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ABSTRACT

Objectives: The influence of the autonomic nervous system on the heart can be quantified by assessing changes in
the heart rate variability (HRV) during orthostatic challenge and exercise. However, the combination of oscillatory
lower body negative pressure (0LBNP) and isometric handgrip exercise (IHE) on HRV has not been previously
investigated. Therefore, the present study aimed to assess the effects of (0LBNP) at sympathetic (0.1 Hz) and
parasympathetic (0.25 Hz) frequencies and IHE at 30% of maximum voluntary contraction (MVC) on HRV in
normal healthy individuals.

Materials and Methods: We conducted a cross-sectional study on 18 healthy male subjects. Beat-to-beat blood
pressure, lead-IT electrocardiogram, and oLBNP chamber pressure were recorded continuously during oLBNP at
0.1 and 0.25 Hz for 3 min each and IHE at 30% of MVC (for 4 min) along with oLBNP at 0.1 or 0.25 Hz (o0LBNP
was added in last 3 min) each followed by HRV analysis.

Results: The oLBNP at 0.25 Hz reduced the root mean square of successive inter-beat (RR) interval differences
significantly as compared to baseline values and came to normal during the recovery phase (P = 0.008). The
absolute power of the high-frequency band (HF power), Poincaré plot standard deviation perpendicular to the
line of identity (SD1), and percentage of successive RR intervals that differ by more than 50 ms (pNN50) were
also reduced significantly during oLBNP at 0.25 Hz and when IHE at 30% of MVC (IHE) was added to oLBNP at
0.25 Hz as compared to baseline (P < 0.05).

Conclusion: oLBNP and IHE could be used as a non-invasive haemodynamic stressor to assess the neurocardiac
axis and its mechanism of action during orthostatic stresses.

Keywords: Heart rate variability, Oscillatory lower body negative pressure, Isometric handgrip exercise,
Maximum voluntary contraction

INTRODUCTION

Heart rate variability (HRV) is a physiological phenomenon, and it indicates the autonomic
modulation of the heart rate (HR). The different HRV parameters correlate well with sympathetic
and parasympathetic influences on the cardiovascular system. For example, root mean
square of successive RR interval differences (RMSSD), SD1 (Poincare plot standard deviation
perpendicular to the line of identity), high-frequency (HF) power and percentage of successive
RR intervals that differ by more than 50 ms (pNN50) denotes more about parasympathetic
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influence and sympathetic influences can be evaluated
with the help of low-frequency (LF) (Absolute power of the
low-frequency band [0.04-0.15Hz] and SD2 (Poincare plot
standard deviation along the line of identity).!!

Autonomic dysfunction led to a decrease in HRV due to an
imbalance between the sympathetic and parasympathetic
components of the autonomic nervous system. Hence,
the HRV can be used as an assessment tool to detect early
changes in the autonomic nervous system in asymptomatic
individuals with systemic disorders associated with
autonomic dysfunction.”” HRV can also be used as a
prognostic biomarker of metabolic disorders and cancer
survival.!

Autonomic reactivity can help wus understand the
physiological basis of haemodynamic adjustments during
various interventions such as exercise tests, orthostatic stress,
lower body negative pressure (LBNP), and post-exercise
venous occlusion. It may give us an insight into physical
fitness.*®) The most common time domain variables used
for the measurement of HRV are RMSSD and pNNS50. The
frequency domain variables frequently used are total power,
HE, LE and LF: HF ratio.”® It has been seen that RMSSD
(compute beat-to-beat variability) and standard deviation
of R-R interval (SDNN, compute overall variability) reduce
significantly during exercise, and the reduction is positively
correlated with duration and intensity of exercise.” The
reduction in RMSSD and SDNN values during exercise is due
to enhanced sympathetic activity and vagal withdrawal."”

