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Abstract: Background: Cardiovascular capacity, expressed as maximal oxygen uptake (VO2max),
is a strong predictor of health and fitness and is considered a key measure of physiological func-
tion in the healthy adult population. The purpose of this study was to validate a specific step test
(StepTest4all) as an adequate procedure to estimate cardiovascular capacity in young adults. Meth-
ods: The sample was composed of 56 participants, including 19 women (aged 21.05 ± 2.39 years,
body mass = 57.50 ± 6.64 kg, height = 1.62 ± 0.05 m, body mass index = 22.00 ± 2.92 kg/m2) and
37 men (aged 22.05 ± 3.14 years, body mass = 72.50 ± 7.73 kg, height = 1.76 ± 0.07 m, body mass
index = 23.34 ± 2.17 kg/m2). Participants were included in one of the following groups: (i) the group
used to predict the VO2max, and (ii) the group used to validate the prediction model. All participants
performed the StepTest4all protocol. The step height and the intensity of the effort was determined
individually. Heart rate and oxygen uptake were measured continuously during rest, effort, and
recovery phases. The validation process included the following three stages: (i) mean data compar-
ison, (ii) simple linear regression, and (iii) Bland–Altman analysis. Results: The linear regression
retained, as significant predictors of the VO2max, sex (p < 0.001) and heart rate recovery for one minute
(p = 0.003). The prediction equation revealed a high relationship between measurements (R2 = 63.0%,
SEE = 5.58). The validation procedure revealed non-significant differences (p > 0.05) between the
measured and estimated maximal oxygen uptake, high relationship (R2 = 63.3%), and high agreement
with Bland–Altman plots. Thus, VO2max can be estimated with the formula: VO2max = 22 + 0.3 ·
(HRR1min) + 12 · (sex), where HRR1min is the magnitude of the HR decrease (bpm) in one minute
immediately after the step was stopped, and sex: men = 1, women = 0. Conclusions: The StepTest4all
is an adequate procedure to estimate cardiovascular capacity, expressed as VO2max, in young adults.
In addition, it is possible to determine the qualitative level of cardiovascular capacity from the heart
rate recovery for one minute, more specifically, poor: <20, moderate: 20 to 34, good: 35 to 49, and
excellent: ≥50. This procedure has the benefit of being simple to apply and can be used by everyone,
even at home, without specialist supervision.

Keywords: heart rate recovery; exercise and health; StepTest4all; cardiovascular capacity; cardiovascular
classification; validation; VO2max

1. Introduction

Cardiovascular capacity, expressed as VO2max, is a strong predictor of fitness and has
been considered a key physiological measure in the healthy adult population [1]. Testing
and maintaining good cardiorespiratory fitness could help to prevent declines in health
status within the general population [2].

Exercise effort testing is a procedure that can be used to estimate cardiovascular fitness,
diagnose cardiovascular diseases, and predict mortality associated with cardiovascular
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problems [3,4]. Studies have demonstrated that exercise testing data have powerful prog-
nostic properties, particularly when focused on functional capacity and exercise heart rate
dynamics, such as heart rate recovery (HRR) [5,6].

The heart rate (HR) increases with exercise intensity to respond to greater metabolic
demand of muscles and other tissues. This increase in HR is tightly regulated by the
action of central and peripheral mechanisms that project afferent inputs to medullary
centers in the brain. These afferent inputs result in an appropriate efferent response of the
autonomic nervous system branches, i.e., a decrease in parasympathetic and an increase
in sympathetic activity [7]. After the exercise ends, there is a progressive reduction in
metabolic activity and, consequently, HR also decreases. A slow HRR after exercise is
a strong indicator of cardiac autonomic dysfunction [7,8]. A delayed decrease in HR
during the first minute after graded exercise is a powerful predictor of overall mortality
independent of workload, the presence or absence of myocardial perfusion defects, and
changes in HR during exercise [1,7,9]. Better levels of aerobic fitness act beneficially on the
autonomic control of post-exercise HR, preserving the vagal reentry velocity in healthy
middle-aged adults [10]. Thus, there is scientific evidence to accept the association between
HRR and prognosis of cardiovascular disease, which supports the recommendation of
recording HRR for risk assessment in clinical practice, as a routine [11,12].

Among the variety of tests described for this purpose, the step tests are the most
accessible to the general population and have been used for many years [13–15]. Step tests
can be considered of major importance, as they allow the assessment of cardiovascular
capacity as well as identification of the dynamics of HR during effort and in the recovery
period [16]. The HR decrease during recovery, and in the period immediately after the
end of the exercise can provide a simple, effective, and ecologically valid method of
submaximal assessment of cardiorespiratory fitness that can be implemented in a variety of
situations [14]. Heart rate recovery can be defined as the reduction in heart rate immediately
after the cessation of exercise, usually for one minute [8,16,17].

