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Slower heart rate and oxygen consumption kinetic 
responses in the on- and off-transient during a 

discontinuous incremental exercise: effects of aging
Resposta lentificada da cinética da frequência cardíaca e do consumo de oxigênio na transição 

on e off durante o teste de exercício descontínuo incremental: efeito do envelhecimento

Rodrigo P. Simões1, José C. Bonjorno Jr.2, Thomas Beltrame1,3, 
Aparecida M. Catai1, Ross Arena4, Audrey Borghi-Silva1

ABSTRACT | Background: The analysis of the kinetic responses of heart rate (HR) and oxygen consumption (VO
2
) are 

an important tool for the evaluation of exercise performance and health status. Objectives: The purpose of this study 
was to investigate the effects of aging on the HR and VO

2
 kinetics during the rest-exercise transition (on-transient) and 

the exercise-recovery transition (off-transient), in addition to investigating the influence of exercise intensity (mild 
and moderate) on these variables. Method: A total of 14 young (23±3 years) and 14 elderly (70±4 years) healthy men 
performed an incremental exercise testing (ramp protocol) on a cycle-ergometer to determine the maximal power (MP). 
Discontinuous exercise testing was initiated at 10% of the MP with subsequent increases of 10% until exhaustion. 
The measurement of HR, ventilatory and metabolic variables and blood lactate were obtained at rest and during the 
discontinuous exercise. Results: The lactate threshold was determined in each subject and was similar between the 
groups (30±7% of MP in the young group and 29±5% of MP in the elderly group, p>0.05). The HR and VO

2
 kinetics 

(on- and off-transient) were slower in the elderly group compared to the young group (p<0.05). Additionally, in the 
young group, the values of HR and VO

2
 kinetics were higher in the moderate compared to the mild exercise intensity. 

Conclusion: We concluded that the elderly group presented with slower HR and VO
2
 kinetics in relation to the young 

group for both on- and off-transients of the dynamic exercise. Moreover, in the young group, the kinetic responses were 
slower in the moderate intensity in relation to the mild intensity.
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RESUMO | Contextualização: A análise da resposta cinética da frequência cardíaca (FC) e do consumo de oxigênio 
(VO2) é uma importante ferramenta para avaliar a performance ao exercício e a condição de saúde. Objetivos: Investigar 
o efeito do envelhecimento na resposta cinética da FC e do VO2 durante as transições repouso-exercício (fase-on) e 
exercício-recuperação (fase-off), além de verificar a influência da intensidade do exercício (leve e moderada) sobre os 
parâmetros cinéticos dessas variáveis. Método: Catorze homens jovens (23±3 anos) e 14 homens idosos (70±4 anos) 
aparentemente saudáveis realizaram um teste de esforço incremental tipo rampa em cicloergômetro para determinar 
a potência máxima (PM) e um teste de exercício descontínuo, iniciado a 10% da PM com aumentos subsequentes de 
10% até a exaustão. Foram registradas a FC, as variáveis ventilatórias e metabólicas e da lactacidemia em repouso e 
durante o exercício descontínuo. Resultados: O limiar de lactato foi determinado individualmente e apresentou respostas 
similares entre os grupos (30±7% da PM em jovens e 29±5% da PM em idosos, p>0,05). A resposta cinética da FC e 
do VO2 (transição-on e off) foram maiores nos indivíduos idosos, quando comparados aos jovens (p<0,05), e os valores 
foram maiores na intensidade moderada em comparação à leve no grupo dos jovens (p<0,05). Conclusão: Os idosos 
apresentaram resposta cinética mais lenta da FC e do VO2 em relação aos jovens, tanto na transição-on como na off do 
exercício dinâmico em cicloergômetro. Além disso, as respostas cinéticas foram mais lentas na intensidade moderada 
em relação à intensidade leve nos indivíduos jovens.