It has already been seen that HRV also reduces during
LBNP application." It is a fact that exercise therapy
improves autonomic function and can be used in
patients with systemic disorders to improve autonomic
modulation.!>"¥ As reported earlier (Weippert et al., 2013),
the RMSSD decreased significantly during static exercise
as compared to dynamic exercise.'’ HRV also shows a
time-dependent recovery after the stoppage of exercise,
and post-exercise recovery of HRV measures can be used
as an assessment tool to evaluate the status of autonomic
reactivity.'” Hence, we used oscillatory LBNP (oLBNP)
to oscillate blood pressure in low and high frequencies
to see the effects of exercise on HRV at sympathetic and
parasympathetic frequency bands.

The effect of exercise on HRV is variable and dependent
on the type and intensity of exercise, and it has been seen
that HRV tends to reduce with an increase in intensity of
exercise.'® Hence, the present study was done with the
aim of assessing the effects of oLBNP at low (0.1 Hz) and
high (0.25 Hz) frequencies and isometric handgrip exercise
(IHE) at 30% of maximum voluntary contraction (MVC)
on HRV. To the best of our knowledge, this is the first study
to assess the effects of oOLBNP and IHE on cardioautonomic
tone in India.
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MATERIALS AND METHODS
Subject and study protocol

Eighteen healthy male volunteers were included in the study.
All subjects gave written informed consent before starting the
study. The sample size was determined in line with the previous
studies on LBNP and IHE.!"" The ethical clearance was taken
from the Institute Ethics Committee, AIIMS, New Delhi
(Reference No. IECPG-444/27.09.2018). The laboratory
measurements were performed in the Autonomic and Vascular
Function Laboratory, Department of Physiology, All India
Institute of Medical Sciences, New Delhi. The subjects were
asked not to take tea, coffee, and heavy breakfast four hours
before the tests. The subject was asked to avoid physical exercise
and alcohol 48 hours before the testing. All subjects were put in
supine rest for 10 min after placing them in an oLBNP chamber
with an airtight seal at the level of the iliac crest.

After their baseline recording, all subjects went through four
interventions to assess HRV changes: (1) oLBNP at 0.1 Hz,
(2) oLBNP at 0.25 Hz, (3) IHE with oLBNP at 0.1 Hz, and (4)
IHE with oLBNP at 0.25 Hz and recovery was recorded for
10 min, as shown in Figure 1.

Resting ECG was used for the analysis of HRV after
10 min of supine rest. The ECG was recorded in lead II
configuration using LabChart 8 (AD Instruments, Australia).
After completion of the medical history and preliminary
examination, the participants were asked to lie in a supine
position inside the oOLBNP chamber (VACUSPORT
Regeneration System, Germany). The oLBNP chamber consists
of a hollow cylindrical tube closed at one end and a curtain-seal
at the other end. oLBNP chamber had a control panel outside it
that could help the investigator set the intensity and duration of
negative pressure. Their legs were sealed inside the chamber at
the level of the iliac crest. Beat-to-beat BP was recorded using
the Human Non-Invasive BP System (Human NIBP; Finapres
Medical Systems, The Netherlands), and an oscillatory suction
pressure (maximum pressure was 40 mmHg) was generated at
0.1 Hz and 0.25 Hz frequencies for 3 min followed by 5 min
of rest. After the determination of the MVC of subjects, they
were asked to do IHE at 30% of MVC (IHE) with the help of a
grip force transducer (MLT/004 ST) for 4 min, and during the
last 3 min of IHE, oLBNP at 0.1 Hz was also added. A similar
recording was done for IHE and 0.25Hz oLBNP. Beat-to-
beat blood pressure (Human NIBP System, Finapres Medical
Systems, Netherlands), respiratory rate (TN1132/ST), and
OLBNP chamber pressure (MLT1199 BP transducer) were
monitored continuously during the protocol.

