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Abstract: To verify the influence of the resting heart rate (RHR) measurement on different positions in
the calculation of VO, intensities in young individuals of both sexes. Methods: A cross-sectional
study with a correlational design with a sample of 22 men and 11 women, aged 27.8 £ 6.5 years
and 29.0 + 8.6 years, respectively, healthy, active and sedentary, who performed the stress test on
a treadmill until fatigue. For the treatment of the data, a repeated measures ANOVA was carried
out with Bonferroni’s post hoc test. Results: The comparison of the mean values of baseline heart
rate (Bhr) between the groups of women and men showed significant differences (t = 2.329; gl 31;
p = 0.027). However, no significant differences were noted for lying (t = 0.057; gl 31; p = 0.95), sitting
(t=0.196 gl 31; p = 0.85) or standing (t = —0.290; gl 31; p = 0.77). But in the analysis of the intensities
of the RHR in different positions, the calculations with baseline and lying HR were significantly
different (p < 0.05). Conclusion: The determination of aerobic training intensities by RHR method
must observe the heart rate measurement at rest in the sitting and/or standing positions minutes
before the training session.

Keywords: prescription; aerobic training; heart rate; young people; healthy

1. Introduction

The determination of the intensities of the percentage of maximal oxygen consumption
(VO2max), 0xygen consumption reserve (VO,R) and heart rate reserve (HRR) for aerobic
training has been called into question, i.e., the relation of linearity between heart rate (HR)
and oxygen consumption during effort tends to under- or overestimate the intensity of
aerobic exercise [1,2]. However, there are other physiological factors related to heart rate
monitoring which may clarify some of the issues [3-6].

One such factor is the position of the body at the time of the resting heart rate
(RHR) measurement, such as in the lying position, in which venous return is favored.
Fisher et al. [7] explain that the HR is lower when performing dynamic exercises in the
supine position compared to the upright position, which indicates the existence of mecha-
nisms that induce changes in central blood volume and cardiopulmonary load that can
influence the cardiovascular response during static or dynamic exercise in humans. An-
other factor that may interfere with the results presented in the studies is the decision to
use the value of 3.5 mL/kg-min ! of oxygen as the standard value for oxygen consumption
at rest in the calculation of VO;R [8]. According to Méndez-Villanueva et al. [9], the body
mass involved in physical effort can also present significant differences between the % of
VOomax and the % of VO, R when they are associated with the % of HRR.
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Both the hemodynamic and hormonal factors (catecholamine concentrations) and the
response of or adjustments by the autonomic and peripheral nervous system are important
to HR adjustment during exercise [7,10,11]. Birnbaumer et al. [3] describe sex and age as
being directly related to the reduction in maximum HR and maximal power output, which
is consistent with previous studies related to the loss of physical fitness with age [5,12].
This may explain the critical linear relation between % VOjpax and % HRR or % VO,R and
% HRR, since there is no way to keep the oxygen consumption stable during continuous
exercise [3].

In this sense, the aim of this study is to verify the influence of measuring the resting
heart rate (HRr) in different positions in the calculation of intensities: 50, 60, 70 and 80%
of VOpmax through the reserve heart rate equation (HRR) in young men and women as
recommended by the American College of Sports Medicine.

2. Materials and Methods

This is a cross-sectional study with a correlational design [13]. The sample was made
up of 22 men and 11 women, mean age 27.8 of & 6.5 years and 29.0 £ 8.6 years, respectively,
healthy, active and sedentary. The individuals were interviewed by the researcher to obtain
the level of weekly practice of physical exercises and/or physical activities and; according
to the guidelines of the American College of Sports Medicine [14], those who reported
regular levels of physical exercise lasting at least thirty minutes a day were classified
according to the hours dedicated to exercise and/or physical activities per week, three to
five times a week for six months or more of training. and sedentary, those who did not
perform less than 150 min of weekly physical activities [14]. These subjects participated in
the study through an invitation made to employees of a university and a gymnasium in
the Federal District of Brazil. The present study complied with the recommendations for
studies with human beings described in resolution 446/12, being presented and approved
by the protocol of the Ethics Committee of the Catholic University of Brasilia (UCB) on
20 June 2005, number 045/2006.

