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Abstract

The aim of this study is to compare the relation between ventila-
tion (Vi) and oxygen uptake (VO,) [VO,=f (V)] and between
heart rate (HR) and VO, [VO,=f (HR)]. Each one of the subjects
performed three types of activities of different intensities (walk-
ing without load, walking with load and intermittent work).
VO,, Vg, and HR were measured continuously by using indirect
calorimetry and an electrocardiogram. Linear regressions and
coefficients of determination (r?) were calculated to compare the
relation VO, = f (Vg) and VO, = f (HR) for two different
regroupings: by session duration (r%wsin) and by subject
(Psubject)- Results showed that 1’0, 0f the relation VO, = f(Vg)
were significantly higher than those of the relation VO, = f'(HR)
for steady state activities (walking with or without load during 3
or 6 min, p < 0.01) and for activities without oxygen consump-
tion steady state (walking with or without load during 1 min, p <
0.01 and intermittent work, p < 0.05). Vg is more strongly corre-
lated with VO, than with HR. This is a very promising approach
to develop a new method to estimate energy expenditure.

Key words: Physical activities, light to moderate intensities,
steady state activities, non-steady state activities.

Introduction

Physical activity represents the most variable part of the
human energy expenditure (EE) (Ravussin and Gautier,
2002). The accurate measurement of EE associated with
physical activity remains a difficult challenge. This diffi-
culty increases when we look at light or intermittent ac-
tivities. Many parameters have been explored to estimate
EE, during physical activities of different intensities.
Doubly labelled water (DLW) and indirect calorimetry
techniques, considered as the gold standard measures of
EE (Westerterp, 1999), are both limited in their assess-
ment of free-living EE. Indirect calorimetry cannot assess
free-living subjects easily, whereas DLW does not pro-
vide information on the pattern, frequency, or intensity of
physical activity. Portable and less costly devices are
emerging and also making it possible to estimate EE in
free-living conditions. Electronic motion sensors attempt
to analyze the movements of the human body in order to
estimate "counts" and TEE (Total Energy Expenditure)
(Bouchard and Trudeau, 2008; Corder et al., 2007;
Nilsson et al., 2008; Plasqui and Westerterp, 2007). Un-
fortunately, they are unable to detect arm movements, or
external work done in lifting or pushing objects, which

may represent a considerable component of lifestyle ac-
tivity (Bassett et al., 2000). New portable devices are able
to couple biomechanical and physiological parameters.
The Actiheart” and the SensorWear Armband® coupled
the measurement of physiological parameters (heart rate
and heat flow respectively) with an accelerometer system.
These devices provide better results compared to the
classic electronic motion sensors, but differences are still
measured in comparison with reference methods (Brage et
al., 2005; Corder et al., 2005; Fruin and Rankin, 2004;
King et al., 2004).

To consider EE under free-living conditions, one of
the most current approaches in the field of physiology,
consists in using the relation between heart rate (HR) and
oxygen uptake (VO,) (VO, = (HR x V) x (CaO, -
C v 0,)), where V represents the volume of systolic
ejection (ml'min™), CaO, is the amount of oxygen carried
by arterial blood (ml-100ml™), and C v O, is the amount of
oxygen carried by venous blood (ml-100ml"). This
method has been largely studied (Garet et al., 2005; Hiil-
loskorpi et al., 2003; Kurpad et al., 2006; Livingstone et
al., 2000; Rayson et al., 1995) and proved to be adapted to
estimate EE: the cardiofrequencemeter is an easily port-
able device that does not present any invasive character.
Nevertheless, the use of HR to consider EE can be criti-
cized because of the variability of this parameter during
activities of low and very high intensities (Achten and
Jeukendrup, 2003; Haskell et al., 1993). In the same way,
many other studies (Davidson et al., 1997; Melanson and
Freedson, 1996; Montoye et al., 1996) have showed that
emotional stress, high ambient temperature, high degrees
of humidity, dehydration, body posture, or disease may
imply HR variations without any VO, variation. All these
limits account for the difficulties of measuring a precise
EE from HR measurements particularly during light
physical activities. Therefore, we propose to explore an-
other physiological parameter, complementary to HR,
which is also in strong relation with VO, and EE.

