:' frontiers ‘ Frontiers in Sports and Active Living

@ Check for updates

OPEN ACCESS

Jason M. R. Gill,
University of Glasgow, United Kingdom

Zixiang Gao,

Ningbo University, China
Robert A. Sloan,

Kagoshima University, Japan

Joyce S. Ramos
joyce.ramos@flinders.edu.au

This article was submitted to

Physical Activity in the Prevention and
Management of Disease,

a section of the journal

Frontiers in Sports and Active Living

05 June 2022
21 July 2022
05 August 2022

Leahy DJ, Dalleck LC and Ramos JS
(2022) Changes in the Fitness Fatness
Index following reduced exertion
high-intensity interval

training versus moderate-intensity
continuous training in physically
inactive adults.

Front. Sports Act. Living 4:961957.
doi: 10.3389/fspor.2022.961957

© 2022 Leahy, Dalleck and Ramos. This
is an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction
in other forums is permitted, provided
the original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Frontiers in Sports and Active Living

Original Research
05 August 2022
10.3389/fspor.2022.961957

Changes in the Fitness Fatness
Index following reduced
exertion high-intensity interval
training versus moderate-
Intensity continuous training in
physically inactive adults

Daniel J. Leahy?, Lance C. Dalleck'? and Joyce S. Ramos'*

!Caring Futures Institute, SHAPE Research Centre, Clinical Exercise Physiology, College of Nursing
and Health Sciences, Flinders University, Adelaide, SA, Australia, 2Recreation, Exercise and Sport,
Western Colorado University, Gunnison, CO, United States

Background: Many adults do not reach the recommended exercise
participation guidelines, often citing lack of time as a barrier. Reduced
exertion high-intensity training (REHIT) is a mode of exercise that takes as
few as 10 min and has been shown to be as effective as other modalities. The
Fitness Fatness Index (FFI) is a recently developed index that is used to predict
cardiovascular disease (CVD) risk. The aim of this study was to determine the
efficacy of a REHIT vs. a traditional moderate-intensity continuous training
(MICT) on FFlin physically inactive adults.

Methods: Thirty-two participants were randomized into one of two 8-week
exercise intervention groups: (i) REHIT (n = 16); (ii) MICT (n = 16). The REHIT
group performed 10 min of individualized cycling intervals on 2—4 days of the
week. The MICT group were prescribed aerobic exercise at 50-65% of their
heart rate reserve (HRR) on 3—-5 days of the week. FFl was recorded at baseline
and post 8-weeks, with FFI being calculated as cardiorespiratory fitness (CRF)
(expressed as metabolic equivalents) divided by waist to height ratio (WtHR). A
1-unit increase in FFl was recognized as a clinically significant change in FFI.

Results: The REHIT group showed significantly greater (+1.95, +0.63)
improvements in FFl compared to those in the MICT (+0.99, +0.47) group
(between group difference, p < 0.001). Furthermore, there was a greater
proportion of participants who achieved a clinically significant change in FFI
in the REHIT group (12/12, 100%) than in the MICT group (8/15, 53%) (between
group difference, p = 0.01).

Conclusion: This study suggests that REHIT may be a more efficacious
exercise modality to increase FFl than MICT. This outcome is beneficial as the
clinician can prescribe REHIT to physically inactive adults who cite lack of time
as a barrier to physical activity participation and achieve significant reductions
in CVD risk.

cardiorespiratory fitness, body composition, interval training, reduced exertion high-
intensity interval training, fitness fatness index
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Introduction

Physical inactivity is commonly associated with an increased
risk of suffering from cardiovascular disease (CVD) and its
associated risk factors including reduced quality of life, and
poor mental health (Hussain et al., 2016). Despite the adverse
impacts of physical inactivity, many adults do not reach
the recommended physical activity guidelines of 150-300 min
of moderate-intensity or 75-150min of vigorous intensity
per week (Hoare et al, 2017). Lack of time is commonly
reported as a barrier to participation in physical activity (Hoare
et al., 2017). Moderate-intensity continuous training (MICT)
is recognized as the traditional form of aerobic exercise and
is recommended for reducing an individual’s risk of physical
inactivity-related diseases (Garber et al., 2011). This method,
however, is more time consuming than alternative exercise
modalities (Metcalfe et al., 2012). Reduced-exertion high-
intensity interval training (REHIT) is one of such modalities,
a version of sprint interval training (SIT) consisting of short
durations and low repetitions of high-intensity exercise, lasting
for no longer than 10min per bout (Metcalfe et al., 2012).
REHIT however is still able to elicit great cardiometabolic
benefits in healthy sedentary adults (Metcalfe et al., 2012).
This allows for REHIT to potentially be a time efficient yet
effective exercise method to increase participation and reduce
the risk of disease related to physical inactivity. Previous
research has indicated that a similar volume of interval training
is more effective than MICT at improving both fitness and
fatness in adults with metabolic syndrome (Ramos et al,
2017).

