueira-Andrade et al. TUG [57] 0 0.96 9 0.1 0.857 13 9.7% -0.11 [-0.96, 0.74] B F—
Subtotal (95% CI) 61 59 51.0% 0.07 [-0.29, 0.43] .
Heterogeneity: Tau? = 0.00; Chi? = 1.49, df = 4 (P = 0.83); I = 0%
Test for overall effect: Z = 0.37 (P = 0.71)
1.1.2 HIIT vs CON
Adamson et al. (a) TUG [61] 0.7 0.71 6 0.2 1 6 6.4% 0.53 [-0.63, 1.69] e —
Adamson et al. (b) TUG [43] 0.8 1.1 10 0 1.05 7 7.9% 0.70 [-0.30, 1.71] I I —
Ballesta-Garcia_C et al. TUG [52] 0.78 1.09 17 -1.9 2.2875 12 9.6% 1.55 [0.69, 2.40] —_—
Bellumori et al. TUG [46] 2.1 2.65 14 0.5 1.85 12 10.5% 0.67 [-0.13, 1.46] T
Bouaziz et al. TUG [60] 1.9 1.73 27 -0.7 3.268 29  14.7% 0.97 [0.41, 1.53] e
Subtotal (95% CI) 74 66 49.0% 0.94 [0.58, 1.29] B
Heterogeneity: Tau? = 0.00; Chi? = 3.09, df = 4 (P = 0.54); I> = 0%
Test for overall effect: Z = 5.16 (P < 0.00001)
Total (95% CI) 135 125 100.0% 0.49 [0.15, 0.83] B
Heterogeneity: Tau? = 0.13; Chi? = 15.79, df = 9 (P = 0.07); I> = 43% _’2 _’1 ) i 2’

Test for overall effect: Z = 2.80 (P = 0.005)
Test for subgroup differences: Chi? = 11.21, df = 1 (P = 0.0008), I> = 91.1%

Favours MICT or Con Favours HIIT

Fig. 5 Meta-analysis subgroups HIIT versus MICT, HIIT versus Control with TUG outcome measure

Risk-of-Bias Analysis

Three of the studies [47, 54, 58] included specific details
of the randomization sequence generation and process.
Gloeckl et al., [58], Ballesta-Garcia et al. [47], Bouaziz
et al. [54] also indicated a specifically concealed alloca-
tion process. Four studies [41, 47, 52, 54] unambigu-
ously indicated assessor blinding, while one study [56]
was explicitly not assessor blinded. Eight studies were
assessed as having complete information on all partici-
pants recruited, participant attrition, and participants
completed (Fig. 8).

Publication Bias Analysis

A funnel plot of effect size and standard error (Fig. 9)
indicated a fairly symmetrical distribution with eight
studies above, nine studies below and one study approxi-
mately at the standardized mean difference. This distri-
bution would not indicate a publication or small study
bias.
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HIT MICT or Con Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.1.1 HIIT vs MICT

Ballesta-Garcia et al. STS [52] 5.6 2.93 17 3.8 4.1801 12 12.8% 0.50 [-0.25, 1.25] T

Boukabous et al. STS [58] 1 2.4 9 1 2.8504 9 10.8% 0.00 [-0.92, 0.92] I E—

Koufaki et al. STS [63] 5.8 11 8 3.7 14.75 9 10.5% 0.15 [-0.80, 1.11] e —

Reichert et al. STS [66] 7.18 3.11 13 6.8 5.435 12 12.4% 0.08 [-0.70, 0.87] e —

Siquiera-Andrade et al. STS [57] 2.12 3.5 9 0.8 3.0306 13 11.5% 0.39[-0.47, 1.25] e e —

Tavoian et al. STS [54] 1.17 2.34 5 2.1 1.741 4 7.2% -0.39[-1.73, 0.94] —

Subtotal (95% CI) 61 59 65.0% 0.20 [-0.17, 0.56] L 2

Heterogeneity: Tau? = 0.00; Chi? = 1.84, df = 5 (P = 0.87); I> = 0%

Test for overall effect: Z = 1.07 (P = 0.28)