After the invitation, everyone received information on the procedures, as well as the
possible discomforts, risks and benefits of the cardiopulmonary stress test. Those who
agreed to participate were told their baseline heart rate (Bhr) would be measured within five
days; the measurement took place on waking. The individual could not make movements
such as sitting or getting up from the bed before measuring the heart beats using the
method of pressing on the radial artery. The count was taken in one minute, considering
the average of five days prior to the day of the cardiopulmonary exercise test. The day
before the cardiopulmonary stress test, the following procedures were implemented: (1) no
vigorous physical exercise twelve hours before the cardiopulmonary exercise test; (2) no
drinking alcohol or caffein; and (3) eating light food at least two hours before exercise
test [15,16].

When the volunteers came in to the laboratory on the scheduled date and time, they
were again informed of the procedures and they signed a free and informed consent. Next,
they responded to the Par-Q, and body mass and height measurements were taken using the
Filizola digital scale (Personal Line model) accurate to 100 g for weight, and the stadiometer
of the same scale was used for height in centimeters. Then, the individuals stayed lying
down for five minutes before their blood pressure was taken by auscultation, using the
Becton Dickinson® sphygmomanometer (Becton Dickinson, Sao Paulo-SP, Brazil). After
this, an electrocardiogram was taken at rest with the Marquette Hellige, Medical System:s,
model: CardioSmart© v. 3.0 CS-MI (General Electric Company, Boston, MA, USA).

Once medical authorization had been obtained, the RHR evaluation began. The volun-
teers were transferred to a temperature-controlled room with smooth environmental light,
where they were monitored by the Micromed® electrocardiogram (MicroMed, Brasilia,
Brazil) using three CM5 leads, and they stayed lying down on a gurney. Heart rate (HR)
was measured for five minutes in each position: lying (HRyying), sitting (HRsiting) and
finally standing (HRstanding)- After the change of position, it was expected that the HR
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would stabilize before beginning a new reading. Then, the cardiopulmonary exercise test
was performed on a treadmill with gas analysis using the VO,000®° by Aerosport Med-
graphics (Oak Grove, MN, USA) to determine the peak oxygen consumption (VO,peak),
with the collection of expired gases monitored every 10 s. The metabolic gas analyzer was
calibrated before each test with a known gas concentration (17% oxygen-O2 and 5% carbon
dioxide-CO,), following the manufacturer’s recommendations.

To determine the VO,peak and HRmax, the volunteers performed an incremental test
on an Inbramede® Super ATL (Inbramede, Porto Alegre, Brazil) treadmill until fatigue.
The staggered protocol had an initial speed of six km/h with zero percent of incline and a
final speed of 16 km/h with 6% of incline; being observed the interval of one minute for the
increments [15]. The electrocardiogram, the treadmill, and the gas analyzer were controlled
by the Micromed® ErgoPC Elite software v. 3.2.1.11 (MicroMed, Brasilia, Brazil). After the
test, first and second ventilatory thresholds were marked according the recommendations
of Policarpo et al. [16] and Grigaliuniene et al. [17].

After the test, the second ventilatory threshold was determined, considering it a point
to determine an abrupt increase in expiratory volume greater than 8 L/min. The following
parameters were adopted as tie-breaks: (a) an exponential increase in ventilatory equivalent
for oxygen-VE/VO,, with stabilization or increase in the ventilatory equivalent for carbon
dioxide-VE/VCO; [18] and (b) a drop in the expired carbon dioxide fraction-FeCO, [1].

At the end of the stress test, the intensities of 50, 60, 70 and 80% of the VO,peak
and HR were calculated corresponding to the respective intensities. This calculation was
determined by the per-minute mean. Then, the intensities were calculated using the
equation tHR = RHR + [(HRmax — RHR) x%] [19], with the training heart rate (tHR)
and the variation in the calculation of the baseline heart rate (Bhr), lying (HRyying), sitting
(HRgitting) and standing (HRgtanding) heart rates.

Statistical Analyses

For a more detailed analysis of the two pieces of data, a dispersion curve was created
from the data on the 33 volunteers, and then the dispersion curve concerning the physical
condition of the active and sedentary volunteers was analyzed using the Kolmogorov-
Smirnov test and the QQ plot of normality. The results indicated a normal distribution curve
atp <0.05. Student’s t test for independent samples was applied to analyze anthropometric
and physiological variables in physically active and sedentary subgroups. The mean HR
corresponding to the intensities of 50, 60, 70 and 80% of the VO,peak were compared
with the values calculated by the tHR equation for all conditions. Therefore, the repeated
measures ANOVA was applied, respecting the assumption of sphericity of Mauchly’s test.
When statistically significant differences between the measures were observed, Bonferroni’s
post hoc test was applied. The significance level in all the analyses was set at p < 0.05.

