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Abstract

Objectives: Baroreflex sensitivity (BRS) is an estimate of
autonomic control of cardiovascular system via the bar-
oreflex arc. It has been suggested that exercise pressure
reflex and muscle metaboreflex override baroreflex during
exercise to decrease baroreflex gain, which facilitates the
simultaneous rise in blood pressure (BP) and heart rate
during the exercise. This study investigated the effects of
isometric handgrip exercise (IHE) on baroreflex gain and
frequency dependence of baroreflex sensitivity while
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fluctuations in arterial BP were generated.

Methods: Thirteen healthy men performed IHE at 20%
and 30% of their maximum voluntary contraction
(MVC), while oscillatory lower body negative pressure
(OLBNP) of 40 mmHg was applied in 0.1 and 0.25 Hz
frequencies.
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Results: Compared to the OLBNP at 0.25 Hz frequency
alone, the baroreflex gain for diastolic BP (DBP) was
significantly reduced with the addition of IHE at 20%
and 30% of MVC in the high frequency band. At rest
(without THE and OLBNP) the baroreflex gain was
significantly more in the high frequency band for DBP,
but the baroreflex gain for DBP was not significantly
different when ITHE + OLBNP were applied at 20% and
30% of MVC in both frequencies.

Conclusions: The significant reduction of DBP baroreflex
gain with the addition of graded IHE might indicate that
exercise pressure reflex and muscle metaboreflex override
baroreflex during exercise to decrease baroreflex gain at a
high frequency band (0.25 Hz). The frequency-dependent
phenomenon of BRS was altered when IHE and OLBNP
were applied, meaning that the frequency dependence of
BRS was nullified during IHE.

Keywords: Baroreflex gain; Baroreflex sensitivity; Isometric
handgrip exercise; Maximum voluntary contraction; Oscil-
latory lower body negative pressure
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Introduction

Short-term autonomic regulation of arterial blood pressure
(BP) at rest and exercise are mainly done by baroreflex, which
also participates in long-term regulation apart from neurohor-
monal control; baroreflex sensitivity (BRS) is the measure of this
feedback mechanism.' > BRS is composed of vagal cholinergic
and sympathetic adrenergic components, although the
adrenergic component is not quantifiable in routine autonomic
laboratories due to the unavailability of microneurographic
techniques.4~5 BRS can be quantified as a change in R—R in-
terval (interbeat interval) in milliseconds in electrocardiogram
(ECG) with respect to unit change in BP in mmHg with the help
of various non-invasive techniques such as the valsalva maneu-
ver, head-up tilt, neck suction technique, and lower body nega-
tive pressure (LBNP) application(’“7; this value is denoted as BRS
gain.® In addition to the amplitude of BP fluctuations, the
frequency at which the fluctuations occur also determine BRS.
BRS is reportedly maximum at low frequency (0.1 Hz)
oscillations in arterial BP.” The frequency dependence of BRS
can be assessed by generating fluctuations in arterial BP with
the help of various maneuvers such as the squat stand, sit
stand, and oscillatory LBNP (OLBNP) application in different
frequencies. 10,11

It was previously believed that baroreflex control of arterial
BP was ‘switched off” during exercise, but later it was proven
that baroreflex control of arterial BP is functional during ex-
ercise.'>!? Exercise training has become an integral part of
healthy living, and exercise prescription including aerobic or
resistance exercises or both are widely used for the
prevention, treatment, and rehabilitation of various chronic

diseases and musculoskeletal injuries.l4"15 Exercise training
has been shown to increase BRS in hypertensive and
diabetic patients.”"]7 Resistance exercises can be classified as
static (isometric) or dynamic (isotonic).18 Isometric handgrip
exercise (IHE) leads to a simultaneous increase in heart rate
(HR), BP, and muscle sympathetic nerve activity through
exercise pressure reflex. Furthermore, the intensity of
exercise can also influence BRS differentially. Baroreflex
resetting during exercise is mediated via modulation of the
autonomic nervous system by the exercise pressure reflex
and central command to fulfill the increased demand of
oxygen and nutrients to the exercising muscle.'””" There is
limited literature on the effect of exercise on BRS at
different frequencies, and the effect of exercise intensity on
BRS at different frequencies has not been evaluated.

