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Abstract

The objective of this study was to use linear and non-linear methods to investigate cardiac autonomic modulation in healthy
elderly men and women in response to a postural change from the supine to the standing position. Fourteen men (66.1 + 3.5
years) and 10 women (65.3 £ 3.3 years) were evaluated. Beat-to-beat heart rate was recorded in the supine and standing
positions. Heart rate variability was studied by spectral analysis, including both low (LFnu-cardiac sympathetic modulation
(CSM) indicator) and high (HFnu-cardiac vagal modulation (CVM) indicator) frequencies in normalized units as well as the low
frequency/high frequency (LF/HF) ratio. Symbolic analysis was performed using the following indexes: 0V% (CSM indicator),
1V% (CSM and CVM indicators), 2LV% (predominantly CVM indicator) and 2ULV% (CVM indicator). Shannon entropy was
also calculated. Men presented higher LFnu and LF/HF ratio and lower HFnu and 1V% symbolic index (57.56, 4.14, 40.53,
45.96, respectively) than women (24.60, 0.45, 72.47, 52.69, respectively) in the supine position. Shannon entropy was higher
among men (3.53) than among women (3.33) in the standing position, and also increased according to postural change in
men (3.25; 3.53). During postural change, the LFnu (24.60; 49.85) and LF/HF ratio (0.45; 1.72) increased, with a concomitant
decrease in HFnu (72.47; 47.56) and 2LV% (14.10; 6.95) in women. Women presented increased CSM in response to postural
change and had higher CVM and lower CSM than men in the supine position. In conclusion, women in the age range studied
presented a more appropriate response to a postural change than men, suggesting that cardiac autonomic modulation may be
better preserved in women than in men.
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Introduction

Heart activity is largely modulated by the autonomic
nervous system (1). An important approach to the non-
invasive analysis of cardiac autonomic function is heart rate
variability (HRV), which refers to oscillations in the intervals
between consecutive heartbeats known as RR intervals
(RRi) (2). HRV has been widely used as a predictor factor,
and its reduction is associated with higher cardiovascular
morbidity and mortality rates (3).

Gender is one of the factors that influence HRV. Stud-
ies involving models of linear analysis showed that women
presented higher HRV in the supine position than men of

a similar age, indicating that the female population has a
higher cardiac vagal modulation and a lower cardiac sym-
pathetic modulation (4-9). The aging process also interferes
with cardiac autonomic modulation, and a decrease in HRV
has been observed with aging (3,10-14). However, it has
not yet been clearly established if there are any differences
in the HRV of elderly subjects due to gender.

Although HRV is commonly analyzed using linear
models, the interest in non-linear methods has increased in
recent years. This methodology differs from the traditional
approach because it considers the qualitative properties
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of the heart rate (HR) time series. The mechanisms that
involve cardiovascular regulation are interconnected in a
non-linear theory, and therefore non-linear analysis could
provide additional information (15-19). Arecently used non-
linear approach to HRV is the symbolic analysis described
by Porta et al. (20). Studies involving pharmacological
blockade or autonomic tests showed that the OV% sym-
bolic index is related to cardiac sympathetic modulation,
the 1V% symbolic index corresponds to the simultaneous
presence of sympathetic and vagal modulations, and the
2LV% and 2ULV% symbolic indexes are related to cardiac
vagal modulation (20-22).

Postural change from the supine to the standing posi-
tion has also been used for autonomic HR evaluation. This
maneuver induces a cardiac sympathetic modulation, which
is increased when assessed by a linear methodology, i.e.,
spectral analysis (23). The same effect is also observed
during graded head-up tilt (passive maneuver) by using
non-linear methods, i.e., symbolic analysis (22).

Nevertheless, there are no studies in the literature
comparing cardiac autonomic modulation between genders
in healthy elderly individuals at rest and in response to a
postural change (from supine to standing) by using the
symbolic analysis of HRV. Moreover, the active standing
test does not require a tilt table and can be performed by
the bedside (24). Itis both more familiar and more functional
because itis a daily postural motion performed by everyone,
unlike the passive tilt test.

The hypothesis of the present study was that both
spectral and symbolic analysis of HRV might be able to
detect possible differences in cardiac autonomic modulation
responses between genders. Additionally, elderly women
were expected to present a lower sympathetic modulation
and a higher vagal modulation than elderly men. The pos-
tural change from the supine to the standing position was
also expected to induce a stimulation of the sympathetic
autonomic nervous system, as demonstrated in other age
ranges previously studied.

