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Abstract

Physical fitness is an important part of overall health. High-intensity interval training (HIIT) is a popular form of exercise 
that has been repeatedly proven as a functional way of developing cardiorespiratory fitness. Air bike is a widespread 
cardio machine suitable for HIIT. The aim of this research was to verify the effect of HIIT using air bike on the develop-
ment of selected physical fitness parameters and compare it to moderate-intensity continuous training (MICT). Twenty 
active young adults (age 22.1±2.5) were the subject of the research in the research. The participants underwent a com-
plex strength and endurance test, a spiroergometric examination, and a body composition analysis. The experimental 
group (EG) did HIIT twice a week with work intervals (15–45 seconds), while the control group did MICT in a comparable 
time period. The results have shown significant improvement in back squat (8.25%), pulling strength (7.07%), aerobic 
endurance (18.74%), and VO2peak (10.62%). Comparison of the groups has shown a significant difference in bench 
press (ES=1.01), back squat (ES=0.68), anaerobic endurance (ES=0.97), aerobic endurance (ES=1.456), and VO2peak 
(ES=0.92). According to the results, we can conclude that HIIT using air bike is an effective way of developing multiple 
aspects of physical fitness and is thus suitable for training programs that aim to develop health and sports performance. 
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Introduction
Physical fitness is an essential part of health and is directly 

connected to the quality of life, development of diseases of civil-
isation or mortality (da Silva Machado et al., 2019). The main 
aspects of physical fitness are cardiorespiratory fitness, strength, 
flexibility, and body composition. The secular trend clearly 
shows a negative trend, especially in cardiorespiratory parame-
ters (by 2.4% per decade) and in an increase of body fat percent-
age (Blüher et al., 2019; Lamoureux et al., 2019). That is why it 
is important to look for effective training programs developing 
physical fitness.

High-intensity interval training (HIIT) is a popular form of 
exercise used to improve sports performance and health (Gibala 
& Jones, 2013). HIIT is an activity specific for its short intense 
intervals with prescribed rest periods. Although HIIT protocols 
used might be rather variable (number and length of the inter-
vals, type and length of the rest periods, chosen intensity, chosen 
exercise, etc.), their effect on improving endurance, reducing the 

amount of body fat and developing cardiorespiratory fitness is 
shown in short-term interventions (Keating et al., 2017; Sultana 
et al., 2019).

Cardiorespiratory fitness, body composition, and strength 
parameters are most likely the most significant factors influenc-
ing overall health and quality of life. The effect of HIIT on devel-
oping VO2peak or reducing body fat percentage has been prov-
en repeatedly (Batacan et al., 2016; Sultana et al. 2019). The acti-
vation of muscle fibres during HIIT and sprint-interval training 
(SIT) in particular are similar to the activation during resistance 
training, and analogic adaptation mechanisms can be expected 
(Callahan et al., 2021). Optimally designed HIIT or SIT could 
positively affect a wide spectrum of physical fitness aspects. 

Frequent HIIT activities are running, cycling or rowing. It 
is shown that due to their different nature, they lead to unequal 
physiological reactions (maximal HR, blood lactate, VO2peak) 
(Menz et al., 2019). The chosen activity represents an important 
factor in the efficiency and effect of a HIIT protocol and it is 
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crucial to have detailed information about this variable. 
Air bike is already a widespread cardio machine used by 

general population, individuals with health problems, and pro-
fessional athletes. It has gained great popularity as an option of 
strenuous exercise like HIIT. Air bike workout differs signifi-
cantly from classic endurance disciplines. The riding has a low 
frequency, it is more strength-based and both upper and lower 
body are involved. The load during the ride is created by a big 
flywheel and its resistance grows exponentially with the increase 
of speed. Air bike is a comfortable cardio machine from the us-
er’s point of view (Looney & Rimmer, 2002), yet it also allows for 
high to maximal intensity (Schlegel & Křehký, 2020).