The fitness fatness index (FFI) is an index which was
developed to better detect the joint contributions of fitness
and fatness in healthy and at risk individuals with health
outcomes such as incident diabetes and all-cause and
CVD-specific mortality risk (Sloan et al., 2016). The individual’s
cardiorespiratory fitness (CRF), either measured or predicted,
and expressed as the metabolic equivalent (MET), is divided
by waist to height ratio (WtHR) to develop an index (Sloan
et al, 2016). This index has been shown to be a greater
predictor of CVD, when compared to using either fitness or
fatness individually (Edwards et al., 2017). FFI improvement
could therefore be an important target in improving overall
cardiovascular health, with a one unit increase in FFI shown
to be associated with a 9 and 11%, reduction in all-cause
and CVD-specific mortality, respectively (Frith and Loprinzi,
2017). This makes the FFI a beneficial outcome measure for
general practice as the clinician can use two easily obtainable
measures to better track changes over the course of an exercise
intervention and predict an individual’s risk of CVD. Despite
this, no previous research has used the FFI as an outcome
measure to evaluate the efficacy of an individualized REHIT
exercise intervention.
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This study aimed to determine whether REHIT is more
effective than traditional MICT in improving the FFI in
physically inactive individuals. It was hypothesized that REHIT
would be a more efficacious exercise modality than MICT to
increase FFI in this cohort.

Methodology

Participants included 32 adults (male, n = 16) who were staff
at a local university and hospital. Recruitment occurred through
an advertisement on a university website, a local newspaper, and
word of mouth. Eligible participants included those who were
low to moderate risk to perform exercise and were classified
as physically inactive according to the American College of
Sports Medicine classification (Pescatello, 2014). Participants
were excluded from the research if they showed any evidence of
metabolic, cardiovascular, or pulmonary disease. Approval for
this study was granted by the Human Research Committee at
Western State Colorado University. Those who were eligible to
be included in the study signed an informed consent form prior
to commencing the research. Sample size was calculated based
on CRF change as the main outcome variable. Our sample size
calculation revealed that we need 16 participants in each study
group to detect a 1.0 SD difference between groups with 80%
power (Skinner et al., 2001).

Chronic effect of REHIT vs. MICT on FFI

Figure 1 displays the process of group allocation and
exercise intervention following recruitment. After recruitment,
participants were randomized to one of the exercise intervention
groups. Participants performed baseline testing before
completing 8 weeks of supervised exercise according to their
group allocation.

- Group one (n = 16) were prescribed 8 weeks of a REHIT
program performed on a CAR.O.L exercise bike. The high
intense sessions consisted of a 3-min warm up, followed
by a 20s sprint, 3-min recovery, 20s sprint, and 3-min
cool down. The REHIT sessions were performed at the
participants workplace (university and hospital).

- Group two (n = 16) were prescribed an 8-week MICT
program following the standardized aerobic exercise
prescription of 30 min of aerobic exercise performed at
50-65% heart rate reserve (HRR), on 5 days of the week.

Participants performed a maximal exercise test at baseline
and post the 8-week intervention. This included a graded
test on a cycle ergometer, determining the participants
maximal cardiorespiratory fitness and maximal heart rate.
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FIGURE 1
Consort flow diagram for FFI study.

Anthropometric data was collected at baseline, and 48-72 h post
the final session. These measures collectively formed the FFI,
which was then used to compare the efficacy of an 8-week
intervention of REHIT vs. MICT.

The difference between resting and maximum heart rate
values from the baseline exercise test was calculated for HRR. For
the MICT exercise sessions, percentage of HRR was identified
by converting the required percentage of HRR to a decimal by
dividing by 100, multiplying this number by the individuals
HRR, and adding this value to their resting heart rate.

REHIT exercise sessions

The REHIT group performed their prescribed exercise on a
CAR.O.L cycle ergometers, a specially designed exercise cycle
by Integrated Health Partners (London, UK). The use of this
cycle allows the REHIT sessions to be individualized, as the
CAR.O.L cycle ergometer adjusts the resistance of the ergometer
progressively as the participant becomes fitter. This is done
by taking into account the weight, power output and fatigue
index of the participants using a built-in self-learning algorithm,
and adjusting the resistance accordingly. The specific intensities,
durations and frequencies for the exercise sessions of the REHIT
group are as follows:
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Week I: High-intensity cycle intervals, 2 days per week,
10 min per session.

