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Background/objective: Low physical activity is a risk factor for cardiovascular disease (CVD) and all-cause
morbidity and mortality. CVD alters heart rate variability (HRV). Interestingly, HRV can improve after
exercise training. Therefore, this study aimed to examine the effect of whole-body high-intensity interval
training (whole-body HIIT) on HRV in low physical activity adults.
Methods: Twenty-one low physical activity young adults were randomly assigned into two groups:
whole-body HIIT (n ¼ 10, females ¼ 2/males ¼ 8, age 22 ± 0.8 years, BMI 19.5 ± 1.0 kg/m2) and control
(n ¼ 11, females ¼ 4/males ¼ 7, age 21.7 ± 0.8 years, BMI 19.8 ± 0.9 kg/m2). A 6-week exercise program (3
days per week) consisting of 10 min of whole-body HIIT (burpees, mountain climbers, jumping jacks, and
squats) at their maximal effort was administered. Baseline and post-training HRV (time domain: SDNN
and RMSSD, frequency domain: LF, HF, and LF/HF ratio) and resting heart rate (HRrest) were recorded.
Results: The time domain parameter increased significantly in the whole-body HIIT group (SDNN;
50.95 ± 37.17 vs. 73.40 ± 40.70 ms, p < 0.05, RMSSD; 54.45 ± 56.04 vs. 81.26 ± 60.14 ms, p < 0.05). HRrest
decreased significantly following training (73.94 ± 13.2 vs. 66.1 ± 10.8 bpm, p < 0.05). However, there
were no significant differences in all frequency-domain parameters.
Conclusion: Six weeks of whole-body HIIT improved cardiovascular autonomic function in insufficiently
active adults. Thus, whole-body HIIT might be considered an alternative exercise for reducing the risk of
CVD.

© 2021 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The global prevalence of physical inactivity is high and
increasing.1 Insufficient physical activity is associated with non-
communicable diseases (NCDs) and other adverse effects on
health, such as depression, osteoporosis, and sarcopenia.2,3 More-
over, NCDs have become the leading cause of death worldwide.4

Consequently, to reduce the risk of morbidity and mortality
caused by NCDs, the physical activity recommendations guideline
has been announced by the World Health Organization.5 Adults
should achieve at least 150e300 min of moderate-intensity aerobic
physical activity per week or vigorous-intensity aerobic physical
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activity for at least 75e150 min per week and perform muscle-
strengthening activities at least 2 days per week.5 However,
almost 30% of the worldwide population have been reported to be
physically inactive.1 The major barrier is the lack of time.6 High-
intensity interval training (HIIT) is a time-efficient exercise which
consists of repeated, short, and intense periods of exercise inter-
spersed by periods of rest or low-intensity exercise.7 Several studies
have confirmed that HIIT provides similar or superior benefits to
moderate-intensity continuous training (MICT).8e10 Furthermore, it
helps to improve cardiovascular fitness,8e10 which is a predictor of
cardiovascular health.11

One of the physiological parameters that could assess the risk of
cardiovascular disease using a non-invasive method is heart rate
variability (HRV).12 HRV is the variation in the time interval be-
tween consecutive heartbeats.13 It is considered as a marker of
neurocardiac function14 and reflects the balance between sympa-
thetic and parasympathetic nervous system.15 Interestingly, there is
a relationship between CVDmortality and HRV, with CVDmortality
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being lower when HRV is increases.16 Moreover, there is an evi-
dence demonstrated that autonomic dysfunction (sympathetic
activation and vagal withdrawal) can be found in patients with
CVD.17 It is well known that exercise training associated with a
reduction in cardiovascular mortality and the risk of developing
cardiovascular disease.18 Importantly, HRV can improve following
exercise training.19 HRV, including time domain (LF and HF, LH/
HF)20,21 and frequency domain (RMSSD), improves following HIIT.20

