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ABSTRACT

Purpose. This study investigated heart rate variability indices within acute passive stretching sessions with different
exercise amounts in individuals with low and high flexibility.

Methods. Fifty healthy men (23 + 3 years) were randomly assigned into 4 subgroups: low flexibility-low amount, low
flexibility-high amount, high flexibility-low amount, high flexibility-high amount. In groups with low amount of exercises,
a single stretching of hamstrings to the maximal range of motion was performed; in high amount sessions, 6 exercises for
lower and upper limbs were applied. In both protocols, individuals performed two 30-s sets using the passive static method.
Heart rate variability indices in time and frequency domains were calculated from beat-to-beat intervals 15 min before,
during the stretching, and along 30-min after exercise.

Results. Multifactorial ANOVA showed that in all cases, passive stretching induced parasympathetic suppression and
sympathetic increase vs. baseline (p < 0.05). After exercise, interaction between repeated measures was significant only for
exercise amount. An increase vs. baseline occurred in high frequency power (A% low amount: 6.7%, high amount: -9.7%;
p < 0.05) and root mean square of successive differences (A% low amount: 17.1%, high amount: 14.1%; p < 0.05). The low
frequency power (A% low amount: -4.2%, high amount: -6.9%; p < 0.05) and low-to-high frequency power ratio (A% high
amount: -6.7%; p < 0.05) decreased.

Conclusions. Sympathetic modulation increased during acute stretching. Vagal increase and sympathetic reduction occurred
during recovery, irrespective of flexibility. These changes were shorter after sessions including single (20 min) vs. multiple
(30 min) exercises.
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Introduction

The preservation of muscle strength and flexibility
is recommended within health-oriented physical exer-
cise programmes [1]. For flexibility training, stretching
exercises [2] are used. Prior studies have investigated
the potential cardiovascular effects of this type of exer-
cise, including changes in heart rate variability (HRV)
[3-8]. HRV has been used to assess the autonomic mod-
ulation after a variety of physical exercises [9-11]. It is

known that physical exercises can positively influence
the autonomic nervous system, reducing sympathetic
activity and increasing parasympathetic activity [12, 13].
Greater parasympathetic outflow speeds heart rate re-
covery after exercise, which seems to be associated with
a lower risk of cardiovascular diseases [14-16]. In this
context, research on HRV responses to different types
of exercise might be relevant for a better prescription of
physical training designed to improve cardiovascular
health.
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Although there are few studies investigating the ef-
fects of stretching on cardiac autonomic control, some
evidence suggests that favourable alterations may occur
owing to the activation of mechanoreceptors during iso-
metric contractions typically performed [17, 18]. Stretch-
ing is related to static contractions of both agonist and
antagonist (muscle spindle reflex) muscles because of
the stimulation of mechanoreceptors influencing auto-
nomic and haemodynamic outcomes [3, 17]. This ap-
pears to be especially true in subjects with low flexibility
levels, at least with regard to acute HRV responses. In
fact, of the 6 studies that previously investigated the
effects of muscle stretching on HRV [3-8], only 1 en-
rolled participants with good flexibility levels [6]. Co-
incidentally, this was 1 of the 2 experiments failing
to observe changes in HRV [6]; the other trial did not
describe the participants’ flexibility [7]. The remain-
ing studies involved individuals classified as having
low flexibility levels [3] or pregnant women (flexibility
not reported) [4], observing increased HRV [3, 4]. We
found only 2 studies investigating the chronic effects
of flexibility training on cardiac autonomic control,
which reported greater parasympathetic modulation
after training in bodybuilders with limited flexibility
[5] and obese postmenopausal women [8].

On the other hand, the analysis of data from these
few studies gives room to think that besides the indi-
vidual flexibility level, the amount of stretching can also
influence HRV responses. In fact, the trial applying
the lowest amount of exercises (2 sets of pectoral mus-
cles stretching, total duration < 2 min) did not report
significant changes in HRV [6]. In turn, trials that
applied procedures involving 3 sets of multiple exercises
with total duration of approximately 10-20 min detected
an HRV increase [3, 4]. The amount of exercises ap-
plied in the 2 chronic studies can also be considered
high - bodybuilders performed 15 min of stretching
exercises for large muscle groups [5], while obese post-
menopausal women underwent 38 stretching exer-
cises within 50-min training sessions [8].