Week 2: High-intensity cycle intervals, 2 days per week,
10 min per session.

Week 3: High-intensity cycle intervals, 3 days per week,
10 min per session.

Week 4: High-intensity cycle intervals, 3 days per week,
10 min per session.

Weeks 5-8: High-intensity cycle intervals, 4 days per week,
10 min per session.

MICT exercise sessions

In accordance with the published by
the American College of Sports Medicine (Pescatello,
2014), the

moderate-intensity aerobic exercise, aimed to reach a volume of

guidelines

participants  were  prescribed standardized
150 min over 5 days of the week. Given the participants were
previously inactive, the volume and intensity of exercise started
below the guideline and gradually progressed to the standardized
recommended levels. The progression of intensities, durations
and frequencies of the exercise prescription are outlined below:
Week 1: 40-50% of HRR, 3 days per week, 25 min per session.

Week 2: 50-55% of HRR, 4 days per week, 30 min per session.
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TABLE 1 Participant characteristics.

Variable REHIT MICT
Participants (males) 12 (5) 15 (6)
Age (years) 40.8 (10.8)* 42.9 (9.7)*
Height (cm) 172.8 (9.8)* 170.1 (10.9)*

“Values displayed are mean (£SD).

Weeks 3-4: 55-60% of HRR, 4 days per week, 30min
per session.

Weeks 5-6: 55-60% of HRR, 5 days per week, 30 min
per session.

Weeks 7-8: 60-65%% of HRR, 5 days per week, 30 min
per session.

Anthropometric measurements

A medical grade scale stadiometer (Tanita Corporation
WB-3000, Tokyo, Japan) was used to measure the participants’
height to the nearest 0.5cm. Participants had their waist
circumference measured using a cloth tape measure with a
spring loaded-handle, with the measurement taken at the
narrowest point between the xiphoid process and umbilicus
and recorded in cm. Waist measurements were taken until two
measures were within 0.5 mm.

Maximal graded exercise test

Participants performed a graded maximal exercise test on a
cycle ergometer with heart rate and gas exchange values being
recorded. A warm up consisted of 2min of pedaling at 50
Watts. During the test, a step protocol was performed, with the
power output increasing until volitional fatigue after 7-11 min.
This included an increase of five watts every 20 s for men, and
five watts every 30s for women, with revolutions per minute
remaining at 70-90 throughout the test. Volitional fatigue was
considered obtained when the participant could not sustain a
cadence above 40 revolutions per minute. To determine whether
the test results could be considered a maximal measure of CRE
two out of the three following criteria needed to be evident: (1) a
plateau in VO, (<150 mL/min) despite an increase in workload,
(2) a respiratory exchange ratio >1.1, and (3) the participant’s
maximal heart rate being within 15 beats per minute of the age
predicted maximal heart rate (220-age).
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Fitness fatness index

FFI was calculated by dividing CRF by WtHR. Participant’s
maximal VO, recording was converted to METs (VO;/3.5),
while WtHR was determined by dividing the participant’s
recorded waist circumference in cm by their recorded height
in cm. These two values (CRF in METs and WtHR) were then
divided to obtain the FFI. FFI scores usually range between 10
and 50 on a continuous scale, with higher scores being better
(Sloan et al., 2016).

Statistical analysis

All data analysis were performed using SPSS version 27. The
average and spread of the data included are presented as mean
=+ standard deviation (SD). A Shapiro-Wilk test was initially
performed to determine the normality of the data. A two-way
ANCOVA test was used to determine the difference in FFI
change from pre- to post-intervention between training groups.
The baseline FFI was used as the covariate, while the FFI at post
8 weeks of the given exercise intervention was the dependent
variable in the analysis. A Chi-Square test was also performed
to identify the difference in proportion of likely responders
to a clinically significant FFI change between exercise groups.
Participants were classified as a likely responder if they showed
an increase in FFI of >1 unit, the value representing a clinically
significant reduction in CVD risk (Frith and Loprinzi, 2017).
Statistical significance was set at p < 0.05 for all analyses.

Results

Data analyses were performed on all participants who
completed 8 weeks of their allocated intervention. There were
four participants in the REHIT group who did not complete the
study due to illness (n = 3) and personal reasons (n = 1), while
1 participant did not complete the MICT intervention due to
illness. The REHIT and MICT groups did not differ significantly
in baseline measures. Mean adherence to exercise in the REHIT
group was 89.2% (range, 75-100%), while mean adherence in
the MICT group was 87.8% (range, 77.1-100%). Participant
characteristics are shown in Table 1. The outcome measures of
the participants at baseline and post 8 weeks of intervention are
displayed in Table 2.