It could be assumed that HIT improved cardiac vagal activity after
HIIT.22

However, HIIT protocols have some important limitations. The
majority of these are laboratory or gym-based, which require spe-
cific equipment such as treadmills and cycle ergometers. Thesemay
not be easily available for general population.23 Additionally, the
HIIT protocol may be impractical and too hard to adopt as a regular
exercise by individuals with insufficient physical activity. As the
HIIT protocol requires more time exercise per week than the ex-
ercise recommendations for vigorous-intensity aerobic exercise.
Whole-body HIIT is a HIIT protocol that does not require any
equipment and uses the bodyweight as resistance.24 Previous
studies have demonstrated various health benefits following
whole-body HIIT, including improved muscular endurance,
muscular strength, and maximal oxygen consumption (VO2m-
ax).25e27 However, there has been no evidence indicating the
changes in HRV following whole-body HIIT. Therefore, the main
purpose of this study was to determine the effect of whole-body
HIIT on HRV in low physical activity people. We hypothesized
that whole-body HIIT would lead to an improvement in HRV in
insufficiently active adults.

2. Methods

2.1. Participants

Twenty-two healthy, insufficiently active adults (aged 18e40
years and physical activity levels <600 MET minutes/week) were
recruited via advertisements in the university. The participants
were randomized into whole-body HIIT and control groups (Fig. 1).
The research assistant performed randomization by using sealed
envelopes to generate the list, which was concealed by the prin-
cipal investigator. The sample size for each group was calculated
based on the findings of a previous study.20 A minimum of 11
participants were required in each group in order to detect differ-
ences in the change in HRV between the groups with a power of
95%, a ¼ 0.05, and effect size of G ¼ 0.48. One participant from the
whole-body HIIT group dropped out of the study because of per-
sonal reasons (see Table 1 for participant demographic character-
istics). Exclusion criteria were classification as moderate- or high
physical activity according to the International Physical Activity
Questionnaire (IPAQ),28 contraindications to exercise as deter-
mined using a physical activity readiness questionnaire (PAR-Q)
(Thai version),29 any musculoskeletal disorders in the 6 months
prior to the study or other serious underlying diseases. All partic-
ipants were asked not to change their physical activity patterns and
to record their activities (type and duration) in a log, everyday
throughout the study. The aim, protocol, and potential risks from
the study were explained to the participants, both verbally and in
writing, before they provided informed consent. The study received
university ethics approval (COA No.076/2563).

2.2. Experimental protocols

2.2.1. HRV measurement
Baseline HRV was recorded 24e48 h before starting the training

program. Participants were instructed not to perform strenuous
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exercise or drink caffeine or alcohol the day prior to HRV mea-
surement. The Polar V800 heart rate monitor (Polar Electro Oy Inc.,
Kempele, Finland) was used tomeasure RR intervals. The device has
been validated for HRV studies previously.30,31 For each training
session, HRV measurement was taken in the morning (8:00 to 9:00
a.m.) for 20 min in the supine position, with controlled breathing at
12 breaths/min using a metronome in a quiet room with limited
visual stimulation. Participants were asked to maintain silence and
stillness throughout the test. Post-training HRV was evaluated 24 h
after the last training session. RR interval data were downloaded to
a computer through the Polar Flow web service, and HRV analysis
(time domain: SDNN and RMSSD; and frequency domain: LF, HF,
and LF/HF ratio) was performed using Kubios HRV software version
3.4.1 (Biosignal Analysis and Medical Imaging Group, University of
Eastern Finland, Kuopio, Finland). RR intervals were visually iden-
tified, and adjacent beats were corrected when necessary. The first
5 min of the 20 min were cut off to avoid noisy data due to the
change in the body position (from standing to supine position), and
the subsequent artifact-free 5-min recording was selected accord-
ing to the standards of HRV.13

