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ABSTRACT

Introduction: Cardiac autonomic modulation (CAM) is a result of the balance between the sympathetic and
parasympathetic systems. This interaction results in heart rate variation (HRV), analyzed by specific electrocardio-
graphic parameters. These parameters are modified by the practice of physical activity, indicating better cardiac
conditioning. Objectives: To evaluate the cardiac autonomic modulation of athletes of the XXVIIl Ecological Walk
at two separate times during their period of physical training. Also, to link the practice of physical activity with
stress reduction in these individuals. Methods: 24-hour Holter exams were performed at two times (before and
after a 2-month period of non-standard physical training), and the results were analyzed using the software
programs Epi-Info 7 and BioEstat 5.0. Inferential analysis was performed by the nonparametric Shapiro-Wilk test.
Statistical significance was assigned to p values less than 0.05, with 95% confidence interval (95% Cl). Results:
The sample was mostly male (n = 14;77.78%), with a mean age of 49.55 years. No individual trained for less than
60 days; most (47.06%) trained for 151-200 days, with walking being the predominant modality (64.71%). No
statistically significant difference was found in the parameters HRV pNN50 (p = 0.18), IMSSD (p = 0.14) or HF (p =
0.117) after the evaluated training period. Conclusions: Participants who are longtime sportsmen and physically
active showed parasympathetic saturation, therefore, they did not show significant changes in HRV. Also, low
levels of stress were observed in those who practiced physical activity. Level of evidence II; Prognosis Study.

Keywords: Autonomic nervous system; Heart rate; Exercise.

RESUMO

Introdugdo: A modulagdo autonémica cardiaca (MO) é resultado do equilibrio entre os sistemas simpdtico e paras-
simpdtico. Essa interacdo resulta na variagdo da frequéncia cardiaca (VFC) analisada por pardmetros eletrocardiogrdficos
especificos, que sGo modificados pela prdtica de atividade fisica, indicando melhor condicionamento cardiaco. Objetivos:
Analisara modulag¢ao autonémica cardiacaem esportistas da XXVill Caminhada Ecoldgica em dois momentos durante
seu periodo de treinamento fisico. Além disso, relacionar a prdtica de atividade fisica com a redugdo do estresse nesses
individuos. Métodos: Foram realizados exames de Holter de 24 horas em dois momentos (antes e depois de um periodo
de dois meses de treinamento fisico ndo padronizado), sendo os resultados analisados por meio dos programas Epi-Info
7 e BioEstat 5.0. A andlise inferencial foi feita pelo teste ndo parameétrico de Shapiro-Wilk. A significancia estatistica foi
atribuida aos valores de p menores que 0,05 e intervalo de confianga de 95% (IC 95%). Resultados: A amostra era majori-
tariamente masculina (n = 14; 77,78%), com média de idade de 49,55 anos. Nenhum individuo treinou por menos de 60
dias, a maioria (47,06%) treinou por 151 a 200 dias, sendo a caminhada a modalidade predominante (64,71%). Néo foi
encontrada diferenca estatisticamente significativa nos pardmetros de VFC pNN50 (p = 0,18), MSSD (p = 0,14) e HF (p =
0,117) depois do periodo de treinamento avaliado. Concluséo: Os participantes que séo esportistas de longa data efisica-
mente ativos apresentaram saturacéo parassimpdtica, por isso ndo evidenciaram alteragdes significativas na VFC. Além
disso, observou-se menor nivel de estresse nos praticantes de atividade fisica. Nivel de evidéncia ll; Estudo progndstico.

Descritores: Sistema nervoso auténomo; Frequéncia cardiaca; Exercicio fisico.

