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Abstract: Hypertension is a major silent disease affecting young people because of their
hereditary connections and sedentary lifestyle. Hence, the need for change in the
lifestyle to prevent future morbidity becomes important. The present study was planned
to evaluate the effect of 12-weeks isometric handgrip (IH) exercise training on cardiac
autonomic activity in offsprings of hypertensive parents. 50 subjects of age group
between 18 to 26 years with positive family history of hypertension were included in the
study and isometric handgrip (IH) training was imparted to them 4 days a week for a
total of 12-weeks. The exercise training protocol consisted of four sets of 3 minutes IH
contractions with dominant arm at 30% of the maximal voluntary contraction (MVC)
and each set was separated by 3 minutes rest pause. Cardiovascular and Heart Rate
Variability (HRV) parameters were recorded before and after 12-weeks of IH training.
The pre and post-exercise training data was compared by student paired t-test and the
level of significance was set at P<0.05. It was observed that the cardiovascular
parameters (heart rate and blood pressure) of the subjects were reduced after IH training
but only systolic blood pressure was reduced significantly. The time domain parameters
of HRV were found to be insignificantly high after exercise training. Among frequency
domain parameters, the mean values of LF and LFnu were significantly decreased
whereas mean values of HF and HFnu were insignificantly increased 12-weeks post-
exercise training. The LF/HF ratio also decreased but not significantly. IH exercise
training resulted in improvement of cardiac autonomic activity in the form of decreased
sympathetic activity and increased parasympathetic activity in offsprings of hypertensive
parents. A lifestyle change such as isometric exercise may play a role in preventing
hypertension in these genetically predisposed individuals.
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INTRODUCTION

genetically predisposed individuals was estimated to be

Hypertension is a major public health problem
due to its high prevalence worldwide. According to
World Health Organization (WHO), approximately one
billion people are suffering from hypertension resulting
in 7.1 million deaths each year [1].

Further discouraging is the prospect that the
chances of hypertension are projected to increase 60%
by 2025 and it is undeniable that the hypertension is
linked with an increased risk of various cardiovascular
diseases [2-3].

Our previous study showed that cardiac
autonomic imbalance in the form of increased
sympathetic activity and decreased parasympathetic
activity was more in offsprings of hypertensive parents
than offsprings of normotensive parents at resting level.
So, the risk of developing hypertension in these

higher than offsprings of normotensive parents [4].

As a preventive measure, the offsprings of
hypertensive parents should aim to improve their
cardiac autonomic activity i.e. decrease in sympathetic
activity and increase in parasympathetic activity to
prevent hypertension in their later stages of life.

Physical exercises bring about changes in
hemodynamics of cardiovascular system [5]. Isometric
handgrip exercise is a form of static resistance exercise
in which no noticeable change occurs in the length of
muscle fiber but tension within the muscle fiber
increases [6]. This exercise results in compression of
blood vessel and occlusion of blood flow to active
muscle [7].

The ability of isometric exercise to occlude
blood flow at low intensity (~20% Maximum Voluntary
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Contraction) initiates a powerful pressure response,
known as metaboreflex. This reflex occurs due to the
vasoconstriction of inactive vascular beds in an attempt
to restore blood flow to active muscles [8-9].

The heart rate and blood pressure responses to
isometric exercise are influenced by the force of
contraction [10], size of contracting muscles [11] and
the duration of muscle contraction [12].

Handgrip spring dynamometer is an effective
and widely popular instrument in research areas, used to
institute isometric exercise training. Till now, no 12-
week study has yet assessed the effect of isometric
handgrip training on cardiac autonomic activity in
offsprings of hypertensive parents.

AIM AND OBJECTIVES

The present study was undertaken to evaluate
the effect of 12-weeks of isometric handgrip exercise
training on cardiac autonomic functions in the
offsprings of hypertensive individuals.

MATERIALS AND METHODS

The ethical clearance was obtained from the
Ethical Clearance Committee of Swami Vivekanand
Subharti University, Meerut (U.P), India and the study
was conducted in the Research Laboratory of
Physiology Department of Subharti Medical College,
Meerut (U.P.). After taking written informed consent, a
total of 50 students (aged between 18 to 26 years)
studying at undergraduate level in Swami Vivekanand
Subharti University, Meerut (U.P.) were recruited for
the study. AIll subjects were normotensives and a
positive family history of hypertension was considered
to be present when at least one of the parents was
hypertensive. The parental hypertension was identified
by evidence of antihypertensive treatment in their
medical history/ record. A detailed history and general
examination was done to exclude subjects satisfying
exclusion criteria.