3. Results

The sample was made up of 33 volunteers, 11 were women, 4 sedentary and 7 phys-
ically active, with a mean age of 27.00 & 3.67 years and 31.14 & 9.23 years, respectively.
The men’s group had 8 sedentary men, with an average age of 26.63 & 5.78 years and
14 physically active ones, with a mean age of 28.36 £ 7.03 years. The comparison of the
mean values by age showed no statistical difference (t = —0.849 for fd = 9; p = 0.42) between
sedentary and physically active women. A similar behavior was noted for the age of the
sedentary and physically active men (t = —0.596 for fd = 20; p = 0.56) Table 1.
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Table 1. Results of the anthropometric characteristics of young men and women who underwent the
maximum stress test on a treadmill.

Body Mass (kg) Height BMI (kg/m?)

Mean + SD Mean + SD Mean + SD

W Sedentary (n = 4) 63.72 + 7.45 161.5 & 11.59 24.60 + 3.59
omen Active (n=7) 57.78 & 10.89 159.5 + 3.90 22.60 & 3.17
M Sedentary (n = 8) 73.36 +11.24 173.19 4+ 5.30 24.40 + 3.00
en Active (n = 14) 80.12 + 12.92 176.06 + 4.68 25.76 + 3.36

SD: Standard deviation.

The analysis of the anthropometric parameters points to the homogeneity in women'’s
and the men’s group, since no statistical differences were observed for body mass (t = 0.959
for fd = 9; p = 0.42), height (t = 0.430 for fd = 9; p = 0.68) or for the BMI (t = 0.962 for fd = 9;
p = 0.36) between the sedentary and physically active women. There was no difference in
body mass between the sedentary and physically active men either (t = —1.234 for fd = 20;
p = 0.23), height or BMI (t = —1.318 for fd = 20; p = 0.20) and (t = —0.950 for fd = 20;
emphp = 0.56).

The comparison of the mean Bhr values between the groups of women and men
yielded significant differences (t = 2.329; fd = 31; p = 0.027) between the groups. However,
there were no significant differences for lying (t = 0.057; fd = 31; p = 0.95), sitting (t = 0.196;
fd = 31; p = 0.85) or standing (t = —0.290; fd = 31; p = 0.77) Figure 1. As illustrated in
Table 2, the statistical results for the resting states indicated no significant differences for
the HR between the groups of women and men in the lying, sitting or standing positions.
A similar behavior was obtained based on the level of physical condition, in which there
was no significant difference between the sedentary and physically active groups when the
baseline and resting heart rate were compared.

Table 2. Description of the heart rate measurement in different positions in young individuals of

both sexes.
Women Men
Sedentary Active Sedentary Active
Positions

Mean + SD Mean + SD Mean + SD Mean + SD

Bhr 59.5 +4.5* 613 +6.0% 55.1 5.2 54.8 + 8.3

HRyying 68.7 £ 13.4 61.1 +£9.2 61.4 + 8.0 61.9 + 8.8
HRitting 772 +£11.9 67.1 £8.7 732 £12.3 68.6 = 11.1
HRstanding 75.0 £9.1 744+ 89 76.7 £10.3 76.6 = 13.4

HR: heart rate; Bhr: baseline heart rate; HRyying: lying; HRgitting: sitting; HRgtanding: standing; SD: standard
deviation; * = p > 0.05 Compared to the sedentary male group; f = p > 0.05 Compared to the physically active
male group.

However, the results of the comparison of the sedentary and physically active sub-
groups did not show any statistical difference. This is because the RHR analysis in the
women’s group showed a significant difference in Wilk’s Lambda F (3,17.684) = 8.000;
p = 0.01 for an alpha of 0.99 between Bhr and HRyyine compared to HR;tting and HRgtanding-
Significant differences were also observed in Wilk’s Lambda F (3, 31.935) = 0.165; p = 0.001
for all the positions in the men’s group, which indicates a greater variation in HR for this
group in all the analyzed positions (Figure 1).