There is a lack of studies investigating the effect of HIIT with 
an air bike on the development of physical parameters. Hwang 
et al. (2016) found improvements in aerobic fitness and insu-
lin resistance after an 8-week program. There were also positive 
changes in blood pressure and body composition. The effect on 
cardiac parameters (arterial stiffness) is not yet clear and re-
quires further research (Kim et al., 2017). Both studies used a 
4x4 minutes training protocol with a 3 minutes rest. 

Most of the studies assessing the effect of air biking used 
ramp test and analysed maximal intensity in the context of spiro-
ergometry. So far, there has been a small number of interven-
tion studies. Moreover, the studies have focused only on specific 
groups, such as people with type 2 diabetes, seniors or patients 
who had suffered a myocardial infarction (Hwang et al., 2016; 
Kim et al., 2017). It is necessary to find out the exact effects of air 
biking on physical fitness which can thus improve overall health. 
The aim of the study was to verify the effect of a HIIT protocol 
with air bike on developing cardiorespiratory fitness, strength 
and endurance parameters, and change in body composition.

Methods 
Participants 

The experimental group comprised 22 healthy, physically 
active individuals (average age 22.1±2.5, weight 70.6 kg, height 
172.5 cm). Participants (14 women, 6 men) were introduced to 
the testing and research process. Participants were divided into 
experimental (EG) and control (CG) groups randomly (7 women 
and 3 men in both groups). They were supposed to not change 
their usual daily routines or sleeping and eating habits during the 

research. A rest day was prescribed one day before the testing. 
The anthropometric parameters were measured using bioimped-
ance scales (Tanita® RD-545), specifically weight, fat-free mass 
(FFM), body fat percentage, body mass index (BMI). People who 
have been already engaged in other intense sports activities were 
not allowed to take part in the research. The participants who 
missed more than one workout session (n=2) were excluded 
from the final analysis. The research was approved by the Faculty 
of Education of the University of Hradec Králové (RD 41/2020).  

Testing
The testing was done using an air bike (Echo bike, Rogue®). 

It was preceded by a very light 3 minutes warm-up and 3 min-
utes passive rest. The testing protocol was a ramp test to failure, 
the load was increased every 3 minutes with no break (Lamont 
et al., 1992). The test was ended when the subject was not able to 
maintain the required speed. In spiroergometry (METAMAX® 
3B, CORTEX Biophysik GmbH), the following parameters were 
measured: VO2peak, respiratory equivalent ratio (RER), heart 
rate (HR), minute ventilation (V’E), oxygen uptake to work rate 
(VO2/WR) and total test time that corresponds to absolute en-
durance performance (Total). So far, there have not been enough 
studies that would use ramp tests on air bike, so it was necessary 
to rely on own experience combined with researches by Lamont 
et al. (1992), Hoffman et al. (1996). The increasing intensity 
in the individual levels was organized by RPM (revolution per 
minute) and it differed for men and women, the base value was 
40 RPM (85 watts) for men and 35 RPM (65 watts) for women.          

All the participants had had previous experience with the 
selected strength tests. The following exercises were chosen to 
test strength: bench press (BP) and back squat (90°) (BS), the 
subjects had 20 minutes to find their 1 repetition maximum (1 
RM) — the number of sets was not limited; pulling strength dy-
namometer (SH5007, Saehan Dynamometer) (Pull); standing 
broad jump (SBJ) (they had three attempts, and the best one 
was recorded, the same principle was used with the back dyna-
mometer). The following tests were used to assess aerobic and 
anaerobic endurance: 30sec all-out test on an air bike (AN); 2 
km on rowing machine test (Concept2®). Flexibility tests were 
not included in the research as it does not play such significant 
role in overall health (Nuzzo, 2020).