Exclusion criteria

Subjects with any clinical signs and symptoms
related to cardiovascular, respiratory, renal, endocrine
disorders or taking any medications that affect
autonomic nervous system physiology, practicing yoga
or exercise, orthopedic problems such as recent
fractures, joint and muscle pathologies, physical
disability, smokers and alcoholic were excluded from
the present study.

Experimental protocol

The subjects were asked to report in the
Research Laboratory of Physiology Department
between 9-11 a.m. after having light breakfast without
tea, coffee or caffeinated beverages such as coke etc. at
least 2 hours prior to recording. The Heart Rate (HR),
Systolic Blood Pressure (SBP), Diastolic Blood

Pressure (DBP) and Heart Rate Variability (HRV) were
recorded as baseline parameters.

The subjects were asked to hold the handgrip
dynamometer (Inco, Ambala) comfortably in their
dominant hand. They were instructed to press the
handle with maximum possible effort and maintain for
atleast 5 seconds for obtaining Maximum Voluntary
Contraction (MVC). The value of MVC was
determined as the highest value obtained in three
attempts, separated by 1 minute rest period.

Subjects were trained to perform sustained
handgrip at 30% of MVC for 3 minutes (1 set). Four
such sets separated by a rest period of 3 minutes were
carried out. This protocol (Ray & Cassaro) was
followed for 4 successive days a week for a total of 12-
weeks.

On the next day of completion of this 12-
weeks training schedule, all the above mentioned
parameters were recorded again. Following this, pre and
post-exercise training parameters were compared to
evaluate the effect of IH exercise training.

Recording of Heart Rate and Blood Pressure

The HR and BP were measured through
automatic heart rate and blood pressure measuring
machine (Accusure TD 3127, Taiwan). The BP cuff
was tied just tight (neither too loose nor too tight) on
the right arm approximately 2 - 2.5 centimeters above
from the cubital fossa. It was ensured that the BP cuff
was at the level of heart. After 5 minutes of rest in
supine position, the “start” button of machine was
pressed that automatically inflated and deflated the BP
cuff. HR, SBP and DBP were noted from the display
screen of the machine. For each subject, HR, SBP and
DBP were recorded in same arm thrice, keeping an
interval of 5 minutes between the recordings. Mean of
the three recordings was considered for each parameter.

Recording and assessment of Heart Rate Variability

HRV of subjects was measured with
digitalized polygraph machine “Polyrite-D” Version 2.4
(Recorders and Medicare Systems Private Limited,
Chandigarh, India) as per the standards laid by Task
Force of the European Society of Cardiology and the
North  American  Society of Pacing and
Electrophysiology [22]. The subject was asked to lie
down on a couch adjacent to the Polyrite-D machine.
The metallic electrodes were attached to left arm, right
arm and left leg. After the rest of 5 minutes, ECG was
recorded in Lead Il for 5 minutes at a speed of 25mm/s
& voltage of 10mm/mv. The ECG data was used for
analysis of HRV. High and low frequency filters were
set at 99 Hz and 0.1 Hz respectively.

Power spectral analysis of ECG data was done
using Fast Fourier Transformation (FFT). The analogue
to digital conversion of the data was done using 14- bit
A/D Converter with the sampling frequency of 256 Hz.
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Aurtifacts and ectopic beats were edited by the software
from the recorded 5 minutes of ECG. The R wave
detector detects remaining R waves in QRS complex of
recorded data and the time domain indices were derived
from the measurement of intervals between normal
beats (hormal-to-normal) successive in a series of
continuous time that can be evaluated by statistical or
geometric patterns. Time domain indices such as
Standard Deviation of Normal-to-Normal intervals
(SDNN), Root Mean Squared Standard Deviation
(RMSSD), Number of N-N intervals with differences
more than 50 milliseconds (NN50) and Percentage of
number of N-N intervals with differences more than 50
milliseconds (pPNN50%).

Similarly, the R-R tachogram of 256 seconds
of R-R waves were plotted and analyzed by the power
spectral density. In the frequency domain analysis, Low
Frequency band (LF, 0.04-0.05Hz) and High
Frequency band (HF, 0.15-0.4Hz.) were used. By
frequency domain analysis, the following parameters
were obtained : Low Frequency power (LF power),
High Frequency power (HF power), Low Frequency in
normalized units (LFnu), High Frequency in normalized
units (HFnu) and ratio of Low Frequency to High
Frequency (LF: HF ratio).

