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ABSTRACT 

The purpose of this study is to evaluate the relation-
ship between %HRmax and %vVO2max at constant 
efforts made at different intensities. In randomized 
order, males healthy subjects (Age: 25 ± 7 years, 
Weight: 70 ± 11 kg, VO2max: 55 ± 8 ml·kg–1·min–1) were 
divided into two groups, a trained one with more than 
3 training sessions per week (n = 10) a moderately 
trained one with 3 drives or less per week (n = 15). The 
difference between the two groups corresponds to a 
time to exhaustion above and below 40 min at 80% 
vVO2max. All subjects performed 5 tests with a grad- 
ual increase in speed of 1 km·h–1 every 2 min and 4 
constant speed tests at 60%, 70%, 80% and 90% 
VO2max. All test were performed at the same time of 
day (i.e., 18:00 h). The results of this study showed 
that eighteen collective regressions including different 
independent variables were developed to predict 
%HRmax. The individual equations developed, have 
r values between 0.974 and 0.993 and Syx, between 
1.2 and 1.9 ml·kg–1·min–1, they are more accurate 
than the collective equations (one equation for all 
subjects) with r values between 0.81 to 0.89 and Syx, 
between 4.1 and 5.3 ml·kg–1·min–1

. In conclusion, this 
study has demonstrated that the model of predictions 
of %HRmax from %vVO2max in triangular tests 
were not appropriate for rectangular efforts. From 
the equations developed, we find that the time to ex-
haustion at 90% vVO2max is the best predictor of 
level of endurance then the time limit to 80% 
vVO2max. 
 
Keywords: Heart Rate Percent; Treadmill Exercise; 
Prediction; Triangular Test 

1. INTRODUCTION 

Recent technological advances have made heart rate (HR) 
monitoring during training highly accurate and inexpen-
sive [1], and it is, therefore, a tool easily applied to regu-
lating training intensities in various groups of subjects. 
The percent of maximal heart rate (%HRmax) method is 
widely used to describe training intensities in athletes, 
healthy sedentary subjects, and patients [2]. Training 
intensity is the key factor to improve VO2max, and sev-
eral recommendations have been made on a %HRmax 
basis. Referring to Pollock et al. 1998 the American col-
lege of sports medicine [2] has recommended training 
intensity between 55% and 65% to 90% of maximal 
heart rate (HRmax), or between 40% and 50% to 85% of 
oxygen uptake reserve (VO2rest), or HR reserve. The 
prediction of HRmax equation (i.e., 220 – age [3]) is 
commonly used as a basis for prescribing exercise pro- 
grams, as a criterion for achieving maximal exertion and 
as a clinical guide during diagnostic exercise testing. 
Despite its importance and widespread use, the validity 
of the HRmax equation has never been established in a 
sample that included a sufficient number of athletes. On 
the other hand, the determination of exercise intensity is 
essential for standardization and optimization training effort. 
For predominantly cardiovascular and aerobics exercises, 
the percentage of maximal oxygen uptake (%VO2max) 
which the physical effort runs, is probably the most spe-
cific way to express the high intensity exercises. How-
ever, this approach is impractical in the context of moni-
toring daily load training because of the complexity and 
the frequency of measurements to be made. 

Contrary, heart rate or the %HRmax has long been 
recognized as a best tool that indicates the intensity of 
training. Indeed, the ratio of HRmax and HRrest is pro-
portional to maximal oxygen uptake [4]. On the other 
hand, the HR may be influenced by several factors among *Corresponding author. 
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which we can mention the training level, degree of hy-
dration [5,6], relative humidity, and ambient temperature 
[7]. Moreover, the equations %HRmax vs. %VO2max 
reported in the literature [8,9] were compiled from mul-
tistage efforts (or “triangular”). However, general train- 
ing used exercise at constant intensity (or “rectangular”) 
and for low and high intensity exercises specific to dif- 
ferent sports practices [10]. Although we know that there 
is a cardiovascular drift depending on the duration of the 
effort and the magnitude of it depends on the intensity of 
effort, Verschuren et al. [11] state that we can consider 
whether standard curve %HR vs. VO2max during an es- 
tablished protocol of progressive high intensity is con-
sistent with the values that prevail during types of long 
term intensity. Therefore, the relationship between 
%HRmax and %vVO2max at constant efforts made at 
different intensities were not yet more defined.  

Therefore it is critical to verify whether a general mo- 
del based on all individuals can give a realistic idea of 
%HRmax versus time and %VO2max during prolonged 
exercise at constant intensity and quantify the loss of 
accuracy compared to standard individual models. We 
can also calculate the loss of accuracy of these models to 
predict %HRmax if one uses the true HRmax of subjects 
or a prediction form the equation of Astrand and Rodhal 
[3] (HRmax = 220 – age). 