The use of step tests may be appropriate for the following reasons: (i) they can be used
to monitor training status over time [18], (ii) they can estimate the cardiovascular capacity
from the HR recovery [19–21], and (iii) they allow an appreciation of the functionality of the
sympathetic and parasympathetic nervous systems [22]. Thus, its use makes sense both for
the assessment of physical capacity, and in clinical practice. Additionally, step tests have the
advantage of requiring minimal and portable equipment and marginal space compared to
tests utilizing treadmills, shuttle walks, or cycle ergometers. However, most of the existing
step tests have one or more of the following limitations: (i) pre-established durations;
(ii) frequently eliciting efforts above 85% of maximal oxygen uptake (VO2max), which are
not recommended for sedentary or elderly people [23]; and (iii) a fixed step height, which
is often unsuited for people with short stature, excess weight, or poor physical capacity.

Due to all these limitations, we developed a new step test procedure, StepTest4all, that
solves those constraints and can also be adjusted to individual capacity. In StepTest4all, the
step height, duration, and level of difficulty can be adjusted to each person regardless of
their age, weight, height, or level of physical fitness. Thus, the purpose of this study was to
validate the StepTest4all as an adequate procedure to estimate cardiovascular capacity in
young adults.

2. Material and Methods
2.1. Participants and Samples

The sample was composed of 56 participants, including 19 women (aged 21.05 ± 2.39 years,
body = mass 57.50 ± 6.64 kg, height = 1.62 ± 0.05 m, body mass index = 22.00 ± 2.92 kg/m2)
and 37 men (aged 22.05 ± 3.14 years, body mass = 72.50 ± 7.73 kg, height = 1.76 ± 0.07 m,
body mass index = 23.34 ± 2.17 kg/m2). The sample recruitment excluded people who had
any physical limitation that made it impossible for them to go up and down the step, or
any other medical contraindication to performing moderate physical effort. Participants
signed an informed consent form. All procedures were in accordance with the Declaration
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of Helsinki regarding human research, and the Polytechnic Ethics Board approved the
research design.

Participants were included in one of the following groups: (i) the group for VO2max
prediction equation (equation group—EG), and (ii) the group for validation of the prediction
model (Validation group—VG). The participants’ characteristics are presented in Table 1.

Table 1. Participants’ characteristics. Equation group—group for VO2max prediction equation and
Validation group—group for validation of prediction model.

Equation Group Validation Group

Mean ± 1SD Mean ± 1SD

Women
(n = 10) Men (n =18) Total EG Women (n = 9) Men (n = 19) Total VG

Age [years] 21.60 ± 1.84 21.17 ± 1.98 21.32 ± 1.90 20.44 ± 2.88 22.89 ± 3.80 22.11 ± 3.67

Body mass [kg] 61.45 ± 5.06 72.06 ± 8.83 68.27 ± 9.19 53.11 ± 5.42 72.92 ± 6.75 66.55 ± 13.31

Height [m] 1.63 ± 0.04 1.77 ± 0.07 1.72 ± 0.09 1.60 ± 0.04 1.75 ± 0.07 1.71 ± 0.10

BMI [kg/m2] 23.13 ± 3.02 22.93 ± 2.22 23.00 ± 2.48 20.75 ± 2.38 23.72 ± 2.11 22.77 ± 2.58

HRR1min [bpm] 35.50 ± 10.23 40.22 ± 10.99 38.54 ± 10.79 34.89 ± 10.71 38.42 ± 10.42 37.29 ± 10.45

VO2max
[mL/kg/min] 34.41 ± 6.39 47.75 ± 6.71 42.99 ± 9.18 33.51 ± 5.64 46.15 ± 6.23 42.09 ± 8.45

HRR_rest
[bpm] 81.90 ± 12.00 69.11 ± 10,94 73.68 ± 12.75 80.76 ± 10.60 64.37 ± 10.88 69.64 ± 13.16

VO2_rest
[mL/kg/min] 3.60 ± 0.86 3.61 ± 0.54 3.61 ± 0.66 3,54 ± 0.44 3.66 ± 0.64 3.62 ± 0.58

2.2. Data Collection

Anthropometric variables were measured using a digital stadiometer (Seca 242, Ham-
burg, Germany) and an electronic scale (Seca 884, Hamburg, Germany). VO2 and HR were
measured using a stationary breath-by-breath electronic metabolic device (Cortex, Model
MetaLyzer 3B, Leipzig, Germany). The device includes a heart rate transmitter (Polar
Electro Oy, Kempele, Finland). The apparatus was calibrated with standard gases before
each test. According to the manufacturer’s manual, the standard error is 0.1% for oxygen
and carbon dioxide sensors.

The VO2 and HR were measured continuously for each participant while they per-
formed the following activities in sequence: rest, StepTest4all protocol, and recovery. The
HR and VO2 values obtained as follows, were considered for further analysis: resting
values—average of the last minute of resting period, values obtained during StepTest4all—
the average values obtained in the last 5 s of each intensity level, recovery phase—the
average values obtained in the last 5 s of the first minute of recovery. Resting VO2 and
resting HR were collected continuously during 10 min sitting on a chair in a silent and
dimly lit room. Participants were not allowed to sleep. The values obtained in the last
minute were used for data analysis. During the recovery phase, although the HR values
were recorded after the first two minutes, we only considered the value after the first
minute. We chose one minute recovery time because it is the usually chosen time and has a
higher reproducibility [24].