Palavras-chave: envelhecimento; exercício; cinética; lactato sanguíneo; fisioterapia; reabilitação.
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Introduction
Both the rest-exercise transition (on-transient) and 

the exercise-recovery transition (off-transient) result 
in cardiac and metabolic changes that are necessary in 
order to meet the energy demands of the organism and 
maintain homeostasis. However, not all individuals 
respond in a similar fashion as these responses are 
influences by the health of various physiologic 
systems. These physiological adaptations can be 
non-invasively quantified by the kinetic behavior of 
certain variables, such heart rate (HR) and oxygen 
consumption (VO

2
)1. 

The analysis of the exercise kinetic response 
through these variables is becoming increasingly 
recognized as an important tool for the evaluation of 
exercise performance and health, given their ability 
to reflect cardiac autonomic modulation and aerobic 
metabolism1,2. Faster are observed in athletes and 
young individuals and are reflective of the good 
health status generally seen in these populations1. 
Delayed kinetic responses in both of these variables, 
both during the initial and final transient of exercises, 
reflect an increased risk of cardiovascular mortality1. 
Factors that can induce changes in the central and 
peripheral responses during a physical exercise, such 
as the exercise intensity, seem to influence the kinetic 
responses of HR and VO

2
 kinetics3,4.

Previous studies show that elderly individuals have 
changes in the cardiac autonomic control, due to the 
aging process, demonstrating a particularly marked 
reduction in the parasympathetic modulation5-8. 
Reduction in cardiac output, peripheral blood 
capillaries flow and muscle metabolism, can promote 
changes related to the transport and use of oxygen 
in the body and should be taken into consideration 
when evaluating an individual’s ability to perform 
physical activity9.

These aforementioned factors, that are related to 
the aging process, can be positively improved by 
aerobic physical training10. One type of training that 
have been shown to have success in relation to aerobic 
adaptations is the discontinuous protocol. This 
protocol is associated with training intensities near 
the anaerobic threshold (AT), promoting a significant 
improvement in the oxidative resynthesis of the 
adenosine triphosphate11. Furthermore, this type 
of protocol may be used for submaximal intensity 
evaluation by non-medical health care professionals, 
as it does not produce maximum stress, decreasing 
the potential for cardiovascular events. Therefore, the 
discontinuous protocol can be an alternative to the 
prescription of physical activity in healthy subjects12,13 
and patients with pathologies14.

Considering  the systemic changes that occur with 
aging and the importance of better understanding the 
metabolic and the cardiovascular system adjustments 
during the transition rest-exercise and exercise-
recovery in this population, the aim of this study 
was to test the hypothesis that elderly subjects have 
impairment in the  HR and VO

2
 kinetics in both on 

and off stages of the discontinuous cycle ergometer 
exercise, and that the exercise intensity (mild and 
moderate) can influence the kinetic responses of 
these variables.

Method 

Study design and population
This was a prospective, cross-sectional, controlled 

study involving 28 men separated into two groups: 
1) 14 healthy young men aged between 20 and 30 
years (young group — YG) and; 2) 14 healthy elderly 
men aged between 60 and 80 years (elderly group 
— EG). Additionally all subjects were considered 
to be in good health based on clinical, physical 
examination and laboratory tests. Subjects were 
excluded if they had skeletal muscle and/or joint 
pain, cardiopulmonary, metabolic or neurologic 
diseases, or difficulty in performing the exercise 
protocol used in this study. All participants signed 
a written informed consent and the study protocol 
was approved by the Ethics Committee on Human 
Research at the Universidade Federal de São Carlos 
(UFSCar), São Carlos, SP, Brazil (n° 008/2010).