LBNP is widely used as an important tool to investigate the
compensatory response of the baroreflex during hemodynamic
changes.21 Spontaneous low-frequency oscillations (approxi-
mately 0.1 Hz) of arterial BP are seen in humans.”” These
oscillations can be further augmented by LBNP. Furthermore,
BP oscillations at higher frequencies such as 0.25 Hz can be
generated by creating fluctuations in the central venous return
with the help of an OLBNP device.”>** This allows for
estimation of BRS at both low and high frequencies.

The present study assessed the effects of IHE (20% and
30% of maximum voluntary contraction [MVC]) on baror-
eflex gain and evaluated the frequency dependence of BRS
while different combinations of IHE (20% and 30% of
MVC) and OLBNP (0.1 and 0.25 Hz frequencies) were
applied. To the best of our knowledge, this is the first study
to assess the effects of different IHE intensities on frequency
dependence of BRS.

Materials and Methods
Participants

This study was approved by the Institute Ethics Committee
of All India Institute of Medical Sciences, New Delhi (Refer-
ence No. IECPG-444/27.09.2018). A total of 19 healthy males
were recruited for the study. The sample size was determined in
line with previous studies on BRS and IHE.'"** All
participants were informed about the experimental protocol
and provided written consent before data collection. In six
participants, records could not be analyzed due to signal
artifacts in BP or ECG. Final analyses were performed for
13 subjects. The anthropometric and hemodynamic
characteristics of the subjects at rest are summarized in Table 1.

Inclusion criteria

Healthy male subjects between 18 and 35 years of age
were included in the study.

Exclusion criteria

Subjects with a history of coronary artery disease, auto-
nomic nervous system disorders, peripheral vascular disease,
diabetes mellitus, and all causes of peripheral neuropathy
(toxins, hepatic diseases, renal diseases, vitamin B12, and folic
acid deficiency) and those on peripheral or central sympa-
tholytic drugs were excluded from the study.
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Protocol

Each participant reported to the laboratory on one
occasion at the same time of day and completed the
recording within 2 h. After completion of the medical history
and preliminary examination, the participants were asked to
lie in a supine position inside the OLBNP chamber
(VACUSPORT Regeneration System, Germany). 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 Sys-
tems, The Netherlands). HR was recorded using an ECG in
lead II configuration, using the PowerLab 15T System (AD
Instruments, Bella Vista, Australia). A respiratory belt
transducer (TN1132/ST) was connected to the PowerLab 4/
30 System and placed on the chest at the level of the Sth
intercostal space to record respiratory movements. The
MVC of the dominant hand was determined using a hand
grip force transducer (MLT/004 ST) connected to PowerLab
15T. After placing the participants in the OLBNP chamber,
they were asked to press the handgrip dynamometer three
times with maximum effort at intervals of 1 min, and the
maximum value of three was taken as the MVC. After MVC
determination, the participants rested for 10 min in the su-
pine position before starting the investigation.

A digital pressure transducer (MLT1199 BP transducer)
was placed inside the OLBNP chamber for the continuous
monitoring of negative pressure generated inside. The Human
NIBP System and digital pressure transducer were calibrated
before each recording as per the manufacturer’s instructions.
After the 10-min rest period, the baseline recording of beat-
to-beat BP, HR, respiratory rate, grip force, and OLBNP
chamber pressure was started and continued for 5 min.
Subsequently, recording of all parameters continued along
with application of OLBNP at 0.1 and 0.25 Hz frequencies for
the duration of 3 min each at an interval of 3 min. For
application of OLBNP at 0.1 Hz frequency, the negative
pressure was generated in such a manner that suction pressure
was applied for 5 s followed by 5 s of release. Similarly, for
application of OLBNP at 0.25 Hz frequency, the suction
pressure was applied for 2 s followed by 2 s of release.

After a rest period of 5 min, the participants were asked to
do THE at 20% of their MVC with their right hand for 4 min
and OLBNP at 0.1 Hz was added during the last 3 min of IHE,
followed by post-exercise venous occlusion (PEVO) on the
right arm with the help of an arm cuff of sphygmomanometer
at 40 mmHg for 3 min to maintain the activation of muscle
metaboreflex. After a rest period of 5 min, the participants
again did IHE at 30% of MVC for 4 min and OLBNP at 0.1 Hz
was added during the last 3 min of IHE, followed by PEVO on
the right arm. A similar paradigm was repeated for IHE at 20%
and 30% of MVC with OLBNP at 0.25 Hz followed by PEVO,
as shown in Figure 1. Lab Chart Pro 8.0™ (AD Instruments)
was used for data recording, and MATLAB (ver. R2018b;
Mathworks, Natick, MA, USA) was used for data analyses.