2.3. StepTest4all Protocol

For the StepTest4all protocol, each participant performed a continuous progressive
test that consisted of going up and down on a stable step. After the step-up phase, the
opposite leg also stepped up to the platform, so the participant stood vertically, supported
by both legs, before beginning the step-down phase. The step-down phase began with the
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same leg as the previous phase and ended when the participant was at the beginning point,
also standing in a vertical position, supported by both legs.

The step height was calculated for each participant individually, based on characteris-
tics of their cardiovascular capacity. The variables chosen were sex, age, physical fitness,
height, body mass index (BMI), and smoking status. For each variable, a numerical value
was assigned as follows: (i) sex (women = 0.5; men = 1), (ii) age (senior = 0, adult = 0.5,
young = 1), (iii) physical fitness (sedentary = 0, active = 0.5, very active = 1, athlete = 1.5),
(iv) body mass index (BMI < 25 = 0.5, BMI < 30 = 0, BMI ≥ 30 = −0.5), and (v) smoking
status (smoker = 0, non-smoker = 0.5). From these data, the step height was calculated
using the formula: step height (cm) = 4 × sum of those variables + 15, and it could range
from 15 to 40 cm.

This formula was the result of multiple tests on people with different characteristics
and of different physical ability. The height of the step, although important, may vary
slightly, because the control of the load progression intensity until the desired value will be
done mainly by increasing the ascent and descent pace.

A height of 40 to 45 cm has been used in other protocols, for example in the Harvard
step test (see: https://www.brianmac.co.uk/havard.html (accessed on 28 July 2022)) [25].
In the present study, the step height of 40 cm combined with a high pace, led to an intensity
of 80% of the estimated HRmax in 5–10 min. This occurs even in subjects with good physical
ability and tall stature.

The test started at a rate of 15 cycles per minute (0.25 Hz), controlled by a metronome.
In each cycle, the participant went up and down the step, so the cycle ended at the same
time the second leg reached the floor. Every minute, the cadence was raised by 2.5 cycles
per minute. The maximum expected duration of the test was 10 min.

The lower limit of 15 cycles per minute is a very slow ascent and descent pace that
can be performed by anyone and serves as a warm-up. The upper limit of 37.5 cycles per
minute is a pace that can only be performed by subjects of high physical capacity.

The test ended when one of the following criteria was met: (i) the HR reached 80% of
the maximal heart rate (HRmax), (ii) when asked by the participant upon feeling uncomfort-
able with the effort, or (iii) when the participant was unable to perform the exercise at the
correct cadence. Immediately after the end of the test, the participants were to stand for two
minutes. Although a standing position was mandatory, the participants were encouraged
to be at ease, in order to recover as much as possible, and were not permitted to talk, grab,
or hold onto anything.

The combination of the step’s height with the rhythm’s increments, associated with
a limitation in intensity to finish the test (80% of HRmax), made it possible to achieve the
test objectives in a reasonable amount of time (5 to 10 min) on all kinds of people. In the
recovery phase the HR was collected continuously, also with the Garmin Fenix 6, and its
HR belt (Garmin International, Inc., Olathe, KS, USA).

The HRmax and VO2max determination were made as follows: HRmax was estimated
according to the formula: HRmax = 208 − 0.7 × age [26].

The VO2max was estimated from the individual equation of the regression line asso-
ciating HR–VO2, obtained from the rest data and during 3 or more steps of StepTest4all,
more precisely, by calculating the value of VO2 corresponding to HRmax [27]. We assumed
this value as VO2max measured. Individual linear regressions (R2) ranged between 0.97
and 0.99 (almost perfect relationship). This is a usual and suitable procedure for evaluating
VO2max in subjects for whom a maximal test to exhaustion may have some inconvenience.

The use of submaximal tests to estimate VO2max from the association of HR–VO2
is recurrent and has been shown to be adequate [28,29]. Evans and co-workers [30], in
a systematic review, found that non-significant differences were reported between the
measured and predicted VO2max in 28 equations. The variable most used in the predictive
equations was the HR (N = 19). Additionally, Bennett and co-workers [31] validated a
submaximal treadmill-based protocol. The authors noted that VO2max was better estimated
when calculated from the projection of HRmax [31].

https://www.brianmac.co.uk/havard.html
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With the participants of the present study, it would not be appropriate to perform
maximal testing to exhaustion. They were categorized either as sedentary or active people,
that is, they either did not practice any physical activity or did one or two sessions of
recreative exercise, such as walking or cycling.

2.4. Statistical Analysis

Initially, Kolmogorov-Smirnov and Levene tests assessed normality and homoscedas-
ticity, respectively. Descriptive data means and one standard deviation (1SD) were cal-
culated. For the prediction of VO2max a stepwise regression (backward elimination) was
computed with inclusion of all the variables in the study (sex, body mass, height, BMI, and
HRR). The final model retained only significant predictors (p < 0.05).

The validation process included three stages: (i) mean data comparison between the
measured and estimated VO2max, (ii) simple linear regression, and (iii) Bland–Altman
analysis. For the mean data comparison, the paired samples t-test (p < 0.05) between the
measured and estimated VO2max was computed. The mean difference, 95% confidence
intervals, and Cohen’s d as effect size index were used.

