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ABSTRACT

Introduction: The capacity to vary the heart rate represents im-
portant physiologic role in the daily life. The variations of the RR
intervals is dependent of biological modulators as the autonomic
nervous system. Those variations constitute the heart rate vari-
ability (HRV). Methods: 10 athletes (Atl) and 10 sedentary (Sed)
male individuals (20-35 age) were submitted to digital electrocar-
diography, in rest, before, during and after the maneuver. The valu-
es of RR were analyzed (software Matlab 6.1), in the time domain.
Results: Both Sed and Atl presented mean heart rate of 73.5 bpm
± 2,5 and 51 bpm ± 2,4, respectively. Related to the RR intervals,
the group of Sed presented average of 826.58 bad ± 5.3 and the
group Atl, 1189.18 ± 6.9. The return time of sympathetic system
after the maneuver was 72 ± 12 s (Sed) 37 ± 6 s (Atl). The return
time of parasympathetic system was 80 ± 11 s (Sed) and 40 ± 8 s
(Atl). The pNN50 was of 10 ± 3,3 (Sed) and 42,10 ± 6,9 (Atl). The
value of RR variation above the average of the whole sign was 343
± 40 (Sed) and 175 ± 39 (Atl). The RR variation below the average
of the whole sign was 281 ± 27 (Sed) and 425 ± 26 (Atl). Conclu-

sions: The analysis of HRV associated to the Valsalva maneuver
can represent a simple, but important tool, for possible inferences
on physical aptitude.

INTRODUCTION

The portion of the nervous system which controls the visceral
functions of the body is called autonomic or autonomous nervous
system (ANS), which means to regulate itself. The autonomic ad-
justments are not usually accessible to conscience; for that rea-
son, this system is frequently called involuntary or neurovegeta-
tive motor system. This system tonically and reflexely influences
blood pressure, peripheral resistance, cardiac frequency and cardi-
ac debt(1-3).

The heart is a central organ in the maintenance of homeostasis
and in order to reach it, it receives autonomic influences. Within
this context, one of its main characteristics consists of constant
alteration of its beating frequency. The information reaches the
central nervous system (nucleus tractus solitarius) through mar-
row and vagal afferent ways; is modulated and returns to the heart
through fast vagal efferent fibers (which can occur in the first sub-
sequent beat) and slow sympathic efferent ones (an interval of up
to 20 seconds can occur). The resulting effect of these autonomic
influences is the variability beat after beat of the instantaneous
heart rate(4-9).

The RR intervals variations are dependent on biological modula-
tors such as the ANS, through the activity of the sympathic and
parasympathetic systems. These variations constitute the heart
rate variability (HRV), where the aim is to measure the variation
between each successive sinusal beat. Such technique has been
used as a non-invasive method of evaluation of the neural control
over the heart. The clinical relevance of the HRV was first appreci-
ated in 1965 by Hon and Lee(10) in the fetal monitoring. In 1977
Wolf et al.(11) were the first ones to demonstrate association be-
tween increase in the risk for post-infarct mortality with decrease
of HRV. Actually, the capacity to vary the cardiac beat rate has the
physiological meaning of adapting the Cardiovascular System,
moment after moment, to the several daily situations, from sleep
to strenuous physical activity.

The study of the HRV has allowed recognizing and characteriz-
ing some situations in which diseases affect the autonomic con-
trol. Some authors have demonstrated that the decrease of the
HRV is related to a higher index of cardiovascular morbidity and
mortality implying in the presence of individual physiological dys-
function(4,6,9,12).

Bioengineering and biological signals processing have allowed
countless possibilities of non-invasive diagnosis procedures, es-
pecially in the cardiovascular field. Any periodic variable can be
analyzed in relation to the rate in which the event occurs. Many of
the biological signals are defined as ‘almost periodic’, that is, they
vary in a repetitive way at times ‘almost regular’(7).

The autonomic tonus may be evaluated through the HRV during
short periods of electrocardiograph monitoring, between 60 sec-
onds and 30 minutes, or by prolonged periods, usually through
long duration electrocardiogram, 24 hours (Holter system)(13).

