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ABSTRACT

Background and objective: The peak heart rate (HRpeak) as-
sessed in maximum laboratory tests has been used to determine
the aerobic exercise intensity in field situations. However, HRpeak

values may differ in field and laboratory situations, which can influ-
ence the relative intensity of the prescribed workloads. The objec-
tive of this study was to measure the HRpeak responses in laborato-
ry and field maximum tests, analyzing their influence in the exercise
prescription. Methods: Twenty-five physically active men aged 21-
51 yrs (28.9 ± 8 yrs) executed a 2,400 m field test in a running
track and an individualized maximum treadmill ramp protocol. All
tests were performed within two weeks, in a counterbalanced or-
der. Before each test, the temperature and air humidity were
checked, and the subjects were told no to engage in any physical
activity 48 hours before. Differences between HRpeak and environ-
mental conditions (temperature and humidity) in field and laborato-
ry situations were respectively tested by paired and simple Stu-
dent’s t tests (p < 0.05). Results: HRpeak values were significant
higher in the field test than in the laboratory protocol, reaching 10
beats per minute in some cases. These differences may be partial-
ly accounted for a significant higher temperature and air humidity
in the field conditions. Conclusion:     In conclusion, maximum field
tests seem to elicit higher HRpeak values than laboratory protocols,
suggesting that the former procedures are more likely precise to
determine the relative intensity of aerobic effort in physical train-
ing.

INTRODUCTION

One of the most important aspects in the aerobic exercise pre-
scription is the adequate control of the effort intensity. There are
some variables that may be used in this purpose. Among them,
the maximal oxygen intake (VO2max), the metabolic equivalent, the
exertion subjective perception, the ventilatory and lactate thresh-
old and the heart rate (HR)(1-6) may be mentioned. Among these
indicatives, perhaps the HR is the most practical, although its re-
sponses may be influenced by several aspects besides effort it-
self. Among them, the room temperature(7), anxiety(8), use of med-
ications(9), wind resistance(10), air relative humidity(11) and the
mechanical efficiency to perform some activity(12).

One of the physiological bases that guide the HR application as
indicative of effort intensity is the relation relatively linear of its

relative values (HRmax percentiles) with the oxygen intake relative
values (VO2max percentiles)(1,13-15). This relation allows estimating the
behavior of a variable in function of other. In other words, when an
individual exercises in a given percentile of his VO2max, he exhibits
a corresponding percentile of his HRmax. The American College of
Sports Medicine(1) recommends that the effort intensity for improve-
ments on the cardiorespiratory fitness should lie between 55%
and 90% of the HRmax (50% to 85% of the VO2max).

Besides its relation with VO2max, another aspect that promotes
the HR use is the fact that it composes an indicative easily mea-
surable in efforts of varied nature. In this context, it is worth ob-
serving that a strategy usually adopted in exercise prescriptions is
to estimate the HRmax with the use of predictive equations. This
procedure, however, may present unacceptable error margins in
the activity intensity determination(5,16,17). Thus, one uses to adopt
data obtained in laboratory tests in order to determine the actual
HRmax of the individual.

Another aspect that may influence the responses of the HRmax

to effort is the amount of muscular mass involved. In this case,
perhaps the most suitable way to express the HR responses in
situations where one intends to determine it is to use the term
‘HR peak’ or simply HRpeak. The HRpeak would express the maxi-
mum value of the HR response for a specific elective activity. For
example, one frequently verifies differentiated HRpeak responses in
maximum efforts performed in arm ergometers, cycle ergometers,
treadmills and paddle-ergometers(18-21). For nomenclature purpos-
es, in the present study we will call the highest HR responses in
maximum tests as HRpeak.

It seems to exist an agreement in literature in which the highest
HR values are obtained in maximum tests conducted in laborato-
ry(22). However, many aspects may influence the attainment of the
actual HRpeak. Although some of these aspects may be controlled
in laboratory conditions, this control becomes quite difficult when
the training is applied in field. Some of the variables upon which
one loses control, on the other hand, have potential to influence
the HR responses during exercise. One deduces that differences
between field and laboratory situations may affect the behavior of
the HRpeak. This may result in an under or overestimation of the
actual intensity of effort performed. Thus, the objective of the
present study is to verify the responses of HRpeak obtained in field
and laboratory maximum tests and to analyze their influence on
the aerobic exercise prescription.

MATERIAL AND METHODS

Sample

Twenty-five men physically active aged between 20 and 51 years
(average = 28.9 ± 8.5 years) participated in this study. The volun-
teers performed previous aerobic training at least three times a
week for at least 30 minutes a day. All were used to perform their
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training in treadmill and running track. None of the individuals pre-
sented health problems that could impair the performance of the
tests. Previously, all individuals signed the post-informed consent
term and the study was approved by the Institutional Ethics Com-
mittee.

Protocol

Initially, all individuals responded to the PAR-Q questionnaire.
Later, they underwent an anamnesis specially elaborated to identi-
fy aspects regarding the practice of physical activities including
the adaptation to treadmill work.

