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ABSTRACT 
Introduction: The dynamic weight-bearing test (WBT) is a Cuban isometric exer-
cise, similar to the hand grip test, which is very useful to induce hemodynamic 
modifications to identify cardiovascular hyperreactivity in at-risk populations. 
However, changes in the cardiovascular autonomic response during weight-bear-
ing test are poorly understood. 
Objectives: To determine the cardiovascular autonomic response during the 
Cuban dynamic WBT. 
Method: Quasi-experimental crossover trial with 16 healthy subjects; blood pres-
sure and heart rate variability were assessed, 5 minutes before (rest) and during 
the WBT (2 minutes for maneuver and 3 minutes for recovery), through the fre-
quency (Fourier) and time-frequency (Wavelet) analysis of high-frequency (HF: 
0.15-0.4 Hz) and low-frequency (LF: 0.04-0.15 Hz) bands, as well as temporal and 
non-linear analysis (Shannon entropy) of the RR interval series. 
Results: Although temporal indicators (SDNN, RMSSD, pNN50) showed no signifi-
cant differences (p>0.05) nor the frequencies (LF, HF, LF/HF); we found an in-
crease (p<0.05) in blood pressure and a significant decrease (p<0.05) in complexity 
(entropy) in the WBT with respect to rest, associated with an HF peak and LF/HF 
ratio at nearly 2 minutes reflected with the time-frequency methods. 
Conclusions: There was a dynamic increase in the cardiovascular sympathetic 
response during the WBT associated with a decrease in the complexity of this 
physiological process, which is not evident with the traditional linear methods of 
heart rate variability. 
Keywords: Dynamic weight-bearing test, Autonomic response, Heart rate variabil-
ity, Cardiovascular system 
 
Respuesta autonómica cardiovascular durante la prueba 
isométrica cubana del peso sostenido 
 
RESUMEN 
Introducción: La prueba del peso sostenido (PPS) es un ejercicio isométrico cu-
bano, similar a la de handgrip, de mucha utilidad para inducir modificaciones he-
modinámicas que permiten identificar la hiperreactividad cardiovascular en po-
blaciones de riesgo. Sin embargo, los cambios en la respuesta autonómica cardio-
vascular durante la PPS no se encuentran totalmente dilucidados.  
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Objetivo: Determinar la respuesta autonómica cardiovascular durante la prueba 
isométrica cubana del peso sostenido.  
Método: Estudio cuasi-experimental (crossover) con 16 sujetos sanos, donde se 
evaluaron la presión arterial y la variabilidad de la frecuencia cardíaca, 5 minutos 
antes (reposo) y durante la PPS (2 minutos de maniobra y 3 minutos de recupe-
ración), a través del análisis frecuencial (Fourier) y en tiempo-frecuencia (wave-
let) de las bandas de altas (HF: 0,15-0,4 Hz) y bajas frecuencias (LF: 0,04-0,15 Hz), 
así como el análisis temporal y no-lineal (entropía de Shannon) de la serie de in-
tervalos RR.   
Resultados: Aunque no existieron diferencias significativas (p>0,05) en los indica-
dores temporales (SDNN, RMSSD, pNN50), ni en los frecuenciales (LF, HF, LF/HF), 
se encontraron incrementos (p<0,05)  de la presión arterial y una disminución sig-
nificativa (p<0,05) de la complejidad (entropía) en la PPS con respecto al reposo, 
asociados con un pico en la LF y la relación LF/HF alrededor de los 2 minutos 
reflejados con los métodos en tiempo-frecuencia.  
Conclusiones: Existió un incremento dinámico en la respuesta simpática cardio-
vascular durante la PPS  que se asocian a una disminución de la complejidad de 
este proceso fisiológico, lo que no es evidente con los métodos lineales tradiciona-
les de la variabilidad de la frecuencia cardíaca.  
Palabras clave: Prueba del peso sostenido, Respuesta autonómica, Variabilidad 
de la frecuencia cardíaca, Sistema cardiovascular 

 
 
 

 

INTRODUCTION   
 
High blood pressure (HBP) is one of the diseases 
that most afflicts the world population. According to 
the World Health Organization, one in five adults 
suffers from HBP and nearly 9.4 million deaths occur 
every year due to secondary complications attribut-
able to HBP1,2. Therefore, it is urgent to take imme-
diate action to control such disease. Every effort 
aimed at increasing the etiopathogenic knowledge of 
the pathophysiological mechanisms underlying HBP 
are a foundation where prevention, diagnosis and 
treatment actions for HBP would rest. 