RESUMEN

Introduccidn: La modulacién autonémica cardiaca (MO) es el resultado del equilibrio entre los sistemas simpdtico y
parasimpadtico. Esta interaccion resulta en la variacion de la frecuencia cardiaca (VFC), analizada por pardmetros electrocar-
diogrdficos especificos, que son modificados por la prdctica de actividad fisica, indicando mejor acondicionamiento cardiaco.
Objetivos: Analizar la modulacién autonémica cardiaca en deportistas de la XXVIll Caminata Ecoldgica en dos momentos
durante su periodo de entrenamiento fisico. Ademds, relacionar la prdctica de actividad fisica con la reduccion del estrés en
estos individuos. Métodos: Fueron realizados exdmenes Holter de 24 horas en dos momentos (antes y después de un periodo
de dos meses de entrenamiento fisico no estandarizado), siendo los resultados analizados por medio de los programas Epi-Info
7y BioEstat 5.0. El andlisis inferencial se realizé mediante el test no paramétrico de Shapiro-Wilk. La significancia estadistica
fue atribuida a los valores de p inferiores a 0,05 e intervalo de confianza del 95% (IC 95%). Resultados: La muestra era mayori-
tariamente masculina (n = 14; 77,78%), con un promedio de edad de 49,55 arios. Ningtn individuo entrend durante menos
de 60 dias, la mayoria (47,06%) entrend durante 151-200 dias, siendo la caminata la modalidad predominante (64,71%). No
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fue encontrada diferencia estadisticamente significativa en los pardmetros de VFC pNN50 (p = 0,18), IMSSD (p = 0,14) y HF
(p=0,117) después del periodo de entrenamiento evaluado. Conclusion: Los participantes que son deportistas de larga data
y fisicamente activos presentaron saturacion parasimpdtica, por eso no evidenciaron alteraciones significativas en la VFC.
Ademds, se observé un menor nivel de estrés en los practicantes de actividad fisica. Nivel de evidencia Il; Estudio pronéstico.

Descriptores: Sistema nervioso auténomo; Frecuencia cardiaca; Ejercicio fisico.

DOI: http://dx.doi.org/10.1590/1517-8692202127012020_0004

INTRODUCTION

Sport has several benefits, such as improved physical' and psychoso-
cial health (participation in sport reduces stress, lowers rates of depres-
sion and preserves mental health).? Moreover, due to parasympathetic
modulation, athletes have improved cardiac function with higher heart
rate variability (HRV) .34

HRV is the variation in the time interval between consecutive hear-
tbeats, corresponding to the balance between the sympathetic and
parasympathetic autonomic nervous systems, outlined in Figure 1.56This
system can be analyzed by specific parameters of the 24-hour Holter
monitor test.”# (Table 1)

The parasympathetic system lowers the heart rate, while the sym-
pathetic system increases it.® Hence HRV analysis is important to assess
cardiovascular conditioning (fitness) in athletes, evidencing the cardiac
parasympathetic tone.®10

Athletes have vagal modulation as the main mechanism responsible
forthe increase in HRV,''-* and these changes are more evident in those
who participate in aerobic activities rather than anaerobic activities.’
These changes, however, do not always manifest in elite athletes,'* who
exhibit parasympathetic saturation and HRV stagnation.'" Studies propose
that the relationship between HRV and cardiac parasympathetic action
does not vary in linear function, but in quadratic function: HRV increa-
ses with an increase in parasympathetic activity, there is saturation of
parasympathetic receptors and a plateau is reached. From this point on,
HRV may decrease, even in the presence of vagal stimuli.’>™"" This raises

Article received on 01/20/2020 accepted on 07/20/2020

who have been engaging in physical activity for a long period of time,
even though they are not elite athletes. The sample group of this study
fits the above profile.

Accordingly, the aim of the study was to assess the cardiac autonomic
modulation (CAM) of athletes participating in the XXVIIl Ecological Walk
during the pre-competition training period through HRV, carrying out

Table 1. Variables of the heart rate variability assessment.

Parameter Unit Description
Time domain
SDNN ms Standard deviation of all NN intervals

Standard deviation of the average NN intervals

SDANN ms for each 5-minute segment of a recording
RMSSD me Root mean square of successive
RR interval differences
Mean of the standard deviation
SDNN Index ms of the mean NN intervals for each
5-minute segment of a recording
NN50 Count Number of pairs of adjacent NN intervals

differing by more than 50 ms in the recording

NN50 count divided by the

0
PNNS0 i number of NN intervals

Frequency domain

VLF (Very Low Frequency) | Hz | Power contained in the range below 0.04 Hz

Power contained in the range

LF (Low Frequency) Hz from 0.04 t0 0.15 Hz

HF (High Frequency) Hz |Power contained in the range from 0.15 to 0.4

the question as to whether the same phenomenon occurs in individuals LF/HF Ratio of LF-to-HF power
Parasympathetic Sympathetic
HR v Baroreflex
Peripheral
resistance
Blood pressure
Cardiac output Vascular tone
HR=heart rate; EF=ejection fraction.