The coefficient of variation (CV) obtained for the basal heart rate of women was 8.79%;
in the other positions: lying down = 17.13%; sitting = 15.05% and standing = 11.13%. CV
values for men in the respective positions were: = 13.11% and 13.54%; 16.35% and 15.80%.
The values obtained for the CV indicate a trend of homogeneity, since the fluctuation of the
data is less than 5% for both women and men. However, CV values in the men’s group
may explain the statistical difference observed in the resting state.
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Figure 1. Baseline and resting heart rate measured in different positions. (a) average values of
baseline and resting heart rate in different positions in 11 young women; (b) average values of
baseline and resting heart rate in different positions in 22 young men.

No difference was noted in oxygen consumption: 21.56 + 5.96 mL/kg-min~! vs.

24.56 + 6.06 mL/kg-min~! in the first ventilatory threshold between the groups of women
and men, or for heart rate: 133 &= 13 and 124 &+ 16 bpm, respectively. In addition, there were no
differences for the HRmax in the maximum effort between the groups: women = 183 &= 9 bpm
and men = 187 £ 9 bpm. However, the mean oxygen consumption values in the second ventila-
tory threshold for the respective groups: women =3649 + 7.12 mL/kg-min~! and
men = 43.65 + 578 mL/ kg-rnin’l were significantly different (t = —3.103; fd 31; p = 0.01),
as well as for VO, (t = —4.444; fd 31; p = 0.01). At the peak of exercise, they presented a
statistically significant difference when the groups of women and men were compared:
40.62 + 5.21 mL/kg-min~! vs. 51.86 + 7.51 mL/kg-mni~!, respectively.

The values for heart rate and oxygen consumption in relation to the second ven-
tilatory threshold of the women were ~53% of the RHR, calculated using the formula:
HR = (training HR — resting HR)/(HRmax — resting HR). Since the CV was 9.75% for
heart rate and 27.64% for oxygen consumption, there is a broader spread of data in this
variable. The second ventilatory threshold is 90.74% of HRR and corresponds to 89.83% of
the oxygen consumption, with the CV being 4.47% and 19.51% respectively. In the men’s
group, the first ventilatory threshold was 42.34% of HRR with a CV = 13.26%, whereas the
oxygen consumption was 47.35% with a CV = 24.67%. The second ventilatory threshold
values showed a narrower spread, being 87.39% of the HRR and 84.69% of the peak VO,
with a CV =5.62% and 13.24% respectively.
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(a)

Heart rate value at 50% VO2peak

(c)

Heart rate value at 70% VO2peak

Figure 2. Baseline and resting heart rate measured in different positions for intensities 50, 60, 70 and 80% of the peak oxygen
consumption and the respective heart rate (HR/VO,peak). Charts (a—d) show the values for intensities 50, 60, 70 and 80%
of peak oxygen consumption and the respective heart rate (HR/VO,peak) and for the intensities calculated by resting heart
rate in the positions: baseline (Bhr), lying (HRlying)r sitting (HRsjtting), and standing (HRstanding) for a sample of young

160

For a deeper analysis, it was decided to group the data and verify if there were any
differences, since the equation of heart rate reserve does not discriminate between sexes.
Thus, the data show a statistical difference F (4, 26.371) = 29.000; p = 0.01 for 50% and
60% intensity when it is calculated using the Bhr position. At intensities of 70% and
80%, a difference was also found for the values calculated in the HRyiny position. The
differences encountered refer to the comparison with the reference values, i.e., the mean
HR relative to the oxygen consumption by intensity. There is also a significant difference
F (4,26.730) = 29.000; p = 0.01 between the values calculated with Bhr and HRy;,; when

they are compared with the values calculated for HRgjtting and HRgtanding (Figure 2).

B RV O2peak p=001— iT
140 4 [ Bhr |
I HRYying |
[ HRrsitting ‘I
120 1 Il HRstanding
100
80 A
60 -
40 +
20 A
0 | Ll
180
B HRVO2peak T :l__ }
160 4 [ Bhr .
B HRying + -
[ HRsitting
140 4 I HRstanding
120 1
100 -
80 4
60 -
40 A
20 A
0

individuals of both sexes.

4. Discussion
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Heart rate value at 80% VO2peak
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The objective of this study was to verify the influence of the FCR obtained in different
positions in the calculation of intensities through the FCR and, at the same time, to verify
which would be more accurate in determining the percentages of VOonax. Figure 2 shows
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the mean values of the intensities of 50, 60, 70 and 80%, based on Bhr, HRlying, HRsitting
and HRstanding as the basis for the calculations.