Experimental procedures
Incremental exercise testing:  Prior to data 

collection volunteers were evaluated by a physician 
using a 12-lead electrocardiography at rest (ECG) 
(Wincardio System, Micromed, Brasília, Brazil), 
and a symptom-limited exercise testing on a cycle 
ergometer. The later was performed to ensure a 
normal physiologic response to exertion and to 
determine the maximal power to subsequently apply 
during the discontinuous exercise test. The protocol 
was performed in an erect position on an calibrated, 
electromagnetically braked cycle ergometer (Quinton 
Corival 400, Groninger, Netherlands) with gas 
exchange and ventilator variables analyzed breath-
by-breath through a tightly fitted facial mask, using 
a portable telemetric system (Oxycon Mobile, Viasys 
Healthcare, Hoechberg, Germany). The exercise 
protocol consisted of: a) 1 min at rest; b) 4 min with 
4W at 60 rpm; c) an incremental phase with 15 to 
30 Watts/min (using a ramping protocol); and d) 
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4 min of recovery period. During the incremental 
phase, power (in Watts) was progressively increased 
so that the duration of this phase was between 8 and 
12 min15. The subjects were actively encouraged 
throughout the test to maintain a pedaling rate of 60 
rpm by observing a pedal rate meter. They pedaled 
to the limit of tolerance with active encouragement 
from the investigators15.

The volunteers were monitored constantly using 
a 12-lead ECG and R-R intervals (R-Ri) that were 
recorded by a heart rate monitor (Polar S810i, 
Kempele, Oulu, Finland). The blood pressure (BP) 
was measured every 3 min of the incremental phase 
using the auscultatory method; and exertion was 
assessed using the modified Borg Scale16. The criteria 
for test interruption were: systolic blood pressure 
(SBP) >220 mmHg, maximum HR predicted by 
age (220-age), presence of a VO

2
 response plateau 

even with the increased workload (VO
2
 maximum), 

respiratory exchange ratio >1.2, onset of important 
cardiac arrhythmias or significant ECG changes, and 
inability to maintain pedaling speed around 60 rpm.

Discontinuous exercise testing: Initially the 
subjects remained at rest on the equipment for 5 
minutes, and after this period, the discontinuous 
exercise protocol was initiated at 10% of the maximal 
power (MP) achieved during the incremental protocol, 
with subsequent increases of 10%. Each phase lasted 
3 minutes and the subjects were instructed to maintain 
a pedaling rate of 60 rpm during the test and report 
the presence of any symptoms that would preclude the 
continuation of the test (dizziness, malaise, fatigue, 
etc). BP and perceived level of exertion obtained 
using the modified Borg Scale16 were determined at 
the end of each phase. The recovery periods between 
load changes was 5 min or until BP and HR variables 
returned to baseline. The criteria for interrupting the 
test were: incapacity of the volunteer to perform 
the movement within the parameters established, 
accentuated increase in SBP (>200 mmHg), 
reaching submaximum HR (85% of maximum HR), 
appearance of electrocardiograph alterations and/or 
inability to maintain a pedaling rate of around 60 rpm.

Blood samples were taken before the first effort 
(after an initial 5 minutes of rest) and immediately 
after the end of each load effort. Blood samples 
were obtained via earlobe puncture after sterilizing 
the area with alcohol using appropriate lancets and 
disposable gloves. Samples were analyzed using a 
blood lactate analyzer (Yellow Springs Instruments 
— YSI 1500 Sports Lactate Analyzer, Ohio, USA), 
that was calibrated according to the manufacturer’s 
instructions before each session.

Data analysis
Anaerobic threshold (AT) determination: During 

the incremental exercise test, using the ventilatory 
method, three independent evaluators determined the 
ventilatory anaerobic threshold17. In the discontinuous 
protocol, the AT was determined by analyzing the 
blood lactate, known as the lactate threshold (LT). 
To determine the LT, lactate curves were generated 
for each subject and two investigators independently 
analyzed the curves. The LT was defined as the 
intensity where blood lactate increased substantially 
(inflection point of the curve)18-20.

Definition of intensities: Based on the load 
corresponding to the LT for each volunteer in the 
discontinuous testing, the intensity of effort, mild 
and moderate, were defined as less than the LT (less 
than 10% of MP) and above the LT (over 10% of 
MP), respectively.