Early stages of hypertension (and some instances 
of pre-hypertensive states, particularly in individuals 
with a family history of hypertension) are character-
ized by a hyperkinetic circulatory state, which is 
mediated by an increase in adrenergic activity and a 
reduction of the parasympathetic function3. Different 
methods have been used to evaluate the autonomic 
imbalance for many years4,5; but it is not until the 
last four decades, with the development of comput-
erized methods for heart rate variability assessment 
(HRV), that an accelerated advance in this area is 
evident. 

Heart rate variability is the fluctuation in the time 
intervals between consecutive heartbeats.  

At present HRV is typically assessed using time-
domain, frequency-domain, and non-linear indices6-8. 
The former quantifies the sequence of RR intervals 

as a set of unordered intervals or as paired intervals 
and uses different techniques to express data vari-
ance6-11. The spectral analysis consists of decompos-
ing the tachogram (record of heart rate in time) 
which looks like a complex wave, to obtain the spec-
tral components, components of high frequency 
(HF), related to the parasympathetic tone and the 
components of low frequency (LF), related to the 
modulation of the sympathetic and parasympathetic 
nervous systems. Although still a controversy, the 
ratio between these components (LF/HF) has been 
proposed as an indicator of sympatho-vagal bal-
ance8. 

Time-frequency methods are derived from fre-
quency methods that allow analyzing changes in 
present time in the spectral analysis of HRV. Contin-
uous Wavelet Transform, Morlet type function 
(CWT-Morlet), is one of the most frequently used 
time-frequency methods to assess HRV as it pro-
vides adequate resolution when describing changes 
in the frequency spectrum occurring throughout 
time12. Generally, HRV indicators are related to 
physiological adaptations to changes in the internal 
and external environment and the presence of dis-
eases. 

Cardiovascular and sympathetic hyperreactivity 
clarifies part of the etiopathogenesis of hypertension 
and other cardiovascular diseases13. There is a 
number of techniques to induce cardiovascular re-
activity. Physical loads have shown to be more sen-
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sitive and specific than the rest14,15. The isometric 
stress test is one of the most widespread among 
them and has shown a high predictive value and 
sensitivity in HBP diagnosis16-18. In our setting we use 
the dynamic weight-bearing test (WBT), a variant for 
the isometric stress test. This test has great practical 
value for carrying out massive research on HBP19,20. 
It consists of holding a 500 grams weight in the left 
hand with the arm extended right-angled to the body 
for 2 minutes. Blood pressure (BP) is taken in the 
opposite arm before exercise and during its last 10 
seconds21. WBT has shown that cardiovascular hy-
perreactive subjects have a higher risk of hyperten-
sion than normorreactive subjects. Cardiovascular 
hyperreactivity is a critical predictor of hyperten-
sion22. 

Though such tests are widely used in medical 
practice in both national and international settings, 
all the studies conducted with the WBT are based on 
the hemodynamic response from the BP so it is nec-
essary to know the way dynamics behave in the 
time of cardiac autonomic regulation during WBT in 
normal normotensive and normorreactive subjects 
by measuring HRV. Therefore, the objective of this 
research was to determine the cardiovascular auto-
nomic response during the Cuban isometric WBT. 
 
 
 
METHOD  
 
A non-observational, quasi-experimental (crossover) 
trial was conducted with 16 healthy normotensive 
and normal weight participants, (aged 25.8±7.5 
years), who served as their own control: 5 minutes 
resting and another 5 during the Dynamic weight-
bearing test. This research was approved by the 
Medical Ethics Committee from the Universidad de 
Ciencias Médicas de Santiago de Cuba and subse-
quently performed in the Basic Sciences Laboratory 
of the institution.  