Among the limiting factors of the study, the lack of experience/ability of the volunteers
to measure the basal heart rate by the radial artery palpation method stands out, as well
as the consistency in following a protocol for measuring heart beats on awakening, these
two factors may have compromised the quality of the data to the variable in question.
Another limiting factor would be the small number of sedentary individuals in the sample.
However, the smaller number of sedentary individuals is not an intervening factor that can
compromise the observed results, since there is no difference in the calculation of aerobic
training intensities for individuals with different levels of physical fitness [4,5].

The relevant point of the present study is in the direct application of the results at
the time of prescription of aerobic training intensities, since there is no difference in the
measurement of resting heart rate in the sitting or paddle positions. At the same time, the
results allow us to question previous studies that did not take into account the adjustments
induced by the nervous system both in oxygen consumption and in heart rate [1,3,12].

The results obtained in the present study clearly describe that body position influences
the determination of intensities corresponding to the percentages of VOppax. This is
directly due to the reduced homedynamic load favoring venous return as described by
Fisher et al. [7]. This is a phenomenon also observed during aquatic activities, wave at the
depth at which the exercise is performed tends to reduce heart rate [20].

The variation in heart rate values in the different positions as mentioned above repre-
sents the hemodynamic adjustments, which increase the systolic volume and, consequently,
reduce the heart rate [4,7,12,21]. At the same time, it is possible to observe a reduction in
sympathetic action and a reduction in peripheral resistance due to the low concentrations
of circulating catecholamines, which facilitate venous return [4,7]. This phenomenon is
evident among physically active individuals [21], as the cholinergic responses in these
individuals undergo adaptations due to training [4]. As can be seen in Figure 2, the use
of basal HR and HR at rest (lying down) resulted in lower values in the determination of
intensities, especially in the intervals of 50 and 60% of peak VO,, tending to underestimate
the training loads, as reported in previous studies [2,16]. In practical terms, it is important
that when prescribing aerobic training using the oxygen consumption reserve equation
(VO2R), the professional observes the measurement of heart rate in one of the sitting or
standing positions, this may mitigate the VO,R error in overestimation, as well as, of the
HRR in underestimating the intensities Policarpo et al. [1].

However, it should be emphasized that intensities below 60% of VO, peak are more
susceptible to the parasympathetic autonomic system [3,4,21], which explains the heart rate
variability observed at intensities of 50 and 60% of VO, peak [7] pointed out in the results
presented here. The variability observed is described in the notes by Astrand et al. [22],
where the loss of linearity between oxygen consumption and heart rate is emphasized. This
loss of linearity may be related to the action of physiological mechanisms (chemoreceptors,
baroreceptors and mechanoreceptors) that make adjustments in HR in relation to metabolic
residues and muscle tension [4,7,20,23,24].

In the study by Policarpo et al. [1] and Iannetta et al. [25] they observed disparities
between the percentages of VOypax and those determined by indirect methods (HRR and
VO,R). This is consistent with the conclusions of Ferri Marini et al. [26] and earlier such
as [8]. What could explain this loss of linearity would be the adjustments described by As-
trand et al. [22] due to metabolic changes induced by exercise intensity. The present study
did not aim to analyze the association between the percentages of HRR and VOyax. How-
ever, the values obtained for the studied percentages did not show statistically significant
differences as shown in Figure 2.

The results obtained in this study point to the need for complementary studies aimed at
determining the intensities, since the methods applied for the prescription of aerobic train-
ing intensities have some limitations [3,25]. Policarpo et al. [1] point out the need for specific
equations for each training intensity. Consistent with the notes by Ferri Marini et al. [26]
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which cites, that both the HRR and the VO;,R differ from the line of identity; the authors
add that the use of a single equation may not be appropriate to determine aerobic exercise
intensity. This suggests the need to rethink the relationships between the methods for
determining the intensity of aerobic exercise, in order to ensure greater efficiency and safety
in training prescription.

5. Conclusions

The results of the present study allow us to conclude that the determination of aerobic
training intensities by the FCR method will have the expected acuity when the resting
heart rate measurement is performed in the sitting and/or standing positions. For this,
professionals must do it 5 min before the training session. At the same time, the need
for future studies to develop specific indirect methods for each aerobic training intensity
is evident, since there is evidence of loss of linearity between heart rate and oxygen
consumption during aerobic exercise.
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