In short, if the intensity of isometric contractions
within stretching exercises tends to be greater when
individuals have low flexibility, a greater amount of
exercises may also increase the mechanical stimuli of
mechanoreceptors, therefore influencing the autonomic
outflow. However, to date, no study has investigated the
relative role of these factors to produce autonomic
changes.

Thus, the present study explored the effects of acute
flexibility training performed with different amounts
of exercises upon the cardiac autonomic modulation
assessed by HRV, in young men classified as exhibit-
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ing low and high flexibility levels. We hypothesized
that: (a) individuals with low flexibility would be more
susceptible to exhibit autonomic changes vs. those with
high flexibility; (b) multiple sets of varied exercises for
large muscle groups would be more likely to influence
HRYV than a single-exercise protocol focusing on a small
muscle group.

Material and methods
Participants

This transversal descriptive study involved 50 healthy
young males aged 18-30 years (23 * 3 years, 75.8 =
12.7 kg, 1.75 + 0.06 m), recruited by means of adver-
tising through posters and social networks. The follow-
ing exclusion criteria were adopted: (a) chronic pain or
injury to the joints and muscles engaged in the tests
and exercises proposed; (b) smoking; and (c) use of drugs
with effects on the cardiovascular responses or auto-
nomic system, at rest or during exercise.

Experimental design

The experiment was carried out during 2 visits. On
the first visit, the participants completed a question-
naire covering personal information, injury history, and
habitual physical activity. In addition, they underwent
anthropometric and flexibility measurements. On the
basis of this initial flexibility assessment, the subjects
were classified as exhibiting low flexibility or high
flexibility; then, they were randomly assigned into
groups performing a low (LA) or high (HA) amount of
exercises. They were instructed not to take any stren-
uous physical exercise and abstain from alcohol, coffee,
and tea in the 24 h preceding the tests and experi-
mental sessions, while the last meal should be light
and consumed at least 3 h before.

On the second visit, passive stretching exercises were
performed to the maximal range of motion, in accor-
dance with the prior randomization (LA and HA). LA
exercise sessions consisted of 2 sets (30 s each) of a sin-
gle passive static stretching exercise involving a large
muscle group (hamstrings). HA exercise sessions in-
cluded 2 sets (also 30 s each) of 6 passive static stretch-
ing exercises, also performed to the maximal range,
involving large muscle groups (hamstrings, adductors,
piriformis, quadriceps, trunk, and pectoral muscles).
In both groups, 15-s intervals between sets were al-
lowed. All exercise sessions were conducted by expe-
rienced instructors blinded for the purposes of the
study. After the acute stretching sessions, the partici-
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pants resumed the supine position and remained at
rest for 30 min, during which beat-to-beat heart rate
intervals were assessed with a cardiotachometer. All
visits were performed between 14:00 and 18:00 h in
a quiet environment, to reduce the potential influence
of HRV circadian fluctuations. The temperature was
kept at 21-23°C and the subjects were instructed to
maintain their usual breathing pattern during the
assessments.

Procedures
Flexibility assessment

The flexibility measurements were performed
blindly by an independent evaluator, with the Flexitest
[19, 20]. In this method, the maximum passive physio-
logical flexibility is measured in 20 movements in the
joint groups of the ankle, knee, hip, trunk, elbow, wrist,
and shoulder, with scores ranging from 0 to 4 points.
The sum of the results for each movement produces a
general flexibility index called the Flexindex, which
varies from 0 to 80.

Heart rate variability assessment

Beat-to-beat heart rate intervals were measured to
calculate RR intervals, with the participants in the su-
pine position, with the use of a Polar V800 cardiota-
chometer (Polar Electro Oy™, Kempele, Finland). Meas-
urements were taken in 3 situations: 15 min at rest
(before exercise); during the stretching exercise ses-
sions; and along the 30-min postexercise recovery (every
10 min). The RR interval time series were transferred
to the Kubios HRV Analysis™ version 2.0 software

(Biosignal Analysis and Medical Imaging Group™

Kuopio, Finland). The power spectral density was es-
timated with the nonparametric method of the fast
Fourier transform, after detrending the time series with
the a priori smoothing method and decimation in fre-
quency of 4 Hz, with cubic spline interpolation. The
following HRV indices were calculated in the time do-
main: standard deviation of all normal RR intervals
recorded in one-time interval (SDNN) and root mean
square of the successive differences (RMSSD), both
related to parasympathetic activity [21]. In the fre-
quency domain, the following indices were obtained:
low frequency power (LF: 0.04-0.15 Hz), with sympa-
thetic predominance [21]; high frequency power (HF:
0.15-0.40 Hz), with parasympathetic predominance
[21]; ratio between LF and HF (LF/HF), usually adopted
as reflecting the sympathovagal balance [21]. All in-
dices in the frequency domain were expressed in nor-
malized units (n.u.).