Ventilatory output or ventilation (Vg) also varies
during physical activity (Saltin and Astrand, 1967;
Wasserman et al., 1986) and two studies suggest that
pulmonary ventilation (Vg) could be an index of EE
(Durnin and Edwards, 1955; Ford and Hellerstein, 1959).
Indeed, Vg is a parameter directly related to oxygen con-
sumption (VO, = Vg x [F;,0, — F.0,], where F,0, repre-
sents the fractional concentration of O, in inspired air and
F.O, is the fractional concentration of O, in expired air)
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and thus indirectly with EE (Saltin and Astrand, 1967).
Vg is especially interesting because Durnin and Edwards
report that, during light and moderate exercise, when Vg
is less than 50 1'min’t, VO, of any one individual is di-
rectly proportional to his V.

Furthermore, Vg does not necessarily require the
use of a facial mask to be measured. McCool et al. (2002)
in this case proposed a light and portable system to meas-
ure Vg based on four coupled magnetometers. This sys-
tem, compared with the measurement carried out by spi-
rometry, enables a precise measurement of tidal volume
(Vr), inspiratory (T}), and expiratory time (Tg) in sitting
and standing positions and exercise conditions. Taking
into consideration this new technology, it may now be
possible to use Vg to estimate EE. Such an approach may
therefore provide new prospects in EE estimation, com-
pared with the limitations of HR measurements. Never-
theless, it may be questioned as to which of the two pa-
rameters Vg or HR is better correlated with VO,. The
purpose of this methodological study is to answer this
question during physical activities of different intensities.
Then, we postulate the following hypothesis: during
physical activities of different intensities Vg is more
strongly correlated with VO, than HR. To validate our
assumption, we compared the relations VO, = f (HR) and
VO, =f(Vg) during varied sequences of walking with and
without load and intermittent work.

The interest of this work is to compare the parame-

ters Vg and HR as an indicator of VO, and to show the
interest of Vg to estimate EE. Moreover, it is important to
note that this is the first study who choose to compare the
two relationship, VO, = f (HR) and VO, = f (Vg), during
physical activities of different intensities.

Methods

Subjects

Twelve healthy males, aged 27.25 + 4.33 years, voluntar-
ily took part in this study. The mean values and standard
errors of their physical characteristics, maximal oxygen
uptake (VOyma), and ventilatory threshold (VT) are
shown in Table 1. This study was conducted according to
the guidelines laid down in the Declaration of Helsinki
and all procedures involving human subjects were ap-
proved by the local ethics committee of the University of
Rennes 1. Written informed consent was obtained from
all subjects. None of the subjects reported respiratory or
cardiac disease, hypertension, or was known to be suffer-
ing from any other chronic disease.

Experiment design

The experimental protocol is schematized in Figure 1.
The first day of experiments (D1) was devoted to labora-
tory testing, including anthropometric and body composi-
tion measures. Each subject performed a maximal

‘ Experimental protocol l
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Figure 1. Description of the four days (D1, D2, D3 and D4) and details of the activity “walking with load” (example of the

experimental protocol of the subject n°4).
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Figure 2. Details of the experimental protocol: walking with and without load (68 walks).

increment exercise test on the treadmill in order to appre-
ciate the relative intensities of each exercise carried-out
on D2, D3 or D4. A warm-up session was carried out for
10 min at 8 km-h™. The test started at an initial 10 km-h™.
The incrementation of the test was 1 km'h™ every 3 min.
The subjects were verbally encouraged to continue their
efforts. It was estimated that the subjects had reached
their VO,.x when three or more of the following criteria
were met; a steady state of VO, despite increasing run-
ning speed (change in VO, at VO, < 150 ml'min™ )
(Taylor et al., 1955), a final respiratory exchange ratio
(Rmax) higher than 1.1, a visible exhaustion and a HR at
the end of the exercise (HR,;,x) within the 10 bpm of the
predicted maximum [210 — (.65 X age); (Spiro, 1977)].
During the following three days (D2, D3, and D4) each of
the subjects performed three different types of activities
(walking without load, walking with load, intermittent
work) over three distinct days. A period of 48 hours sepa-
rated each activity. These activities were carried out ran-
domly by each subject. Each day was initialized by 5 min
of rest in a sitting position. All these activities were car-
ried out on a treadmill (Gymrol, super 2500).