Statistical analysis of the data

Data was presented as Mean * Standard
Deviation (SD). The comparison between pre and post-
exercise training values were done by applying

student’s paired t-test. The data was analyzed by using
GraphPad Prism 5 software version 5.03 and statistical
significance was set at P< 0.05 level.

RESULTS

Table 1 shows that the mean values of HR,
SBP and DBP were 75.08+9.44 bpm, 112.40+6.54
mmHg and 73.42+2.82 mmHg respectively before the
exercise. After 12-weeks of exercise, mean HR, SBP
and DBP were reduced to 73.32+7.64 bpm,
109.4048.12 mmHg and 68.34+3.70 mmHg [Fig.1]
respectively. When the post-exercise value of HR, SBP
and DBP was compared with pre-exercise value, only
reduction in DBP was statistically significant
(p<0.0001).

Table 2 shows that the mean values of all time
domain parameters (SDNN, RMSSD, NN50 and
pNN50) of HRV were increased after exercise training
but this increase was not statistically significant.

Table 3 shows that the mean value of LFnu
decreases significantly (p=0.0104*) from pre-exercise
(53.35+19.07) to post-exercise (43.31+18.76). The
HFnu also showed a significant increase (p=0.0231%*)
from pre-exercise (33.97+13.45) to post-exercise value
(38.84+12.62). This significant decrease in LFnu and
significant increase in HFnu were shown in Figure 2
and 3 respectively.

Table 1: Effect of IH exercise training on basal cardiovascular parameters

Parameters Pre-exercise | Post-exercise | ‘t’ value | ‘p’ value
HR (bpm) 75.08+9.44 73.32+7.64 0.95 0.3432
SBP (mmHg) | 112.40+6.54 | 109.40+8.12 1.89 0.0634
DBP (mmHg) | 73.42+2.82 68.34+3.70 7.94 <0.0001*

Data is presented as mean + SD; * p < 0.05 is statistically significant.

HR = Hear Rate, SBP = Systolic Blood Pressure, DBP = Diastolic Blood Pressure.

Table-2: Effect of IH exercise training on basal time domain measures of HRV

Parameters Pre-exercise | Post-exercise | ‘t” value | ‘p’ value
SDNN (ms) 125.20+22.78 | 130.00+21.70 1.08 0.2850
RMSSD (ms) | 47.12+19.18 | 49.06+17.34 0.53 0.5937
NN50 (count) | 12.06+4.56 13.05+4.20 1.14 0.2587
pNN50 (%) 20.61+8.64 22.08+8.41 0.87 0.3842

Data is presented as mean = SD; * p < 0.05 is statistically significant.

SDNN = Standard Deviation of Normal-to-Normal intervals, RMSSD = Root Mean Squared Standard Deviation, NN50 = Number of
N-N intervals with difference more than 50 milliseconds, pNN50 = Percentage of number of N-N intervals with difference more than
50 milliseconds.

Table-3: Effect of IH exercise training on basal frequency domain measures of HRV

Parameters Pre-exercise | Post-exercise | ‘t” value | ‘p’ value
LF power (%) 79.26+19.01 | 75.87+16.76 1.14 0.2595
HF power (%) 57.16£21.79 | 59.13+22.49 0.46 0.6475
LF (n.u.) 53.35+19.07 | 43.31+18.76 2.66 0.0104*
HF (n.u.) 33.97+13.45 | 38.84+12.62 2.34 0.0231*
LF: HF ratio (%) 1.38+0.86 1.28+0.70 0.62 0.5349

Data is presented as mean + SD; * p < 0.05 is statistically significant

LF power = Low Frequency in power percentage, HF power = High Frequency in power percentage, LF (n.u.) = Low Frequency in
normalized units, HF (n.u.) = High Frequency in normalized units, LF: HF ratio = Ratio of Low Frequency to High Frequency in
power percentage.