2.2.2. Whole-body HIIT program
Participants in the training group completed 18 sessions (exer-

cise 3 days per week for 6 weeks with one-on-one training) using
the protocol modified from McRae et al.25 The whole-body HIIT
program consisted of four exercises: burpees, mountain climbers,
jumping jacks, and squats. Participants were requested to perform
these exercises in this order and on all-out intensity for 10 s,
interspersed by 20 s of jogging at low intensity (self-paced). All
exercises were repeated twice (Fig. 2). In addition, 2 min of warm-
up, cool-down with jogging at low intensity (self-paced), and leg
stretching were performed. During all sessions, participants were
supervised by the researchers and received strong verbal encour-
agement to ensure that they performed with their maximal effort.
Moreover, the number of repetitions on the 1st, 8th, and 16th
sessions were recorded to guarantee that the participants engaged
in an all-out effort in which the number of repetitions did not
reduce throughout the study. The heart rate during exercise was
recorded using the Polar H10 heart rate sensor (Polar Electro Oy
Inc., Kempele, Finland). Age-predicted maximal heart rate was
calculated using Tanaka's equation (208 - 0.7 x age).32 The rating of
perceived exertion (RPE) using the Borg scale (Thai version)33 and
the affective response to exercise34 were recorded pre-and imme-
diately post-exercise at every session. Additionally, all training
sessions were performed at the exercise physiology laboratory and
all participants performed the training sessions at the same time of
the day (3:00 to 6:00 p.m.).

2.2.3. Statistical analysis
All results are presented as mean ± SD. An independent sample

t-test was used to determine the differences between baseline
characteristics of the two groups. Two-way repeated-measures
ANOVA was used to examine differences between the groups for
changes in HRV (time � group), affective response, and RPE
(time � session). In case of significant results, post-hoc compari-
sons were performed using Fisher's least significant difference
(LSD) test. Cohen's d calculation for effect sizes were reported. The
significance level was set at p < 0.05.

3. Results

3.1. Training characteristics

The mean adherence to whole-body HIIT sessions was 100%. All
training sessions were well-tolerated by participants, and there



Fig. 1. Study flow diagram.

Table 1
Participants’ characteristics.

Whole-body HIIT (n ¼ 10) Control (n ¼ 11)

Sex (male/female) 8/2 7/4
Age (y) 22.0 ± 0.8 21.7 ± 0.8
Height (cm) 164.0 ± 6.8 161.4 ± 7.5
Weight (kg) 52.7 ± 5.9 51.6 ± 5.9
BMI (kg$m2) 19.5 ± 1.0 19.8 ± 0.9
Physical activity level (MET-min$week-1) 313.6 ± 117.8 345.2 ± 137.5

Values are presented as mean ± SD. Physical activity level was estimated using the IPAQ.
BMI: body mass index, HIIT: high-intensity interval training, IPAQ: International Physical Activity Questionnaire, MET: Metabolic equivalent.

Fig. 2. Whole-body HIIT program plan.
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were no adverse events during the training sessions. The average
RPE for whole-body HIIT are shown in Table 2. The highest RPE was
found in the 1st session (16.0 ± 1.9, corresponding to “hard to very
hard”). Thereafter, RPE reduced significantly in the 3rd, 9th, and
18th session (p < 0.001). Additionally, the RPE over 18 training
sessions corresponded to somewhat hard (13.1 ± 2.4). Moreover,
there was no significant difference in the affective response be-
tween pre- and post-training in the 1st, 3rd, 9th, and 18th session.

There was a significant decrease in the resting heart rate in the
whole-body HIIT group, which is shown in Fig. 3 (pre-training
73.9 ± 13.2 bpm, post-training 66.1 ± 10.8 bpm, p ¼ 0.046). In
addition, the peak heart rate during whole-body HIIT intervention
reached on average ~84e95% of maximal heart rate.
Fig. 3. Resting heart rate in the whole-body HIIT and control groups. Data are repre-
sented as mean ± SD (n ¼ 10 in the whole-body HIIT group, n ¼ 11 in the control
group). *p < 0.05 for the group � time interaction effect.
3.2. HRV