According to some authors(4,8,13), the analysis can be performed
in two ways: in the time dominium or in the rate dominium (or the
spectral power of the heart frequency): the analysis of the time
dominium globally reflects the autonomic activity, that is, whether
it presents any alteration or not. The evaluated variables are:

a) mean of the R-R intervals which represent the mean of the
coupling intervals of all consecutive normal beats; b) SDNN, which
represents the standard deviation of the mean of the coupling in-
tervals of all consecutive normal beats; c) SDANN, which repre-
sents the standard deviation of the mean of the R-R intervals ob-
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tained at every 5 minutes; d) RMSSD, which represents the square
root of the mean of the squares of the differences between suc-
cessive normal RR intervals; e) SDNN index – represents the mean
of all the standard deviations of the normal R-R intervals obtained
at every 5 minutes; f) pNN50 – percentage concerning the total of
normal RRs, of the normal RRs which, concerning the previous
RRs, have a difference higher than 50 ms.

The analysis of the spectral power allows the quantitative and
qualitative, individualized and simultaneous characterization, in
absolute and relative terms of the cardiac sympathic and parasym-
pathetic activities, through the frequency of the waves and their
respective physiological origins: a) very low rate component – (VLF,
Very Low Frequency) – (0.015 to 0.04 Hz) – mediated by the ther-
moregulation and the renin-angiotensin-aldosterone system; b) low
frequency component – (LF of Low Frequency) – (0.04 to 0.15 Hz)
– mediated by the baroreceptor reflex, with mixed influences of
the sympathic and parasympathetic); c) high frequency component
– (HF of High Frequency) – (0.15 to 0.40 Hz) – indicator of expressed
vagal tonus to parasympathetic influence over the sinusal node
and respiratory frequency.

The analysis of the autonomic activity is based on the evaluation
of alterations in the cardiac frequency evoked by the stimulation of
cardiovascular reflexes. One of the ways to investigate the cardio-
vascular reflexes is the Valsalva Maneuver(9).

This maneuver consists of the act to perform an expiration ef-
fort with the glottis closed. This procedure was described in 1704
as a method for pus expelling from the medium ear by the effort
with mouth and nose closed. The forced exhaling against a closed
glottis commonly occurs during weight lifting and during other ac-
tivities which demand fast and maximum application of strength
for a short period. The intrathoracic pressure during the maneuver
may reach over 150 mm Hg above air pressure. Such pressure is
transmitted through the thin walls of the veins which cross the
thoracic region. As the venous blood is submitted to a relatively
low pressure, these veins are squeezed and the blood flow which
returns to the heart suffers a significant reduction(14-15).

The normal response to the valsalva maneuver consists of 4
phases. Phase I is associated with a transitory increase in the sys-
temic blood pressure as the effort initiates. Phase II is followed by
a perceptive decrease in the systemic venous return, blood pres-
sure, pulse pressure and reflex tachycardia promptly detectable.
Phase III initiates with the end of the effort and is associated with
a transitory and sudden decrease in the blood pressure as well as
in the systemic venous return. Finally, phase IV is characterized by
a recovery of the systemic arterial pressure and relatively evident
reflex bradycardia(16).

According to the author(17), the selection of non-invasive auto-
nomic tests such as: controlled breathing, active postural alteration
and valsalva maneuver, were sensitive enough to exemplify the
improvement in the cardiovascular aptitude of individuals who par-
ticipated in the study.

On the other hand, some authors report benefits of moderate
endurance exercise in the parasympathetic system activity, reduc-
tion of the sympathic tonus at rest, as well as influence on the
baroreflex sensitivity. Differences concerning age and gender have
also been mentioned(18-21). High level athletes present heart rate at
rest lower than sedentary individuals from the same age group.
Physical exercise induces to a blockage of the parasympathetic
activity, as well as the sympathic stimulation in the oblong bone
marrow, similarly to the classical reflex of fight and run(22).