1.1.2 HIIT vs CON

Adamson et al. (a) STS [61] 1.5 1.92 6 0.2 4.4727 6 8.7% 0.35 [-0.80, 1.49] e

Ballesta-Garcia_C et al. STS [52] 5.6 2.93 17 -0.4 0.8184 12 9.8% 2.52[1.50, 3.53] —_—

lkenaga et al. STS [56] 1.3 1.94 37 0.5 1.414 38 16.5% 0.47 [0.01, 0.93] —

Subtotal (95% ClI) 60 56 35.0% 1.09 [-0.20, 2.37] e

Heterogeneity: Tau? = 1.09; Chi? = 13.57, df = 2 (P = 0.001); I = 85%

Test for overall effect: Z = 1.65 (P = 0.10)

Total (95% CI) 121 115 100.0% 0.46 [0.01, 0.91] -

Heterogeneity: Tau? = 0.26; Chi? = 19.64, df = 8 (P = 0.01); I> = 59% + t

Test for overall effect: Z = 2.02 (P = 0.04)
Test for subgroup differences: Chi? = 1.69, df = 1 (P = 0.19), I> = 40.7%

2
Favours MICT or Con Favours HIT

o
[

2

Fig. 6 Meta-analysis subgroups HIIT versus MICT, HIIT versus Control with STS outcome measure

Discussion

The purpose of this review was to evaluate evidence of
changes in functional movement in older adults due to
exercise training with HIIT versus MICT or non-inter-
vention (CON). Versus CON, HIIT is an effective mode
of exercise for improving functional movement in older
adults. However, functional movement improvements
were not significantly different between HIIT and
MICT.

HIIT Versus CON

We found significant and small (0.35) to large (1.09)
positive effects of HIIT vs. CON on almost all functional
movement outcomes. Only the subgroup analysis of
STS had a statistically non-significant outcome, though
this subgroup had only three studies, which likely also
accounts for the statistical heterogeneity of that analysis.

As with the initiation of most forms of exercise, the
results showing that HIIT interventions improve meas-
ures of functional movement are consistent with system-
atic reviews of HIIT studies in older adults measuring
other physiological variables [60]. In a systematic review
and meta-analysis of HIIT effects on blood pressure,
researchers found large and significant mean improve-
ment in both diastolic and systolic blood pressure from
10 studies of adults aged > 60 years [63]. Similarly, sig-
nificant improvements in peak oxygen uptake (VO,p,)
were found following HIIT versus CON in adults
aged > 65 years [64].

Subgroup analysis by higher (>90% of maximal inten-
sity metric) and lower HIIT exercise intensity produced
similar results to each other. Though both subgroups of
higher- and lower-intensity HIIT versus CON resulted

in medium effect size and were statistically significant,
one limitation is that there are only two underlying stud-
ies [39, 55] categorized as higher intensity. In a system-
atic review of HIIT effects on body composition [65]
researchers used a similar subgroup analysis of high-
intensity (>90% peak heart rate) and low-intensity (<90%
peak heart rate) interventions. This analysis, however,
had a mean participant age of 38.8+14.4 years which
might limit comparisons with the present review. Higher-
intensity protocols are less often available in studies of
older adults and could be an area for future research.

HIIT Versus MICT

The meta-analysis of HIIT vs. MICT showed trivial
effects in each of the subgroup analyses. However, sev-
eral variations in the HII'T and MICT protocols may have
created ambiguity in the results. Five of the studies [47,
49, 52, 53, 60] had multiple functional movement out-
come measures (Fig. 3) and interestingly, within each of
those studies the outcome measures did not show agree-
ment in favour of HIIT or MICT. One study [59] showed
a small effect in favour of HIIT in the 6MW T, but trivial
effects in the TUG and STS which may have been due to
the HIIT intensity level using a rate of perceived exertion
(RPE) 15-18 [66] and MICT intensity level of RPE 13-17,
both reaching the vigorous category [13] and therefore
perhaps too small of an intensity differentiation between
protocols. Results in the study by Ballesta-Garcia et al.
[47] showed a medium effect in favour of HIIT in the
STS test, but trivial effects in the 6MWT and TUG. One
study [52] indicated a medium effect size favouring HIIT
in TUG, but trivial effects for 6MWT and STS using
a HIIT exercise session duration of exactly half that of
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HIT MICT or Con
Study or Subgroup Mean SD Total Mean