Kinetics analysis: The HR and VO
2 
data obtained 

during the discontinuous exercise tests were filtered 
and entered into SigmaPlot 10.0 software for analysis. 
The model used for fitting the kinetic response in 
the rest-exercise transition (60 s of rest condition + 
180 s of exercise) and in exercise-recovery transition 
(60 s of exercise condition + 180 s of rest) were 
respectively:

on-transient: Y
(t)

 = Y
(BL)

 + A (1 – e-(t-TD)/τ)
off-transient: Y

(t)
 = Y

(EX) 
- A (1-e-(t-TD)/τ)

Where Y
 
represented the variable under analysis 

at any time (t); Y
(BL) 

was the baseline value of HR or 
VO

2
; Y

(EX)
 was the exercise final value of HR or VO

2
; 

A was the amplitude; TD was the time delay, and τ 
was the time constant of the exponential response 
of interest, i.e., the time taken to reach 63% of the 
steady state response. The A, BL and EX describe 
the parameters related to the primary component of Y 
axis (HR or VO

2
), the τ and TD describe the parameter 

related to X axis (time)21. For the VO
2
 analysis, we 

deleted the data relative to the first 20s after onset, i.e. 
the cardio-dynamic on phase22. The overall kinetics of 
HR and VO

2
 were determined by the mean response 

time (MRT). To determine the parameters of the best 
fitting curve, a nonlinear algorithm of least squares 
was used. It adopts the minimization of the sum of 
square errors as a criterion for convergence23.

Statistics
Based on the time constant values of VO

2
 of the 

control group in a previously published manuscript22, 
a sample size for the current study was estimated 
using the GraphPad StatMate software, version 1.01. 
To reach an 80% chance of detecting a significant 
difference in the time constant at an α level of 0.05, 
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the power calculation indicated that each of the two 
groups needed a sample of 8 subjects. The data 
distribution was verified by the Shapiro-Wilk test, 
and when normality had been confirmed the data 
were expressed in mean and standard deviation. 
The unpaired Student t-test was used to compare 
the anthropometrics variables between YG and EG, 
as well as to compare the variables at rest and peak 
between the groups during the incremental exercise 
test. A paired Student t-test was used to compare the 
variables obtained in the rest and peak conditioning 
in each group during the incremental testing. Two-
way ANOVA for repeated measurements was used to 
compare the responses of blood lactate considering 
the group effects (YG vs. EG), intensity (resting and 

percentage of MP) and the interaction between effect 
and intensity of the discontinuous exercise protocol. 
The effects of group (YG vs. EG), intensity (above 
vs. below of the AT) and the interaction between them 
(group vs. intensity) was used to compare the kinetic 
variables on and off, both of the HR and VO

2
. Tukey-

Kramer post-hoc test was used to identify where 
differences existed. The probability of Type 1 error 
was established at 5% for all tests (α=0.05). Data 
were analyzed using SPSS version 13.0 statistical 
software package (SPSS, Chicago, Illinois, USA).

Results 
Flow of participants and anthropometric 

characteristics: Of the 39 volunteers recruited for 
inclusion in this study (19 YG and 20 EG), 11 were 
excluded (5 YG and 6 EG): 6 individuals due to 
muscle or joint pain (2 YG and 4 EG), 4 (2 YG and 
2 EG) refused to continue  in the study once enrolled 
and 1 young individual due to technical limitations. 
Finally, 28 volunteers were evaluated and assigned 
to either the YG (14 young) or the EG (14 elderly). 
The anthropometric characteristics of both groups are 
presented in Table 1. The YG presented lower height 

Table 1. Age and anthropometric measures.

YG (n=14) EG (n=14)

Age (years) 23±3 70±4*

Height (m) 1.80±0.08 1.67±0.04*

Weight (kg) 80±10 74±6*

BMI (kg/m2) 25±3 26±2

Data are presented as mean±SD. YG=young group; EG=elderly 
group; BMI=body mass index. *Significant difference (p<0.05) 
between groups (unpaired t-test).

Table 2. Cardiovascular, ventilatory and metabolic variables obtained at rest and peak of the dynamic incremental exercise testing.