FIGURE 1. Study design
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Intervention
8-Week training program comprised of three types of ses-

sions. The experimental group did two workout sessions (HIIT 
and SIT) on air bike (1. 20 sets: 15 sec work, 45 sec rest; 2. 
25 sets: 40 sec work, 20 sec rest). It was an original program 
inspired by studies with HIIT and SIT (Rosenblat et al., 2020). 
There was a requirement to maintain high intensity during all 

work sets—significant intensity drop was to be avoided. The 
rest was passive, the participants stayed seated on the air bike. 
The first workout session can be called sprint interval training 
(Gist et al., 2014), but an unconventional work-to-rest ratio of 
1:3, or 1:2 respectively, was chosen and the number of inter-
vals was increased as well. The control group did two MICT 
running sessions (1. 25 minutes run; 2. 30 minutes run). The 
intensity was kept by monitoring heart rate in combination 
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with the Borg rating of perceived exertion scale. The instruc-
tion was to keep heart rate about 70% HRmax and at the same 
time between 14 and 15 on the Borg scale (Keating et al., 2017). 
The third workout session was the same for both groups and 
comprised bodyweight exercises with low demands for space 
and equipment (squat, push up, lunge, plank, sit up, handstand 
hold) (similar to Menz et al., 2019). The workout session re-
sembled high-intensity functional training and consisted of 
two 10-minute parts. The exercise was designed to engage the 
entire body in a complex way. All the workout sessions con-
tained a general warm-up (5 minutes) and a specific prepara-
tion (5 minutes) according to the main part (run, air biking, 
resistance training).

Statistical data processing
The data is presented as an average ± SD (standard devia-

tion). Before the statistical testing, to assess statistical signifi-
cance, data normality was evaluated using two tools: histogram 
and Shapiro wilk test. When the normality was confirmed, 
parametric tests were used: two-sample t-tests for unpaired 

samples (testing between EG and CG) and two-sample t-test 
for paired samples (with the premise of an F-test of equality 
of variances; testing between pre- and posttest in the group). 
When the data were not distributed, non-parametric tests were 
used: Wilcoxon signed-rank test and Mann-Whitney U test for 
unmatched samples. Using non-parametric tests was necessary 
to ensure coherence of the whole research. To assess statistical 
significance, Cohen’s d with the scale of <0.20 = trivial, 0.20– 
0.49 = small, 0.50–0.79 = medium, ≥ 0.80 = large was used 
(Cohen, 1992). The significance was tested at a significance 
level of p>0.05. 

    
Results
Anthropometric parameters

EG noticed only small changes in weight and body com-
position (fat -0.84 %, ES=0.18, p=0.169; FFM 0.51 kg, ES=0.04, 
p=0.316), CG noticed almost no changes. The difference be-
tween EG and CG was medium for FFM (ES=0.5, p=0.3), and 
small for body fat % (ES= 0.28, p=0.56). Although only small 
changes can be identified, it can be claimed that EG noticed an 

Table 2. Comparison of HIIT and MICT group

EG* CG* Cohen´s d p value Descriptor

Weight (kg) -0.20
± 1.75

-0.55
± 1.33 0.21 0.66 small

BMI -0.089
± 0.51

-0.15
± 0.53 0.11 0.81 trivial

Body fat (%) -0.84
± 1.63

-0.37
± 1.74 0.28 0.56 small

FFM (kg) 0.51
± 1.44

-0.12
± 1.04 0.50 0.30 medium

BS (kg) 6.8
± 6.48

3.35
± 3.09 0.68 0.17 medium

BP (kg) 2
± 3.50

-1.95*
± 4.30 1.010 0.06*** large

Pull (kg) 13
± 11.82

4.56
± 8.88 0.80 0.11 large

SBJ (cm) 8.5
± 8.79

5.5*
± 7.02 0.38 0.53*** small

AN (m) 1.8
± 1.83

0.30
± 2.19 0.74 0.14 medium

2 km row (s) -15
± 16.75

-15.3
± 13.84 0.02 0.51 trivial

Total (s) 161.6
± 76.97

74.4
± 35.31 1.456 0.006 large

VO2peak (l/min/kg) 4.6
± 2.76

1.9
± 3.08 0.92 0.06 large

RERmax 0.03
± 0.05

0.001
± 0.04 0.53 0.28 medium

V´Emax 
(l/min)