There was a greater increase in SDNN in the whole-body HIIT
group (50.95 ± 37.17 vs. 73.40 ± 40.70 ms) compared to the control
group (55.07 ± 25.14 vs. 54.43 ± 25.96 ms; group� time interaction
effect: p ¼ 0.001, d ¼ 0.43). RMSSD also increased in the former
after training (54.45 ± 56.04 vs. 81.26 ± 60.14 ms) compared to the
control group (57.62 ± 30.61 vs. 59.59 ± 31.63 ms; group � time
interaction effect: p ¼ 0.019, d ¼ 0.26) (Table 3). However, no sig-
nificant changes were observed in any frequency domain parame-
ters from pre-to post-training.
4. Discussion

To the best of our knowledge, this is the first study investigating
the effect of whole-body HIIT on HRV in adults participating in low
levels of physical activity. The main findings were that 6 weeks of
whole-body HIIT significantly increased the time domain variables
of HRV (SDNN and RMSSD) and significantly decreased the resting
heart rate. However, there was no significant difference in the
frequency domain.

These findings are consistent with previous HIIT studies despite
the differences in type and duration of exercise protocols. Heydari
et al. demonstrated that RMSSD improved following 12 weeks of
cycle HIIT (20min of 8 s sprints and 12 s recovery, 3 times per week)
in physically inactive males (d ¼ 0.14).20 Moreover, Piras et al.
showed that 3 months training of cycle HIIT (20 min of 1 min
sprints and 2 min recovery, 3 times per week) increased SDNN and
RMSSD in healthy individuals (d ¼ 0.34 and d ¼ 0.30, respec-
tively).35 It suggests that cycle HIIT and whole-body HIIT can
improve SDNN and RMSSD in healthy and physically inactive in-
dividuals with a small to medium effect size. However, whole-body
HIIT might be time-efficient because the training duration is short,
making it more suitable to people who mentioned lack of time as
their exercise barrier.

Importantly, SDNN and RMSSD reduction is associated with an
increased risk of cardiac mortality and morbidity.36,37 RMSSD is an
index that represents vagal tone.38 Previous evidence confirmed
that exercise training is effective in improving HRV by reducing the
sympathetic activity and increasing the parasympathetic activity,39
Table 2
RPE and the affective response after the 1st, 3rd, 9th, and 18th session.

RPE

1 3 9 18

Pre-training 7.6 ± 1.5 7.2 ± 1.1 7.6 ± 1.4 6.8 ±
Post-training 16.0 ± 1.9* 13.8 ± 2.6*y 12.9 ± 2.7*yz 11.5

Values are presented as mean ± S D. RPE: rating of perceived exertion.
*p < 0.001 from pre-training, yp < 0.001 from the 1st session, zp < 0.05 from the 3rd ses

51
which suggests that whole-body HIIT can improve vagal modula-
tion. Moreover, the present study demonstrated a significant
reduction in resting heart rate after training. Similar findings were
found in numerous exercise training studies.40,41 O'Driscoll et al.
also demonstrated that the resting heart rate was reduced signifi-
cantly after HIIT in physically inactive young adults.42 The mecha-
nisms responsible for decreasing resting heart rate might include
the reduction of the intrinsic heart rate and sympathetic tone and
an increase in the vagal tone.20 Importantly, increasing the vagal
tone might be a potential mechanism of cardioprotection.43

However, this study did not find a significant difference in the
frequency domain. This finding is supported by Alansare et al. that
reported that the frequency domain did not improve after 2 weeks
of cycle HIIT (20 min of 10 s sprints and 50 s recovery, 4 times per
week).44 On the other hand, Heydari et al. and Piras et al. have
reported a significant improvement in the frequency domain
following 12 weeks of cycle HIIT.20,35 Accordingly, Hottenrott et al.
suggested that HRV could also be improved after at least 3 months
of regular training of moderate intensity and volume.45 The training
duration might play an important role in improving the frequency
domain of HRV.