 
Exclusion criteria  
 
Subjects suffering from nervous system disorders 
(stroke, neuromuscular disorders), generalized skin 
conditions, implanted electronic devices (pacemak-
ers or implantable cardioverter defibrillator), having 
any upper or lower limbs amputated, suffering from 
HBP, women who were pregnant or menstruating, 
subjects with any type of arrhythmia after ECGs rec-
ords were visually inspected in the 10-15 adaptation 

lapse, as well as noncooperative subjects who did 
not give their informed consent. 
 
Physiological records 
 
At the beginning of the ECG recording session in the 
morning (08:30-12:00 am), the participants sat in a 
comfortable chair, in a dimly lit room with con-
trolled temperature between 24 and 27 degrees Cel-
sius. They were allowed to rest for 10-15 minutes to 
adapt to local conditions. 

After skin was cleaned with alcohol wipe, elec-
trodes were attached in the DII lead, extended to the 
limbs and recording was performed for 5 minutes (at 
rest); BP was subsequently taken with certified 
sphygmomanometer and stethoscope. The 5 WBT 
state included 2 minutes holding the 500 grams 
weight and 3 minutes for recovery. 

The Powerlab® electrocardiography signal, with a 
bandpass filter 0.5-30 Hz, was digitized at a sampling 
rate of 1000 samples/second (1 kHz), in the 2012 
LabChart® software package, both Australian-made, 
AD Instruments company. 

 
ECG signal processing, R waves discrimination 
and RR intervals calculation 
 
All recordings were visually examined. We used the 
Sabarimalai-Manikandan method for R-peak detec-
tion in ECG signal and calculation of the RR inter-
vals23. All subsequent HRV analysis was carried out 
based on the set of RR intervals previously ob-
tained.  

 
Pre-processing of RR intervals 
 
The HRVAS program (heart rate variability analysis 
software [https://sourceforge.net/projects/hrvas)]24, 
Copyright 2015 by John T. Ramshur was used for 
preliminary processing of the RR interval series24. A 
20% percentage filter from the previous interval was 
used to detect ectopic beats, which were replaced 
from the polytomic cubic interpolation. The Wavelet 
Packet Detrending was used to remove low frequen-
cy trends over the baseline.  

 
Analysis of heart rate variability 
 
In the traditional analysis of HRV, as recommended 
by the International Consensus of Experts on HRVD 
of 19969, the HRV32 Version 2.0.3.2 program for Win-
dows was used, from the Facultad de Biología de la 

https://sourceforge.net/projects/hrvas
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Universidad de la Habana25, using the following indi-
cators: 
- SDNN, standard deviation of NN intervals, known 

as Total Variability8,9. 
- RMSSD, the square root of the mean squared 

differences of successive NN intervals. This pa-
rameter reports short-term variations of the RR 
intervals and is used to observe the influence of 
the parasympathetic nervous system on the car-
diovascular system. It is directly associated with 
short-term variability8,9. 

- pNN50, proportion derived by dividing NN50 by 
the total number of NN intervals. A high pNN50 
value gives us valuable information about spon-
taneous high variations in heart rate 8,9. 

- Low frequencies (LF) (n.u.): normalized energy 
in the spectrum of 0.04 to 0.15 Hz in which time 
series of consecutive RR intervals is decom-
posed: 𝐿𝐿𝐿.𝑢. = 𝐿𝐿

(𝐿𝐿+𝐻𝐿)
. It is the most controver-

sial area in its interpretation since it may be at-
tributed to influences of the sympathetic and par-
asympathetic nervous systems 8,9. 

- High frequencies (HF) (n.u.): normalized energy 
in the 0.15 to 0.4 Hz spectrum in which the time 
series of consecutive RR intervals is decom-
posed: 𝐻𝐿𝐿.𝑢. = 𝐻𝐿

(𝐿𝐿+𝐻𝐿)
. HF is clearly related to 

the activity of the parasympathetic nervous sys-
tem and is influenced by the respiratory rate 8,9. 