The first activity consisted in walking without load.
Each subject carried out three sessions of walking (3, 4.5,

and 6 km-h™), the order being self-selected by the subject.
Thereafter, each walking session was characterized by a
time duration (1, 3, or 6 min) and a slope (0, 5, or 10 %)
also self-selected by the subject. The detail of the walking
session with and without load is presented in Figure 2.
One 10-min period of rest (seated) was maintained be-
tween each session of walking. The second activity was
walking with a load. The protocol was the same as that for
walking without a load. The load applied to the subject
was a backpack stuffed with 10 kg. The load was applied
to the subject at the last minute, right before starting the
walking session. During periods of rest and between the
various steps, the backpack was removed from the sub-
ject. Finally, the third activity was intermittent work. This
session consisted in alternating walking (5 kmh™) and
running (10 km-h™") sequences. A session consisted of five
consecutive sequences where the duration of each period
of walking and running was chosen at random by the
subject (30, 45, or 60 s).

The whole range of activities was carried out under
ambient controlled conditions. For all activities, partici-
pants were asked to refrain from physical activity, medi-
cine, alcohol, and tobacco 24 h before testing and to re-
frain from food 2 h beforehand. The Subjects were asked
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Table 1. Physical characteristics, maximum oxygen uptake (VO,nax) and ventilatory threshold (VT) data.

Subjects Age (yr) Height (cm) Weight (kg)  Fatty mass (%) VO (mlmin’.kg")  VI(% VO
1 32 179 75.6 17.8 59 51.6
2 21 178 80.4 153 58 49.4
3 34 176 71.9 17.9 52 46.8
4 27 184 73.7 7.8 61 53.3
5 27 186 68.3 8.7 62 49.5
6 23 176 76.6 12.4 56 46.6
7 33 179 70.9 16.3 62 47.7
8 31 181 78.7 20.9 54 42.4
9 27 180 76.2 153 54 48.5
10 23 171 63.8 12.6 64 56.4
11 24 193 83.3 11.7 58 41.4
12 25 177 71.5 13 56 0.4

Mean 2725 180 74.2 14.1 58 48
SD 433 5.64 5.40 3.85 3.74 4.53

VOjmax: Maximum oxygen uptake (ml.min".kg™), % VOypnx: Percentage of maximum oxygen uptake, SD: Standard Deviation

to arrive at the laboratory 30 min before the beginning of
the measurements. On D1, measurements (VO,, Vg, and
HR) started at the beginning of the warm-up period. On
D2, D3, and D4, the measurements started at the begin-
ning of the sitting position period of 5 min.

Gas exchange and heart rate measurements

Breath-by-breath measurements of gas exchange were
made using the MetaLyser 3B” (Cortex Biophysic, Leip-
zig, Germany). Expiratory airflow was measured with a
volume transducer (Triple V* turbine, digital) connected
to an O, analyser. Expired gases were analysed for oxy-
gen (0,) with electrochemical cells and for carbon diox-
ide (CO,) output with the ND infrared analyser. Before
each test, the MetaLyser 3B™ was calibrated according to
manufacturers’ guidelines. After a 60-min warm-up pe-
riod, the CO, and O, analysers were calibrated against
room air as well as a reference gas of known composition
(5% CO,, 15% O,, and 80% N,), and the volume was
calibrated by five inspiratory and expiratory strokes with
a 3-litre pump. Oxygen uptake (VO,) and ventilation
(Vi) were measured and displayed continuously on the
computer screen. The electrocardiogram (Delmar Rey-
nolds Medical®, CardioCollect 12) was also continuously
monitored at both restful and active periods. Heart rate
was derived from the R-R interval of the ECG. The ECG
tracing was continuously displayed on the computer

screen. The entire data (VO,, Vg, and HR) during each
breath was calculated, and the sampled data transferred
breath-by-breath to a PC for immediate display. The re-
corded data was saved in the internal database of Me-
taSoft” for a precise performance analysis after the test.
The data of VO,, Vg and HR was averaged every 5 s for
statistical analysis.