Figure 1. Mechanisms of control of heart rate and blood pressure. Sympathetic and parasympathetic actions can be assessed by heart rate variability.
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Holter monitor tests before and after physical preparation for the event.
We assessed whether non-standardized physical training, performed
independently by the athletes, was able to cause significant changes in
HRV values and in scores on the Perceived Stress Scale (PSS) questionnaire.

MATERIALS AND METHODS

This is a prospective observational, descriptive, analytical and lon-
gitudinal study.

The Ecological Walk, which takes place over a distance of 310 km in
the state of Goias with athletes covering 60 km per day, is a highlight
in the regional context of this study. The athletes participating in this
event are the subjects of this research project.

To obtain the sample, the investigators contacted the 29 athletes
from the previous edition of the event and included all athletes interested
in the study who passed the physical screening test, performed only
by candidates with medical evidence of physical fitness and absence of
major comorbidities. Individuals who did not undertake the screening
test or participate in the two stages of the Holter monitor test, and
individuals who did not wish to participate in the study were excluded.

The 24-hour Holter monitor tests, carried out at two different time
points (April and June 2019, totaling two months of training), were
performed using Holter DMS Brasil® monitors (Sdo Paulo-SP, Brazil) and
analyzed with CardioScan 12 DMS® (Stateline, NV, USA). PSS,'® sociode-
mographic and physical activity characterization (PAC) questionnaires
were applied. The PSS questionnaire has 14 questions, which address
how the patient has dealt with life's problems and how he/she has felt
emotionally when faced with difficulties imposed on him/her. The higher
the score, the greater the perception of stress.'®

The data were tabulated in Microsoft Excel® (Redmond, WA, USA)
and analyzed using Epi Info 7® (Washington DC, USA) and Bioestat 5.0¢
(Tefé-AM, Brazil). Categorical variables were assessed by absolute and
relative frequencies. In the inferential analysis, variables were subjec-
ted to the Shapiro-Wilk test to assess their normality. Parameters with
non-normal distribution were subjected to the nonparametric Mann-
-Whitney test, while parameters with normal distribution were subjected
to Student’s T test. Fisher's exact test was used to associate categorical
variables. Statistical significance was attributed to p-values of <0.05 and
a 95% confidence interval (95% Cl).

The participants signed the Informed Consent Form (ICF) and the
study was approved by the Institutional Review Board of Pontificia
Universidade Catdlica de Goids (CAAE 06671919.1.0000.0037) once all
the necessary requirements had been met.

RESULTS
Study adherence in the sample

Of the initial sample of 29 subjects, 18 met the inclusion criteria. Of
these, only 1 failed to complete the study in full, as they did not answer
the PAC questionnaire. Therefore, the subject was included for all other
analyses, except for the PAC. The remaining 17 subjects completed the
study in full, totaling 18 participants in the final sample.

Characterization of the sample

The sample consisted of 77.78% men (n=14) and 22.22% women
(n=4), with a mean age of 49.55 years (SD=10.55), median of 51 years,
minimum age of 32 years and a maximum age of 68 years.

Characterization of the physical activity of the athletes

The PAC of the athletes (Tables 2, 3 and 4) qualifies the training of
the sample for the Ecological Walk. The majority (58.82%) prepared for
a minimum period of 151 days, 100% of the sample trained for at least
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60 days, and 76.47% of the participants trained at least four times a
week. Most training sessions had a minimum duration of two hours
(76.47%), and 94.74% of the sample had been participating in regular
physical activity for at least three years. Thus, it is concluded that the
average intensity of the athletes'physical preparation for the event was
350 hours (standard deviation 200.96 hours), considered moderate
intensity preparation.

We should emphasize that there was no standardization of physical
training for the participants, thus each athlete followed his or her own pat-
tern of training frequency, duration and intensity, described in Tables 2 to 4.