In this investigation, we tried to characterize the heart rate vari-
ability through processing instruments of biological signals in healthy
individuals, athletes and sedentary individuals, in the valsalva test,
usually applied for measurement of the baroreflex sensitivity. We
try through the parameters analyzed in the valsalva maneuver, to
investigate the possible differences found between athletes and
sedentary individuals concerning the baroreflex sensitivity, infer-

ring over the use of this classic test as predictor for physical apti-
tude.

METHODS

Data collection was conducted in the laboratory of Cardiopul-
monary Rehabilitation of the Vale do Paraíba University – São José
dos Campos – SP.

20 subjects, age range of 20-35 years, participated in the study.
They were divided in two groups: group I (10 athletes (Running
Teams from São José dos Campos, participants of the Regional
and State Games in long distance events) and group II, (10 seden-
tary individuals according to IPAQ (annex 1).....

The inclusion criteria were: healthy individuals with no cardio-
vascular pathology; renal and brain history or risk factors such as
hypertension, smoking, diabetes, obesity and electrocardiogram
of 12 derivations within the normality boundaries.

Individuals who presented atrial fibrillation, sinusal dysfunction,
atrioventricular conduction disturbs, artificial pacemaker or ectopic
beating were excluded.

All volunteers were informed about the research’s protocol, and
after having signed a free and clarified consent form, were submit-
ted to the following procedures:

Experimental procedure:

a) anamnesis
b) Initially the electrodes were placed on the torax (care was

taken with the skin preparation; 70% alcohol asepsis and 360 sand-
paper), in the following regions: root of the right and left upper
limbs and right and left supra-iliac region, for acquiring the cardiac
depolarization in the DI, DII, DIII, aVR, aVL and aVF derivations,
being the DII derivation used for having the R-R intervals.

In the beginning of the protocol the individual remained seating
on a steady chair for 5 minutes with relaxed upper limbs; lower
limbs at 90 degrees of hip and knee flexion; natural breathing; at
room temperature between 22 to 25oC with relative humidity be-
tween 50 to 60%. From that time on, the registration of the RR
intervals for 15 continuous minutes was initiated. At the 7th minute
the beginning of the valsalva maneuver was asked; after maximal
inspiration (maximal inspiratory capacity) the subject kept an expi-
ratory pressure of 50 cmH2O for 15 seconds. The manuvacuome-
ter was placed in front of his eyes, being held by the author of the
research.

c) After the values of the RR intervals had been obtained, these
data were treated with the aid of the Matlab 6.1 software, in the
time dominium. The association of digital filters with the calcula-
tion of spectral energy was used for the processing of the signal.
The program developed in order to process the signals of the HRV
was implemented through the following steps: signal → temporal
correction → removal of the DC level → interpolation → resam-
pling → bandpass filter → energy calculation → processed exit
signal.

Firstly, the time scale correction and the removal of the DC level
of the signal were performed due to the interest in the analysis of
the HRV. The signal reconstruction with the same rate of the sam-
ple was performed by the use of the cubic spline interpolation func-
tion. Afterwards, the signal was reassembled at 4 Hz. A Butter-
worth bandpass filter of order 2 with cutting frequencies of 0.04
Hz and 0.15 Hz was used in order to separate the frequencies
concerned with the sympathic activity, and for the parasympathet-
ic activity a Butterworth bandpass of order 2 with cutting frequen-
cies of 0.15 Hz and 0.4 Hz was also used, generating the xa and xb

signals respectively. In order to obtain a linear phase, both signals
were direct and reversely filtered.

The period of data acquisition of the xa and xb signals was divid-
ed in intervals defined by the user in order to calculate the energy.
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He could choose to use windows with overlaps or not, as repre-
sented in figure 1.

Figure 1 – Designing of intervals in the time scale (s) with n = 12 seconds
and m = 15 seconds, with a 3-second overlap

For each time interval the energy for the two xa and xb, signals
was calculated, using equation 1, generating the Ena and Enb tints.

En = n + m
En = ∑ x(i) 2 (1)
En = i = n

where, En is the x(i) energy signal in the interval from n up to n + m
[14].