Therefore, the objective of the present study was to
investigate HR autonomic modulation in elderly men and
women in response to a postural change from the supine
to the standing position by using linear and non-linear
methods.

Subjects and Methods

Subjects

Thirty-six healthy elderly volunteers (21 men and 15
women) aged 60 to 75 years were selected from places
attended by the elderly, such as associations of elderly
individuals. Of these, 14 men (66.1 + 3.5 years) and 10
women (65.3 * 3.3 years) completed the study. Figure 1 is
a flow diagram representing sample loss in this study and
details the reasons for this loss.

All subjects were considered to be healthy based
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on clinical and physical examinations, laboratory tests,
standard electrocardiogram (ECG), and a maximum exer-
cise test conducted by a physician. All women were also
diagnosed as post-menopausal and none of them was
using hormone replacement therapy. None of the subjects
presented abnormalities in the cardiovascular or respiratory
systems. The ECG results for all volunteers were negative
for myocardial ischemia and arrhythmia both at rest and
during the maximum exercise test. Smokers, drinkers, users
ofillicit drugs, subjects with neurological, cardiovascular or
respiratory disorders, diabetics and individuals with arterial
hypertension were excluded from the study.

Regarding the use of medication, 4 women used calcium
replacement drugs, 3 used drugs for controlling thyroid
activity (hypothyroidism), and 1 used a drug for controlling
dyslipidemia. It is important to emphasize that the hypothy-
roidism and dyslipidemia presented by the female volunteers
were fully controlled by means of regular laboratory tests.
Furthermore, studies involving patients with hypothyroid-
ism have shown that an endocrine therapy for restoring
euthyroidism normalizes HRV (when analyzed by the time
and frequency domains) to values that are similar to those
of nondysfunctional subjects (25-28).

Ethical aspects

The study was approved by the Ethics Committee of
Universidade Federal de Sao Carlos, Sdo Carlos, SP, Brazil
(protocol #326/2008). All volunteers were informed of the
procedures and the noninvasive experiments that would be
performed in this study. After agreeing to participate in the
study, all subjects signed an informed consent form.

Experimental procedures

All subjects were evaluated in the morning in order to
respect the different responses due to circadian influence.
The experiments were carried out in a climate-controlled
room (21-24°C) with a relative air humidity of 40-60%. Sub-
jects were instructed to avoid both caffeinated and alcoholic
beverages as well as any strenuous exercise on the day
before the test protocol and until the test application. They
were also instructed to have a light meal at least 2 h prior
to the test. On the day of the experiment, the subjects were
interviewed and examined before the test to determine if they
were in good health, if they had slept properly the night before,
and that the controlling conditions (HR and systemic blood
pressure) were within normal range. Before the experiment,
the volunteers were familiarized with the equipment and the
experimental procedure in order to reduce anxiety.

Experimental protocol

Subjects remained at rest for 10 min in the supine
position and were then instructed to perform the postural
change from the supine to the standing position, remaining
in that position for 10 min. During this period, the ECG was
monitored using a CM5 lead, recorded with a one-channel
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heart monitor (TC500, ECAFIX, Brazil) and processed with
aLab-PC+ analog-to-digital converter (National Instruments
Co., USA), which served as an interface between the heart
monitor and a Pentium 11l PC. Signals were recorded in real
time after analog-to-digital conversion at a sampling rate
of 500 Hz; the RRi (ms) were calculated on a beat-to-beat
basis with specific software (29).

During the recording of the ECG in the supine and
standing positions, the respiratory rate was simultaneously
recorded on a cardiopulmonary exercise system (CPX/D,
Medical Graphics, USA) with a neoprene facemask as an
interface. The subjects were instructed to breathe spontane-
ously throughout the procedure. At the beginning and end
of the experiment, the blood pressure of all volunteers was
measured by the auscultatory method.

Data analysis

RRi sequences of length N = 250 were selected for the
two positions (supine and standing) for each subject. For
each position, the length of greatest stability was chosen
from the central region of the time series. The initial and
final RRi sequences were discarded. The same sequence
was used for both the spectral and the symbolic analysis.
The mean and variance of RRi were also calculated.