Determination of ventilatory threshold (VT)

VT was determined on DI during the maximal incre-
mental exercise test. To determine VT for each subject,
we used the criteria of Wasserman (Wasserman et al.,
1990): the threshold corresponds to the breakpoint in the
Vg / VO, relationship, whereas the relationship Vg /
VCO, remains stable. VT was determined visually by two
independent investigators.

Session intensity calculation

To evaluate the intensity of each session, we chose to
express it as the mean value of VO, and as a percentage of
VOymax. The mean value of VO, was calculated over the
total time of each session. These individual values of VO,
were then averaged to obtain VO,,e.n and the percentage
of VO, for each activity group (Table 2). The mean
value of Vg and HR were also calculated over the total
time of each session. These individual values of Vg and
HR were then averaged to obtain Vg e and HR eqn.

Table 2. Intensities (VO;means 0 VO2maxs VE means HR mean) and coefficients of determinations (r?yo,) from the relations VO, =

f(Vg) and VO, = f (HR). Data are means (xSD).

Part 1: Physical activities with oxygen consumption steady state

Intensities Igession
SUbjeCts (ll = 12) VOZmean Y% VOZmax VE mean HRmean VOZ =f(VE) V02 =f(HR)
Group1l 20 % VOppax < 1<55% VOopa 1.45(.54)  33.4(10.8) 30.3(10.2) 96 (18) 87 (*%) .61
20 walks : 3 min
Group2 17 % VO < 1<62 % VOpax 142 (.56)  33.5(13.1) 30.7(12.3) 92 (19) .80 (**) .50
26 walks : 6 min
Part 2: Physical activities without oxygen consumption steady state
Intensities Iession
SUbjeCts (l’l = 12) VOZmean Y% VOZmax VE mean HRmean V02 =f(VE) VOZ =f(HR)
Group 3 13 % VOppax < 1<40 % VOypa  1.05(.32) 242 (7.6)  23.6(6.5) 89 (12) .82 (*%) .63
22 walks : 1 min
Group4 40 % VOyx < I1<60 % VOppa  2.02(20) 47.1(45) 46.04.7) 114(13) .82 (%) 73

12 intermittent work

VOomean: Mean oxygen uptake (I'min™), SD: Standard deviation, % VOamax: Percentage of maximum oxygen uptake, Vi men : Mean ventilation
(I'min™"), HR eqn : Heart rate (beats'min™), VO,: oxygen uptake (L.min™), Vg: Ventilation (I.min™), HR : heart rate (beats.min™), I : intensity. * and

** denote p < 0.05 and 0.01 respectively.
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Table 3. Coefficient of determination (r*pjee) from the relations VO, = f (Vg) and VO, = f
(HR), by subject, over the total duration of the seven sessions.

Coefficients of determination : r%,;ect

Subjects (n = 12) VO, =1 (Vg VO, = f(HR)

1 954 .867

2 .854 917

3 871 .891

4 .906 .865

5 .879 784

6 .939 915

7 919 727

8 928 814

9 921 .886

10 945 .891

11 .874 .720

12 .886 711

Mean 906 (*) 832
Standard Deviation .033 .078

VO,: Oxygen uptake (I'min™"), Vi: Ventilation (I'min™), HR: Heart rate (beats-min")

Session distribution of activities at various intensities
within four principal groups

Eighty-four sessions were programmed as each subject
had to carry out seven activity sessions (three walking
activities without load + three walking activities with load
+ one intermittent work). Nevertheless, four of the ses-
sions were not taken into account, as four of the walking
activities of two subjects were removed because of errors
of measurement. Therefore the full number of sessions
included in this study was 80.