Stretching exercise sessions

Participants with low and high flexibility levels were
assigned into subgroups performing different amounts
of stretching exercises. As abovementioned, the indi-
viduals assigned to LA performed a single stretching
exercise for the hamstrings (position 1, Figure 1). Those
in the HA subgroup performed 6 exercises involving
the hamstrings, adductor, piriformis, quadriceps, trunk,
and pectoral muscles (positions 1-6, Figure 1). In all
cases, 2 sets of each exercise were performed to the
maximal range of motion by means of the static pas-
sive method, using the point of muscle discomfort as
load reference. The maximum extension positions were
always maintained for 30 s, interspersed with 15-s

o

!”'

Posmon 1

A
|

osmon 2 o

Position 5

WA

|

N

ezm A

Figure 1. Six passive static stretching exercises applied in the low amount (position 1)
and high amount (positions 1-6) procedures
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intervals between unilateral or bilateral sets, as well
as between exercises.

Statistics

A prior sample calculation was made with the con-
sideration of the power of 0.80 for 5 repeated measures,
4 experimental groups, and a of 0.05. In addition, the
effect size (Cohen’s f) was set at 0.10, correlation be-
tween repeated measures at 0.90, and € at 1.0. The
G*Power' " version 3.1.7 software (University of Kiel,
Kiel, Germany) was used. A sample size of 40 individu-
als was estimated as necessary. In accordance with
the classification proposed by the Flexitest, individu-
als who obtained up to 40 points were considered as
presenting low flexibility (n = 25; Flexindex: 33.5
5.1), while those who scored 41 points or above were
allocated to the high flexibility group (n = 25; Flex-
index: 48.0 + 4.5).

The normality and homoscedasticity/sphericity of
data were confirmed by the Kolmogorov-Smirnov and
Levene’s tests, respectively. Therefore, data are pre-
sented as mean * standard deviation. In order to test
possible differences between HRV indices across the
experimental groups, a 3-way ANOVA with repeated
measures (2 x 2 x 5) was used (before exercise, during
the stretching sessions, and 10, 20, 30 min after exer-
cise). In all cases, Tukey’s post-hoc verifications were
applied in the event of significant F-ratios, with the
significance level fixed at o = 0.05. Since the flexibility
level presented no interaction with the repeated mea-
sures, further analysis neutralizing for this factor was
made. Calculations were performed with the Statistica
7.0 software (StatSoft™ Inc., Tulsa, USA). Finally, the
actual statistical power of the performed comparisons
was calculated on the basis of effect sizes (Cohen’s f)
and correlations between repeated measurements, with
the G*Power version 3.1.7 software (University of Kiel,
Kiel, Germany).

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Research
Ethics Committee of the Estacio de Sa University
(CAAE 65584417.0.0000.5284).

Informed consent

Informed consent has been obtained from all indi-
viduals included in this study.
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Results

All participants completed the experiment and there
was no report of discomforts related to the stretching
exercise protocols. Table 1 presents the mean * stan-
dard deviation values for SDNN, RMSSD, HF, LF, and
LF/HF in the experimental groups. A significant in-
teraction was detected for SDNN, RMSSD, HF, LF,
and LF/HF between sessions performed with different
amounts of exercises. There was no interaction between
HRV indices vs. isolate flexibility level or combination
between the flexibility level and amount of exercises.

Table 2 presents mean * standard deviation val-
ues for SDNN, RMSSD, HF, LF and LF/HF in groups
that performed LA and HA of exercises, after neutral-
izing the flexibility factor, which did not interact with
the repeated measures. Sympathetic predominance in
the stretching exercise sessions was confirmed and
followed by increased parasympathetic and lowered
sympathetic outflows after exercise. The sympathetic
withdrawal seemed to be longer after HA (30 min) than
LA (20 min) sessions.

Table 3 shows the post-hoc statistical power ob-
tained for HRV indices, based on the actual correlation
between repeated measures and Cohen’s feffect size.
With the number of participants in the study (n = 50),
the statistical power was > 0.99. This indicates that
differences in HRV indices were not obtained by chance,
confirming the hypothesis that the amount of stretch-
ing exercises influenced these markers of cardiac au-
tonomic modulation.