SD Total Weight
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Std. Mean Difference
1V, Random, 95% CI

Std. Mean Difference
1V, Random, 95% CI

1.1.1 HIIT vs MICT > 90%

Boukabous et al. 6MWT [58] 72 101.97 9 62 30.01 9 2.0% 0.13 [-0.80, 1.05] —
Boukabous et al. STS [58] 1 2.4 9 1 2.8504 9 2.0% 0.00 [-0.92, 0.92] —
Boukabous et al. TUG [58] 0.7 1.57 9 -0.1 1.061 9 2.0% 0.57 [-0.38, 1.52] -

Coetsee and Terblanche TUG [53] 0.3 0.72 13 0.2 0.743 13 2.7% 0.13 [-0.64, 0.90] e a—
Gloeckl et al. 6MWT [64] 35.4 28.9 30 35.7 42.2 30 4.5% -0.01 [-0.51, 0.50] T
Koufaki et al. STS [63] 5.8 11 8 3.7 14.75 9 1.9% 0.15 [-0.80, 1.11] I E—
Nasis et al. 6MWT [65] 52 22.51 21 44 22.64 21 3.6% 0.35 [-0.26, 0.96] i —
Subtotal (95% CI) 99 100 18.8% 0.16 [-0.12, 0.44] <>
Heterogeneity: Tau? = 0.00; Chi? = 1.63, df = 6 (P = 0.95); I> = 0%

Test for overall effect: Z = 1.13 (P = 0.26)

1.1.2 HIIT vs MICT < 90%

Ballesta-Garcia et al. 6MWT [52] 36 60.38 17 43 72.45 12 2.8% -0.10 [-0.84, 0.64] [ —
Ballesta-Garcia et al. STS [52] 5.6 2.93 17 3.8 4.1801 12 2.8% 0.50 [-0.25, 1.25] =
Ballesta-Garcia et al. TUG [52] 0.78 1.09 17 0.9 1.255 12 2.8% -0.10 [-0.84, 0.64] [ —
Enette et al. 6MWT [45] 36.2 111.76 17 28.7 1254 14 3.0% 0.06 [-0.65, 0.77] I —
Jaureguizar et al. 6BMWT [62] 49 77.06 36 30 102.7 36 4.9% 0.21[-0.26, 0.67] -
Mador et al. 6MWT [55] 158 204.6 21 106 429.6 20 3.6% 0.15 [-0.46, 0.77] i —
Reichert et al. 6MWT [66] 62.36 89.92 13 23.7 7333 13 2.6% 0.46 [-0.32, 1.24] e —
Reichert et al. STS [66] 7.18 3.11 13 6.8 5.435 12 2.6% 0.08 [-0.70, 0.87] I —
Reichert et al. TUG [66] 0.8 0.73 13 0.8 1.036 12 2.6% 0.00 [-0.78, 0.78]

Siqueira-Andrade et al. TUG [57] 0 0.96 9 0.1 0.857 13 2.3% -0.11 [-0.96, 0.74] I E—
Siquiera-Andrade et al. 6BMWT [57] 11.99 48.36 9 20.9 38.64 13 2.3% -0.20 [-1.05, 0.65] e —
Siquiera-Andrade et al. STS [57] 2.12 3.5 9 0.8 3.0306 13 2.3% 0.39 [-0.47, 1.25] e e —
Tavoian et al. 6BMWT [54] 43.2 36.26 5 13.2 58.15 4 1.1% 0.57 [-0.79, 1.93] —

Tavoian et al. STS [54] 1.17 2.34 5 2.1 1.741 4 1.1% -0.39[-1.73, 0.94] —
Subtotal (95% CI) 201 190 36.9% 0.12 [-0.08, 0.32] <
Heterogeneity: Tau? = 0.00; Chi® = 4.85, df = 13 (P = 0.98); I> = 0%

Test for overall effect: Z = 1.21 (P = 0.22)

1.1.3 HIIT vs CON > 90%

Adamson et al. (@) STS [61] 1.5  1.92 6 0.2 4.4727 6  1.4% 0.35 [-0.80, 1.49] —

Adamson et al. () TUG [61] 0.7 071 6 0.2 1 6 1.4%  0.53[-0.63, 1.69] —

Adamson et al. (b) LW [43] 3.4 4.95 10 0.5 4.1527 7 1.8% 0.59 [-0.40, 1.58] I s —
Adamson et al. (b) SCP [43] 32 52.9 10 -7.4 53.86 7 1.8% 0.70 [-0.30, 1.70] T