Cohen’s d was deemed as: (i) trivial, if 0 ≤ d < 0.20; (ii) small, if 0.20 ≤ d < 0.60;
(iii) moderate, if 0.60 ≤ d < 1.20; (iv) large, if 1.20 ≤ d < 2.00; (v) very large, if 2.00 ≤ d < 4.00;
(vi) nearly perfect, if d ≥ 4.00 [32]. Simple linear regression between the VO2max measured
and estimated was computed. The trendline, determination coefficient (R2), standard
error of estimation (SEE), 95% of confidence (95CI) and prediction (95PI) intervals were
calculated. The qualitative interpretation of the relationship was defined as: (i) very weak,
if R2 < 0.04; (ii) weak, if 0.04 ≤ R2 < 0.16; (iii) moderate, if 0.16 ≤ R2 < 0.49; (iv) high, if
0.49 ≤ R2 0.8; and (v) very high, if 0.81 ≤ R2 < 1.0 [33]. Bland–Altman analysis included
the plots of the difference and average of the VO2max measured and estimated [34]. For
qualitative assessment it was considered that at least 80% of the plots were within the
±1.96 standard deviation of the difference (95CI).

3. Results

The multiple linear regression retained, as significant, these VO2max predictors: sex
(p < 0.001) and HRR1min (p = 0.003). The age, body mass, height, and BMI were not
significant, in this model.

The prediction equation (R2 = 63.0%, SEE = 5.58) revealed a close relationship between
measurements and can be expressed as:

VO2max = 22.246 + 0.343·(HRR_1min) + 11.722·(sex) (1)

where VO2max corresponds to the maximum oxygen uptake (mL/kg/min), HRR1min corre-
sponds to heart rate recovery (beats per minute) for one minute immediately after finishing
the step test, sex corresponds to the value of zero for women and 1 for men. Table 2
presents the comparison between measured and estimated VO2max. The results showed
non-significant differences with a trivial effect size.

Table 2. t-test paired samples comparison between the VO2max measured and estimated in validation
group. Effect size index (Cohen’s d) is also presented.

VO2max
Measured

[mL/kg/min]

VO2max
Estimated

[mL/kg/min]

Mean ± 1SD Mean ± 1SD Mean difference
(95CI) t-test (p value) d [descriptor]

42.09 ± 8.45 42.99 ± 7.10 −0.899 (−2.889
to 1.089) −0.928 (0.362) 0.12 [trivial]

VO2max—maximal oxygen uptake.
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Figure 1 presents the simple linear regression (panel A) between both variables. This
revealed a close relationship (R2 = 63.3%, p < 0.001, SEE = 5.22). Bland–Altman plots
(panel B) also fulfilled the agreement criteria, where more than 80% of the plots were within
95CI. In this case, all plots were within the 95CI.
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4. Discussion

Our study confirmed the StepTest4all as a valid procedure in estimating VO2max in the
young adult population. Consequently, it was found that the magnitude of HR decrease
immediately after exercise can be used to assess cardiovascular capacity. This procedure
may be suitable for monitoring the level of cardiovascular capacity from an individual point
of view, especially over time. This can be done by performing the StepTest4all periodically.
However, some caution is needed when comparing VO2max between different people. The
same VO2max value can mean different levels of physical capacity for a young person, an
adult, a male, or a female. Thus, individual values must be checked against benchmark
tables available in the literature [35] to see if they match the recommendations.

This test does not measure the performance in going up and down the step but reflects
the cardiac recovery capacity after effort. The rise and drop of HR are controlled mainly
by the sympathetic and parasympathetic nervous systems. Evaluating the magnitude of
the decrease after exertion can also provide an assessment of nervous system function [36].
It is known that too small of a decrease in HR during the minutes following exertion
cessation is associated with an increased likelihood of cardiovascular problems [37] and is
even associated with premature death [7]. Conversely, a more rapid HR reduction after
exercise is associated with a greater cardiovascular capacity [38]. However, there is still
no consensus on the threshold value associated with a high risk of cardiovascular disease,
the minimum value associated with an acceptable cardiovascular capacity, or nervous
system dysfunction. For instance, Adabag et al. [39] in an article review, refer to values
of 12–13 bpm of HRR in 1 min as threshold values. However, given the wide diversity
of tests used and level of demand, some care is needed in defining the cut-off values
(between normal and abnormal). As for the optimal recovery values, we know that healthy
athletes can recover 60 or more bpm in one minute. Thus, the quality of recovery can be
benchmarked with values between 12 and 60 bpm. Values close to 12 bpm may warn of
a higher risk of cardiovascular disease or parasympathetic nervous system dysfunction;
progressively higher values reflect very good cardiovascular capacity and good autonomic
nervous system function [39,40]. The average HRR values found in our participants was
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39 ± 10 bpm. This value is well above the minimum values aforementioned. Thus, they
seem to agree with their age group and active lifestyle.