Changes in FFI
Table 2 shows the efficacy of the 8-week exercise
interventions on the main outcome measure, FFI. The
mean increase of FFI in the REHIT group was 1.95 £ 0.63
units, while the MICT group showed a mean FFI increase of
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TABLE 2 Outcome measures of participants at baseline and post 8 weeks of intervention.

Variable REHIT (n =12) MICT (n=15)

Baseline 8 weeks Baseline 8 weeks
Waist circumference (cm) 86.6 (10.5) 85.4(9.7) 87.6 (10.1) 87.3(9.1)
Waist to height ratio 0.50 (0.06) 0.49 (0.06) 0.51 (0.05) 0.51 (0.05)
VO,max (mL/kg/min) 25.3(2.9) 28.4(3.1) 26.2 (6.7) 28.0(7.1)
METs 7.24 (0.82) 8.12 (0.88) 7.48 (1.92) 7.99 (2.03)
FFI 14.65 (2.72) 16.60 (2.59)*# 14.84 (4.75) 15.82 (4.80)*

Values displayed are mean (£SD); “Significantly greater than baseline measure within-group (p < 0.05); #Change from baseline significantly greater than in MICT group (p < 0.05).

A 50
l = Likely responder
3.00
I = Likely non-responder
2.50
£
' 200 Clinically significant threshold >1
&
5 1.50
2
=
1.00
0.50
0.00
B 200
I = Likely responder
I = Likely non-responder
150
Clinically significant threshold >1
£ 100
£
@
&
5
- I | | ‘ ‘ ‘
0.00 I
-0.50
FIGURE 2
Incidence of likely responders and likely non-responders within
REHIT (A) and MICT (B) groups.

0.99 = 0.47 units. Both exercise groups significantly improved
FFI following 8 weeks of their given intervention (REHIT: p <
0.001; MICT: p < 0.001). The REHIT group, however, showed
improvements in FFI significantly greater than the MICT group
(p < 0.001).

Proportion of FFI likely responders and
likely non-responders

Figure 2 shows the incidence of likely responders and likely
non-responders in both the REHIT and MICT groups. The
REHIT group had a significantly greater (p = 0.01) amount
of responders than the MICT group, with 12/12 (100%)
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participants who performed REHIT improving their FFI by
>1. The MICT intervention, however, resulted in 8/15 (53%)
participants showing an increase of FFI >1.

Discussion

The main finding of this research is that an 8-week REHIT
program may be more efficacious at improving FFI relative to a
traditional MICT program. The REHIT group showed a mean
increase of 1.95 units, compared to a mean 0.99 units increase
in the MICT group. Despite total exercise volume throughout
the study in the REHIT group being one fifth of that in the
MICT group, the REHIT group showed close to 2-fold greater
improvements in FFI compared to the MICT group. While both
interventions resulted in FFI improvements, there was also a
statistically greater proportion of likely responders in the REHIT
group. This is evident as 100% of participants in the REHIT
group reached the clinically significant improvement of >1 unit,
while only 53% of those in the MICT group improved their FFI
by >1. With lack of time being a common barrier to physical
activity participation, the outcomes of this research suggest that
the prescription of a REHIT program to currently physically
inactive individuals would be an efficient and efficacious way of
reducing CVD risk.

The outcomes of this research are supported by previous
research which found shorter, high-intensity bouts of exercise,
similar to REHIT, to be more effective than moderate-intensity
exercise prescription (Metcalfe et al., 2012; Ramos et al.,, 2017;
Ruffino et al.,, 2017). Previously, REHIT has been identified as a
more effective modality to improve CRF (Metcalfe et al., 2012;
Ruffino et al., 2017), with the improvements in FFI presented in
this study further supporting this, as CRF is a component of the
FFI. The exact mechanism behind why REHIT is more effective
than MICT at improving CRF is still under investigation,
given that more volume is usually expected to produce greater
improvements in CRF (Thomas et al., 2020). Metcalfe et al.
(2015) found significant reductions in muscle glycogen and
increased gene expression despite the short duration of REHIT
sessions. Furthermore, Metcalfe et al. (2015) found that post
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exercise oxygen consumption remained higher after REHIT
compared to traditional moderate-intensity aerobic exercise.
This suggests REHIT may disturb physiological homeostasis
to a greater extent in a shorter time, allowing adaptation to
occur (Metcalfe et al., 2015). This finding potentially explains
the efficacy and efficiency of REHIT compared to traditional
methods as seen in the outcomes of this study.
Research has shown that a REHIT
insignificant effect on body composition measures, namely
body mass index (BMI) (Metcalfe et al, 2012) and body
mass (Ruffino et al, 2017). Similarly, our 8-week REHIT
intervention also showed minimal improvements in WtHR, the