Variables
YG (n=14) EG (n=14)

Rest Peak Rest Peak

MP (W) - 242±57 - 152±27*

AT power (W) - 105±21 - 74±13

AT (% of MP) - 44±9 - 49±7

Increase ramp (W/min) - 25±6 - 19±4

Cardiovascular 

SBP (mmHg) 126±8 179±22† 130±11 176±30†

DBP (mmHg) 81±7 83±16 86±7 89±9

HR (bpm) 87±12 169±25† 85±13 138±25†*

Ventilatory and Metabolic 

BR (rpm) 19±9 38±9† 20±8 34±7†

V
T
 (L) 681±285 2270±563† 802±330 2116±600†*

V
E
 (L.min-1) 12±4 103±27† 15±5 70±14†*

VO
2 
(mL.kg.min-1) 4±2 36±5† 5±2 24±5†*

VO
2 
(mL.min-1) 337±124 2852±462† 350±115 1757±389†*

VCO
2 
(mL.min-1) 309±97 3568±616† 321±98 2191±415†*

RER 0.84±0.2 1.23±0.1† 0.82±0.1 1.25±0.1†

Data are presented as mean±SD. YG=young group; EG=elderly group; AT=anaerobic threshold; MP=maximal power; SBP=systolic blood 
pressure; DBP=diastolic blood pressure; HR=heart rate; BR=breath rate; V

T
=tidal volume; V

E
=minute ventilation; VO

2
=oxygen consumption; 

VCO
2
=carbonic gas production; RER=respiratory exchange ratio. †Significant difference (p<0.05) between rest and peak conditions (paired 

t-test); *Significant difference (p<0.05) between groups (unpaired t-test).
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and body mass than the EG, however, body mass 
index (BMI) was similar between groups.

Cardiovascular, ventilatory and metabolic 
variables of the incremental exercise test: Diastolic 
blood pressure (DBP) was the only cardiovascular 
variables during the symptom-limited test that did 
not increase significantly from rest to maximal 
exertion. However, the comparison between groups 

showed a higher maximal HR and MP achieved in 
the YG when compared to the EG at peak exercise 
(Table 2). The ventilatory and metabolic variables 
increased significantly from rest to peak exercise, and 
with exception to the breath rate (BR) and respiratory 
exchange ratio (RER), all values were higher in the 
YG compared to the EG (Table 2). 

Discontinuous exercise testing: All subjects 
achieved at least 50% of the MP during the 
discontinuous exercise testing, which was actually the 
MP for 1 participant (of EG); 60% was the MP for 15 
participants (5 of YG and 10 of EG); 70% was the MP 
for 10 participants (8 of YG and 2 of EG), and just 2 
subjects reached 80% of MP (1 of YG and 1 of EG).

Blood lactate response during discontinuous 
exercise testing and lactate threshold: The metabolic 
shift point determined by blood lactate (LT) was 
determined for each subject.  The relative lactate 
threshold mean value in the YG was 30±7% and in the 
EG was 29±5% (showed by the arrow in Figure 1). 
Figure 1 illustrates the behavior of blood lactate 
with the increments in percentage of MP showing a 
significant increase of blood lactate from 40% MP 
in relation to the rest condition (R) the 10% and the 

Figure 1. Data are presented as mean±SD. Behavior of blood 
lactate with the increments in percentage of maximum power 
(MP) achieved in incremental exercise test. R=rest condition; 
young group (); elderly group (). Arrow indicates the mean 
value of the metabolic shift point. †Significant difference (p<0.05) 
in relation to the rest condition (R); +p<0.05 in relation to 10%; 
‡p<0.05 in relation to 20% (two-way ANOVA repeated measures).

Figure 2. On and off kinetics variables of heart rate (HR) and oxygen consumption (VO
2
) at intensities below and above the lactate 

threshold in the young group ( ) and elderly group ( ). Tau=time constant; TD=time delay; MRT=mean response time (MRT = Tau 
+ TD). *Significant difference (p<0.05) between groups; †Significant difference (p<0.05) between the intensities below and above the 
lactate threshold (two-way ANOVA for repeated measures).
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20% MP in both groups, with no difference between 
the YG and the EG.