Discussion

Our findings suggest that a single session of passive
stretching exercises performed to the maximal range
of motion was capable to induce changes in HRV out-
comes, regardless of the individual’s flexibility level.
Overall, during the exercise sessions, there was an in-
crease in sympathetic and decrease in parasympathetic
modulation. Along postexercise recovery, the vagal
modulation increased, while indices predominantly
reflecting the sympathetic modulation decreased.
Changes in the sympathovagal balance were longer after
sessions including HA vs. LA of stretching exercises.

The hypothesis that the autonomic control would
be more responsible in individuals with low vs. high
flexibility was derived from the results of 4 prior avail-
able studies [3, 4, 6, 7]. Two trials [3, 4] included sub-
jects with low flexibility and reported a significant im-
pact of static stretching on HRV. On the contrary, the
study performed with individuals classified as exhibit-
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Table 1. Mean + standard deviation values for SODNN, RMSSD, HF, LF, and LF/HF in groups with low flexibility
and low amount of exercises (LFLA), low flexibility and high amount of exercises (LFHA), high flexibility
and low amount of exercises (HFLA), and high flexibility and high amount of exercises (HFHA) (n = 50)

Group
HRV index Moment LFLA LFHA HFLA HFHA
(n=12) (n=13) (n=12) (n=13)
Before exercise 55.76 £ 20.67 47.4 + 20.3 56.2 £ 22.5 454 + 19.1
During exercise 42.81 + 18.94' 53.4 £ 13.9' 51.4 +17.6' 55.7 + 16.0"
SDNN (ms) 10 min after exercise 60.31 £ 25.77% 52.2 £ 24.6 60.5 + 21.8" 434 +14.5
20 min after exercise 65.93 + 28.18* 53.7 + 22.9 64.7 = 25.5* 47.4 + 18.6
30 min after exercise 64.13 + 24.38° 53.4 + 18.8 69.6 + 27.0° 53.8 + 25.5
Before exercise 54.4 + 23.5 46.2 + 24.4 65.9 + 36.4 47.4 + 24.1
During exercise 36.0 = 18.5" 384 +17.5 45.3 = 21.3" 40.2 + 15.3"
RMSSD (ms) 10 min after exercise 62.5 + 27.8" 55.2 + 32.4% 70.2 + 33.6% 47.3 £ 20.0v
20 min after exercise 67.2 = 30.0* 554 + 31.9*% 73.6 = 36.7* 51.4 = 24.7*
30 min after exercise 63.2 + 25.0° 53.2 + 27.4° 77.1 + 36.2° 57.3 + 33.0°
Before exercise 39.2 +12.7 40.7 + 15.7 50.3 +11.3 42.0 £ 10.8
During exercise 30.3 £ 11.6" 21.5 = 12.9 33.7 + 13.0" 19.6 + 5.3
HF (n.u.) 10 min after exercise 441 + 14.8" 45.8 + 15.4% 51.5 + 13.3% 43.1 + 13.8"
20 min after exercise 42.8 + 15.9* 459 + 19.6* 49.7 + 12.6* 449 + 15.2*
30 min after exercise 37.6 = 14.1¢ 42.5 + 18.3¢ 45.1 + 11.8° 39.4 + 10.7°
Before exercise 539 £ 11.5 54.7 + 15.1 46.1 + 10.5 519 £ 8.7
During exercise 62.2 = 11.2 66.3 = 10.0° 54.5 = 11.2' 67.3 £5.1'
LF (n.u.) 10 min after exercise 51.3 £ 14.6" 50.0 = 15.2% 44.6 + 12.3% 50.3 + 12.5%
20 min after exercise 51.6 £ 15.8* 49.8 + 18.7* 46.4 + 11.6* 494 + 12.8*
30 min after exercise 55.7 £ 14.5 49.2 + 15.7¢ 504 +12.2 52.9 + 8.6°
Before exercise 1.6 = 0.7 1.7+ 09 1.0+ 04 1.4 +0.8
During exercise 2.6 £ 1.7 5.0 +4.1' 2.0+ 1.3 3.8 +14'
LF/HF 10 min after exercise 1.4 +0.9" 1.3 +1.0v 1.0 = 0.6" 1.5 £ 1.1v
20 min after exercise 1.5 £ 0.9* 1.6 £1.5* 1.1 £ 0.6* 1.3 £0.6*
30 min after exercise 20+17 1.7 + 1.6° 1.3+0.8 1.5 + 0.6°

HRYV - heart rate variability, SDNN - standard deviation of all normal RR intervals recorded in one-time interval,
RMSSD - root mean square of the successive differences, HF - high frequency power, LF - low frequency power,
LF/LH - low-to-high frequency power ratio, n.u. — normalized units

' p < 0.05 for before exercise vs. during exercise, * p < 0.05 for during exercise vs. 10 min after exercise,
* p < 0.05 for during exercise vs. 20 min after exercise, ¢ p < 0.05 for during exercise vs. 30 min after exercise

ing good flexibility failed to detect autonomic chang-
es [6]. The fourth study did not classify the partici-
pants with regard to their flexibility level [7].