intervention has

body composition measure used in the FFI, with the mean WHR
in the REHIT group reducing from 0.50 to 0.49. This suggests
that improvements in FFI seen in this study may have resulted
mostly from an increase in CRE, rather than a change in body
composition. While poor body composition is associated with
increased CVD risk, CRF is a greater predictor of CVD and all-
cause mortality than BMI (Barry et al,, 2018), explaining how
an increase in FFI may translate to reductions in CVD risk even
without significant improvements in body composition.

Despite the efficacy and time efficiency of REHIT, there are
still some concerns regarding the prescription of this modality
in some populations (Ruffino et al., 2017). One concern relates
to the high-intense nature of REHIT. Intensity of exercise is
often inversely related to enjoyment (Heinrich et al., 2014), with
enjoyment influencing participation and adherence to exercise
(Vella et al., 2017). Although there were a greater number of
dropouts in the REHIT group, this can be explained through
a higher incidence of illness in this group. Additionally, mean
adherence was similar in the REHIT group (89.2%) compared
to the MICT group (87.8%), despite evidence that intensity is
inversely related to enjoyment (Ekkekakis et al., 2011). This
could be explained by the length of the intervention however,
with evidence supporting the notion that enjoyment of high-
intensity exercise programs increases over time through regular
participation (Heisz et al., 2016). It is suggested that shorter
durations, comparable improvements in strength and fitness,
and noticeable increases in workload over time may result
in increased enjoyment in high-intensity exercise over time
(Heisz et al., 2016). This is further supported by Vella et al.
(2017) who found enjoyment in an unsupervised high-intensity
exercise program performed was comparable to moderate-
intensity aerobic programs in sedentary, overweight and obese
individuals. The high adherence rate within this study, as well
as evidence suggesting enjoyment in high-intensity exercise
increases over time, suggests that REHIT can be prescribed
to physically inactive individuals aiming to increase their
participation. Further research is required however, to monitor
long term adherence to REHIT exercise prescription.

Safety of high-intensity exercise programs such as REHIT
has also been identified as a concern when prescribing this type
of exercise. As vigorous exercise is associated with a higher risk
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of an adverse cardiovascular event (Francois and Little, 2015),
performing a REHIT training program may similarly increase
risk of an adverse event. Despite this, alow risk of the occurrence
of acute cardiovascular events when performing other modes
of high-intensity interval training has been observed in the
Type 2 Diabetes population (Francois and Little, 2015). While
there were no adverse events in this study, further research is
required to determine the safety of REHIT particularly among
other populations.

Limitations

There are several limitations within this study. Firstly,
despite waist circumference being a component of the main
outcome measure, diet was not specifically controlled within
the study, with participants told to maintain their current
diets. Furthermore, physical activity and sedentary behavior
outside of the intervention was not monitored. Participants who
performed more physical activity other than specified in the
intervention may have influenced the results. There was also a
greater rate of dropouts in the REHIT group (n = 4) compared
to the MICT group (n = 1). While there was a greater incidence
of illness in the REHIT group, this raises questions as to whether
the higher intensity REHIT mode of exercise is less tolerable than
moderate-intensity exercise. The within-group changes reported
here should also be interpreted with caution as we did not have
a control group. It is possible that these findings may have
been biased by systematic changes over time or with repeated
testing. However, this does not affect conclusions with respect to
the between-group comparisons between the REHIT and MICT
groups. Lastly, it should be noted that our actual group sizes
were smaller than our calculated sample size, thus our power size
would have been lower than the intended 80% power. Although
we were able to detect a difference in the effect between the two
exercise interventions, the fact that this was significant despite
relatively low statistical power may mean that the effect size was
overestimated in the study.

Conclusion

In conclusion, this research has shown REHIT may be
more efficacious than MICT at reducing FFI in physically
inactive adults. With lack of time often cited as a reason for
not participating in physical activity, this outcome is beneficial
as REHIT exercise programs can be performed in as little as
10 min a day. Future research should focus on other populations
to determine if REHIT is as effective across populations.
Furthermore, long term studies should be performed to monitor
adherence to REHIT to determine the efficacy of this mode
of exercise as a long-term intervention, to determine whether
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REHIT is less tolerable than traditional moderate-intensity
aerobic training.
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