31

HRV spectral analysis

The HRV frequency domain analysis was performed
with an autoregressive model (30,31) on previously selected
RRi sequences. Two main spectral components were con-
sidered, i.e., low frequency (LF: from 0.04 to 0.15 Hz) and
high frequency (HF: from 0.15 to 0.50 Hz) because they
best represent the sympathetic and vagal modulations,
respectively (2). The respiratory rate was confirmed to as-
sure that it was in the frequency range included in the HF
band. All volunteers were within the range, except for one
man and one woman who were excluded from the study.
The spectral components are reported as normalized units
(LFnu and HFnu) and LF/HF ratio. Normalization consisted
of dividing the power of a given spectral component (HF
or LF) by the total power minus the power below 0.04 Hz,
and multiplying the ratio by 100 (30,31).

HRV symbolic analysis

HRV non-linear analysis by symbolic analysis has
been described by Porta et al. (20). Briefly, this approach
is based on spreading the full range of the RRi sequences
on 6 levels (from 0 to 5), transforming them into a sequence
of integers (i.e., symbols). Patterns (sequences of 3 sym-
bols) are constructed based on the sequence of symbols.

‘ 113 volunteers were selected to participate in the study ‘

77 volunteers were excluded

Refusal to participate in the study (N = 19)
Obesity (N =9)

Smoking (N = 1)

Diabetes (N = 3)

Uncontrolled dyslipidemia (N = 2)
Mitral prolapse (N = 1)

Arterial hypertension (N = 16)
Fibromyalgia (N = 2)
Bronchodilator users (N = 2)
Antidepressant users (N = 12)
Appetite suppressant users (N = 3)

Hormone replacement therapy users (N = 7)

Figure 1. Flow diagram indicating sampling loss in the study.

www.bjournal.com.br

36 volunteers were chosen:
21 men
15 women

12 volunteers were excluded during the study

Quit the study (N =7)
Electrocardiogram signal noise (N = 3)

Low respiratory rate (N = 2)

‘ 24 volunteers concluded the study ‘

‘ 10 women ‘
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The number of patterns is reduced by grouping all pos-
sible patterns into a small number of families. The pattern
families were as follows: 1) OV: patterns with no variation
[3 equal symbols, e.g. (2,2,2) or (4,4,4)], 2) 1V: patterns
with one variation [2 consecutive symbols are equal and
the remaining symbol is different, e.g. (4,2,2) or (4,4,3)], 3)
2LV: patterns with two like variations [the 3 symbols form
an ascending or descending ramp, e.g. (5,4,2) or (1,3,4)],
and 4) 2ULV: patterns with two unlike variations [the 3
symbols form a peak or a valley, e.g. (3,5,3) or (4,1,2)].
The rates of occurrence of these families (0V%, 1V%,
2LV%, and 2ULV%) were evaluated in the present study.
Previous studies involving pharmacological blockade and
autonomic tests (20-22) have indicated that the 0V % index
is representative of cardiac sympathetic modulation, the
1V% index corresponds to the simultaneous presence of
sympathetic and vagal modulations, and 2LV% and 2ULV%
are related to cardiac vagal modulation.

Another variable analyzed was Shannon entropy, which
represents the complexity of the pattern distribution (20).

Statistical analysis
The anthropometric characteristics were analyzed by

N.M. Perseguini et al.

using the Sigma Plot for Windows version 11.0.
Results

Table 1 shows the anthropometric characteristics of
the groups evaluated. Men presented significantly greater
weight and height than women. Age and body mass index
were not significantly different.

Table 2 and Figures 2 and 3 show the results of the
HRV spectral and symbolic analysis in response to pos-
tural change. There was a gender effect on RRi mean in
the supine and standing positions, with men presenting
higher values than women. A gender effect was also found
on LFnu and the LF/HF ratio in the supine position, which
were higher in men than in women. The Shannon entropy
analysis in the standing position showed that men presented
higher complexity than women. Moreover, women presented
higher values of HFnu and of 1V% symbolic index than men
in the supine position.

Table 1. Anthropometric characteristics of the volunteer groups.

the unpaired t-test. The gender effect on the mean and Characteristics Men Women
variance of RRi, Shannon entropy, spectral indexes, and Age (years) 66.1+3.5 65.3+3.3
symbolicindexes was analyzed by the unpaired t-test or the Weight (kg) 70171 61.4 +9.8*
Mann-Whitney rank sum test when appropriate. The position Height (m) 1.67 +0.05 1.56 + 0.05*
effect on these same variables was analyzed by the paired BMI (kg/m?2) 252+2.0 252+3.6

t-test or the Wilcoxon rank sum test when suitable. All data
are reported as means + SD, and the level of significance
was set at P < 0.05. The statistical analysis was carried out

Data are reported as means + SD. BMI = body mass index. *P <
0.05 women vs men (unpaired t-test).