In order to analyse the results, the whole range of
activities was classified into two different parts. Each part
was devised into two different groups. This classification
was carried out in accordance with the duration of each
activity (Table 2).

- The part 1 includes activities with oxygen con-
sumption steady state. The first group (Group 1) incorpo-
rated walking activities with or without load (n=20) for a
duration of 3 min and at an intensity including between 20
and 55% of VO,ax. The second group (Group 2) incorpo-
rated walking sessions with or without load (n=26) for a
duration of 6 min and at an intensity including between 17
and 62 % of VO, .

- The part 2 includes activities without oxygen
consumption steady state. The third group (Group 3)
incorporated walking activities with or without load (n =
22) at a duration of 1 min and with an intensity including
between 13 and 40% of VO,.«. Finally, the fourth group
(Group 4) is made up of the intermittent work (n = 12)
with an intensity including between 40 and 60% of
V02max~

Coefficients of determination calculation

To confirm our hypothesis (that Vg is more strongly cor-
related with VO, than HR), we proposed to compare the
relations VO, = f (HR) and VO, = f (V) during varied
sessions of activities, using the coefficients of determina-
tion (r?). The r*> were calculated by combining the whole
of the activities in two different ways. Firstly, for all of
the activity sessions (n=80), a linear regression was estab-
lished between parameters VO, and Vg and between VO,
and HR (n = 160 regressions). The r* was calculated over
the total time of each session (r%gsion). For the four differ-
ent groups, all of the individual values of 10, Were

averaged out and are reported in Table 2. Secondly, for
each subject (n = 12), the data sets of VO,, Vi and HR of
the seven individual sessions were incorporated. From the
value sets of each subject, a linear regression was estab-
lished between VO, and Vg and VO, and HR (n = 24
regressions). The > was calculated over the total time of
the seven individual sessions of each subject (r*sject). The
gubject 18 reported in Table 3.

Statistical analysis

We used the Mann Whitney test to calculate the level of
significance of the correlations and to specify if there
exists a significant difference between the 120, from the
relations VO, = f(HR) and VO, = f(Vg) of each group of
activities. The same test was applied to calculate the level
of significance of the average values of r’gpjeer. Values of
p < 0.05 were considered significant.

Results

Coefficient of determination from the four different
groups of activities (Table 2 and Figure 3)

The mean values of the r?yg;,, from the relations VO, = f
(HR) and VO, = f (Vg) for the four different groups of
activities are represented in Table 2. The r2gion Of the
linear regressions from the relation VO, = f (Vg) were
significantly higher than those obtained from the relation
VO, = f (HR) for the first (walking exercise with and
without load, between 20 and 55% of VO, and for a
duration of 3 min, p < 0.01), second (walking exercise
with and without load, between 17 and 62% of VOjax
and for a duration of 6 min, p < 0.01), third (walking
exercise with and without load, between 13 and 40% of
VOymax and for a duration of 1 min, p < 0.01) and the
fourth group of activities (intermittent work, between 40
and 60 % of VOypnax, p < 0.05).

Figure 3 shows the linear regression from the relations
VO, = f (Vg) and VO, = f (HR) for the four different
groups of activities. The graphs joined the whole of data
of each group of activities (n = 750, n = 1907, n = 295
and n = 1140 for the group 1, 2, 3 and 4 respectively).
The standard error of estimate (SEE) was calculated and
mentioned on each graph.
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Figure 3. Linear regressions (r?, p and SEE) from the relations VO,= f (Vi) and VO,= f (HR) on the pooled data of the
group 1 (walking with or without load during 3 min, 20 walks), the group 2 (walking with or without load during 6 min, 26
walks), the group 3 (walking with or without load during 1 min, 22 walks) and the group 4 (intermittent work, 12 exercises).
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Coefficient of determination, by subject, over the total
duration of the seven sessions (Table 3)

The individual values of the r’ypj« from the relations
VO,=f(HR) and VO,= f (Vg) are represented in Table 3.
The r’ypject Of the linear regressions from the relation
VO,=f(Vg) is always higher than those from the relation
VO,= f (HR), except for the subject 2 and 3. The mean
value of r’ypje Of the linear regression from the relation
VO, = f(Vg) was significantly higher than that obtained
from the relation VO, = f (HR) (p<0.05).