- LF/HF relation: LF/HF ratio. Although controver-
sial, it has been proposed as an indicator of sym-
pathetic-vagal balance 8,9. 

- Shannon entropy: Shannon formula is applied in 
the theory of information field (Shannon, 1948) 
and is used to calculate the amount of infor-
mation contained in the sequence of RR interval: 
𝐸𝐿𝐸𝐸𝐸𝐸𝐸𝐸 𝑑𝑑 𝑆ℎ𝐸𝐿𝐿𝐸𝐿 = −∑ �𝐸𝐸𝐸𝑝(𝑝𝐸𝐿𝑗) ∗𝑛𝑛

𝑗=1

𝑙𝐸𝑙2(𝐸𝐸𝐸𝑝�𝑝𝐸𝐿𝑗�)� Where, prob (binj) is the statis-
tical or appearance probability of the j-th interval 
class, that is, nj/n 25. 
 

Calculation of HRV indicators in time-frequency 
 
RR intervals were re-sampled with a 2 Hz interpola-
tion (0.5 seconds) for the time-frequency analysis. 

Table. Effects of the Dynamic weight-bearing test on the hemodynamic parameters. 
 

Variables 
Rest WBT 

p 
χ SD χ SD 

Heart rate (beats / minute) 64,93 10,83 67,81 12,34 0,190 

Systolic blood pressure (mmHg)  106,87 10,78 112,75 ¥ 13,10 0,017* 

Diastolic blood pressure (mmHg) 74,12 8,53 80,12 ¥ 8,04 0,047* 

Mean arterial pressure (mmHg) 85,04 8,59 91,00  ¥ 9,22 0,026* 

Pulse pressure (mmHg) 32,75 7,75 32,62 ¥ 8,31 0,950 

SDNN 122,13 67,72 107,28 65,82 0,125 

RMSSD 71,31 39,32 65,96 30,25 0,339 

pNN50 37,06 21,89 31,98 21,26 0,126 

Low frequencies (LF, un) 52,02 16,14 53,93 13,75 0,642 

High frequencies (HF, un) 47,96 16,14 46,06 13,75 0,642 

LF/HF ratio 1,20 0,84 1,42 0,99 0,339 

Shannon entropy -6,93 0,68 -7,15 0,54 0,017* 
¥ Evaluated at 2 minutes during the Dynamic weight-bearing test. 
* Variables with significant variations after the test is applied. 
pNN50, proportion derived by dividing NN50 by the total number of NN intervals; RMSSD, the square root of 
the mean squared differences of successive NN intervals; SDNN, standard deviation of NN intervals; un, stand-
ardized units. 

 



 Torres-Leyva M, et al. 

CorSalud 2019 Jan-Mar;11(1):1-10 5 

The CWT-Morlet was used for the HRV time-fre-
quency analysis. This technique uses short windows 
to the HF and long for the LF, and can be satisfactori-
ly applied to the processing of non-stationary sig-
nals, indicating which frequencies are present in a 
moment of time, showing good temporal resolution 
to the HF and good spectral resolution to the LF. 
Theoretically, the CWT-Morlet function is calculated 
for infinitesimally small translations and scale fac-
tors. For a signal x(t) and the wavelet function Ψab(t), 
the continuous wavelet transform coefficient is given 
by: 𝑊(𝜏,𝛼) = 1

√𝛼
∫ 𝑥(𝐸)𝛹∗∞
−∞ �𝑡−𝜏

𝛼
� 𝑑𝐸, where Ψ*(t) is the 

complex conjugate of the mother wave, α is the dila-
tation parameter and τ is the location parameter. 
The CWT-Morlet function was used as a Gaussian, 
which is balanced in time and frequency defined as: 
𝛹0(𝐸) = 𝜋−1 4� 𝑑𝑖𝜔0𝑡𝑑

−1
2 𝑡2, where ω is a dimensionless 

frequency, which defines the cycles number of the 
CWT-Morlet function; with ω=6 a good quality in the 
temporal and frequency resolution was provided. 
The bivariate function W (τ,α) shows the similarity 
of x(t) to a wave scaled by α at a given time τ.  