After the calculation of the xa and xb signals energy, the program
graphically presents these outcomes concerning time, enabling the
operator to define the beginning of the valsalva maneuver. The
program also calculated the ratio between Ena and Enb concerning
time.

Statistical analysis

In order to compare the means of the studied groups, the anal-
ysis of variance – ANOVA was used, followed by the t student test
for non-paired samples. The p values < or = 0.05 were considered
significant.

RESULTS

Characterization of the athletes and sedentary groups

After the data analysis of the group of athletes and sedentary
subjects through observation of the heart rate and the R-R inter-
vals at real time, we can observe that the group of sedentary sub-
jects presents heart rate higher than the group of athletes, with
mean heart rate equal to 73.59 bpm ± 2.5 and 51.01 bpm ± 2.4,
respectively as observed in graphic 1A. The R-R intervals are rep-
resented in graphic 1B, where we observe that the group of sed-
entary subjects presents mean of R-R intervals equal to 826.58 ms
± 5.3 and the group pf athletes presents mean of 1189.18 ± 6.9.
Such values confirm a low heart rate of the athletes, characterizing
hence the groups.

Time of sympathic and parasympathetic return after

valsalva maneuver

It was possible to evaluate the time in which the autonomous
nervous system takes to stabilize the cardiovascular system after
stress through the valsalva maneuver. In graphic 2A we can ob-
serve the return time of the sympathic system after the valsalva
maneuver. The group of sedentary subjects presents mean time
of 72 ± 12 s and for the group of athletes the mean time was of 37
± 6 s. Comparing the two groups we obtain significant differences
with p = 0.02. In graphic 2B, the return time of the parassympa-
thetic system after the valsalva maneuver is represented. It is ob-
served that the group of sedentary subjects presents mean return
time of 80 ± 11 s and the group of athletes of 40 ± 8 s, presenting
hence statistic differences with p = 0.01.

Analysis of the heart rate variability in the time dominium

The heart rate variability can be calculated through the R-R inter-
vals. In graphic 3 we can observe one of the mean for evaluation of
the variability in the time dominium, the pNN50. It can be seen
that the mean of the values found for the group of sedentary indi-
viduals was of 10 ± 3.3 and for the group of athletes was of 42.10
± 6.9. When the groups are compared, we observe statistic differ-
ences with p = 0.0007.

R-R interval above and below the R-R mean variation of

the entire signal

In graphic 4A the mean value of the R-R intervals variation above
the mean of the entire signal can be observed. In the group of
sedentary individuals this value was 343 ± 40 ms and in the group
of athletes it was 175 ± 39 ms. These values when submitted to
statistic treatment presented p = 0.0084. The variation of the inter-
vals above the mean of the signal expresses the bradycardia gen-
erated in the cardiovascular system which is induced by the valsal-
va maneuver. Graphic 4B demonstrates the mean value of the
variation in the R-R intervals below the mean of the entire signal.
In the group of sedentary subjects we found mean value of 281 ±
27 ms. In the group of athletes we found mean value of 425 ± 26
ms. When the groups were compared, we found p = 0.0012. The
variation of the intervals below the mean of the signal expresses
the tachycardia generated in the cardiovascular system induced by
the valsalva maneuver.
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Figures 2 and 3 represent the heart rate variability during the
entire experiment for sedentary individuals and athletes respec-
tively, which aids in the understanding of the data obtained men-
tioned above in graphic 4A and B.