HRYV analysis

ECG recording was obtained using Lab Chart 8 (AD
Instruments, Australia). R-peaks were detected automatically
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Subject lie in supine position in
oLBNP chamber (10minutes)

MVC determination

oLBNP at 0.1Hz
(03 minutes)

OoLBNP at 0.25Hz
(03 minutes)

IHE at 30% (01 minute) followed by IHE at
30%+0LBNP at 0.1Hz (03 minutes)

IHE at 30% (01 minute) followed by IHE at
30%+0LBNP at 0.25Hz (03 minutes)

oLBNP: Oscillatory lower body negative
pressure

MVC: Maximum voluntary contraction
IHE: Isometric handgrip exercise

Figure 1: Flow chart of the study protocol.

after manually selecting the segment of ECG intended for
HRV analysis. For HRV analysis, R-R interval and histogram
bin width were kept at 800-1200 ms and 10 ms, respectively.
The ECG recording was checked visually to detect any missed
R-peak and the presence of artefacts. After processing the ECG
signal, time-domain and frequency-domain analysis were done
by statistical analysis of the R-R interval and Lomb Periodogram,
respectively, by the HRV software module automatically in Lab
Chart 8. The Lomb periodogram is a mathematical algorithm
for identifying and assessing the periodicity in unevenly
distributed time-series data. It has been widely used to compute
the Fourier-like power spectrum, leading to the determination
of the approximate period of oscillation of unevenly distributed
time-series data like ECG signals.!"!

Statistical analysis

The data were analysed using Statistical Package for the
Social Sciences (SPSS) version 20. The normality of the data
was assessed by performing the Shapiro-Wilk test. Repeated
measure comparison of the studied parameters was done
using Friedman’s test, and then the Bonferroni post hoc test
was applied. Statistical significance was set at P < 0.05.

RESULTS

HRV parameters used for sympathetic activity were
absolute power of the low-frequency band (0.04-0.15Hz)
(LF power [ms?’]) and Poincaré plot standard deviation
along the line of identity (SD2 [ms]). HRV parameters used
for parasympathetic activity were total power (TP, ms?),
root mean square of successive RR interval differences

Recovery

Start of recording

ECG, beat to beat BP, LBNP chamber
pressure, Respiratory rate, Gripo force

End of recording

(RMSSD, ms), standard deviation of the differences between
successive NN intervals (SDSD, ms), absolute power of the
HF band (0.15-0.4Hz) (HF, ms?), Poincaré plot standard
deviation perpendicular the line of identity {SD1(ms)},
standard deviation of all NN intervals (SDNN, ms) and
percentage of successive RR intervals that differ by more
than 50 ms (pNN50,%). HRV parameters for sympathovagal
control used were the ratio of LF-to-HF power (LF/HE, %)
and the ratio of SD1-to-SD2 (SD1/SD2, %).

Effect of oLBNP on HRV

The HRV parameters, which denote sympathetic,
parasympathetic, and sympathovagal control, did not change
at the application of low frequency (0.1 Hz) oLBNP as
compared to baseline. Still, during the application of a high-
frequency oLBNP (0.25 Hz), the markers of parasympathetic
control, that is, RMSSD (P = 0.001), SD1 (P = 0.001) and
PNN50 (P < 0.001) were significantly reduced, as shown
in Tables 1 and 2. The HRV parameters such as HF power
(P = 0.022), SDSD (P < 0.001), and SD1/SD2 (P < 0.001)
were also significantly low during high-frequency oLBNP
application as compared to low-frequency OLBNP, as shown
in Tables 2 and 3.