2. MATERIALS AND METHODS 

2.1. Subjects 

25 males healthy subjects, were divided into two groups 
i.e., a trained one with more than 3 training sessions per 
week (n = 10) a moderately trained one with 3 drives or 
less per week (n = 15) participated in this study after 
having a thorough explanation of the protocol and sign-
ing a consent document. Participants gave their written 
consent to participate in this study. (Mean ± (SD); Age: 
25.4 ± 7.25 years; Height: 174.6 ± 10.4 cm; Weight: 70.8 
± 11.5 kg and VO2max = 55.6 8.1 ml·kg·min–1). Subjects 
were non-smokers, do not consume caffeine or any al-
coholic beverages and none of them was taking any 
medication. The study protocol complied with the Hel-
sinki declaration for human experimentation and was 
approved by the University Ethics Committee. 

2.2. Experimental Design 

Before the start of the experimental period, the subjects 
performed 5 tests on treadmill preceded by a familiariza- 
tion session to minimize the learning effects throughout 
the study [12-14]. All tests were separated by at least one 
rest day [15-17]. Subjects were asked not to make any 
workout or any physical effort, during the 24-h before 
the testing. After running for 2 min at 8 km·h–1 on a 

treadmill (0% slope), the speed was increased by 1 
km·h–1 each 2 min until exhaustion. Then, we calculate 
the speed corresponding to 60%, 70%, 80%, and 90% 
VO2max using individual regressions vs. %VO2max 
speed. 

After that, in a random order, 4 constant speed tests at 
60%, 70%, 80%, and 90% vVO2max have subsequently 
been made. At 80% and 90%, subjects were run to ex-
haustion (t to exhaustion 80 and t to exhaustion 90) while 
for the tests at 70% and 60% vVO2max, tests were stopped 
after 60 min or, where appropriate, to exhaustion. At 
60% and 70% vVO2max, the subject was disconnected 
from the system measuring expired gases between the 
10th and 20th minute and between the 30th and 40th 
minute effort to minimize discomfort. All tests were per- 
formed at the same time of day (18:00 h). 

For gas analysis, we used the system Moxus (Applied 
Electrochemistry AEI Technologies 300 William Pitt 
Way, Pittsburgh (Pennsylvania USA). The expired gases 
pass through an open circuit and they are analyzed in 
near real time while the results were averaged every 30 
seconds. The VO2 and HR were measured continuously 
to determine VO2max and HRmax and plotted HR/VO2. 
Body weight was measured to the nearest of 0.1 kg using 
a Tanita digital scale (Tanita, Tokyo, Japan). 

2.3. Statistical Analysis 

All data are processed using Statistic 6.0 software (StatSoft, 
Tulsa, USA). Data were analysed by the multiple regres- 
sion. The multiple regressions stepwise was used to de- 
velop models to predict %HRmax versus time and inten- 
sity (%vVO2max) during prolonged exercise at constant 
intensity and depending on whether other complemen- 
tary variables as the standard curve %HR vs %VO2max 
obtained in a triangle test, VO2max, and t to exhaustion 
80% vVO2max. Different regression models were estab- 
lished for all subjects (group models) and for each indi- 
vidual separately (individual models). As we were inter- 
ested in modelling the phenomena of cardiovascular drift 
after the linear phase of rapid cardiovascular adjustment, 
only the values observed after the fifth minute effort 
were selected for this study. 

3. RESULTS 

Eighteen collective regressions including different inde-
pendent variables were developed to predict %HRmax 
(Table 1). Whatever the model (regression individual or 
group) or the dependent variable is (% of maximum heart 
rate based on actual or predicted maximum heart rate), 
the same number of regression refers to the same set of 
independent variables. For reasons of brevity, only the 
most relevant regressions are presented starting from the 
individual models followed by collective models. 
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3.1. Individual Approach %vVO2max while the equation 18 did not take account. 
The Figure 1 allow to assess the magnitude of random 
errors associated with individual regressions 1 and 18, 
while the comparison of real and predicted values versus 
time for each intensity (Figure 2) shows the magnitude 
of systematic errors for one individual. 

For individual regressions, the independent variables 
VO2max and tlim had no reason to be, only regressions 1 
and 18 are presented. In addition to the basic variables 
(time and vVO2max%), regression 1 also takes account 
of the %HRmax observed on multistage test as same as  
 

Table 1. Prediction models for %HRmax while running at constant speed at different 
speeds. 