Table 2. Heart rate variability determined by spectral and symbolic analysis in the supine and standing positions.

Men (N = 14) Women (N = 10) Gender effect Position effect
Supine Standing Supine Standing Supine Standing Men Women
RRi mean (ms) 999.50 + 104.04 925.43 +99.84 883.50 + 83.21 806.40 + 70.54 0.012 0.004 0.006 0.002
RRi variance (ms) 1.36 £ 1.09 1.02+0.75 0.68 +0.47 0.71+£0.40 0.169 0.396 0.025 0.879
Spectral analysis
LFnu 57.56 £+31.17 54.15+2570 24.60+19.67 49.85+ 20.51 0.008 0.666 0.707 0.012
HFnu 40.53 +30.60  43.78+26.67 72.47+18.53 47.56+20.14 0.008 0.710 0.706  0.011
LF/HF ratio 414 £4.81 2.58 £3.27 0.45 +£0.52 1.72+2.12 0.018 0.539 0.310 0.020
Shannon entropy 3.25+0.48 3.563+0.42 3.45+0.44 3.33+0.23 0.318 0.033 0.039 0.464
Symbolic analysis
0V% 30.03+13.63 25.85+12.52 20.40+12.19 29.24 +11.65 0.089 0.508 0.252 0.074
1V% 45.96 + 5.51 48.48 + 5.56 52.69 £6.21 50.80 +£5.28 0.010 0.314 0.077 0.463
2LV% 9.04 +4.31 9.87 +4.85 14.10 £ 10.73 6.95 +3.33 0.123 0.114 0.490 0.038
2ULV% 14.97 +7.95 15.81+5.42 12.81+3.76 12.13+6.07 0.435 0.133 0.712 0.672

Data are reported as means + SD. RRi = RR intervals; LFnu = low frequency in normalized units; HFnu = high frequency in normalized
units; LF/HF ratio = low frequency/high frequency ratio; OV = patterns with no variations; 1V = patterns with one variation; 2LV = pat-
terns with two like variations; 2ULV = patterns with two unlike variations. Gender effect: unpaired t-test or Mann-Whitney test; position

effect: paired t-test or Wilcoxon test.
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Cardiac autonomic modulation during postural change in the elderly

The position effect on HRV can also be seen in Table
2 and Figures 2 and 3. We found a decreased mean RRi
for both women and men in the change from the supine to
the standing position. RRi variance also decreased in men
when they performed the postural maneuver. The opposite
occurred with Shannon entropy, which was higher in the
men’s group while standing than in the supine position.
The active standing test induced an increase in LFnu and
in the LF/HF ratio in women. However, HFnu and the 2LV%
symbolic index were lower in the standing position than in
the supine position in the women’s group.

Discussion

The major findings of the present study are as follows:
1) men showed no changes in the indexes representing
sympathetic modulation when performing the postural
change since they had already presented an increased
sympathetic modulation in the supine position; 2) women

999.5+104.0 * ”
025.4:99.8  883.5+83.2

806.4+70.5

RRi Mean (ms)

I
+
57.6 31'254,2:|:25.7 49.9420.5

LFnu (nu)

[\
(=]

33

presented an increase in cardiac sympathetic modulation
during the postural change; 3) women presented a higher
vagal modulation and a lower cardiac sympathetic modu-
lation than men in the supine position; 4) both analyses
showed differences between the two groups, but the linear
analysis showed more differences than the non-linear
analysis in this age range.

Gender effect

With regard to the analysis of cardiac autonomic modu-
lation in the supine and standing positions, we observed
a gender effect on HRV. Women presented a higher vagal
modulation and a lower sympathetic modulation than men
in the supine position, as demonstrated by higher HFnu
values and lower LFnu and LF/HF ratio values. There have
been few studies involving gender comparison by HRV
analysis in response to a postural change, especially in
an elderly population such as the one considered in the
present study.