To provide a qualitative classification of cardiovascular capacity in this population
group (young adults), we subdivided the range of HRR variation (12 to 60 bpm of recovery
over one minute) usually found in these people and defined four categories, as can be
observed in Table 3. This table shows a cardiovascular capacity classification and the
reference values for VO2max of participants between 20 and 29 years of age, obtained in
our study, and the values of similar categories proposed by McArdle et al. [41]. Although
the values are not completely coincident for men, in the case of women they are very close.
This fact may mean that the values of VO2max estimated by equation 1 are not discrepant in
relation to other estimates.

In this regard, our experience with the StepTest4all allowed us to see that those values
lower than 20 were usually associated with sedentary lifestyles and the presence of other
risk factors (such as smoking and obesity) and values higher than 50 were usually present
in people with high daily physical activity and a healthy lifestyle.

Table 3. Cardiovascular capacity (CVC) classification based on HRR1min and the respective HRR
cut-off values. It also presents the VO2max values predicted by equation 1 (from our study) and
the values proposed by McArdle et al. [41] for similar categories. These values are also used by a
company of worldwide repute in the evaluation of body composition (Tanita: https://tanita.eu/blog/
could-improving-your-vo2-max-be-the-secret-of-success (accessed on 28 July 2022)) [42]. These
reference values are for the age group 20 to 29 years.

CVC_Classification HRR1min Men Women

VO2max
McArdle et al.,

2003 [42] VO2max
McArdle et al.,

2003 [42]

Poor <20 <40 <36.5 <28 <29

Moderate 20–34 42–44.2 36.5–42.4 28–32.2 29–32

Good 35–49 44.3–49 42.5–46.4 32.3–36.9 33–36

Excellent ≥50 ≥49 ≥46.5 ≥37 ≥37

Because of its characteristics, the StepTest4all can be applied to people with different
levels of physical ability and different somatic characteristics. To the best of our knowledge,
this is the first step test that calculates the step height from several variables determining
cardiovascular capacity. This calculation allows a primary adjustment, so that the test
does not become too difficult/short or too easy/long. The finer adjustment is made by
the precise control of the pace and its increment during the whole test. In this way, it is
possible to reach the intensity of effort associated with 80% of HRmax (upper limit) for all in
an adequate period (4 to 10 min).

In our study, age was an excluded variable from the VO2max prediction model. This
occurrence may be because our sample was made up of young adults. Probably, in samples
with a larger range, age will also be part of the equation. The use of step tests, in addition
to the aforementioned advantages, is appropriate because it is simple to apply, requires
little space or means to carry out and can even be performed at home by anyone (see:
https://www.facebook.com/StepTest4all (accessed on 28 July 2022)) [43]. The present
study has some limitations: (i) it was carried out with a sample restricted to young adults,
(ii) the sample was relatively small, and (iii) the amount and intensity of physical activity
was not rigorously accounted for and did not enter the multiple linear regression as a
possible factor. However, regarding this aspect, we can say that most participants in the
sample had a similar weekly physical activity. Thus, further studies should be conducted to
overcome these limitations. It should also be mentioned that the VO2max and HRmax values
of the participants were obtained by estimation. Notwithstanding, it was an estimation
based on the evolution of the real individual values of VO2 and HR, both at rest and at

https://tanita.eu/blog/could-improving-your-vo2-max-be-the-secret-of-success
https://tanita.eu/blog/could-improving-your-vo2-max-be-the-secret-of-success
https://www.facebook.com/StepTest4all
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different intensity levels. As mentioned earlier, this is a standard procedure generally used
in non-athletic participants or in special population groups that should not be submitted to
maximal test to exhaustion.

5. Conclusions

The StepTest4all was shown to be an adequate procedure to estimate cardiovascular
capacity, expressed by VO2max, in young adults. The validation procedure indicated a
high-level of agreement between the VO2 measured and estimated. Additionally, it is
possible to determine the qualitative level of cardiovascular capacity from the HRR1min
more specifically, poor: <20 bpm, moderate: 20 to 34 bpm, good: 35 to 49 bpm, and excellent:
≥50 bpm. This procedure has the benefit of being simple to apply and can be used by
everyone, even at home, without specialist supervision.

Author Contributions: Conceptualization, J.A.B.; methodology, J.A.B.; investigation, J.A.B., R.F.B.,
P.M.R., P.M.M., J.P.B. and J.E.M.; resources, R.F.B., P.M.R., P.M.M., J.P.B. and J.E.M.; data curation,
J.A.B.; writing—original draft preparation, J.A.B., R.F.B., P.M.R., P.M.M., J.P.B. and J.E.M. The paper
and data have not been published before, are not under consideration for publication elsewhere, and
have been approved by all co-authors. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Project “GreenHealth-Digital Strategies in biological assets
to improve well-being and promote green health” (Norte-01-0145-FEDER-000042), supported by the
Regional Operational Program of Northern Portugal (NORTE 2020), under the PORTUGAL 2020
Partnership Agreement”. This research was supported by Portuguese Foundation for Science and
Technology, I. P. (project UIDB/DTP/04045/2020)”.

Institutional Review Board Statement: All procedures were in accordance with the Declaration of
Helsinki regarding human research, and the Polytechnic Ethics Board approved the research design
(Nº 43/2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data is available under request to the contact author.