Effect of the physical preparation of the sample on the pa-
rameters of the 24-hour Holter monitor test

The 24-hour Holter monitor test parameters are specified in
Tables 5 and 6. The variables mean heart rate (mean HR), pNN50, rMSSD,
High Frequency (HF) power, Low Frequency (LF), and parasympathetic and
sympathetic stimulation percentage of the athletes did not exhibit normal

Table 2. Characterization of the Physical Activity of the athletes (I).

n %
Length of training for the event
51 to 100 days 2 11.77
101 to 150 days 5 2941
151 to 200 days 8 47.06
201 to 250 days 0 0%
251 to 300 days 1 5.88
301 to 350 days 1 5.88
Duration of each training session
1to 2 hours 4 23.53
2 to 3 hours 7 4118
3 to 4 hours 5 2941
410 5 hours 1 5.88

Table 3. Characterization of the Physical Activity of the athletes (Il).

n %
Weekly training frequency

twice 2 11.76

3 times 2 11.76

4 times 7 41.18

5 times 1 5.88

6 times 3 17.65

7 times 1 5.88

>7 times 1 5.88

Mode of training

Running 5 2941
Jogging 1 5.88
Walking 11 64.71

Table 4. Characterization of the Physical Activity of the athletes (lll).

n %

Went without training
No 7 41.18
<7 days 3 17.65
7 - 14 days 3 17.65
14 - 21 days 2 11.76
>22 days 2 11.76

How long have they participated
in regular physical activity

Less than 3 years 1 5.88
Between 3 and 5 years 2 11.76
Between 5 and 8 years 11.76
More than 8 years 12 70.59
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Table 5. Effect of physical preparation on the 24-hour Holter parameters (1).

Median Mean Star'lda.rd p-value
Deviation

Mean HR

Holter 1 63 bpm 63.33 bpm 9.62 bpm 0936
Holter 2 62 bpm 68.22 bpm 28.78 bpm

pNN50

Holter 1 10,5 12,16 9.19

Holter 2 155 16,83 11.14 0.178
rMSSD

Holter 1 33ms 34.77 ms 9.92 ms 614
Holter 2 38.5 ms 4122 ms 13.94 ms

High Frequency (HF)
Holter 1 219.9 ms2 229.53 ms2 134.81 ms2
Holter 2 29645 ms2 321.56 ms2 218.37 ms2 0117

Table 6. Effect of physical preparation on the 24-hour Holter parameters (Il).

Median Mean Star.\da.lrd p-value
Deviation
Low Frequency (LF)
Holter 1 8224 ms2 916.99 ms2 47566 ms2 0601
Holter 2 926.6 ms2 986.44 ms2 501.82 ms2
Parasympathetic
Holter 1 95.50% 95.15% 1.62% 0063
Holter 2 94.50% 93.33% 3.54%
Sympathetic
Holter 1 4.50% 4.84% 1.69% 0063
Holter 2 5.50% 6.66% 3.54%

distribution after undergoing the Shapiro-Wilk test, so were evaluated
using the Mann-Whitney test. There was no statistical difference between
the mean HRs (p=0.94), the values of pNN50 (p=0.18), rMSSD (p=0.14),
HF (p=0.12) and LF (p=0.6), the percentage of parasympathetic stimu-
lation (p=0.09) and the percentage of sympathetic stimulation (p=0.09).

Figures 2-4 compare the periods before and after the physical pre-
paration of athletes on an individual basis, evidencing both a subject
with specific changes in HRV (Figures 2 and 3) and a subject without
any changes (Figure 4). Figures 2 and 3 show that, despite the absence
of statistical significance before and after the physical training sessions
of the sample, one athlete showed improvement.

Figures 2 and 3, referring to the same participant, indicate, speci-
fically, the expected change in HRV after a period of physical training.
Both reveal an increase in HRV parameters identified by the Holter
monitor test. This athlete, in particular, started their physical training
just 24 days before the first Holter monitor test, having previously been
sedentary. The increase in HRV can be attributed to the fact that the
athlete, after an inactive period, underwent walking training sessions
six times a week, for one to two hours, totaling an intensity of 84 hours
of preparation for the event.

Perceived Stress Scale Questionnaire

The average score obtained by the participants was 18.36
(SD = 8.92), while the median was 20 points and the minimum and
maximum scores 4 and 35, respectively. Athletes aged between 31 and
40 years achieved the highest average score (23 points), while athletes
over 51 years old had the lowest stress rate (average of 15.55 points).