It can be speculated that the rejection of the hypoth-
esis stating that the flexibility level would influence
HRV after acute stretching sessions may be due to the
small difference (p = 0.376) between groups classified
as presenting low flexibility (Flexindex: 33.5 + 5.1
points) or high flexibility (Flexindex: 48.0 + 4.5 points).
Another explanation could be that since the passive
static stretching used external force do reach the maxi-
mal range of motion, only slight isometric contractions
of antagonistic muscles occurred during the exercises.
Thus, the stimulation via mechanoreceptors would be

lower in comparison with active static stretching [17].
In fact, previous studies reported that in the absence
of voluntary muscle activation, there would be insuf-
ficient activation of metaboreceptors or mechanore-
ceptors to induce relevant haemodynamic changes via
afferent stimulation [16, 21].

The total amount of stretching exercises in the 4
available studies [3, 4, 6, 7] was also discrepant. The
3 experiments that detected acute effects on HRV in-
volved relatively long stretching sessions (10-20 min)
[3, 4, 7], while the trial failing to observe autonomic
changes [6] applied 2 sets of pectoral stretching during
only 30 s (total duration of 2 min). Considering the
present results, one could presume that the amount
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Table 2. Mean * standard deviation values of SDNN, RMSSD, HF, LF, and LF/HF depending on the amount of exercises

only (n = 50)
Group
HRV index Moment Low amount High amount
(n=24) (n=26)
Before exercise 56.0 + 4.1 46.4 + 3.9
During exercise 471 = 3.3 54.5 £+ 3.2
SDNN (ms) 10 min after exercise 60.4 £ 4.40% 477 £ 4.2
20 min after exercise 65.3 + 4.8% 50.5 + 4.6
30 min after exercise 66.8 + 4.8 53.6 = 4.6
Before exercise 60.1 + 5.5 46.7 =+ 5.3
During exercise 40.6 + 3.6* 39.2 +£35
RMSSD (ms) 10 min after exercise 66.3 = 5.8" 51.2 + 5.5"
20 min after exercise 704 + 6.2V 53.3 £ 5.9%
30 min after exercise 70.1 £ 6.2% 55.2 + 5.9%
Before exercise 447 + 2.6 41.3 £ 2.5
During exercise 31.9 £ 2.3* 21.2 £ 2.2*
HF (n.u.) 10 min after exercise 47.7 £ 2.9% 43.8 + 2.8%
20 min after exercise 46.2 + 3.2 45.3 + 3.1v
30 min after exercise 41.3 + 2.8" 40.9 £ 2.7V
Before exercise 50.0 24 53.3+2.3
During exercise 58.3 = 2.0* 66.7 + 1.9*
LF (n.u.) 10 min after exercise 479 + 2.7v 50.1 £ 2.6%
20 min after exercise 48.9 + 3.0v 49.6 = 2.9v
30 min after exercise 53.0 + 2.6 51.0 £ 2.5%
Before exercise 1.2 £0.1 1.5+0.1
During exercise 2.2 +04* 4.3 £0.4*
LF/HF 10 min after exercise 1.2 +0.1% 14 + 0.1
20 min after exercise 1.2 = 0.1v 14 + 0.1V
30 min after exercise 1.6 0.2 1.5 +0.2v

HRV - heart rate variability, SDNN - standard deviation of all normal RR intervals recorded in one-time interval,
RMSSD - root mean square of the successive differences, HF - high frequency power, LF - low frequency power,
LF/LH - low-to-high frequency power ratio, n.u. - normalized units

* p < 0.05 for before exercise vs. during exercise, ' p < 0.05 for before exercise vs. 10, 20, and 30 min after exercise,
Y p < 0.05 for during exercise vs. 10, 20, and 30 min after exercise

Table 3. Post-hoc statistical power for each HRV outcome
calculated from the actual correlation between repeated
measures and Cohen’s f effect size

HRV index  Correlation (}ijfgicé[ns’;zj‘e) Power
HF 0.37 0.60 1.00
LF 0.29 0.47 0.99
LF/HF 0.29 0.68 1.00
SDNN 0.38 0.34 0.99
RMSSD 0.50 0.41 1.00

HRV - heart rate variability, HF - high frequency power,
LF - low frequency power, LF/LH - low-to-high frequency
power ratio, SDNN - standard deviation of all normal RR
intervals recorded in one-time interval, RMSSD - root
mean square of the successive differences

16

of stretching exercises would be determinant of auto-
nomic modulation responses after acute training ses-
sions. Of course, further research is needed to ratify
this premise.