To obtain the time-frequency values, instantane-
ous power methods were used, where the square 
module of the wavelet coefficient was integrated in 
the whole frequency band analyzed [f1 f2]. The in-
stantaneous power of a frequency band [f1 f2] is 
given by: 
 𝑃𝐶𝐶𝐶(𝐸) = 1

𝐶𝛹
∫ |𝑊(𝐸,𝛼)|2𝛼2
𝛼1

𝑑𝛼
𝛼2

= 1
𝐶𝛹ƒ𝛹

∫ |𝑊(𝐸, ƒ𝛹/ƒ)|2ƒ2
ƒ1

𝑑ƒ 
Traditional HRV frequency bands were used as 

recommended by the International Expert Consen-
sus on heart rate variability (HRV) in 19969, which 
were for low frequencies of [LF: 0.04-0.15 Hz]; high 
frequencies of [HF: 0.15-0.4 Hz]. The CWT-Morlet 
was exported in a "file.txt", a matrix of results for 
each subject for 5 minutes records (300 s), from the 
interpolation of 2 Hz (0.5 seconds); leaving 600 val-
ues in the HRV frequency bands (LF, HF). Fre-
quency bands were normalized (n.u.) for better 
statistical management, as recommended9. 

 
 

Statistical data processing methods 
 
With the use of the SPSS 22.0 System, mean values 
(χ̅) are exposed as well as standard deviation of the 
variables to which a nonparametric statistical anal-
ysis was performed with the signed Wilcoxon rank 
test for the samples related to a significance level of 
p<0.05. 

Authors have elaborated the dynamic graphs in 
time (graphs 1 and 2) in the applied version of the 
Matlab 2013b program. It was used from the average 
of the matrices of the normalized values in all fre-
quency bands of the HRV calculated from the CWT-
Morlet during the Dynamic weight-bearing test (300 
s) and interpolated at 2 Hz (0.5 s). 
 
 
 
RESULTS 
 
Table shows that within the hemodynamic parame-
ters studied only significant differences were found 
in the mean, systolic and diastolic BP, though heart 
rate had a tendency to increase. 

Figure 1 shows the significant reduction in 
Shannon entropy during weight bearing when test-
ing normotensive patients.  

Figure 2 shows an increase in the sympathetic 
component of the cardiac autonomic response near 
minute 2, while there is a simultaneous decrease in 
the parasympathetic component.   

Figure 3 shows an increase in the sympathetic 
component of the cardiac autonomic response, pre-
dominating its activity on the parasympathetic com-
ponent around minute 2, which then decreases.  

 

 
 

Figure 1. Dynamic weight-bearing test effect on the 
Shannon entropy parameter of non-linear heart rate  

variability in healthy subjects. 
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DISCUSSION 
 
The presence of significant variations in systolic, 
diastolic and mean arterial pressures shown in ta-
ble coincides with the reference literature26-28. In 
previous studies in which the isometric stress test 
was used. As already mentioned, there were varia-
tions in the values of these variables due to the ef-
fect of this stressful stimulus28. We cannot fail to 
point out that although the heart rate did not show 
significant changes, it did increase. To understand 

this behavior, it is necessary to say that the heart 
rate is measured during 5 minutes, once the WBT 
has started, but this only lasts 2 minutes so the re-
maining three respond to a recovery period. All this 
implies that although there are variations with re-
spect to the heart rate, this will not have significant 
variations when averaging it in the 5 minutes corre-
sponding to the WBT and the recovery period, since 
the second stage will distort the real average of the 
first, so it would be advisable to average out WBT 
and recovery periods separately. 

 
Figure 2. Dynamic weight-bearing test effect on dynamic parameters (LF and HF) over time of heart  

rate variability. 