BRS analysis

Beat-to-beat values of the R—R interval (RRI) and BP
were extracted as .txt files for each experimental paradigm
separately from recordings in Lab Chart Pro 8.0™ (AD

instruments). The .txt files were imported into MATLAB
(ver. R2018b; Mathworks) and the custom written barore-
flex code was used for transfer function analysis. The signals
were spline interpolated and resampled at 2 Hz. Transfer
function analysis was done between SBP and RRI using a
hamming window of length 100 and 50% overlap. The
transfer function gain is calculated as the quotient of the
cross spectral density of SBP and RRI and the power
spectral density of SBP. BRS was quantified as the gain for
0.1 Hz (0.08—0.12 Hz band) and 0.25 Hz (0.22—0.27 Hz
band) where coherence between SBP and RRI was higher
than 0.5. Similarly, BRS gain for DBP and MBP was
calculated. The coherence reflects the correlation and linear
relationship between BP as the input variable and RRI as
the output variable. Coherence value as a marker of RRI-
BP coupling by baroreflex. BRS gain signifies the change
in RRJ) (output) over the change in BP (input) and it denotes
BRS.

Statistical analyses

Statistical tests were done on GraphPad Prism version
8.0 (San Diego, CA, USA). Data were tested for normal
distribution using Shapiro—Wilk test. The results are
shown as the mean =+ standard deviation and
median + quartile deviation. To understand the effect of
IHE on BRS, a comparison was done for the BRS of SBP,
MBP and DBP within same frequency band. To under-
stand the frequency dependence of BRS, analysis was done
to compare the BRS of SBP, MBP and DBP between 0.1
and 0.25 Hz frequency bands. The paired z-test was for the
comparison of normally distributed data. For others, the
Wilcoxon signed-rank test was used. P < 0.05 was
considered statistically significant.

Results

BRS gain can be expressed as systolic BP (SBP), mean
arterial BP (MBP), and diastolic BP (DBP). The SBP, MBP,
and DBP all tend to rise significantly during isometric exer-
cise, but during isotonic exercise, only SBP rises and both
MBP and DBP either remain the same or reduce.

Table 1: Anthropometric and hemodynamic characteristics of
subjects at rest.

Anthropometric characteristics (mean £+ SD)

1 Age (years) 27.38 £3.33
2 Height (m) 1.76 + 3.24

3 Weight (kg) 71.61 £ 6.23
4 BMI (kg/m?) 22.98 + 2.38

Hemodynamic parameters (mean £+ SD)

5 SBP (mmHg) 119.92 + 5.09
6 MBP (mmHg) 85.81 + 14.87
7 DBP (mmHg) 78.69 + 4.64
7 HR (beats per min) 73.23 + 4.55

Mean + SD, SD, standard deviation; BMI, body mass index;
SBP, systolic blood pressure; MBP, mean arterial blood pressure;
DBP, diastolic blood pressure; HR, heart rate.
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Lie in supine position in OLBNP chamber

l

MVC determination

l

Supine rest (10minutes)

Baseline recording (05 minutes)

v

OLBNP at 0.1Hz
(03 minutes)

l ‘ Rest (03 minutes) ‘

OLBNP at 0.25Hz
(03 minutes)

l ‘ Rest (05 minutes) ‘

IHE at 20% MVC (01 minute) followed by
THG at 20% +MVC OLBNP at 0.1Hz (03 minutes) followed by PEVO (03 minutes)

l ‘ Rest (05 minutes) ‘

THE at 30% MVC (01 minute) followed by
IHG at 30% +MVC OLBNP at 0.1Hz (03 minutes) followed by PEVO (03 minutes)

l ‘ Rest (05 minutes) ‘

THE at 20% MVC (01 minute) followed by
IHG at 20% +MVC OLBNP at 0.25Hz (03 minutes) followed by PEVO (03 minutes)

l ‘ Rest (05 minutes) ‘

Electrocardiogram (ECG), Beat to beat blood pressure, LBNP chamber pressure, Respiratory rate,
Grip force

THE at 30% MVC (01 minute) followed by
[HG at 30% +MVC OLBNP at 0.25Hz (03 minutes) followed by PEVO (03 minutes)

End of recording

Figure 1: Study design.