In our study, as expected, LF significantly increased
and HF decreased during all exercise sessions. Along
postexercise recovery, LF decreased and HF increased,
reflecting a vagal compensation, compatible with the
findings of prior studies [3, 7]. Consistent with these
data, the LF/HF ratio increased during the exercise
sessions and decreased throughout recovery. However,
these responses, particularly the sympathetic with-
drawal, were longer after the session with a greater
vs. lower amount of exercises: 10-20 min in LA and
10-30 min in HA. In the time domain, RMSSD al-
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ways decreased during exercise and increased after
exercise, irrespective of the individual’s flexibility level
and amount of exercises, which is in line with the
premise of vagal withdrawal and re-entry, respectively
[22-24]. The same pattern was observed for SDNN
after the protocol including a single stretching exer-
cise, but not after sessions with multiple exercises.

During muscle contraction or stretching, group III
afferent fibres (myelinated and very sensitive to me-
chanical stimuli) are stimulated [17, 25], which con-
tributes to haemodynamic adjustments mediated by
the autonomic nervous system [26]. It is well accepted
that increased sympathetic activity normally occurs
during physical exercise, irrespective of its modality
[22-24]. With regard to postexercise recovery, the ini-
tial reduction in LF/HF was probably related to vagal
re-entry [27], and later due to sympathetic lowering
[23]. A basic problem of our experiment is the passivity
of stretching, which probably induced lower muscle
activity in comparison with exercises actively conducted
by participants. However, albeit acknowledging that
this fact may have reduced the stimulation of mechano-
receptors, reflex isometric contractions were still present
during the exercises, especially among individuals
with low flexibility levels. Our results are therefore
consistent with this theoretical framework and ratify
data from previous research in the sense that acute
flexibility exercise can effectively produce changes in
cardiac autonomic control [3-5].

Clinical trials are warranted to determine how much
acute HRV changes have the potential to contribute to
chronic haemodynamic adaptations, which would be
of particular interest in specific clinical situations, such
as in the management of patients with elevated blood
pressure. In this context, the few studies that investi-
gated long-term effects of flexibility training upon HRV
are promising [5, 8]. Mueck-Weymann et al. [5] ob-
served an increase in RMSSD (25.2 + 10.4 vs. 62.4 +
26.9 ms, p < 0.001), while the LF/HF ratio decreased
(8.01 £ 5.19 vs. 3.44 * 3.53 n.u., p < 0.02) after 28
days of intervention (15 min of daily stretching exer-
cises) in healthy bodybuilders classified as having
limited flexibility. Wong et al. [8] applied 8 weeks of
flexibility training to obese postmenopausal women
and reported reductions in LF (60.4 + 3.1 vs. 46.4 = 2.5)
and LF/HF (1.73 + 0.21 vs. 0.96 + 0.12), and increases
in HF (38.5 + 3.1 vs. 52.4 + 2.7) and RMSSD (3.17 +
0.14 vs. 3.44 + 0.14). These findings suggest that fa-
vourable autonomic adaptations may occur owing to
flexibility training, perhaps in response to a temporal
summation of the effects provoked by repeated acute
sessions. Albeit this possibility might be very interest-

ing in terms of exercise prescription, it must be con-
firmed by additional research.

Conclusions

In conclusion, acute passive stretching sessions with
either single or multiple exercises were capable to pro-
duce changes in HRV during exercise sessions and along
postexercise recovery in individuals with low and high
flexibility levels. However, the amount of exercises was
determinant of the duration of these responses. During
the stretching sessions, sympathetic and vagal modu-
lations increased and decreased, respectively. On the
other hand, a reduction in sympathovagal balance
reflected by LF/HF occurred 20 min after the single-
exercise protocol and 30 min after the protocol in-
cluding multiple exercises. These effects were inde-
pendent of the participants’ flexibility level.
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