Despite the high intensity of whole-body HIIT, a low negative
affective response was found after training in the first and third
sessions. Astorino et al. suggested that the negative affective
response to HIIT can be found in low fitness individuals.46 In this
study, the negative affective response to whole-body HIIT was
found in the first week of training. In addition, RPE over 18 training
sessions corresponds to somewhat hard (RPE 13). Parfitt et al.
demonstrated that training at this particular subjective intensity
(i.e. RPE 13) was related to long-term exercise adherence,47 thus
supporting exercise adoption and adherence to whole-body HIIT in
individuals with insufficient physical activity. Importantly, no
serious adverse effects were noted during or after whole-body HIIT,
indicating that whole-body HIIT is a feasible exercise which could
Affect response

1 3 9 18

0.8 0.5 ± 1.1 1.1 ± 1.1 0.2 ± 0.4 0.2 ± 0.8
± 2.2*yzx �0.3 ± 1.3 �0.2 ± 1.5 0.2 ± 0.6 0.7 ± 0.9

sion, xp < 0.05 from the 9th session.



Table 3
HRV variables in the time and frequency domains.

Variables Whole-body HIIT (n ¼ 10) Control (n ¼ 11)

Pre Post Pre Post

Time domain
SDNN (ms) 50.95 ± 37.17 73.40 ± 40.70** 55.07 ± 25.14 54.43 ± 25.96
RMSSD (ms) 54.45 ± 56.04 81.26 ± 60.14* 57.62 ± 30.61 59.59 ± 31.63

Frequency domain
LF (ms2) 662.43 ± 459.25 1318.59 ± 1666.54 954.94 ± 1067.34 819.33 ± 829.23
LF (n.u.) 37.95 ± 27.54 32.94 ± 24.35 33.08 ± 24.91 28.95 ± 19.71
HF (ms2) 2767.93 ± 5028.54 4051.48 ± 4984.48 2404.96 ± 2820.61 2449.66 ± 2398.32
HF (n.u.) 61.67 ± 27.64 66.59 ± 24.23 66.77 ± 24.81 70.82 ± 19.60
LF/HF ratio 2.20 ± 4.93 1.38 ± 3.08 1.02 ± 1.44 0.65 ± 0.82

Values are presented as mean ± SD.
HF: high-frequency band (0.15e0.4 Hz), HRV: heart rate variability, LF: low-frequency band (0.04e0.15 Hz), LF/HF: ratio of LF to HF power, RMSSD: root mean square of
successive RR interval difference, SDNN: standard deviation of NN interval.
**p ¼ 0.001 for the time � group interaction effect.
*p ¼ 0.019 for the time � group interaction effect.
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be taken by low physical inactive adults or individuals who define
lack of time as the main exercise barrier; however, further studies
need to be explored in order to validate whether whole-body HIIT
is acceptable in several populations such as inactive children,
metabolic syndrome or obese/overweight individuals.

The limitations of this study need to be considered. First, all
training sessions were laboratory-based. Thus, the adherence to
exercisemay not represent the exercise behavior in real life. Further
studies are needed to confirm and validate the long-term adher-
ence to whole-body HIIT in non-laboratory-based environment
(home or gym). Second, the physical activity levels before and
during training were not confirmed by objective measurements.
However, all participants maintained their physical activity
throughout the 6 weeks of training duration, which was confirmed
by the physical activity log. Third, only one health parameter (HRV)
has been investigated in the study. Future studies are required to
confirm the effects of whole-body HIIT on other health parameters
associated with cardiometabolic health, such as blood pressure,
insulin sensitivity, VO2max, or muscle/fat mass. Additionally,
further studies must be conducted in order to validate whether the
benefit or disadvantage can be elicited following whole-body HIIT
over more than 6 weeks.

5. Conclusion

This study demonstrated that 6 weeks of whole-body HIIT
significantly improves HRV (SDNN, and RMSSD) and reduce the
resting heart rate when comparing to a non-exercising control
group in insufficiently active adults. Thus, whole-body HIIT pro-
vides an effective and manageable exercise alternative to improve
cardiovascular autonomic function, which is associated with a
reduction of cardiovascular morbidity and mortality.
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