Effect of IHE on BRS

When the BRS gain of SBP and MBP was compared at
0.1 Hz or 0.25 Hz frequency band, there was no significant
difference with THE at 20% or 30% of MVC to OLBNP
(Table 2). DBP BRS gain was significantly reduced in a
higher frequency band when IHE at 20% or 30% of MVC
was added to 0.25 Hz OLBNP as shown in Table 2.

Effect of IHE on frequency dependence of BRS

To assess the frequency dependence of the BRS, BRS gain
of SBP and DBP was compared between 0.1 and 0.25 Hz
frequency bands at baseline (i.e., without OLBNP and IHE).
The data were normally distributed. The paired #-test was

used to compare the gain, at baseline, between 0.1 and
0.25 Hz frequency bands. The BRS gain was significantly
high in the 0.25 Hz frequency band for DBP as shown in
Table 3. The BRS gain of SBP was also high in the 0.25 Hz
frequency band, although it was not statistically significant.
So it can be said that BRS is a frequency-dependent
phenomenon.

Effect of IHE at MVC 20% or MVC 30% on BRS at
different frequencies

BRS gain of SBP and DBP was compared between 0.1
and 0.25 Hz frequency bands while applying OLBNP at 0.1
and 0.25 Hz along with IHE at 20% and 30% of MVC to see
the effect of IHE on frequency dependence of BRS. The BRS
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Table 2: BRS gain (ms/mmHg) of SBP, MBP, and DBP at 0.1 and 0.25 Hz OLBNP before and after IHE at 20% and 30% MVC.

S. No. Experimental conditions: Mean + SD (Median + QD) p-value
A B C D E F
0.1 Hz OLBNP MVC 20% MVC 30% 0.25 Hz OLBNP MVC 20% MVC 30%
+ 0.1 Hz OLBNP + 0.1 Hz OLBNP + 0.25 Hz OLBNP + 0.25 Hz OLBNP
1.SBP 11.75+7.28 10.80 &+ 5.71 9.88 + 5.98 11.43 + 5.89 11.27 £+ 7.66 11.71 + 7.30 0.807%, 0.071°,
(10.17 £+ 4.69) (11.57 + 5.39) (9.01 + 2.47) (11.41 +3.88) (8.31 +7.99) (10.80 + 6.73) 0.859%, 0.9684
2. DBP 1393 +7.71  15.15 &+ 8.67 12.25 £ 5.37 25.21 £ 8.51 16.25 £ 6.27 15.44 £ 6.17 0.623%, 0.524°,
(12.35 + 5.38) (14.08 + 6.19) (11.47 + 3.82) (26.71 £ 5.01)  (17.09 + 4.94) (15.20 + 2.53) 0.005%*, 0.025%*
3. MBP 17.21 &+ 14.34 16.40 &+ 11.07 12.69 + 8.99 33.86 +£21.31  20.63 £ 13.08 19.14 &+ 13.47 0.972%, 0.117°,
(11.95 + 6.83) (14.75 + 7.09) (11.10 + 3.32) (28.97 + 21.76) (19.69 + 8.67) (16.15 £ 7.59) 0.203%, 0.112¢

Mean + SD (Median + QD); SD = standard deviation, QD = quartile deviation. Paired ¢-test, Wilcoxon signed-rank test*p < 0.05; MVC,
maximum voluntary contraction; SBP, systolic blood pressure; MBP, mean arterial blood pressure; DBP, diastolic blood pressure;
OLBNP, oscillatory lower body negative pressure, “‘comparison between column A and B of the same row, b(:omparison between column A
and C of the same row, ‘comparison between column D and E of the same row, Scomparison between column D and F of the same row.

Table 3: BRS gain (ms/mmHg) for SBP, DBP, and MBP at baseline in 0.1 and 0.25 Hz frequency bands.

S. No. Mean + SD (Median + QD) p-value
A. Baseline (0.1 Hz) B. Baseline (0.25 Hz)

1. SBP 11.56 £ 5.93 (11.27 £ 3.68) 17.83 £ 11.87 (14.26 £ 8.95) 0.101

2. DBP 17.31 £ 8.27 (15.92 + 4.72) 36.13 + 18.05 (32.59 £ 16.23) 0.008*

3. MBP 16.27 £ 8.12 (14.16 £ 3.94) 33.86 + 21.31 (28.97 £ 21.76) 0.132

Mean + SD (Median + QD); SD = standard deviation, QD = quartile deviation. Paired -test, *p < 0.05. SBP, systolic blood pressure;
MBP, mean arterial blood pressure; DBP, diastolic blood pressure.