Individual & Collective 
HRmax: Observed & Predicted 

I 
O

I 
O

C
O

C
O

C
O

C
O

C
O

C
O

C 
P 

C 
P 

Equation 1 18 5 7 4 12 16 18 15 18 

TIME √ √ √ √ √ √ √ √ √ √ 

%vVO2max √ √ √ √ √ √ √ √ √ √ 

TIME x%vVO2max √ √ √ √ √ √ √ √ √ √ 

%HR Multistage √  √  √ √   √  

VO2max   √  √      

tLIM a 80%vVO2max      √     

tLIM a 90%vVO2max   √ √       

Trained (1) or Untrained (0)      √ √  √  

Time (min); %MAS (maximal aerobic speed) (km·h–1); HRmax from multistage test (bat·min–1) VO2max 
(ml·kg–1·min–1); tLIM 90% MAS and tlim 80%MAS (time spend in the test at 90 or 80 percent of maximal 
aerobic speed) (min); (√) variable used in the equation. Example of prediction model: %HRmax = 46.6 – 
0.12X1 + 0.93X2 + 0.0038X3 – 0.26X4 – 0.57X5 – 0.049X6. Where X1 = Time (min), X2 = %VO2max, X3 = 
X1 × X2, X4 = %HRmax from multistage test (bat·min–1), X5 = tlim 90% MAS, X6 = VO2max (ml·kg–1·min-1). 

 

 
(a) 

 
(b) 

Figure 1. Relation of predicted and observed values for individual (a) Equation (1) Subject 
1 (r = 0.984 and Syx = 1.426) EQ #1 predictors: Time, %vVO2max, Time x% vVO2max and 
%HRmax at same %vVO2max, (b) Equation (18) Subject 1 (r = 0.973 and Syx = 1.853) EQ 
#18 predictors: Time, %MAS, and Time x% MAS during the multistage test. 
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(a) 

 
(b) 

Figure 2. Evolution %HR predicted and observed at 60%, 70%, 80% and 90% MAS for in-
dividual Equation (1) (a), subject 1 EQ #1 predictors: Time, %MAS, Time x%vVO2max and 
%HRmax at same %MAS during the multistage test and (b) Equation (18) EQ #18 predic-
tors: Time, %vVO2max, and Time x% vVO2max. 

 
Even if these two regression models globally stick to 

reality, there are different slopes (more pronounced in 
this case) especially at 90% vVO2max, it is the same in 
other subjects in both groups (data not reported). We also 
note that taking account %HRmax through multistage 
standard test in the prediction of %HRmax during pro- 
longed exercise at constant intensity, slightly improves 
the accuracy of the prediction (Figures 1 and 2). 

3.2. Collective Approach 

This section presents a selection of collective equations 
to show the influence of independent variables selected 
on the accuracy of predicted values. Furthermore, to be 
more concise and selective when two equations have 
similar correlations, we retained only those who had 
fewer independent variables (Equations (5), (7), (4), (12), 
(16) and (18)). Figure 3 show the best and worst equa- 
tions (Equations (5) and (18), respectively). We immedi- 
ately observe much more variation or inaccuracy for col- 
lective equations than for individuals ones. 

Adding predicted %HRmax (= 220 – AGE) instead of 
true %HRmax as an independent variable in a collective 
equation to predict %HRmax during constant speed 
training considerably reduces the accuracy of the predic- 
tion.  

General summary of results and for a better overview 
on the validity of the models, we can compare the corre- 
lation of different models (Figure 4) to see the clear su- 
periority of individual models. The validity of collective 
models is inadequate on an individual basis and very 
greatly depending on the independent variables consid- 
ered. 

4. DISCUSSION 

At the time of efforts, we showed that %HRmax in con- 
stant intensity does not depend only on the intensity of 
the effort (%vVO2max), but also on its duration as well 
as on the endurance (t to exhaustion with 80% or 
90%vVO2max) and VO2max of the subjects. Since our 
first concern was to determine %HRmax at a constant 
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intensity effort that is typically used in high intensity exer- 
cises, we chose to observe %HRmax as the dependent 
variable and %vVO2max as the independent variable. In 
order to predict %HRmax during rectangular effort, we 
tested several regression models. The simplest model 
includes only %vVO2max and the time effort of constant 
speed test (Equation (18)). Then in order to improve the 
accuracy of prediction, we tried to add other predicted 
variables such as VO2max and/or endurance of the sub- 
ject measured by t to exhaustion 80% or 90% vVO2max 
or %HRmax predicted from %vVO2max standard indi- 
vidual multistage tests. This last variable and VO2max are 
readily available following a conventional multistage test, 
but t to exhaustion values require additional testing. Si- 
milarly if HRmax is not available, %HRmax was ex- 

pressed as a percentage of maximum heart rate predicted 
by the classical formula “HRmax = 220 – age”. As expected, 
these collective approaches to predict %HRmax during 
constant speed effort did not all have the same degree of 
accuracy. Regarding random errors, express %HRmax 
from the formula “HRmax = 220 – age” causes more 
mistakes than from the maximum heart rate measured in 
the laboratory. In fact HRmax depends not only on age 
[18] but also physical fitness, exercise mode [19] and the 
continent of belonging [20,21] which increase the error 
of prediction of %HRmax during constant speed effort if 
HR is expressed in terms of predicted maximum heart 
rate rather than real HRmax. On the other hand, the accu- 
racy of prediction improves gradually when added to 
%vVO2max, time, t to exhaustion, VO2mx and %HRmax  