Kinetics responses of HR and VO
2
: Figure 2 shows 

the kinetic responses of HR and VO
2
 for YG and EG, 

both during rest-exercise transition (on-transient) and 
during exercise-recovery transition (off-transient). It 
was observed that the EG presented higher values of 
τ, TA and MRT in relation to the YG on the on- and 
off-transients of the HR (Figure 2 A, C and E) and 
VO

2
 (Figure 2 B, D and F) kinetics for the two applied 

intensities (below and above the AT). In addition, for 
both on and off transition of exercise the YG showed 
higher values of τ and the MRT kinetics of HR and 
VO

2
 in the load above the AT, (Figure 2 A, B, E and 

F). The G showed higher values of TD and MRT 
only during the VO

2
 kinetics on-transient (Figure 2 

D and F).

Discussion 
Summary of findings: Our main findings are 

summarized as follows: (a) the on and off kinetics 
of HR and VO

2
 during mild-moderate intensity 

exercise on a cycle ergometer were slower in the 
elderly subjects compared to the younger subjects; 
(b) only in the young group, the kinetics of HR and 
VO

2
 was slower in the moderate compared to the 

mild intensity; (c) in both groups, the average blood 
lactate remained relatively stable until a workload of 
30% of MP was achieved and increased significantly 
after this percentage (YG and EG).  

Variables of incremental exercise testing: As 
was expected, the EG showed lower values for 
MP and HR peak as well as ventilatory and 
metabolic variables compared to the YG, which 
can be explained by the known muscular and 
cardiorespiratory changes caused by aging9. These 
age-related physiologic changes are key determinants 
of the earlier termination of the incremental exercise 
in the EG in comparison to the YG.

Blood lactate response and lactate threshold in 
discontinuous exercise: The metabolic shift point 
determined by blood lactate was very close between 
the groups, ie, the behavior of this variable with 
increasing loads was practically stable until 30% 
of MP in both groups, with a marked increase 
thereafter (Figure 1). These results reflect that after 
this workload (30% of MP) there is a predominance 
of an anaerobic metabolism in relation to an aerobic 
metabolism, ie, the lactate is produced faster than it 
can be removed24. This increased production of blood 
lactate after 30% of MP observed in a discontinuous 
protocol may be associated with a higher recruitment 
of motor units and an increase in muscle fiber 
recruitment with greater anaerobic characteristics. 

It is suggested that initially, there is the recruitment 
of oxidative fibers, however; with an increase in 
cycle ergometer intensity, a greater percentage type 
II (glycolytic) fibers are recruited in an attempt to 
meet the required energy demands. As the aerobic 
metabolism reaches exhaustion there is an increase 
in glycogenolysis and lactate production25. 

Published reports have observed that the AT 
is around 40-60% of VO

2
max during the ramp 

incremental test18. In our study, mean values of 
44% to 49% in young and elderly individuals were 
verified. However, the value found for the AT in the 
discontinuous testing was approximately 30% of MP 
in both group and therefore, the different methods 
used to identify the AT between studies (ventilatory 
and blood lactate) and the differences between 
study protocols need to be considered. During the 
ramp incremental exercise, the VO

2
 corresponding 

to the load at a given moment is always lagging 
behind the demand for that load. This delay is 
estimated at approximately 45–60 s, therefore; the 
load corresponding to the AT determined by this 
ventilatory method in this type of protocol occurs 
45–60 s before the threshold expressed in VO

2
26.