Dividing the sample into two groups (>50 years and <50 years)
the average score in the older group was 15.55 (SD 9.19), while the
average score in the younger group was 22.33 (SD 7.39). This variable
(with normal distribution) was evaluated using Student’s T test (equal
variance, F-statistic <4). Despite the difference between means, there
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Spectral analysis

24 hours
15t test
100 SDNN: 138

SDANN Index: 119

80 SDNN Index: 73
rMSSD: 55
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0
00 0.1 0.2 0.3 0.4 0.5
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Spectral analysis

2 test 24 hours
100 SDNN: 179
80 SDANN Index: 152
SDNN Index: 92
rMSSD: 75
e0 PNN50: 44
40
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0.0 0.1 0.2 0.3 04 0.5
Anal.: 7725.6; VLF: 5397.1; LF: 1227.6; HF: 965.3

Figure 2. Comparison of individual Holter monitoring in the spectral analysis (No.2).
A greater than 2-fold increase was observed specifically in the High Frequency power
along with an increase in the parameters related to heart rate variability.

was no statistical significance between them (p=0.104). To assess the
relationship between the difference in means and physical training
intensity, we compared training intensity in these groups (>50 years
and <50 years). The mean training intensity of athletes aged >50 years
was 374 hours (SD 198.36), while that of athletes <50 years was 323
hours (SD 213.93). The variable also obtained normal distribution and
Student's T test revealed a p=0.617 (equal variance, F-statistic <4), with
no statistical difference between means.

DISCUSSION

Participation in physical activity did not significantly change the
average HRV of the participants of this study before and after the period
of physical preparation for the event. Several other studies are consis-
tent with the results found in this research project. A Uruguayan study
compared a group of sedentary people (16 people aged 39-82 years
and 9 people aged 15-20 years) with a group of physically active people
(9 young people aged 15-20 years) who performed aerobic activities
five times a week. The electrocardiographic recordings did not show a
statistically significant difference between HRV values in the sedentary
group and the physically active group.'® Similarly, a study by the Univer-
sity of Colorado assessed the impact of aerobic activity on 8 sedentary
women aged 50-60 years. For 12 weeks, the women were instructed
to undertake walking sessions on their own initiative 3-4 days a week,
with durations of at least 30-45 minutes a day. It was discovered that
neither time nor frequency domain parameters showed any statistically
significant changes when comparing values before and after 12 weeks
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Time domain Time domain
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Figure 3. Histogram comparing pre and post-physical exercise with changes. The
histogram is broader at the base, indicating greater heart rate variability (greater
difference between RR-intervals over the course of the recording) and displacement
of the graph to higher RR-interval values (reduction of average heart rate).

of training.?’ Both studies showed similarities between their samples
and the mode of physical training in comparison to this study. Another
study assessed test (n=19) and control (n=15) groups, with a mean age
of 46 years, before and after 24 moderate-intensity training sessions,
finding no statistically significant changes in HRV.?!

Studies have shown that HRV is inversely related to age. A Japanese
prospective cohort with 15 people who did not undergo a training pro-
gram (initial mean age of 70 years and final age of 85 years) performed
two tests with a 15-year interval between them. This research project
concluded that HRV parameters decrease with increasing age.?? An
Asian study assessed 180 subjects aged 15-60 years, divided into three
groups (15-30 years; 31-45 years and 46-60 years). The investigators
concluded that there is an inverse correlation between increasing age
and HRV parameters.2® Another prospective cohort study assessed the
impact of physical activity on cardiac physiology in more than 4000
subjects, over 10 years. There was a reduction in HRV parameters due
to the sample aging process.?*

Several studies, however, have shown results different from those
presented by this study. It is possible to relate participation in physical
activities with increased HRV based on the available literature. A North
American research project found that moderate- to high-intensity aerobic
exercises had positive effects on pNN50, rMSSD and HF power, but only
12 weeks into the training program.? Another study also revealed that
a minimum of 30 weeks of moderate exercise is needed to increase
parameters that indicate improvement in HRV.?6 A study that assessed

40

Figure 4. Histogram comparing pre and post-physical exercise with changes. Two
peaks can be seen in the histogram: one at around 1000 ms, corresponding to the
nighttime heart rate, and the other at around 750 ms, relating to the daytime heart
rate. Note that there were no changes in the general shape of the histogram before
and after physical preparation, which can be attributed to the fact that the athlete
had already been engaging in regular physical activity for more than 9 years, having
trained for the event in the walking category only twice a week in 3-4 hour sessions.
It is assumed that the lack of changes in HRV is due to a possible parasympathetic
saturation and tolerance to long-term physical exercise.