Effect of IHE along with oLBNP on HRV

The markers of sympathetic nervous system activity, that is,
LF power (P = 0.008); and sympathovagal balance, that is,
LF/HF ratio (P < 0.001) increased significantly as compared
to baseline when IHE was added to 0.1 Hz oLBNP, as shown
in Tables 1 and 3, although markers of parasympathetic
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Table 1: HRV Parameters (markers of sympathetic activity) at baseline, 0.1 and 0.25 Hz OLBNP, IHE at MVC 30% along with either 0.1 and

0.25 Hz oLBNP and recovery phase.

HRYV parameters: Markers of sympathetic activity

S.No. Experimental conditions: Median+QD
A B C D E F P-value
Baseline 0.1Hz oLBNP 0.25HZ MVC30% MVC30% Recovery
oLBNP +0.1Hz +0.25Hz
oLBNP oLBNP

1.LF 873.24306.08 1091.5+472.75 754.85+245.46 1622+515.63 1263.5+785.90 1239.5+828.30  0.227% 0.709", 0.008*,
(ms?) 0.079¢, 0.053¢
2.SD2 65.47+8.16 68.85£18.55 68.08+15.32 77.44+15.02 81.49+14.55 83.78+9.55 0.318% 0.205", 0.087¢,
(ms) 0.0724,0.004*

Median+QD; QD: Quartile deviation. Friedman’s Test*P<0.05.; MVC: Maximum voluntary contraction, oLBNP: Oscillatory lower body negative pressure,
*Comparison between column A and B of the same row, *Comparison between column A and C of the same row, “Comparison between column A and

D of same row, ‘Comparison between column A and E of the same row, “Comparison between column A and F of same row. SD: Standard deviation,

LF: Low-frequency, HRV: Heart rate variability, IHE: Isometric handgrip exercise

activity did not change much at 0.1 Hz oLBNP as compared
to baseline. However, when IHE was added to 0.25 Hz
OLBNP the markers of parasympathetic activity, that is,
HF (P = 0.010), SD1 (P = 0.045) and pNN50 (P < 0.001)
also reduced as compared to baseline, as shown in Table 2.
RMSSD was also reduced at IHE+0.25 Hz oLBNP, but it was
not statistically significant.

DISCUSSION

The present study comprehensively assesses autonomic
reactivity, and the main finding of the present study is that
HRV was significantly reduced during oLBNP and oLBNP
with THE at high frequency. The most commonly used
parasympathetic parameters to show changes in HRV with
different interventions are RMSSD, SD1, and pNN50 because
they represent vagally-mediated HRV and are less affected
by respiration. LBNP models have been used widely to
simulate haemorrhage and evaluate the autonomic reactivity
of patients by assessing their tendency to go into syncope
during orthostatic stress.'!!’ HR oscillations were studied
to understand the autonomic modulation of the heart in
different frequencies."” Similarly, oLBNP models can be
used to oscillate arterial blood pressure at sympathetic and
parasympathetic frequencies to assess autonomic modulation
of the heart by evaluating the changes in HRV parameters.

We found a significant reduction in HRV measures during
oLBNP at a higher frequency oscillation (0.25 Hz). It has
already been noted in the previous study that HRV tends to
reduce during LBNP application.""! The decrease in LF power
during high-frequency oLBNP, although not statistically
significant, was similar to an animal haemorrhage model.
(201 The most probable reason for the significant reduction of
RMSSD, SD1, and pNN50 during the application of 0.25 Hz
oLBNP is a generation of sustained suction pressure of

40 mmHg, and this led to the pooling of blood in the lower
limb, causing increased sympathetic activity due to decreased
stroke volume and cardiac output™ which initiated a
compensatory response to normalise the stroke volume
and cardiac output by increasing the sympathetic tone and
cardiac contractility.!?!

We found a significant increment in LF during THE with
0.1 Hz oLBNP as compared to the baseline, which denotes
sympathetic activation during exercise. Similar results were
also found by Kotwal ef al., on prehypertensive young adults.
They reported a significant increase in LF/HF ratio (P < 0.001)
during isometric exercise in prehypertensive young adults.!"®!
Although, Gerage et al., (2013) did not find any significant
change in HRV after resistance training in postmenopausal
women.?! The sympathetic activation plays a crucial role
during exercise by increasing HR, blood pressure, and cardiac
output to increase blood flow to the exercising muscle.”’!
The central command and activation of the sympathetic
system also led to parasympathetic withdrawal,*"! which can
be seen as a decrease in HF, SD1, and pNN50 during IHE
and 0.25 Hz oLBNP. We also reported an increase in the LF/
HF ratio and a reduction in the SD1/SD2 ratio during IHE
and oLBNP application, which clearly indicate the tilting of
sympathovagal balance towards the sympathetic nervous
system due to increased sympathetic outflow and vagal
withdrawal.