Slower HR and VO
2
 kinetics responses and 

differences between intensities: The higher values 
of τ, TD and MRT in the EG in relation to the YG, 
both in the rest-exercise transition as well as in the 
exercise-recovery transition in intensities below 
and above the LT (mild and moderate intensities), 
demonstrates a slowing response of HR and VO

2
 

kinetics with aging (Figure 2). The transition phase 
from rest to dynamic exercise results in adaptative 
changes in HR and increased cardiac contractility, 
in order to meet the energy demand imposed by 
the active musculature2,9. The response of the on-
transient in the dynamic exercise follows a well-
defined pattern, which is primarily modulated by the 
autonomic nervous system27, with vagal withdrawal 
and a concomitant increase in sympathetic autonomic 
modulation2. This mechanism result in a cardiac 
acceleration directed toward increasing peripheral 
blood flow to supply the energy demands of the 
muscle tissue involved in the task27. Thus, the slower 
response of HR in the on-transient observed at mild 
and moderate exercise intensities in the EG, may 
indicate impairment of the vagal modulation, since 
some studies have reported that there is a decrease in 
parasympathetic modulation with aging6,7.

The slower response of HR in the exercise-
recovery transition observed in our results (Figure 2) 
is also another important factor to be considered 
in the EG. Since this slow response represents a 
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sluggish reactivation of vagal modulation at the 
end of exercise, followed by a slower reduction 
of the sympathetic modulation6, the possibility of 
impairment on the cardiac autonomic modulation in 
the elderly is reinforced. 

The slower response of VO
2
 during the on- and off-

transient observed at mild-moderate intensities in the 
EG (Figure 2) is possibly linked to factors related to 
the adequacy of O

2
 delivery, ie, there is a relationship 

between the limitations of O
2
 delivery  and an 

attenuated VO
2
 kinetics response, a finding consistent 

with several previous studies assessing VO
2
 kinetics 

in the elderly28,29. However, the attenuated response 
of HR is one of the factors that may explain the 
slow response of VO

2 
in the EG, as aging causes a 

decrease in cardiorespiratory fitness and attenuates 
the neuromuscular response to exercise4,9. 

As for higher values ​of τ and MRT of HR and 
VO

2
 kinetics in the load above the AT for both on 

and off transition of exercise on the YG, (Figure 2), 
our results showed that in the moderate intensity, 
the speed of responses of these variables was slower 
compared to the mild intensity. The higher values 
of τ in the moderate intensity may be due to the 
slower  response normally present in this effort level 
with a plateau state being reached more slowly, 
moving the time constant to the right3. Previous 
studies4,30 suggested that at low exercise intensities, 
the increase in cardiac output occurs with greater 
contribution of stroke volume than HR. At already 
higher intensities, this increase is more dependent of 
the HR than stroke volume, giving a slower increase 
in cardiac output, which can result in slower kinetic 
responses. As for the elderly, the TD and MRT were 
the only factors that increased in the on transition 
kinetics of VO

2
 at moderate intensity in relation to 

the mild. This response alone can not be explained, 
however, it is possible that the factors described 
above related to cardiac and metabolic changes may 
be responsible for an already marked attenuation 
of these responses in the milder intensities that are 
therefore,  more comparable to the moderate intensity 
in this population.

Limitations and practical applications: Some 
limitations of this study should be considered 
such as the execution time of each intensity in the 
discontinuous protocol. Each percentage of MP was 
applied with duration of 180 seconds, which is a 
relatively short period for the analysis of the kinetic 
behavior of the variables. However, similar time 
has been proposed in the literature for the kinetic 
analysis of VO

2
 and HR with consistent findings22. 

Furthermore, the phase I of the kinetic analysis of 

HR (cardiodynamic phase) was not removed from 
the analysis, which could have resulted in faster 
time constants. The analysis without the exclusion 
of this period allows us to consider the influence of 
withdrawal and resumption of the fast vagal activity 
in the transitions rest-exercise-recovery, making 
it interesting to compare these responses between 
young and old.

In conclusion, our data showed that the elderly 
have slower kinetic responses of HR and VO

2
 in 

relation to the young group both in the on and 
off transition of  the dynamic exercise on a cycle 
ergometer. The kinetic responses were slower in the 
moderate intensity in relation to the mild on young 
subjects. In addition, the discontinuous protocol used 
in the present study evaluated the LT and the kinetics 
of VO

2
 and HR, which are useful parameters for 

prescribing exercise in discontinuous protocols, as 
well as possible indicators of the effects of physical 
training, usually used in the elderly.
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