1591.4+1.1

1.0+0.8

=
=]

0.7+0.5 0.7+0.4

RRi Variance (ms)

I
=)

(e
S

%
72.5+18.5

[oN)
(=]

43.8426.7

HFnu (nu)

I Men - Supine
I Men - Standing
B Women - Supine
B Women - Standing

Figure 2. Heart rate variability determined by spectral analysis in the supine and standing positions. Data are reported as means +
SD. RRi = RR intervals; LFnu = low frequency in normalized units; HFnu = high frequency in normalized units; LF/HF = low frequency/
high frequency ratio. *P < 0.05 compared to men in the supine position; #P < 0.05 compared to men in the standing position; TP < 0.05
compared to men in the supine position; ¥P < 0.05 compared to women in the supine position. Gender effect: unpaired t-test or Mann-

Whitney test; position effect: paired t-test or Wilcoxon test.
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Barantke et al. (23) observed that the LF band compo-
nents in normalized units were significantly higher in men
than in women in both the supine and standing positions,
and that there was a shift in the LF/HF ratio toward LF
among men, suggesting a more pronounced sympathetic
modulation than in women in both positions. However,
the HF components in normalized units were statistically
higher among women in the supine and standing positions.
Therefore, the women should have had a more evident
vagal modulation in those postures. The same results were
obtained by Fagard et al. (32). However, the cited studies
evaluated the cardiac autonomic modulation response to
postural change in individuals of both genders from ado-
lescence to approximately 90 years of age.

In the age group evaluated in the present study, only
in the supine position were gender differences observed
in the HRV indexes. This was due to the fact that the men

30.0+13.6
25.9+12.5

29.2+11.7
20.4+12.2

0V%

15 14.1+10.7

2LV%

T #
3.540.4 33402

(8]

Shannon Entropy

(=]
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had a more pronounced sympathetic HR modulation in
this position. It is possible that the postural change did
not stimulate the sympathetic nervous system modulation
significantly. Furthermore, there was a suitable response
to the postural change in the women evaluated, causing
their HRV indexes to be similar to the men’s in the standing
position. The women also presented higher 1V% symbolic
index values than men in the supine position. Porta et al.
(20) showed that this index corresponds to the simultaneous
presence of low and high frequency oscillations.

Position effect

Regarding the effect of postural change from the supine
to the standing position on HRYV, our results showed that
RRi mean decreased in both men and women while RRi
variance decreased only among men. The HFnu spectral
components were higher in the supine position than in

%

+i
46.045.548.5£5.6 52.7+6.2 50 8453

1V%

15 12.8+3.812.146.1

2ULV%

I Men - Supine
B Men - Standing
I Women - Supine
Bl Women - Standing

Figure 3. Heart rate variability determined by symbolic analysis in the supine and standing positions. Data are reported as means +
SD. 0V = patterns with no variations; 1V = patterns with one variation; 2LV = patterns with two like variations; 2ULV = patterns with two
unlike variations. *P < 0.05 compared to men in the supine position; #*P < 0.05 compared to men in the standing position; TP < 0.05
compared to men in the supine position; ¥P < 0.05 compared to women in the supine position. Gender effect: unpaired t-test or Mann-

Whitney test; position effect: paired t-test or Wilcoxon test.
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the standing position in the women’s group, indicating a
reduction of parasympathetic modulation caused by the
postural change maneuver in female subjects. Fagard et
al. (32) also found a reduction in vagal modulation evident
in decreased HF indexes; however, the reduction occurred
in both genders and not only in women, as observed in the
present study. Nevertheless, these investigators evaluated
a wide age range (from 25 to 89 years), which might have
been responsible for the differences in results between
the two studies.

The women evaluated here demonstrated a more
appropriate response to a postural change than the men
even though women were postmenopausal, suggesting
that autonomic HR modulation is better preserved in the
women’s group. Another fact that seems to contribute to
this hypothesis is that only among women was there an
increase in LF spectral components in normalized units
due to the postural change, indicating an increased sym-
pathetic modulation in this group in the active standing test.
Consequently, there were higher LF/HF ratio values in the
standing position than in the supine position. This stimulation
of sympathetic nervous system modulation in response to
postural change has also been observed in other studies
on different populations (22,32,33).

We observed, however, a postural change effect on the
2LV% symbolic index in the women’s group, which was
reduced with the change from the supine to the standing
position, perhaps indicating a decrease in vagal modula-
tion among the female volunteers. That decrease was
also evidenced by a reduction in the HFnu spectral index.
According to Porta et al. (20,22), the 2LV% index is also
related to the components of fast waves that correspond
to parasympathetic modulation in the same way that the
2ULV% index corresponds to it.