Available online at https://saspublishers.com/journal/sjams/home

3859


https://saspublishers.com/journal/sjams/home

Ashwani Sharma et al., Sch. J. App. Med. Sci., Oct, 2018; 6(10): 3857-3862

80 -~
70 A
60 -
w 0 ] m DBP Pre
T 40 -
E O DBP Post
30 -+
20 A
10 A
0 T f
Mean SD
Fig-1: Pre and Post exercise DBP
60 -
50 A
40 -
ELFnu Pre
30 1 OLFnu Post
20 A
10 -
0 T f
Mean SD
Fig-2: Pre and Post exercise LFnu component of HRV
40 A
35 -+
30 -+
25 1 EHFnu Pre
20 7 O HFnu Post
15 A
10 A
0 T f
Mean SD
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DISCUSSION (HR, BP and HRV) in normotensive offsprings of
In the present study, the effect of isometric hypertensive individuals has been studied.

handgrip training on basal cardiovascular parameters
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We found that the subjects showed reduction
in HR, SBP and DBP after 12-weeks of isometric
exercise training. There was an insignificant reduction
in HR and SBP whereas DBP was significantly reduced
when compared to their pre-exercise training values.

The effect of 5-weeks of isometric handgrip
training resulted in reduction in heart rate and blood
pressure during exercise indicating decrease stress on
cardiovascular system and showing a positive
functional adaptation among prehypertensives young
males [13].

The reduction of cardiovascular parameters
including heart rate and arterial pressure was an
adaptation to isometric handgrip training of 8-weeks in
normotensive individuals [14].

The fall in SBP in response to isometric
handgrip training found in our study may involve
decrease in the heart rate as a result of reduction in
sympathetic activity. Similar results have been reported
by other investigators [15].

The significant reduction in DBP may be due
to adaptations in the vascular system that leads to
decrease in systemic vascular resistance. This fall may
also be attributed to reduction in plasma norepinephrine
levels or decrease in vascular sensitivity to
norepinephrine [16], increased antioxidant production,
improved endothelium dependent vasodilation and the
modulation of autonomic nervous system in the form of
reduction of basal sympathetic nerve activity [17].

Recent studies show that a small reduction in
DBP has significant health benefits. It has been
suggested that a 2 mmHg drop in DBP would lead to
17% decrease in hypertension as well as 6% reduction
in coronary heart disease and 15% reduction in stroke-
related events. Whereas 5 to 6 mmHg reduction in DBP
decreases coronary heart disease and stroke incidents by
16% and 38%, respectively [18]. The 5 mmHg
reduction in DBP in our study could have an important
impact on these cardiovascular-related illnesses.
Furthermore, our results support the concept that
isometric handgrip exercise training is an effective
modality in the prevention of hypertension.

There are many studies supporting that HRV is
affected by isometric exercise training. In the present
study, we did not find significant effect on time domain
measures of HRV but the trend towards increase in time
domain measures such as SDNN, RMSSD, NN50 and
pNN50% were observed in the subjects after the
completion of 12-weeks of isometric handgrip exercise
training. These increased values of time domain
measures represent enhanced parasympathetic activity
[19].

Among the frequency domain indices, the
mean values of LF power and LFnu (significant) was
found to be decreased after isometric handgrip exercise
training as compared to the values observed before
exercise training schedule. These decreased post-
exercise training values of LF power and LFnu in the
offsprings of hypertensive parents indicate reduction in
the sympathetic activity [20].

A higher HF power in percentage as well as
higher HF in normalized units represents a rise in
parasympathetic tone [21-22]. In the present study, the
mean value of HF power was increased but not up to a
significant level whereas the mean value of HFnu was
increased up to a significant level in the subjects after
exercise training. Increased post-exercise handgrip
training values of HF power and HFnu shows a positive
impact on the parasympathetic tone of cardiac
autonomic control.

The decrease in LF: HF ratio was observed
after isometric handgrip training indicating probably
due to altered sympathovagal balance modulating sinus
node activity in response to isometric exercise training
which was tilted towards parasympathetic drive. The
LF: HF ratio assesses the sympatho-vagal balance [23-
24].

These observations revealed that after the
completion of isometric handgrip exercise training
schedule, the sympathetic activity was decreased and
parasympathetic activity was increased in our subjects
when compared with their pre-exercise training values.
Hence it can be prescribed as a part of lifestyle
modification and alternative therapy in improving
cardiac autonomic activity that will prevent the risk of
developing hypertension in the offsprings of
hypertensive parents as they are more prone to early
onset of hypertension.

CONCLUSION

The present study revealed that isometric
handgrip exercise training can be used as a non-
pharmacological intervention in improving cardiac
autonomic activity and preventing the chances of
development of hypertension in the genetically
predisposed individuals.
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