Table 4: BRS gain (ms/mmHg) for SBP, DBP, and MBP between 0.1 and 0.25 Hz OLBNP with IHE at 20% or 30% MVC.

S. No. Experimental conditions: Mean + SD (Median + QD) p-value
A. B. C. D.
MVC 20% + 0.1 MVC 20% + 0.25 MVC 30% + 0.1 MVC 30% + 0.25
Hz OLBNP Hz OLBNP Hz OLBNP Hz OLBNP
1. SBP BRS 10.80 £ 5.71 11.27 £ 7.66 9.88 £ 5.98 11.71 £ 7.30 1.000%, 0.480°,
(11.57 + 5.39) (8.31 £ 7.99) (9.01 + 2.47) (10.80 + 6.73) 0.878%, 0.1559
2. DBP BRS 15.15 £ 8.67 16.25 £ 6.27 12.25 +£ 5.37 15.44 £ 6.17 0.887%, 0.177°,
(14.08 + 6.19) (17.09 + 4.94) (11.47 + 3.82) (15.20 + 2.53) 0.784¢, 0.4784
3. MBP BRS 16.40 £ 11.07 20.63 £ 13.08 12.69 £ 8.99 19.14 £ 13.47 0.929%, 0.084°,
(14.75 + 7.09) (19.69 + 8.67) (11.10 + 3.32) (16.15 + 7.59) 0.086%, 0.594¢

Mean + SD (Median 4+ QD); SD = standard deviation, QD = quartile deviation. Paired z-test, Wilcoxon signed-rank test*p < 0.05; MVC,
maximum voluntary contraction; SBP, systolic blood pressure; MBP, mean arterial blood pressure; DBP, diastolic blood pressure;
OLBNP, oscillatory lower body negative pressure, “‘comparison between column A and B of the same row, bcomparison between column A
and C of the same row, ‘comparison between column B and D of the same row, Ycomparison between column C and D of the same row.

gain for SBP and DBP was not significantly different in be-
tween both frequencies when IHE was applied at 20% and
30% of MVC as shown in Table 4.

Discussion

The current study examined the effect of IHE on BRS
expressed as BRS gain and frequency dependence of BRS in
the setting of induced oscillations in arterial BP at 0.1 and
0.25 Hz frequencies. The major findings of this study were as
follows. (1) BRS gain for DBP significantly decreased at the
parasympathetic frequency band (0.25 Hz) when IHE were

added to OLBNP at the 0.25 Hz frequency band. (2) The
BRS gain for DBP was not significantly different between the
low and high frequency bands when IHE was applied at 20%
and 30% of MVC along with OLBNP at 0.1 and 0.25 Hz.
It is worth highlighting that we obtained a significant
reduction in BRS gain DBP during IHE because BP exhibits
differential responses to isotonic and isometric exercises.”’ In
the isotonic exercise, the SBP rises but MBP and DBP
remains the same or is reduced, but in isometric exercise
SBP, MBP, and DBP rises.”> The different components of
BP indicate various properties of circulation. The SBP
correlates well with vascular structure and it has been seen
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that there is a rise in SBP with old age due to increased
arterial stiffness. The MBP is a steady component of the
BP and conveys more about static flow via the aorta, small
artery resistance, and vascular elasticity averages over time.
A low DBP is associated with poor coronary flow reserve
and myocardial perfusion,29 The significant rise in DBP in
isometric exercise might be due to a stronger chemoreflex
response, which leads to sympathetic vasoconstriction and
increases total peripheral resistance. On the other hand,
DBP is either slightly raised, maintained or even decreased
in isotonic exercises due to the accumulation of local
metabolites from muscles resulting in peripheral arterial
dilatation.”®

In the current study, it was found that BRS is reduced
during the IHE in the high-frequency band. This is in
agreement with previous reports where BRS was reportedly
reduced during dynamic exercise.”’ Taken together, this
study indicates that blunting of the baroreceptor occurs
with addition of IHE in the parasympathetic frequency
band (0.25 Hz) and the blunting increases with higher
exercise intensity.27 These results are in agreement with a
previous study, which found a reduction in BRS after
resistance exercise and the recovery of BRS was delayed to
a greater extent with high intensity exercise.” Blunting of
the baroreceptor might allow the rise of both BP and HR
simultaneously during exercise.”’