In the first visit to laboratory, the volunteers were submitted to
an anthropometrical evaluation in which measurements of stature
(anthropometer GPM Instruments, Geneva) and body mass (Filizo-
la scales, Brazil) were performed. Later, the body density and fat
percentage were estimated through Jackson and Pollock(23) and
Siri(24) equations, respectively (caliper, Lange Cambridge Scientific
Instruments, USA).

The laboratory tests were conducted in treadmill (Quinton, model
Q65, USA). The room average temperature was of 22°C, ranging
from 20 to 23°C. The air relative humidity was of 62.55%, ranging
from 59 to 65%. For the HRpeak determination, an individualized
maximum treadmill ramp protocol was used with velocity incre-
ments. The tests duration ranged from 8 to 12 minutes. As maxi-
mum test criterion, the appraised should present at least three of
the following characteristics: maximum voluntary exhaustion, at-
tainment of a plateau for oxygen intake between two consecutive
loads, R ≥ 1.15 and absence of HR increase despite the increase
on the workload. During the tests performance, the VO2max was
directly measured (Medical Graphics gas analyzer, model CPX,
USA). During the application of the protocols, the individuals were
encouraged to perform maximum effort. Holding the side or fron-
tal bars of the treadmill was not allowed to participants. The test
was only interrupted by means of maximum voluntary exhaustion.

The field test was conducted in official running track and was
composed of running 2,400 m in the shortest time as possible. All
performed previous warm-up exercises composed of light running
and stretching exercises for lower limbs. During the test, the vol-
unteers were verbally encouraged to cover the distance established
in the shortest time as possible. The HR was measured during the
test through monitor label Polar (model Accurex Plus, Finland). The
room average temperature during the performance of the test was
of 32°C, ranging from 26 to 38°C. The air relative humidity was of
76%, ranging from 72 to 84%.

The field and laboratory tests were performed with maximum
interval of two weeks between each other. The volunteers were
told not to perform physical exercises 24 hours before each test.

Statistical treatment

In order to check possible differences between HRpeak respons-
es in field and laboratory situations, the paired Student’s t test was
applied and to check differences in temperature and air relative
humidity between the situations studied, the simple Student’s t
test was applied. For both procedures, the significance level adopt-
ed was of p < 0.05.

RESULTS

Data with regard to age and anthropometrical characteristics of
the sample studied are shown in table 1. The descriptive statistic
values for environmental conditions of field and laboratory situa-
tions are illustrated in table 2. Finally, the HRpeak values verified in
field and laboratory are illustrated in table 3. As we can see, the
HRpeak values exhibited in field conditions presented statistically
significant difference in relation to values obtained in laboratory
conditions.

DISCUSSION

The adequate quantification of the effort intensity is vital for the
aerobic exercise prescription, regardless the population in-
volved(1,25,26). In this context, the HR responses to effort have been
widely employed(27). The hypothesis that the field and laboratory
HRpeak values could be different, thus influencing significantly the
effort intensity determination, was tested. Based on the principle
that an evaluation must be specific to the training prescription con-
ditions, variations on the field and laboratory responses may affect
the prescription efficiency.

One of the limitations of the present study lies on the fact that
there is no guaranty that the effort was maximum in field tests, as
it was in laboratory tests. The maximum test criteria for laboratory
tests are well defined and accepted. In the case of field tests, per-
haps the most used is the exhaustion for a given distance, as the
case of the present experiment. Notwithstanding, the HR responses
observed in field were higher than those obtained in laboratory,
leading us to believe that the effort in field was actually maximal.

In the present study, significant differences between field and
laboratory HRpeak responses were verified. Among the 25 individu-
als investigated, 20 of them presented higher HRpeak in field tests.
Although the average HRpeak have been differentiated in approxi-
mately 5 bpm in both conditions studied, individual variations of up
to 10 bpm were observed on behalf of field tests. Only five individ-
uals presented lower HRpeak in field, of which all exhibited values
below 4 bpm in relation to values observed in laboratory.

The most likely explanation for this response seems to be relat-
ed to the influence of the environmental conditions in the HRpeak

responses in the situations studied. Indeed, significant differenc-
es were observed for temperature and air relative humidity on be-
half of field tests. A hot environment, as observed in field tests,
may require the cardiovascular system to work more in compari-

TABLE 1

Ages and anthropometrical characteristics of volunteers

Descriptive statistics Age Body mass Stature

(years) (kg) (cm)

Average 28.9 076.0 177.0
Standard deviation 08.5 012.5 007.3
Minimum 20.0 053.4 165.0
Maximum 51.0 106.8 199.0

TABLE 2

Environmental conditions presented in field and laboratory tests

Descriptive Temperature Air relative Temperature Air relative

statistics in field tests humidity in in laboratory humidity in

(OC) field tests tests  laboratory

(%) (oC) tests

(oC)

Average *32* *76* 22 63
Standard deviation 03 07 01 06
Minimum 26 72 20 59
Maximum 38 84 23 65

* Significant difference in relation to value obtained in laboratory (p < 0.05).