Acknowledgments: The authors express acknowledgement of the cooperation of all subjects who
voluntarily participated in the collection procedures.

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

References
1. Cole, C.R.; Blackstone, E.H.; Pashkow, F.J.; Snader, C.E.; Lauer, M.S. Heart-rate recovery immediately after exercise as a predictor

of mortality. N. Engl. J. Med. 1999, 341, 1351–1357. [CrossRef]
2. Kodama, S.; Saito, K.; Tanaka, S. Cardiorespiratory Fitness as a Quantitative Predictor of All-Cause Mortality and Cardiovascular

Events in Healthy Men and Women: A Meta-Analysis. JAMA 2009, 301, 2024–2035. [CrossRef] [PubMed]
3. Jae, S.Y.; Kurl, S.; Laukkanen, J.A.; Zaccardi, F.; Choi, Y.H.; Fernhall, B.; Carnethon, M.; Franklin, B.A. Exercise Heart Rate Reserve

and Recovery as Predictors of Incident Type 2 Diabetes. Am. J. Med. 2016, 129, 536.e7–536.e12. [CrossRef] [PubMed]
4. Yu, T.Y.; Jee, J.H.; Bae, J.C.; Hong, W.J.; Jin, S.M.; Kim, J.H.; Lee, M.K. Delayed heart rate recovery after exercise as a risk factor of

incident type 2 diabetes mellitus after adjusting for glycometabolic parameters in men. Int. J. Cardiol. 2016, 221, 17–22. [CrossRef]
[PubMed]

5. Messinger-Rapport, B.; Pothier Snader, C.E.; Blackstone, E.H.; Yu, D.; Lauer, M.S. Value of exercise capacity and heart rate
recovery in older people. J. Am. Geriatr. Soc. 2003, 51, 63–68. [CrossRef] [PubMed]

6. Kurl, S.; Jae, S.Y.; Voutilainen, A.; Hagnäs, M.; Laukkanen, J.A. Exercise heart rate reserve and recovery as risk factors for sudden
cardiac death. Prog. Cardiovasc. Dis. 2021, 68, 7–11. [CrossRef] [PubMed]

7. Peçanha, T.; Bartels, R.; Brito, L.C.; Paula-Ribeiro, M.; Oliveira, R.S.; Goldberger, J.J. Methods of assessment of the post-exercise
cardiac autonomic recovery: A methodological review. Int. J. Cardiol. 2017, 227, 795–802. [CrossRef]

8. Adali, M.K.; Varol, E.; Aksoy, F.; Icli, A.; Ersoy, I.H.; Ozaydin, M.; Erdogan, D.; Dogan, A. Impaired heart rate recovery in patients
with endemic fluorosis. Biol. Trace Elem. Res. 2013, 152, 310–315. [CrossRef]

9. Sydó, N.; Sydó, T.; Gonzalez Carta, K.A.; Hussain, N.; Farooq, S.; Murphy, J.G.; Merkely, B.; Lopez-Jimenez, F.; Allison, T.G.
Prognostic Performance of Heart Rate Recovery on an Exercise Test in a Primary Prevention Population. J. Am. Heart Assoc. 2018,
7, e008143. [CrossRef]

http://doi.org/10.1056/NEJM199910283411804
http://doi.org/10.1001/jama.2009.681
http://www.ncbi.nlm.nih.gov/pubmed/19454641
http://doi.org/10.1016/j.amjmed.2016.01.014
http://www.ncbi.nlm.nih.gov/pubmed/26844636
http://doi.org/10.1016/j.ijcard.2016.06.149
http://www.ncbi.nlm.nih.gov/pubmed/27400291
http://doi.org/10.1034/j.1601-5215.2002.51011.x
http://www.ncbi.nlm.nih.gov/pubmed/12534847
http://doi.org/10.1016/j.pcad.2021.09.002
http://www.ncbi.nlm.nih.gov/pubmed/34536445
http://doi.org/10.1016/j.ijcard.2016.10.057
http://doi.org/10.1007/s12011-013-9627-6
http://doi.org/10.1161/JAHA.117.008143


Int. J. Environ. Res. Public Health 2022, 19, 11274 9 of 10

10. Trevizani, G.A.; Benchimol-Barbosa, P.R.; Nadal, J. Effects of age and aerobic fitness on heart rate recovery in adult men. Arq.
Bras. Cardiol. 2012, 99, 802–810. [CrossRef]

11. Qiu, S.; Cai, X.; Sun, Z.; Li, L.; Zuegel, M.; Steinacker, J.M.; Schumann, U. Heart Rate Recovery and Risk of Cardiovascular Events
and All-Cause Mortality: A Meta-Analysis of Prospective Cohort Studies. J. Am. Heart Assoc. 2017, 6, e005505. [CrossRef]

12. Jin, Q.; Li, X.; Zhang, Y.; Zhao, Z.; Zhao, Q.; Yan, L.; Duan, A.; Luo, Q.; Liu, Z. Heart Rate Recovery at 1 Min after Exercise Is a
Marker of Disease Severity and Prognosis in Chronic Thromboembolic Pulmonary Hypertension. Respiration 2022, 101, 455–464.
[CrossRef]