 

 
(a) 

 
(b) 

Figure 3. Relation of predicted and observed values for the best collective Equation (5) (r = 0.98 
and Syx = 4.11) (a) and Equation (18) (r = 0.81 and Syx = 5.27)(b). 
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Figure 4. Values of the correlation of some representative equations (2 Individual first from 
the left, 6 Collective observed on the middle, Collective predicted the 2 last on the right). 

 
predicted from the standard curve individual %HRmax/%v 
VO2max at the multistage test. In addition, t to exhaus-
tion 90% vVO2max seems more accurate than t to ex-
haustion 80%vVO2max and also t to exhaustion is more 
accurate than %VO2max to predict maximum heart rate 
during rectangular effort. We know no other study at-
tempting to describe and model systematically %HRmax 
based at %vVO2max and the time of constant effort. 
Many others [22-25] have studied the drift of HR in con-
stant and prolonged efforts. Thus, previous studies [22, 
26-28] also observed that training was associated with a 
drift less pronounced at lower %HRmax. The best collec-
tive model of this study gives an acceptable idea of the 
average evolution of %HRmax versus time and %vVO2max. 
But the main problem with the collective equations is 
that it translates into a slope of drift and vertical posi-
tions of %HRmax same for all so individually. The col-
lective models to predict %HRmax are inadequate on an 
individual basis, we examined individual models. With 
these models, we can take into account the values of 
VO2max or t to exhaustion to improve the prediction 
since these values remain constant for a given individual. 
We have therefore chosen two models. Regarding ran-
dom errors, there are not many differences between the 
two models studied and they are both excellent. Adding 
the values of %HRmax corresponding to %vVO2max 
observed in multistage test improves very little the pre-
diction of %HRmax during constant effort on assessment. 
Nevertheless, individual models are clearly superior to 
collective models and appear sufficiently accurate to 
predict the values of %HRmax depending on the inten-
sity (% vVO2max) and time at constant effort with esti-
mated errors type below 2% HRmax. The model used 
provides a linear increase of %HRmax on depending of 
time with regular increases in slope between the intensi-

ties, which is not always the case. Thus we see especially 
at 90% vVO2max, significant differences between theo-
retical %HRmax and real %HRmax. On the other hand, 
if one relies on data from Figures 3 and 4, it seems that 
Equation (1) is also less prone to systematic errors than 
Equation (18), but analysis of data from 5 other subjects 
not shown shows in this respect, the two equations are 
equally good. We may question the interest of an indi-
vidual model, as it must do all necessary tests to each 
subject to obtain it, in other words it cannot be experi-
mentally a priori defined as the collective models. On the 
other hand, although it should be measured on at least 3 
intensities, %HRmax can subsequently be predicted at 
other intensities without having to measure the subjects 
again. Moreover, if t to exhaustion or VO2max topics 
change, a new %HRmax can be estimated without hav-
ing to redo the model.  

5. CONCLUSION 

The interest of this study was to develop equations that 
will allow calculating the %HR in function of different 
settings (time, strength, VO2max, 80% t to exhaustion 
vVO2max ...) in order to better adjust the intensity of 
training. The main idea is to take into account the data 
measured at efforts made at constant load to calculate the 
parameters for training qualitative. Overall the tests used 
to determine the intensity levels are of multistage type 
(steady increase of intensity) while training efforts are 
mainly constant. This study has demonstrated that model 
predictions of %HRmax from %vVO2max in multistage 
tests were not suitable for constant efforts. From equa-
tions developed, we have find among the indicators of level 
of endurance, the time limit to 90% vVO2max is a better 
predictor of %HRmax than the time limit to 80% vVO2max. 
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The application of these relations on real data showed 
that only the use of individual equations on individual 
data gives consistent and acceptable results on an indi-
vidual basis while collective models rather give an aver-
age description of the evolution of %HRmax as a func-
tion of time, vVO2max% of t to exhaustion, VO2max and 
a result of conventional multistage test. Additional re-
search is needed to verify the applicability of the % HR 
max, %HRrest, %VO2max and %VO2 rest relationships 
within the context of actual aerobic training, in different 
populations and for high intensity intermittent exercise of 
different sports practices. 
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