Discussion

The aim of this study was to compare the relation between
VO, =f(Vg) and VO, = f (HR) during physical activities
of different intensities: walking with or without load, with
or without slope during various durations and alternating
between different periods of walking and running
(Ainsworth et al., 2000). We chose to apply a load of 10
kg to each subject because this weight could correspond
to individuals who use a backpack to carry books, com-
puters in free-living conditions. So, we have chosen our
exercise protocol because the daily life is characterized by
light and moderate activities, carried out in a random
order during short durations (Ainsworth et al. 2000). For
this reason the walking activities with and without load
were characterized by duration and slope self-selected by
the subject. The same reasons led us to characterize in-
termittent work by random duration.

The intensity of each walking exercise and inter-
mittent work was defined from VO, calculated on the
total time of exercise. This methodology has been ob-
served for all durations of exercise (1min, 3min, 6min and
intermittent work). The calculation of VOspcay 1 coherent
with the calculation of the coefficient of determination
carried out for each exercise (taking into account the total
time of each exercise). However, this approach has con-
strained us to divide the exercises into two groups. The
first group consisted of exercises performed with a VO,
steady state (walking during 3 and 6 min). The on-
transient and steady state period are taken into account to
calculated VO,ean- The second group consisted of exer-
cises without oxygen consumption steady state (walking
during 1 min and intermittent work). The whole of the
variation of VO, are taken into account to calculated
VOsmean- This calculation is an estimate of exercise inten-
sity. Lastly, we did not seek to calculate the intensity of
each walk and each run of the intermittent work.

The range of values of the coefficients of determi-
nation (%essions Isubject) ShOWS that Vg is more strongly
correlated with VO, than HR (Table 2 and 3). The mean
intensities of the sessions are included between 24.2 and
47.08% of VO A light intensity exercise is usually
considered at a level between 1 to 3 METs or lower to
45% of VOsnu, and a moderate intensity exercise be-
tween 3 to 6 METs or lower to 60% of VOjua
(Friedlander et al., 2007; Smith and Morris, 1992; Swain
and Franklin, 2006). Hence, the results of the study con-
firm the hypothesis initially posed. Moreover, it is the
first study that shows that Vi is more strongly correlated
with VO, than HR and especially during activities of light

to moderate intensities. To validate our assumption, we
chose to characterize the relations VO, = f(Vg) and VO,
= f(HR) by a linear regression.

In 1967, Saltin and Astrand showed that during an
incremental exercise, the increase of Vg in relation to VO,
is semi-linear, the progression of Vg becoming relatively
more important than VO, when the exercise intensities
become vigorous. An exponential increase is observed for
vigorous intensities of exercises, which are higher than
65% of VO, Davis et al. from ventilation criteria ob-
served in subjects, aged 30 years, values of VT of 58.6 +
5.8% (mean £ SD) of VO, during a treadmill exercise
(Davis et al., 1976). In this study, the intensities of each
session of the subjects remain lower than 65% of VO,x-
Moreover, the mean intensities of the whole sessions
carried out by the subjects are close to than their VT
(VTiean = 48 + 4.53% (mean £ SD) of VO,). There-
fore, the values of Vi and VO, remain located in the lin-
ear part of the curve. These values of Vg are consistent
with the study of Durnin and Edwards who report that,
when Vg is less than 50 l~min'l, VO, of any one individual
is directly proportional to his Vg. Indeed, the Vg values
are 30.25 I'min” (£10.22), 30.69 I'min™ (£12.27), 23.64
I'min™ (£6.53) and 46.03 1'min™" (+4.74) for the groups 1,
2, 3 and 4, respectively.