13. Petrella, R.; Koval, J.; Cunningham, D.; Paterson, D. A self-paced step test to predict aerobic fitness in older adults in the primary
care clinic. J Am Geriatr Soc 2001; 49:632e8.Bennett, H.; Parfitt, G.; Davison, K.; Eston, R. Validity of Submaximal Step Tests to
Estimate Maximal Oxygen Uptake in Healthy Adults. Sports Med. 2016, 46, 737–750. [CrossRef]

14. Hughes, A.D.; Chaturvedi, N. Estimation of Maximal Oxygen Consumption and Heart Rate Recovery Using the Tecumseh
Sub-Maximal Step Test and their Relationship to Cardiovascular Risk Factors. Artery Res. 2017, 18, 29–35. [CrossRef]

15. Pepera, G.; Panagiota, Z. Comparison of heart rate response and heart rate recovery after step test among smoker and non-smoker
athletes. Afr. Health Sci. 2021, 21, 105–111. [CrossRef] [PubMed]

16. Morita, A.A.; Silva, L.K.O.; Bisca, G.W.; Oliveira, J.M.; Hernandes, N.A.; Pitta, F.; Furlanetto, K.C. Heart Rate Recovery, Physical
Activity Level, and Functional Status in Subjects with COPD. Respir. Care. 2018, 63, 1002–1008. [CrossRef]

17. Haraldsdottir, K.; Brickson, S.; Sanfilippo, J.; Dunn, W.; Watson, A. In-season changes in heart rate recovery are inversely related
to time to exhaustion but not aerobic capacity in rowers. Scand. J. Med. Sci. Sports. 2018, 28, 418–424. [CrossRef] [PubMed]

18. Daanen, H.A.; Lamberts, R.P.; Kallen, V.L.; Jin, A.; Van Meeteren, N.L. A systematic review on heart-rate recovery to monitor
changes in training status in athletes. Int. J. Sports Physiol. Perform. 2012, 7, 251–260. [CrossRef]

19. Rodríguez-Fernández, A.; Sanchez-Sanchez, J.; Ramirez-Campillo, R.; Nakamura, F.Y.; Rodríguez-Marroyo, J.A.; Villa-Vicente,
J.G. Relationship between Repeated Sprint Ability, Aerobic Capacity, Intermittent Endurance, and Heart Rate Recovery in Youth
Soccer Players. J. Strength Cond. Res. 2019, 33, 3406–3413. [CrossRef]

20. Harry, K.; Booysen, M.J. Faster Heart Rate Recovery Correlates with High-Intensity Match Activity in Female Field Hockey
Players-Training Implications. J. Strength Cond. Res. 2020, 34, 1150–1157. [CrossRef]

21. Suzic Lazic, J.; Dekleva, M.; Soldatovic, I.; Leischik, R.; Suzic, S.; Radovanovic, D.; Djuric, B.; Nesic, D.; Lazic, M.; Mazic, S. Heart
rate recovery in elite athletes: The impact of age and exercise capacity. Clin. Physiol. Funct. Imaging 2017, 37, 117–123. [CrossRef]
[PubMed]

22. Armstrong, R.; Wheen, P.; Brandon, L.; Finucane, C.; Kenny, R.A.; Maree, A. Impaired autonomic function after incomplete
revascularisation. Open Heart 2021, 8, e001835. [CrossRef] [PubMed]

23. Hansen, D.; Jacobs, N.; Bex, S.; D’Haene, G.; Dendale, P.; Claes, N. Are fixed-rate step tests medically safe for assessing physical
fitness? Eur. J. Appl. Physiol. 2011, 111, 2593–2599. [CrossRef]

24. Fecchio, R.Y.; Brito, L.; Leicht, A.S.; Forjaz, C.L.M.; Peçanha, T. Reproducibility of post-exercise heart rate recovery indices:
A systematic review. Auton Neurosci. 2019, 221, 102582. [CrossRef]

25. Mackenzie, B. Harvard Step Test [WWW]. 2007. Available online: https://www.brianmac.co.uk/havard.htm (accessed on 29
August 2022).

26. Tanaka, H.; Monahan, K.D.; Seals, D.R. Age-predicted maximal heart rate revisited. J. Am. Coll. Cardiol. 2001, 37, 153–156.
[CrossRef]

27. Heyward, V.H. Advanced Fitness Assessment and Exercise Prescription, 3rd ed.; Library of Congress: Washington, DC, USA, 1997.
28. Jamnick, N.A.; By, S.; Pettitt, C.D.; Pettitt, R.W. Comparison of the YMCA and a Custom Submaximal Exercise Test for Determining

VO2max. Med. Sci. Sports Exerc. 2016, 48, 254–259. [CrossRef]
29. Andersen, R.E.; Wadden, T.A. Validation of a cycle ergometry equation for predicting steady-rate VO2 in obese women. Med. Sci.