DISCUSSION

As mentioned before, the RR intervals variations, beat after beat,
depend on the modulation of the Autonomous Nervous System
and received the name of ‘heart rate variability’ (HRV), represent-
ing the measurement of the variation between each successive
sinusal beating(8). The ability to vary the heart rate in relation to
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Figure 2 – R-R intervals variation in the sedentary individual time
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external stimuli seems to play an important physiological role in
daily life, even in simple situations of postural change, but espe-
cially in situations of more intense physical effort, such as sportive
activity. Moreover, cardiovascular events or even the natural evo-
lution of age, seem to corroborate to the loss or reduction of the
ability to vary heart rate. Wolf et al.(11) were the first ones to dem-
onstrate association between increase of post-infarct risk of mor-
tality with reduction of HRV. In this investigation, the authors ob-
served that 73 out of 176 patients admitted in the Coronary Unit
with acute myocardial infarct presented sinusal arrythmia, and con-
sequently, higher variability in the R-R interval. These patients pre-
sented lower mortality rate. More recently, other authors confirmed
this initial hypothesis demonstrating that the decrease of HRV is
related to a higher cardiovascular morbidity and mortality in-
dex(6,4,9,12).
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In this investigation we analyzed the heart rate variability asso-
ciated with the valsalva maneuver with the aim to characterize the
response to the maneuver in sedentary individuals as well as ath-
letes. Within this context, we intend to identify parameters which
are able to aid in the performance of inferences concerning the
aptitude of the cardiovascular system, in a fast and simplified way.

As already mentioned in the introduction, moderate endurance
exercise may significantly influence the activity of the Autonomous
Nervous System, as well as of the baroreflex sensitivity(18-21).

Our outcomes corroborate those already demonstrated in the
literature, demonstrating that athletes present lower heart rate at
rest, than sedentary individuals in the same age group. The mean
values observed for heart rate at rest (graphic 1A) were significant-
ly lower (HR) in athletes, when compared with the sedentary indi-
viduals. Concerning the RR values, the athletes presented RR val-
ues significantly higher in comparison to the sedentary subjects,
representing a longer interval between each beat. According to
some authors, physical training induces to a higher parasympa-
thetic activity at rest, explaining the results obtained in this study(22).

Another variable analyzed in this study was the recovery time of
the cardiovascular system after sympathic and parasympathetic
stimulation of the valsalva maneuver, the HRV basal conditions.
The aim of this analysis was to verify through the HRV analysis
whether the better physical capacity of the individuals could alter
the recovery time of the cardiovascular system or the baroreflex
sensitivity.

As can be observed in graphics 2A and 2B, athletes presented
in both cases HRV recovery times after valsalva maneuver signifi-
cantly lower than sedentary individuals. These outcomes suggest
that the baroreflex sensitivity is variable which effectively suffers
influences from physical training, being able to accurately differen-
tiate two conditions of physical capacity.

As more specific measurement of the HRV, the pNN50 variable
was also calculated with the aim to characterize the two studied
groups. As expected, the HRV of athletes was significantly higher
than in sedentary individuals (graphic 3), also confirming previous
findings from the literature and indicating that physical training is
able to increase the physiological capacity of the cardiovascular
system in varying heart rate, and consequently, better adapting to
alterations or stimuli from the external environment. The results
here obtained corroborate those previously observed by Levy et
al.(18), who stated the increase of the parasympathetic tonus at rest
after 6 months of aerobic training.

The RR intervals variation was calculated during the valsalva
maneuver above and below the mean established for all the RR

obtained with the aim to better characterize and differentiate the
studied groups concerning the HRV as well as the baroreflex sen-
sitivity. As one can see in graphic 4A, the RR intervals variation
above the mean, that is, increase of the RR intervals, was signifi-
cantly lower for the athletes subjects compared with the seden-
tary ones. This finding probably occurred due to the fact that ath-
letes already presented RR intervals values significantly higher than
the sedentary subjects, in the period before the maneuver, accord-
ing to what was previously demonstrated (graphic 1B). Our results
corroborate those found by Middleton and De Vito(21) who observed
parasympathetic effect concerned with the baroreflex sensitivity,
lower for trained individuals when compared with sedentary ones.

On the other hand, the RR intervals variation below the mean,
that is, reduction of the RR intervals, was significantly higher for
the athletes. Such finding shows that physical training can offer
higher capacity of the sympathic system to induce increases of
heart rate, reaching higher values when compared with sedentary
subjects, in the same period of time and under stimuli of the same
intensity. These results are according to those observed by Iella-
mo et al.(20), who say that physical training increases the sympathic
response capacity, especially at training peaks.