In another study on BRS, arterial stiffness and vascular
tone were compared before and after 20 min of aerobic and
resistance exercise. It was concluded that BRS was more
significantly reduced after resistance exercise compared to
aerobic exercise.”’ The stiffness of central artery was
described as the probable mechanism of diminished
baroreceptor activation during exercise. The stiffer central
arteries may result in reduced vessel wall deformation at
the time of change in BP and finally lead to diminished
baroreceptor activation.”’

Normally, whenever there is a rise in BP, increased firing
from baroreceptors leads to inhibition of rostral ventrolateral
medulla (major excitatory output to sympathetic nerves con-
trolling the vasculature) by caudal ventrolateral medulla, and
a simultaneous increase in vagal tone by excitation of nucleus
ambiguus and dorsal nucleus of vagus, ultimately leading to a
decrease in HR and BP. But during exercise, the para-
ventricular nucleus of hypothalamus and vasopressinergic
neuron of exercise pressure reflex directly inhibit baroreflex
afferents causing decreased sympathetic inhibition, and less
excitation of parasympathetic nervous system from nucleus of
tractus solitarius, causing blunting of the baroreflex mecha-
nism and resetting of the baroreflex function to a higher level,
resulting in a simultaneous increase of BP and HR at the time
of exercise.> Thus, we can say that at the time of exercise,
baroreceptor reflex gain is modulated and both the BP and
HR rise simultaneously to meet the increase body demand
compared to rest in which the change in BP is counteracted
by change in HR by baroreceptor activation.’!

In addition, we confirmed that the BRS is a frequency-
dependent phenomenon because at baseline (i.e., no
OLBNP or IHE) DBP, BRS gain was significantly more in
the high frequency band (0.25 Hz frequency band) as shown
in Table 3. The frequency-dependent phenomenon of BRS

shown in the study is consistent with the findings of Muna-
kata et al. (1994), who reported a higher BRS gain in the
high-frequency band.”’ Furthermore, the DBP BRS gain
between low and high frequency bands was not
significantly different when IHE at 20% and 30% of MVC
was added to the OLBNP. This indicates that exercise
might abolish the frequency-dependent nature of the BRS.*

It is worth highlighting that BRS gain for SBP and DBP
was not significantly different when it was compared between
low (0.1 Hz) and high frequency (0.25 Hz) for IHE at 20%
and 30% of MVC as shown in Table 4. That means that the
frequency dependence of BRS does not depend on the
exercise intensity. Although previous studies have noted
cardiovascular responses to different IHE intensities, the
outcome variable compared before and after IHE was
mainly HR and BP like Silva et al.®, who concluded that
BP response does not change with different intensity of IHE.

Limitations of the study

The study was limited by the small sample size, due to the
lack of the eligible volunteers during the relatively short
duration of the study. Also, no adjustment in p-value for
multiple comparisons was done, which might have reduced
the number of statistically significant differences in the re-
sults. Still, the present results provide a direction for future
well-designed studies with a larger sample size to confirm
these findings.

Clinical justification — IHE along with OLBNP can be
used as a technique for studying cardiovascular compensatory
mechanisms during orthostatic stress in patients with ortho-
static hypotension or autonomic disturbances, and whether
adaptation to IHE training might influence tolerance during
central hypovolemia produced due to application of OLBNP.
LBNP can be used in patients with orthostatic hypotension or
autonomic disturbances as a substitute for the lying to
standing test or head-up tilt test to study the physiological
factors contributing to the changes occurring during ortho-
static stress. IHE reduced the DBS BRS gain at the high-
frequency band, which indicated the blunting of BRS, with
a rise in both BP and HR. Hence, isometric exercise might be
useful in those with orthostatic hypotension or autonomic
disturbances. Future well-designed large sample size studies
are required for confirmation.

Conclusion

We conclude that the significant reduction in DBP BRS
gain with the addition of ITHE at the high-frequency band
might indicate the blunting of BRS resulting in the rise of both
BP and HR to fulfill the increased body demand of oxygen
and nutrients during exercise. The frequency dependence of
BRS is nullified by IHE and the phenomenon of frequency
dependence of BRS is independent of IHE intensity.
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