Regarding the Shannon entropy analysis on short-term
HR time series, we found both gender and postural change
effects. Men presented higher complexity than womenin the
standing position. In addition, Shannon entropy increased
due to the postural change in the men’s group, with greater
complexity in the standing position than in the supine one.
A possible explanation for these findings would be that
the postural change did not induce increased sympathetic
modulation, as can be observed by the small alteration of
LFnu in men. Although the reduction in this spectral index
was not statistically significant, the small change might
have affected entropy values, since a reduction of sympa-
thetic modulation could have increased the complexity. It
is possible that there are other factors associated with this
condition that might have influenced our findings, but we
did not consider such factors in this study.

The Shannon entropy analysis showed no position
effect in the women’s group, demonstrating that the HRV
was qualitatively similar in both the supine and standing
positions; in other words, there was a similarity in the shape
of the pattern distribution. Moreover, we did not observe

www.bjournal.com.br
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a significant difference between men and women in the
supine position regarding Shannon entropy, which shows
that cardiac autonomic modulation was qualitatively simi-
lar in both genders, despite the fact that spectral analysis
showed quantitative differences.

HRV spectral and symbolic analysis

Regarding the methodologies used for HRV analysis,
we observed that both analyses revealed intergroup dif-
ferences in this age range, but the linear analysis showed
more differences than the non-linear analysis.

Porta et al. (22) reported that spectral analysis is strictly
based on the definition of the frequency bands, whose upper
and lower limits are set by convention and practice. Most
importantly, all spectral indexes are helpful only under con-
ditions characterized by reciprocal changes in sympathetic
and parasympathetic modulations. Indeed, the LF and HF
powers expressed in normalized units (LFnu and HFnu)
and LF/HF have been proposed under the hypothesis that
an increase in sympathetic modulation corresponds to
an equal decrease in vagal modulation. Therefore, Porta
et al. (20) proposed a new approach based on symbolic
analysis, which has the potential to detect nonreciprocal
changes in sympathetic and parasympathetic modulations
or reciprocal changes with different magnitudes, since the
sum of all symbolic parameters is equal to 100% (0V% +
1V% + 2LV% + 2ULV% = 100%).

Symbolic analysis (non-linear method) of the elderly
sample studied here only detected a possible change in
parasympathetic modulation, which was reduced by the
postural change, as evidenced by the 2LV% index. In
addition, we observed that the 1V% index was higher in
women in the supine position. Since 1V% corresponds to
the simultaneous presence of low frequency oscillations
(sympathetic modulation) and high frequency oscillations
(parasympathetic modulation), it is possible that there was
a predominance of high frequency oscillations, indicative of
parasympathetic modulation, which would agree with the
responses observed in spectral analysis.

On the other hand, the 0V% and 2ULV% indexes, which
are reported to be representative of sympathetic modula-
tion and vagal modulation (20-22), were not significantly
changed. Nevertheless, symbolic analysis has proved to
be effective for evaluating cardiac autonomic modulation
in other studies with different populations, such as healthy
subjects, patients with implantable cardioverter-defibrilla-
tors, myelopathy patients, and depressed patients. Thus,
symbolic analysis, like other non-linear methods, differs
from traditional methods in that it considers the qualitative
properties of HR time series. The mechanisms that involve
cardiovascular regulation are interconnected in non-linear
theory, and non-linear analysis methods could provide ad-
ditional information. Therefore, this study was important
for determining the applicability of symbolic analysis in this
population. Moreover, according to Voss et al. (34), non-linear
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parameters in combination with standard linear parameters
usually improve the performance of HRV analysis.

Clinical implications

HRYV study by linear and non-linear analysis is important
for understanding cardiac autonomic modulation in various
situations. The fact that older men did not have an adequate
response to postural change as well as the fact that they had
a lower HRV (lower HF) in the supine position than women
of the same age directs our attention to the aging process,
which may negatively influence HRV in this population. Since
reduced HRV can be associated with higher cardiovascular
morbidity and mortality rates (3), it has an important clinical
impact on the elderly. This population, therefore, should be
encouraged to practice aerobic exercise, which is widely
known to improve cardiac autonomic modulation, and thus
minimize the effects of aging (13).

Regarding non-linear methods of HRV evaluation, it is
important to emphasize that they have been little used for
comparison between genders. Specifically, this is the first
study that has applied symbolic analysis and Shannon
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