8.83
± 11.41

1.73
± 9.31 0.68 0.17 medium

HRmax 
(bpm)

3.30
± 5.73

-3.20
± 5.65 1.142 0.02 large

VO2/WR (ml/watt) -0.7
± 1.42

-0.9
± 1.45 0.14 0.77 trivial

*average change between pre- and posttest; EG – experimental group; CG – control group, FFM –fat-free mas; BS – Back squat; 
SBJ – standing broad jump; AN- 30 seconds all-out test; Total – Endurance ramp test on air bike; RER – respiratory exchange 
ratio; HRmax – maximal heart rate
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increase in muscle mass while decreasing the amount of fat. That 
is why the weight changed only slightly.     

Strength and endurance testing
EG noticed a statistically more significant improvement in 

the basic strength test (ES=0.68-1.01, p=0.06-0.17). The greatest 
improvement was made in the back squat by 6.8 kg. The small-
est improvement was made in SBJ, yet the EG still improved 
more than the CG (ES=0.38, p=0.53). 2 km row test was the on-
ly one where both groups made similar changes (ES=0.02). As 
for the anaerobic endurance test, the EG improved significantly 
(ES=0.97, p=0.08).

Spiroergometry
Both groups improved their VO2peak, EG by 4,6 ml/kg/

min (10.62%) which was significantly more than CG (ES=0.92, 
p=0.06). A similar result was noticed also in the total duration 
of the ramp test where the groups improved by 9.03% (CG) and 
by 18.74% (EG). EG also reached higher RERmax in the posttest 
which meant medium effect in comparison with CG (ES=0.53, 
p=0.28). EG got a higher value of V’Emax (124 l/min) compared 
to CG (118.5 l/min) which was a significant difference (ES=0.68, 
p=0.17).  

Discussion
It was confirmed that HIIT using short intervals is an ef-

fective way to develop strength parameters. A positive (even 
though not significant) progress in isokinetic strength of the 
lower body (Sökmen et al., 2018) or squat jump (Soylu et al., 
2021) was made as a result of running SIT. Although short rest 
periods were used in our research, there was still significant 
progress in the upper and lower body strength compared to CG. 
It seems that not only short intervals of high intensity but also 
the chosen means (air bike) have potential in strength devel-
opment. Progress in strength was made also in the bench press 
(ES=1.01, p=0.06) which proves that air biking develops upper 
body strength too. Although both groups did one resistance 
training session a week, it did not lead to a significant improve-
ment for CG. The combination with air bike was more effective. 

In the studies (Hwang et al., 2016; Kim et al., 2008) that ap-
plied air bike in intervention, the work interval was 4 minutes 
which was also used in other researches focused on endurance 
athletes (Stepto et al., 1999; Sultana et al., 2019). In this study, 
a HIIT protocol with 15-45 sec intervals was used which al-
lowed for higher power output, or higher speed. Air biking is 
more strength-based which is why it is logical to use SIT or HIIT 
with short intervals. During shorter and more intense inter-
vals, fast-twitch fibres get more engaged and they consequently 
adapt more which results in strength parameters improvement 
(Chalmers, 2008). Especially in SIT, it is very important to main-
tain the correct form. On air bike, it is easier to maintain the 
correct form and it does not require any previous experience or 
a longer time to learn the proper technique.