Adamson et al. (b) TUG [43] 0.8 1.1 10 0 1.05 7 1.8% 0.70 [-0.30, 1.71] T

Subtotal (95% CI) 42 33 8.3% 0.59 [0.12, 1.06] . 2
Heterogeneity: Tau? = 0.00; Chi? = 0.28, df = 4 (P = 0.99); I = 0%

Test for overall effect: Z = 2.45 (P = 0.01)

1.1.4 HIIT vs CON < 90%

Ballesta-Garcia_C et al. 6MWT [52] 36 60.38 17 -16 54.46 12 2.6% 0.87[0.09, 1.65] —_—
Ballesta-Garcia_C et al. STS [52] 5.6 2.93 17 -0.4 0.8184 12 1.8% 2.52[1.50, 3.53] [ —
Ballesta-Garcia_C et al. TUG [52] 0.78 1.09 17 -1.9 2.2875 12 2.3% 1.55[0.69, 2.40]

Bellumori et al. TUG [46] 2.1 2.65 14 0.5 1.85 12 2.6% 0.67 [-0.13, 1.46] T
Bouaziz et al. 6MWT [60] 56.9 80.27 27 149 87.525 29 4.2% 0.49 [-0.04, 1.02] ——
Bouaziz et al. SPPB [60] 1.3 1.4 27 0.3 1.756 29 4.2% 0.62 [0.08, 1.16] —_—
Bouaziz et al. TUG [60] 1.9 1.73 27 -0.7 3.268 29 4.1% 0.97[0.41, 1.53] I —
Enette_C et al. 6MWT [45] 36.2 111.76 17 -9.1 102.34 21 3.4% 0.42 [-0.23, 1.06] T
lkenaga et al. STS [56] 1.3 1.94 37 0.5 1.414 38 4.9% 0.47[0.01, 0.93] —
Wolszakiewcz et al. 6MWT [59] 96 71.52 60 97 79.77 59 6.0% -0.01[-0.37, 0.35] —_
Subtotal (95% CI) 260 253 36.1% 0.75 [0.39, 1.11] <
Heterogeneity: Tau? = 0.23; Chi? = 32.41, df = 9 (P = 0.0002); I* = 72%

Test for overall effect: Z = 4.09 (P < 0.0001)

Total (95% CI) 602 576 100.0% 0.37 [0.22, 0.52] ¢
Heterogeneity: Tau? = 0.06; Chi® = 51.96, df = 35 (P = 0.03); I* = 33% 752 751 51 +

Test for overall effect: Z = 4.81 (P < 0.00001)
Test for subgroup differences: Chi? = 11.27, df = 3 (P = 0.01), I> = 73.4%

Favours MICT or Con Favours HIT

Fig. 7 Meta-analysis subgroups HIIT versus MICT, HIIT versus Control with subgroups >90% HIIT interval intensity and < 90% HIIT interval intensity

with all functional movement outcome measures for each study

MICT, while another study using iso-time protocols [51]
reported a small effect in favour of HIIT in STS, but a
small effect in favour of MICT in 6MWT. The study by
Tavoian et al. [48] showed a medium effect in favour of
HIIT for the 6MW T but a small effect in favour of MICT
for the STS. It should also be mentioned that no single
outcome measure of HIIT versus MICT in any of the
included studies reached statistical significance.

There was no significant difference in functional
movement outcomes between MICT and HIIT carried