Within this context, we may suggest that the results obtained in
this study using the valsalva maneuver seem to correlate with those
reported in the literature where the HRV was analyzed in effort
situations. Thus, the present work may be considered the first one
to suggest that the classic test of valsalva maneuver will possible
be applied as an indicator of physical capacity in different groups
of individuals. Further studies are still needed in order to better
characterize as well confirm such hypothesis.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.
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ANEXO 1

Questionário Internacional de Atividade Física – versão curta

Nome: ____________________________________________________________________

Data: ______ / ______ / ______ Idade: ______ Sexo: F ( ) M ( )

Nós estamos interessados em saber que tipos de atividade física as pessoas fazem
como parte do seu dia a dia. Este projeto faz parte de um grande estudo que está
sendo feito em diferentes países ao redor do mundo. Suas respostas nos ajudarão a
entender que tão ativos nós somos em relação a pessoas de outros países. As
perguntas estão relacionadas ao tempo que você gasta fazendo atividade física na
ÚLTIMA semana. As perguntas incluem as atividades que você faz no trabalho, para
ir de um lugar a outro, por lazer, por esporte, por exercício ou como parte das suas
atividades em casa ou no jardim. Suas respostas são MUITO importantes. Por favor
responda cada questão mesmo que considere que não seja ativo. Obrigado pela sua
participação!

Para responder às questões lembre que:

atividades físicas VIGOROSAS são aquelas que precisam de um grande esforço
físico e que fazem respirar MUITO mais forte que o normal

atividades físicas MODERADAS são aquelas que precisam de algum esforço físi-
co e que fazem respirar UM POUCO mais forte que o normal

Para responder às perguntas pense somente nas atividades que você realiza por

pelo menos 10 minutos contínuos de cada vez:

1a. Em quantos dias da última semana você caminhou por pelo menos 10 minutos
contínuos em casa ou no trabalho, como forma de transporte para ir de um lugar
para outro, por lazer, por prazer ou como forma de exercício?

dias ______ por SEMANA ( ) Nenhum

1b. Nos dias em que você caminhou por pelo menos 10 minutos contínuos quanto
tempo no total você gastou caminhando por dia?

horas: ______ Minutos: ______

2a. Em quantos dias da última semana você realizou atividades MODERADAS por
pelo menos 10 minutos contínuos, como por exemplo pedalar leve na bicicleta, na-
dar, dançar, fazer ginástica aeróbica leve, jogar vôlei recreativo, carregar pesos le-
ves, fazer serviços domésticos na casa, no quintal ou no jardim como varrer, aspirar,
cuidar do jardim, ou qualquer atividade que fez aumentar moderadamente sua res-
piração ou batimentos do coração (POR FAVOR NÃO INCLUA CAMINHADA)

dias ______ por SEMANA ( ) Nenhum

2b. Nos dias em que você fez essas atividades moderadas por pelo menos 10 mi-
nutos contínuos, quanto tempo no total você gastou fazendo essas atividades por

dia?

horas: ______ Minutos: ______

3a. Em quantos dias da última semana você realizou atividades VIGOROSAS por
pelo menos 10 minutos contínuos, como por exemplo correr, fazer ginástica aeróbi-
ca, jogar futebol, pedalar rápido na bicicleta, jogar basquete, fazer serviços domésti-
cos pesados em casa, no quintal ou cavoucar no jardim, carregar pesos elevados ou
qualquer atividade que fez aumentar MUITO sua respiração ou batimentos do cora-
ção.

dias ______ por SEMANA ( ) Nenhum

3b. Nos dias em que você fez essas atividades vigorosas por pelo menos 10 minu-
tos contínuos quanto tempo no total você gastou fazendo essas atividades por dia?

horas: ______ Minutos: ______

PERGUNTA SOMENTE PARA O ESTADO DE SÃO PAULO

5. Você já ouviu falar do Programa Agita São Paulo?

6. Você sabe o objetivo do Programa? ( ) Sim ( ) Não