The same modality in the intervention program and the 
testing program is a common practice (Rosenblat et al., 2020). 
The 2 km row test was a nonspecific endurance test—the partic-
ipants were not introduced to the proper form before or during 
the research. In the posttest, there were similar positive changes 
in performance (ES=0.02). The nonspecific test might not show 
such positive transfer as the Total test, where EG improved 
significantly (ES=1.456; p=0.006). When designing HIIT pro-
grams, it is necessary to take into account coordination/techni-

cal or mental adaptation to the specific movement which might 
affect the test results (Franchini et al., 2016). 

To develop cardiorespiratory fitness, differently designed 
HIIT and SIT sessions with modalities, such as running, cycling 
or rowing, were found effective (Batacan et al., 2016; Sultana et 
al., 2019; Rosenblat et al., 2020). Based on significant VO2peak 
(by 10.62%) and V‘Emax (by 7.66%) improvement, air bike can 
also be labelled as an effective tool. In connection to this, Kim 
et al. (2017) also claim its positive effect on arterial stiffness 
as another possible result of training programs using air bike. 
Cervantes (2021) comes with different results when he notices 
a slight increase in VO2peak following a 4-week intervention, 
which however did not differ significantly from MICT. It is im-
portant to note that a low volume SIT was used (8 sets, 20 sec-
onds work: 10 seconds rest). 

Despite only small changes in body composition, a certain 
tendency was found—together with minor fat loss, FFM in-
creased compared to the CG (ES=0.5, p=0.3). This trend can 
be observed in other authors too (Sultana et al., 2019). More 
significant changes can be expected in a sedentary population 
or obese individuals (Keating et al., 2017). In physically active 
population that undergoes a short HIIT program, only minor 
body composition changes can be expected. It seems that HIIT 
using air biking can expand the scale of effective ways to change 
body composition.  

The results proved that different HIIT protocols can lead to 
a VO2peak improvement. This fact can be influenced by vari-
ous variables: improvement in strength parameters, change in 
metabolic flexibility, muscle fibres conversion, improvement in 
respiration function, improvement in mental resilience towards 
physical discomfort during exercise, better movement efficien-
cy (MacDougall et al., 1998; Callahan et al., 2021; Dolci et al., 
2021). It is difficult to determine which specific factors were 
dominant in this research. There are, most likely, multiple fac-
tors at work in synergy.

This research has shown that the air bike is a low-tech ma-
chine that can develop cardiorespiratory fitness in general pop-
ulation. The air biking technique also allows to develop strength, 
which is another essential factor for longevity and quality of life. 
Based on the data and the studies mentioned, short and longer 
HIIT workout with a total duration of 20-30 minutes can be rec-
ommended. For additional benefits, it is suitable to combine air 
bike with resistance exercise based on high-intensity functional 
training.

A limitation of this research can be seen in the design of the 
whole intervention where simple bodyweight strength training 
sessions was also used. It is another variable affecting the adap-
tation of the organism and the final tests. However, the combi-
nation of resistance and endurance training is often included in 
programs aiming at the development of cardiometabolic health 
(Hunter et al., 2020).

It also has to be noted that even though spiroergometric test-
ing using air bike is not a new method, it begins to gain signifi-
cance only with this cardio machine’s extended usage. It is a non-
specific tool that engages both the lower and upper body. Due to 
that, it has different demands for, e.g. cardiac output (Schlegel 
et al., 2020).

Conclusion
HIIT has been used for a long time to develop endurance 

or cardiorespiratory fitness. Given the wide variability of indi-
vidual programs and modalities, it is necessary to analyse new 
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tools. Air bike is a new tool whose functionality and efficiency 
has not yet been sufficiently confirmed. It has been shown that 
HIIT using air bike can positively influence cardiorespiratory, 
strength and endurance parameters in an 8-week intervention. 
A significant effect related to the characteristics of air bike is that 

it affects the strength performance of both the upper and lower 
body at the same time. Based on the findings of the research, 
air biking can be recommended as a suitable tool for developing 
physical fitness and performance. Because this it an original re-
search, more related studies are required.
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