28 athletes (17 runners, 4 cyclists, 4 basketball players, 2 swimmers and
1 rower), training 8 hours a week, and 28 sedentary subjects, indicated
a significant difference in HRV parameters, which were higher in the
athletes than in the sedentary subjects.?” Although these data differed
from the means and statistical evaluation of this study, they reflect
the findings specifically found in the athlete from this study who had
increased CAM values.

Most of the studies that showed statistically significant results relating
physical activity and increased HRV worked with samples and methodo-
logies with the following essential characteristics: either the subjects were
previously sedentary and were exposed to physical activity, after which
they were assessed in terms of HRV, or the sample was divided into a
case group (physically active subjects) and a control group (sedentary
subjects), after which HRV was compared between the two groups in
the post-training period. Comparing this literature with this study, it can
be seen that the sample and methodology of this research project had
different characteristics from those reported in studies that find statistical
significance in the relationship between physical activity and increased
HRV. Many of the participants in this study (94.74%) were already longtime
athletes, and had been engaging in regular physical activity for at least
three years. Therefore, it is assumed that the physical exercise performed
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by the subjects was sufficient to maintain their pre-existing physiological
conditions. Itis believed that the participants already had parasympathetic
cardiac saturation prior to the start of the study. In this adaptive process,
the parasympathetic action is able to increase HRV until it reaches a
plateau, from which point on there are no more relevant changes in
electrocardiographic parameters.'"'® Accordingly, studies suggest that,
for these subjects, the quantification of cardiac parasympathetic action
using Holter parameters may be biased, as parasympathetic saturation
alters the true cardiac vagal action.'%?® Due to the quadratic function that
represents the relationship between HRV and parasympathetic action, we
can infer that the study participants are in the plateau phase, in which,
despite vague stimuli, there are no significant changes in HRV.'6

The findings of this study in relation to self-perceived stress in athletes
indicated that the participants had low levels of stress on the PSS question-
naire. The average score obtained was 18.36 points, whereas the maximum
score on the questionnaire is 56 points. These findings corroborate the
literature, which already confirmed lower rates of stress in physically active
subjects. One study, using the PSS, revealed that physical active subjects
exhibited a lower level of stress than physically inactive subjects? A
Canadian study indicated that adults with a high level of stress benefited
from physical activity, showing a reduction in stress rates.*

Limitations

This study has limitations, such as the small sample size (n=18),
thereby reducing the statistical power of the analysis. In addition, the
non-significance of HRV in the participants can be related to the fact
that the majority of the sample (50%) is over 50 years old, which may
negatively influence the parameters studied, as increasing age is related

to the decrease in HRV.2*-%6 Another factor is the non-standardization
of the participants’ physical activity (no standardized physical training
program was established to equalize the physical preparation of all
athletes), carried out on an individual arbitrary basis, which may have
affected the statistical significance of the HRV results. It should be noted
that most of the participants (94.74%) had already been exercising for at
least three years prior to the application of the first Holter monitor test.
Therefore, itis believed that the exercises undertaken were sufficient to
maintain their physiological conditions of pre-existing parasympathetic
saturation (HRV increased and sustained on a plateau),'"'%? which
suggest excellent cardiac health status8-'°

[tis recommended that further studies be carried out on athletes to
clarify the influence of physical activity on parasympathetic saturation.
Research studies with a larger sample, standardization of physical activity,
longer training period and serial electrocardiographic recordings are
suggested to better monitor changes in HRV.

CONCLUSIONS

This study concluded that longtime, physically active athletes have
parasympathetic cardiac saturation. Thus, the physical training undertaken
by the participants during the research was sufficient to maintain their
pre-existing CAM status, justifying the absence of significant changes
in HRV. Furthermore, the average score obtained on the PSS question-
naire was not high, demonstrating a lower level of stress in the athletes
studied, especially in the older subjects.
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