out at>90% or<90% of maximum intensity. There are
two potential limitations to interpreting these results.
Firstly, the intensity regulation of the HIIT subgroups
was inconsistent. In the higher-intensity subgroup, one
study [53] used an interval intensity of 90% of heart rate
reserve (HRR); one [48] used intervals achieving 90-95%
of HR, ,,; and three used interval intensities of 100% of
pre-intervention incremental exercise tests of peak work
rate [58], or peak power output [57, 59]. In the lower-
intensity subgroup, three studies used RPE up to 18 [47,
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52, 60], one used 80% of HRR [48], another used 80% of
HR_ . [40]. One [55] used a work bout intensity of 50%
of pretesting maximum power, and one [49] used 75%.
Secondly, variations in the comparative MICT protocol
were evident. Five studies used iso-time MICT to HIIT
[41, 47, 52, 56, 60]. Two studies used a MICT protocol of
twice the training time to that of the HIIT group [49, 53],
two used iso-caloric MICT and HIIT protocols [48, 58],
two used an iso-work MICT to HIIT comparator [50, 59]
and one was unspecified [56]. Protocols comparing HIIT
and MICT may sometimes be iso-time, though more
often than not HIIT will have a lower total work and
calorie expenditure than MICT, with these parameters
not even clearly documented between studies, contribut-
ing to a lack of comparability. Variability in protocol and
study characteristics have been recognized in other sys-
tematic reviews of HIIT versus MICT [67-69]. Given the
potential differences in protocol intensities and program-
ming, there is some debate about whether equalization
by energy expenditure or workload is necessary for com-
parative studies [69], though some researchers argue that
research on HIIT as an alternative to MICT should focus
on physiological adaptation at unequal volume or energy
expenditure [70].

The range of intervention duration of 3—-28 weeks may
be another confounding factor in the present review.
Only four of the studies [47, 48, 57, 60] had interven-
tion durations > 12 weeks. Those studies had some of the
smallest between-group effect sizes versus MICT, indi-
cating no significant relative effect of longer-duration
interventions of HIIT. However, due to the relatively
small number of studies and diversity of programming,
these results might be seen as inconclusive.

Researchers have found that in active healthy subjects
there is a significant dose—response effect for increases
in either exercise volume or intensity [71]. There is good
evidence for a dose—response effect for PA in older adults
[72] with increasing levels of PA associated with progres-
sively lower mortality risk. A meta-analysis of HIIT inter-
ventions in older adults [73] measuring flow-mediated
dilation as an indicator of cardiovascular disease reported
a significant effect from > 8 weeks of vigorous intensity,
but no statistically significant effect from <8 weeks of
moderate-intensity exercise. The clinical training effect of
the high- and low-intensity subgroups had similar values,
though statistical significance was not achieved by the
lower-intensity group. Noteworthy is that this meta-anal-
ysis had only nine underlying studies, one of which [61] is
included in the present analysis. Illustrating the difficulty
of categorization, this meta-analysis considered the study
[61] to be in the higher-intensity group due to the HIIT
work bouts being above the moderate intensity level,
while the present analysis put it in the <90% of maximum
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intensity subgroup analysis. Overall, it is possible that
the inconsistency of intensity regulation, broad range of
intervention duration, and small number of underlying
studies of the present review are confounding factors in
the higher- versus lower-intensity subgroup analysis.

Pre-training Status

Baseline fitness has also been shown to be an important
covariate of physiological adaptation to exercise train-
ing [74]. However, there is some evidence that the HIIT
modality may incorporate mechanisms not intrinsic in
other forms of exercise. Knowles et al. [29] observed sim-
ilar adaptations to HIIT interventions for VO,,., in life-
long exercisers (12.5%) and sedentary subjects (11.0%).
This is in contrast to other studies that indicate a nega-
tive correlation between physiological adaptation to HIIT
or MICT and baseline fitness level [21]. In the present
review, pre-intervention training status was indicated
in 15/18 studies as simply untrained or sedentary, with
three studies [50, 55, 59] not reporting. Pre-intervention
health status of participants was diverse, including three
studies [50, 58, 59] of subjects with chronic obstruc-
tive pulmonary disease (COPD), two studies [56, 61] of
coronary artery disease (CAD), and one each of Alzhei-
mer’s disease [40] and coronary heart failure (CHF) [56]
patients. The response to the initiation of an exercise
regime in untrained populations with differential health
status may have overwhelmed any apparent differentia-
tion between HIIT and MICT interventions. More data
on the effects of HIIT on healthy and trained populations
would be necessary to confirm this.