TABLE 3

HR
peak

 values verified in field and laboratory tests

Descriptive statistics HR
peak 

field HR
peak

 laboratory

(bpm) (bpm)

Average *195.8***** 191.8
Standard deviation 012.2 012.1
Minimum 168.0 166.0
Maximum 218.0 214.0

* Significant difference in relation to value obtained in laboratory (p < 0.05).
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son to controlled environment in laboratory tests. As emphasized
by Coris et al.(11) and Montain and Coyle(28), exercises performed in
hotter environments cause a deviation on the blood flow from the
muscle to the periphery in the attempt of controlling the body tem-
perature by transporting heat to the external environment. Due to
this adjustment, a smaller amount of blood remains available for
muscles in activity, thus decreasing the O2 uptake. As result, the
HR increases in order to supply the organism’s necessities.

In addition, the air relative humidity may affect the HRpeak re-
sponses more significantly in field tests. This parameter influenc-
es directly on the sweat evaporation possibility, once it depends
on the water vapor pressure gradient between skin and environ-
ment(29). Therefore, in efforts performed in excessively low air rel-
ative humidity, the volemy and the blood solvent-solute relation
tend to modify due to the loss of liquid to the environment, hence
generating a higher HR response in order to maintain the cardiac
debt. In case of high air relative humidity, the sweat tends to find
difficulty to evaporate, impairing the body temperature regulation
process(30). As result, the field HR tends to elevate drastically in
relation to controlled environments such as laboratories.

The modifications on the hydration degree may also cause dif-
ferences on the field and laboratory HRpeak responses. Although it
is known that the duration of a maximum field test is not suffi-
ciently long to induce an accentuated dehydration, small variations
in the hydration state may help to exacerbate the HRpeak respons-
es. In field tests under hot and humid conditions, the chances for
this situation to occur are not to be neglected.

Another aspect that may cause higher cardiovascular stress in
field tests in relation to laboratory ones is the wind resistance. This
effect may be higher when the individual’s dislocation direction is
the opposite to the wind dislocation, leading to a higher effort to
overcome the resistance(10). An important observation on the influ-
ence of the wind resistance on the HR responses is obtained in
runners in groups. As emphasized by Kyle(32) and Pugh(33), running
performed in groups may have the performance significantly facil-
itated due to exercise being conducted in the vacuum, and a re-
duction on the HR and O2 intake may also be observed in compar-
ison to running performed individually.

The results of this study show that the field and laboratory HR-

peak may be significantly different. In our sample, from the 25 indi-
viduals observed, 20 of them obtained higher HRpeak values in field
tests. The average difference between field and laboratory values
for these individuals was of 6 bpm, with results ranging from 2 to
10 bpm on behalf of field tests. Obviously, this brings implications
on the effort intensity determination with strong variations of loads
suitable to the aerobic training. For example, using the range from
75 to 90% of the HRpeak as training range for an individual who
presents a difference of 6 bpm, the training range would lie be-

tween 146 and 185 bpm based on the reference value obtained in
laboratory. For the same individual, the same training range lies
between 151 and 180 bpm based on a HRpeak of 201 bpm obtained
in field test. In case we take the difference of 10 bpm between
both situations studied as reference, the training range prescribed
in function of a HRpeak of 180 bpm obtained in laboratory would be
from 135 to 162 bpm. On the other hand, for a value of 190 bpm
obtained in field test, the training range lies between 142 and 171
bpm. In this case, taking the described training range as reference,
one observes a difference of 7 bpm in the lower limit and of 9 bpm
in the upper limit of the HR ranges used in training tests. From this
point on, one observes that the impacts on the work relative inten-
sity and expected effects are evident.

Another source of error in the determination of the correct train-
ing intensity regards the adoption of equations to estimate the HRpeak

based on age. With this purpose, several equations have been pre-
sented in literature(16). The problem of using these equations be-
falls on the high estimation standard error obtained in all equa-
tions, thus influencing the error possibilities in the exercise
prescription(5,17,34). Robergs and Landwehr(16) report that the esti-
mation error for prescription purposes based on HR may be higher
than that associated to VO2max estimation. The authors yet empha-
size that, for exercise prescription purposes, acceptable errors in
the HRmax determination should lie below 8 bpm and, if the objec-
tive is the VO2max prediction, below 3 bpm. As result, laboratory
tests are usually indicated as the most accurate in order to obtain
an actual HRpeak

(22). Data from this study contradict that statement.
At least for training prescription purposes, the results here pre-

sented indicate that tests involving the activity the individual is
used to perform seems to be better when compared to laboratory
tests in the determination of training target-ranges. Thus, the over-
valuation of laboratory tests as the best way to obtain the aerobic
exercise prescription intensity should be questioned, especially
when the training is performed at field conditions.

In short, field tests present higher HRpeak values when compared
to laboratory tests, and in some cases these tests provide more
precise data for the quantification of the exercise intensity. In prac-
tical terms, this means that field tests, specific for actual activity
and training conditions, may represent a more reliable option in
the determination of the effort relative intensity. For the perfor-
mance of further studies, one recommends the investigation of
other motor gestures in order to evaluate the influence of field and
laboratory tests in the HRpeak responses as well as their impact on
the aerobic training intensity prescription.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.
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