The relation VO, = f(HR) is also characterized by
a linear relation. This relation is widely accepted for a
physical exercise which is progressive, involves important
muscular masses, and is long enough to allow adaptation
of the cardiovascular and ventilatory systems (Astrand
and Ryhming, 1954). Thus, a linear relation exists for a
broad range of exercise intensities (classically from 30%
to 70% of VOsna), such as those presented in this study
(from 24.2 to 47.08% of VOsx). Thus, the values of HR
and VO, remain located in the linear part of the curve.
Nevertheless, during light and very highly intense activ-
ity, this relation becomes non-linear (Achten and Jeuken-
drup, 2003).

To compare our results with other studies (Durnin
and Edwards, 1955; Ford and Hellerstein, 1959; Living-
stone, Robson, 2000; Spurr et al., 1988), we have, in
accordance with these studies, chosen a linear regression
to compare the two relations VO, = f (Vi) and VO, = f
(HR), for the whole sessions carried out with the subjects
in this study.

The most interesting result of this study is that
gession OF the relation VO, = f(Vg) is significantly higher
than the 1?0 Of the relation VO, = f (HR) for groups 1,
2, 3 and 4 (Table 2). Moreover, this result is observed
during exercise with oxygen consumption steady state
(walking with or without load during 3 or 6 min), and
during exercise without oxygen consumption steady state
(walking with or without load during 1 min or intermittent
work). Another interesting result is observed when the
sets of measures of the sessions carried-out by each sub-
ject are joined together (walking with and without loads,
intermittent work). For 10 of the 12 subjects, the coeffi-
cient of determination r’gy;e. Of the relation VO, = (Vi)
is higher than the r’je of the relation VO, = f (HR)
(Table 3). Moreover, the mean coefficient of the relation
VO, = f(Vg) is significantly higher than the mean
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coefficient of the relation VO, = (HR).

The differences among 1%gsion and r’gpjces from the
relations VO, = f (Vg) and VO, = f (HR) may be ex-
plained by the different mechanisms of control of Vg and
HR (Strange et al., 1993; Whipp and Ward, 1982). To
date, no study has been able to predict, on a strictly
physiological level, the preferential interest in using HR
compared with Vg to estimate VO,.

Nevertheless, many arguments previously men-
tioned imply that Vg seems to be a parameter much better
correlated with VO, than HR, in particular during physi-
cal activities of different intensities. Hence, it is legitimate
to think that a relation between Vg and VO, could be
established to estimate EE starting only from the meas-
urement of Vg. It is interesting to develop a new device to
measure the Vg of a subject in a non-invasive way. This
innovation would make it possible to measure Vg in daily
life conditions (light to moderate intensities). It is cur-
rently possible to precisely measure Vr, Ty, and Tg and to
calculate Vg, thanks to a non-invasive device using mag-
netometry (McCool et al., 2002). We currently develop a
light and portable device allowing the direct measurement
of Vg based on the coupling of four magnetometers. This
device has no invasive character and could quickly be
used to estimate EE under free-living conditions. Fur-
thermore, new portable devices (Actiheart and Sensor-
Wear Armband) demonstrate the added value of combin-
ing several parameters, and represent certainly the future
solutions to estimate EE in free living condition. From
this model, it would be possible to couple HR to another
physiological parameter to overcome the difficulties of
the HR method to estimate EE during low levels of activ-
ity. So, Vg would estimate EE during light and moderate
activity, and HR would be a complementary parameter to
improve the estimation of EE during moderate activity
requesting important muscular masses. It would be neces-
sary to integrate this system into clothing (shirt or vest) to
make it possible to process measurements under daily life
circumstances.

Conclusion

This study shows that Vg is more strongly correlated with
VO, than HR during physical activities of different inten-
sities. This result confirms the interest to looking for Vg
to estimate EE.
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Key points

e Ventilation is more strongly correlated with oxygen
uptake than heart rate during physical activities of
different intensities.

e This study shows the interest to looking for
ventilation to estimate energy expenditure.

e This study is a promising approach to develop a new
method to estimate energy expenditure

e An interesting perspective could be to develop a
light and portable device to measure ventilation
based on the coupling of four magnetometers.
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