Sports Exerc. 1995, 27, 1457–1460. [CrossRef]
30. Evans, H.J.; Ferrar, K.E.; Smith, A.E.; Parfitt, G.; Eston, R.G. A systematic review of methods to predict maxi-mal oxygen uptake

from submaximal, open circuit spirometry in healthy adults. J. Sci. Med. Sport. 2015, 18, 183–188. [CrossRef]
31. Bennett, H.; Davison, K.; Parfitt, G.; Eston, R. Validity of a perceptually-regulated step test protocol for assessing cardiorespiratory

fitness in healthy adults. Eur. J. Appl. Physiol. 2016, 116, 2337–2344. [CrossRef]
32. Hopkins, W.G. A scale of magnitude for effect statistics. In A New View of Statistics; Will, G., Ed.; Hopkins: Melbourne, Australia,

2002; p. 50.
33. Barbosa, T.M.; Ramos, R.; Silva, A.J.; Marinho, D.A. Assessment of passive drag in swimming by numerical simulation and

analytical procedure. J. Sports Sci. 2018, 36, 492–498. [CrossRef]
34. Bland, J.M.; Altman, D. Statistical methods for assessing agreement between two methods of clinical measurement. Lancet 1986,

327, 307–310. [CrossRef]
35. ACSM. Guidelines for Exercise Testing and Prescription, 10th ed.; Library of Congress: Washington, DC, USA, 2018.
36. Okutucu, S.; Karakulak, U.N.; Aytemir, K.; Oto, A. Heart rate recovery: A practical clinical indicator of abnormal cardiac

autonomic function. Expert Rev. Cardiovasc. Ther. 2011, 9, 1417–1430. [CrossRef] [PubMed]
37. Latchman, P.L.; Yang, Q.; Kong, L.; Zhang, H.; Sebagisha, J.; De Meersman, R.E. Heart Rate Recovery, Central Systolic Pressure,

and Augmentation Index in Young Healthy Individuals. Vasc. Health Risk Manag. 2022, 18, 17–25. [CrossRef]

http://doi.org/10.1590/S0066-782X2012005000069
http://doi.org/10.1161/JAHA.117.005505
http://doi.org/10.1159/000520314
http://doi.org/10.1007/s40279-015-0445-1
http://doi.org/10.1016/j.artres.2017.02.005
http://doi.org/10.4314/ahs.v21i1.15
http://www.ncbi.nlm.nih.gov/pubmed/34394287
http://doi.org/10.4187/respcare.05918
http://doi.org/10.1111/sms.12934
http://www.ncbi.nlm.nih.gov/pubmed/28649720
http://doi.org/10.1123/ijspp.7.3.251
http://doi.org/10.1519/JSC.0000000000002193
http://doi.org/10.1519/JSC.0000000000003073
http://doi.org/10.1111/cpf.12271
http://www.ncbi.nlm.nih.gov/pubmed/26147945
http://doi.org/10.1136/openhrt-2021-001835
http://www.ncbi.nlm.nih.gov/pubmed/34635578
http://doi.org/10.1007/s00421-011-1886-3
http://doi.org/10.1016/j.autneu.2019.102582
https://www.brianmac.co.uk/havard.htm
http://doi.org/10.1016/S0735-1097(00)01054-8
http://doi.org/10.1249/MSS.0000000000000763
http://doi.org/10.1249/00005768-199510000-00016
http://doi.org/10.1016/j.jsams.2014.03.006
http://doi.org/10.1007/s00421-016-3485-9
http://doi.org/10.1080/02640414.2017.1321774
http://doi.org/10.1016/S0140-6736(86)90837-8
http://doi.org/10.1586/erc.11.149
http://www.ncbi.nlm.nih.gov/pubmed/22059791
http://doi.org/10.2147/VHRM.S340483


Int. J. Environ. Res. Public Health 2022, 19, 11274 10 of 10

38. Jaafar, Z.; Lim, Y.Z. A comparison of low and high dose of moderate intensity aerobic exercise on heart rate recovery of the
sedentary adults: A pragmatic randomised controlled trial. J. Sports Med. Phys. Fitness. 2022, 27, 35620954. [CrossRef]

39. Adabag, S.; Pierpont, G.L. Exercise heart rate recovery: Analysis of methods and call for standards. Heart 2013, 99, 1711–1712.
[CrossRef]

40. Gupta, M.; Bansal, V.; Chhabra, S.K. Abnormal heart rate recovery and chronotropic incompetence on exercise in chronic
obstructive pulmonary disease. Chron. Respir. Dis. 2013, 10, 117–126. [CrossRef]

41. McArdle, W.D. Fisiologia do Exercício: Energia, Nutrição e Desempenho Humano; Guanabara Koogan: Rio de Janeiro, Brazil, 2003.
42. TANITA. Available online: https://tanita.eu/blog/could-improving-your-vo2-max-be-the-secret-of-success (accessed on 28

July 2022).
43. Bragada et al. Available online: https://www.facebook.com/StepTest4all (accessed on 28 July 2022).

http://doi.org/10.23736/S0022-4707.22.13958-7
http://doi.org/10.1136/heartjnl-2013-303863
http://doi.org/10.1177/1479972313493097
https://tanita.eu/blog/could-improving-your-vo2-max-be-the-secret-of-success
https://www.facebook.com/StepTest4all

	Introduction 
	Material and Methods 
	Participants and Samples 
	Data Collection 
	StepTest4all Protocol 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