The increase in sympathetic activation during static
exercise™ and reduction in parasympathetic activity have
been reported earlier.®™ The possible mechanisms for
this increase in sympathetic activity but the reduction in
parasympathetic activity during IHE are activation of central
command, increase in sympathetic modulation due to muscle
metaboreflex,” and reduced vagal modulation of the SA
node.”?! The sympathetic activity was still high (SD2;ecovery
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Table 3: HRV Parameters (markers of sympatho-vagal balance) at baseline, 0.1 and 0.25 Hz oLBNP, IHE at MVC 30% along with either 0.1

and 0.25 Hz oLBNP and recovery phase.

HRYV parameters: markers of sympathovagal balance

S. No. Experimental conditions: Median+QD
A B C D E F P-value
Baseline 0.1 Hz 0.25 Hz MVC30% MVC30% Recovery
oLBNP oLBNP +0.1 Hz +0.25 Hz
oLBNP oLBNP
1. LF/ 0.84+0.78 1.50+0.45 1.46+0.36 2.17+1.61 3.25+1.09 1.13+0.43 0.140%, 0.291°, <0.001*<,
HF (%) <0.001*¢, 1.000¢
2.SD1/ 0.500+0.133  0.431+0.095  0.329+0.072 0.371+0.066 0.332£0.056 0.433+0.098 0.195% <0.001**, <0.001*<,
SD2 (%) <0.001*4,0.027¢, <0.001*f

Median+QD); QD: Quartile deviation. Friedman’s Test*P<0.05.; MVC: Maximum voluntary contraction, oLBNP: Oscillatory lower body negative pressure,
*Comparison between column A and B of the same row, "Comparison between column A and C of the same row, ‘Comparison between column A and D of
the same row, ‘Comparison between column A and E of the same row, ‘Comparison between column A and F of the same row, ‘Comparison between column
B and C of the same row. SD: Standard deviation, LF: Low-frequency, HRV: Heart rate variability, HF: High-frequency, IHE: Isometric handgrip exercise

>SD1puseiine) after cessation of IHE, but simultaneously
parasympathetic  reactivation  (TPrecovery> TPpaseiine) ~ also
occurred during the recovery phase, which is in line with the
previous studies.® This shows that complete recovery might
not have happened, and autonomic system recovery after
IHE may take up to several hours.

These findings indicated the relationship between an
autonomic system and isometric exercise, namely the THE.
Irrespective of the frequency (0.1 or 0.25 Hz), the addition
of IHE led to sympathetic activation and parasympathetic
reduction. Our findings provided the quantification of
the sympathovagal balance during IHE irrespective of the
frequency of oLBNP using HRV parameters such as LF/HF
and SD1/SD2 ratio.

Limitations

Our study provides evidence showing changes in
HRV during the application of oLBNP and IHE in
sympathetic and parasympathetic frequency bands. One
of the limitation of our study is a small sample size. Future
studies with larger sample sizes are needed to substantiate
the findings of the present study.

CONCLUSION

We conclude that the HRV reduces during IHE and oscillatory
lower body negative application. Exercise acts as a stressor
and helps in improving HRV during rest, which has been
proved by a significant increase in HRV during a recovery
phase. Similar changes were also seen during high-frequency
oLBNP intervention. Together, these findings support the
use of IHE and oLBNP for assessing cardiac autonomic tone
in healthy young individuals and as a treatment modality to
improve HRV in patients with autonomic dysfunction.
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