 
Figure 3. Dynamic weight-bearing test effect on dynamic parameters over time of the heart rate variability  

in the LF/HF ratio. 
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Goulopoulou et al29, suggest that changes in heart 
rate occur during static exercises, among which is 
the WBT. In these cases, the suggested neural mech-
anisms are two: one that activates the central neu-
ronal circuits that control the cardiovascular system 
and the somatomotor, and will produce changes in 
the sympathetic and parasympathetic efferent activi-
ty, which will cause changes in the cardiovascular 
responses. The other mechanism states that changes 
in autonomic efferent activity are a reflex cause of 
the stimulation of type III muscle fibers, which pro-
duce an inhibitory stimulus at the level of the soli-
tary nucleus that produces a decrease in vagal influx 
and an increase in heart rate (early mechanoreflex 
muscle response to isometric exercise)30,31. 

It is important to note that Lellamo et al32 also re-
ported that static exercise produces stimulation of 
sympathetic activity, creating elevations of systolic, 
diastolic and heart rate. This reaffirms that sympa-
thetic mechanoreflex muscle excitation contributes 
to the regulation of heart rate during static exercise 
and coincides with the results obtained by Bunsawat 
and Baynard33 in the control group composed of 
healthy subjects in whom there was also elevation 
of systolic, diastolic and average BP values during 
the isometric exercise.  

Chaos intrinsically takes advantage of the wealth 
related to its structure, which is why there are bene-
fits for these systems from the adoption of chaotic 
regimes with a wide range of possible behaviors34. 
Thus, some works show that entropy is reduced 
with aging, just as pathological systems show lower 
entropies than healthy ones35,36, which from the per-
spective of complexity theory can be interpreted as 
loss of adaptability of the heart rate regulating sys-
tems. It has also been shown that entropy is an al-
ternative non-linear measure of the sympathetic-
vagal balance, which decreases in tests that imply an 
increase in sympathetic response (Tilt table test and 
mental stress)36,37, while there is an increase in en-
tropy in vagally prevalent salutogenic conditions, 
such as the regular practice of physical exercises38, 
hypnosis39 and meditation40. This is consistent with 
our findings because figure 1 shows that there is a 
Shannon entropy decrease in the WBT with respect 
to the resting state in normotensive subjects, since 
this test causes an increase in the sympathetic tone 
and the pressor substances, which cause the system 
to becomes more rigid tending towards a point of 
maximum activationse. 

Figure 2 shows how in the application of time-
frequency methods an increase in baroreflex sympa-

thetic activity (LF) is observed simultaneously with 
a depression in the activity of the parasympathetic 
nervous system (HF). This is manifested in the 2 
minutes in which the WBT is performed, which is 
subsequently normalized during the recovery peri-
od32. On the other hand, the same figure shows a 
sympathetic predominance in the sympathetic vagal 
balance (LF/HF) coincidentally in the first two 
minutes, during the WBT, reaching its maximum 
value at minute 2.  

These results coincide with those of Tiinanen et 
al41 that in a study conducted in 11 healthy men, 
using the exercise of the isometric stress test, they 
found that in the last two minutes of the test the 
greatest sympathetic response was reached, trans-
lated by the elevation of the systolic BP, LF, as well 
as in the decrease of the HF parameter. But the 
highest values recorded in these parameters were 
observed at the last minute, so we consider that it is 
precisely in this last minute of registration in the 
isometric exercises that sympathetic activity can be 
observed more intensely on the cardiovascular sys-
tem. 

With this study, by applying time-frequency 
methods of HRV, the dynamic changes in time pre-
sent during WBT in the autonomic nervous system 
were evidenced, which makes it possible to charac-
terize the normal pattern of response during WBT in 
normotensive and normorreactive subjects. 

 
 
 

CONCLUSIONS 
 
The dynamics of the cardiac autonomic response 
during the Dynamic weight-bearing test is character-
ized by an increase in the cardiovascular sympathet-
ic response, which becomes evident at the end of 
the second minute, accompanied by elevations in 
blood pressure, followed by an immediate recovery 
with parasympathetic activation. The cardiovascular 
autonomic response during Cuban isometric exer-
cise is associated with a decrease in entropy and 
therefore the complexity of the physiological pro-
cess, which is not evident with traditional linear 
methods of heart rate variability. 
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