HIIT and Power Adaptations

Increases in absolute and relative PPO have been
observed in studies of HIIT in masters athletes [75] and
sedentary subjects [76]. The positive association between
power and functional movement has been understood
for some time [36, 77], and power training has also been
shown to be effective for elderly populations, with sig-
nificant increases in power associated with significant
improvement in functional movement in frail care facility
residents [35, 78] as well as healthy community-dwelling
older adults [39]. Researchers have also observed that
even in elderly, mobility-limited subjects, power training
resulted in increased gait speed which was attributed to
improvements in voluntary muscle activation [79]. This is
in contrast to endurance strength training of two or more
resistance exercise pairs performed at moderate intensity
with short recovery periods, which has been shown to be
ineffective at improving functional movement [80]. How-
ever, the HIIT versus MICT subgroup analysis in the pre-
sent review resulted in only trivial between-group effects
(ES=0.13 95% CI [—0.06, 0.33] p=0.18). The speculation



Stern et al. Sports Medicine - Open (2023) 9:5

that HIIT replicates aspects of power training is not
unambiguously supported by the results, though the dif-
ferences in HIIT versus MICT protocol characteristics
in the present analysis may not have been conducive to
power adaptations.

Functional Movement Measurement of Older Adults

The short physical performance battery (SPPB) was
developed to assess lower extremity function in frail and
pre-frail elderly [6]. The tests use no upper body or trans-
verse plane movements. Rikli and Jones [81] developed
the senior fitness test (SFT) to evaluate functional fit-
ness and subsequently to establish criteria-based fitness
standards that might predict the ability of the elderly to
maintain independence [8]. The SFT includes an arm curl
exercise and an upper shoulder mobility assessment, but
these movements serve as indicators rather than direct
tests of upper body functionality [7]. Transverse and
frontal plane movements are absent also from the SFT. In
principle, these tests are held up as assessments of func-
tional ability. In practice, however, the TUG, 6MWT and
STS are all timed trials with no systematic evaluation of
movement patterns. Indicators of lateral imbalances or
compensation strategies are not incorporated into these
assessments.

Though none of the included studies used the Func-
tional Movement Screening (FMS) [3], the test was devel-
oped as an evaluation of mobility and stability through
seven upper, lower and whole body movements designed
to identify imbalances and asymmetries. There are stud-
ies that have used the FMS to evaluate older populations,
and a study of 583 participants aged > 55 years found the
highest correlations with waist circumference (r=—0.43)
and PA (r=0.42) [12]. The present review would have
benefitted from studies using a more complete evaluation
of functional movement similar to the FMS.

Conclusion

This is the first systematic review and meta-analysis to
amalgamate the current research on the effects of HIIT
vs. MICT and CON on functional movement in older
adults. The results of the various subgroup meta-analy-
ses confirm that HIIT is similarly beneficial to MICT as
an effective exercise regime for improvements in stand-
ard measures of functional movement in untrained older
adults. However, while the results of the present meta-
analysis indicate very low statistical heterogeneity of
results, narrative analysis shows that the study charac-
teristics are highly varied. The inclusion of cohorts with
various morbidities and the broad range of HIIT proto-
cols compound the complexity of analysing the effects of
HIIT. To isolate the relative effects of HIIT as it relates
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to functional movement in older adults, future research
should utilize more standardized HIIT protocols, equal-
ized to the comparator for work, time, or energy expendi-
ture, include HIIT interventions on healthy, physically
active populations, and measure functional movement
with more comprehensive assessments than those
designed to assess the frail elderly.

Abbreviations

6MWT Six-minute walk test

ACSM American College of Sports Medicine
CAD Coronary artery disease

CHF Chronic heart failure

cl Confidence interval

CON Control

COPD Chronic obstructive pulmonary disease
ES Effect size

FMS Functional movement screening

HIT High-intensity interval training

HR ax Heart rate maximum

HRR Heart rate reserve

MICT Moderate-intensity continuous training
MIT Moderate-intensity interval training

PA Physical activity

PFC Physiological functional capacity

PPO Peak power output

PWR Peak work rate

RPE Rate of perceived exertion

RT Resistance training

SIT Sprint interval training

SMD Standardized mean difference

SPPB Short physical performance battery
STS Chair sit-to-stand

TUG Timed up and go

VO, max Maximum rate of oxygen consumption
VOspeak Peak rate of oxygen consumption

VT Ventilatory threshold 1

Wiax Maximum power

Woeak Peak power
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