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Abstract

Objectives: Hypertension is considered a risk factor for cardiovascular diseases. Various forms of exercise are recommended
for the pre-hypertensive stage as a prevention measure. The objective of the study was to evaluate the effect of isometric hand-
grip resistance exercise on blood pressure (BP) and arterial stiffness in elevated and stage 1 hypertensive individual. Materials
and Methods: In this interventional study, 50 pre-screened pre-hypertensive individuals participated in the isometric hand-
grip exercise training. Participants were instructed to follow 40% maximum voluntary contraction (MVC) with three sessions
per week for 8 weeks. BP and vascular indices namely reflection and stiffness indices were measured and compared before and
after the exercise. Results: Forty individuals participated in the program and were divided into two groups: Group I (n=21) with
elevated BP and Group II (n=19) with stage 1 hypertension. Our study report indicates that the systolic BP was significantly
decreased in both the groups (p<0.001) while diastolic BP decreased only among the elevated BP group (p=0.01). Vascular indi-
ces did not report any significant change in both groups. Systolic (p=p<0.001), diastolic (p=0.03), pulse pressure (p=0.001) and
mean arterial pressure (p<0.001) were significantly reduced when both the groups were taken together for the analysis. Heart
rate was a significantly positive correlation with the vascular indices (p<0.001), similarly, diastolic BP was significantly posi-
tively correlated with stiffness index (p<0.001). Conclusion: Isometric handgrip exercise with 40% MVC with three sessions
per week for 8weeks is effective in reducing the BP levels but has no effect on arterial stiffness. Thus, this form of exercise can be

recommended for the young pre-hypertensive.
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Introduction

Hypertension is referred to as a “silent
killer” since it may not produce any warning
signs and symptoms and is the major cause of
premature deaths globally and is also associated
with cardiovascular diseases. The precursor
stage was named by the Joint National Commit-
tee on prevention, detection and treatment of

high blood pressure as ‘pre-hypertension’ [1] in
2003, which has been further re-classified as “ele-
vated” and “stage 1” hypertension in 2018, by the
American Heart Association Task Force in 2017.
In view of the increasing trends in hypertension
in young individuals, blood pressure assessment
in all young individuals at every opportunity is
both prudent and justified. Non-pharmacological
therapies are recommended for elevated and
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stage 1 hypertension as treatment and prevention
strategies for hypertension [2].

The American College of Sports Medi-
cine (ACSM) and other health organizations [3]
advocate increasing physical activity with vari-
ous types and forms of exercise as the first-line
intervention. Exercises like aerobic, dynamic
resistance, and isometric resistance exercises are
all proven best non-pharmacological approaches
in reducing the blood pressure in hypertension
individuals.

Arterial stiffnessis proved as an emerging
biomarker reflecting vascular damage in young
individuals [4]. Arterial stiffness measured using
digital volume pulse (DVP) has been proved to
be validated, simple, non-invasive, and a repro-
ducible technique with minimal intra-observer
variation [5]. Increased arterial stiffness in nor-
mal individuals is associated with accelerated
blood pressure progression [6]. Hypertension
and arterial stiffness are closely associated with
each other, and whether hypertension is a cause
or consequence for arterial stiffness is a debatable
issue [7].

Aerobic exercise and dynamic resistance
exercises of 90-150 min/week have proved to
decrease the blood pressure in hypertensive by
5/8 mmHg and 4 mmHg, respectively. Isometric
resistance exercise 4x2min (handgrip), I-minute
rest between exercises, 30-40% maximum volun-
tary contraction with 3 sessions per week for 8-10
weeks is found to decrease the blood pressure by
5 mmHg in hypertensive and 4 mmHg in normo-
tensives [2].

Vast literature persists exploring the
effects of aerobic exercises and blood pressure
reductions [8, 9] in various age groups individuals
but the effect of isometric handgrip exercise in
apparently healthy individuals with elevated and
stage 1 hypertension is least explored. Moreover,
our previous studies [4, 10] in young individuals
reported a significant increase in blood pressure
and increased prevalence of pre-hypertension.
With the interventional strategies in mind and to
aid the young individuals, the present study was
planned to evaluate the effect of isometric hand-
grip resistance exercise on blood pressure and
arterial stiffness in elevated and stage 1 hyperten-
sive individuals.

© 2022 The Authors
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Materials and Methods

This was an interventional study car-
ried out in the Department of Physiology, Sri
Manakula Vinayagar Medical College and Hos-
pital, Puducherry, India. All the 50 pre-screened
pre-hypertensive individuals, of age group 17-20
years, screened during medical health check-ups
organized by the institution at the time of joining
the course were included in the study. These sub-
jects were further classified based on the blood
pressure values as two groups: Group I (n=21):
Elevated blood pressure (systolic blood pressure
ranging from 120-129 mmHg and diastolic blood
pressure <80 mmHg); Group II (n=19): Stage 1
Hypertension (systolic blood pressure ranging
from 130-139 mmHg or diastolic blood pressure
ranging from 80-89 mmHg) [2]. The study was
initiated after obtaining the institutional eth-
ical committee approval. A written assent and
consent form was obtained from all the study
participants.

Methodology

A counseling session was conducted to
all participants included in the study addressing
the ill effects of increased blood pressure and the
effectiveness of resistance training programs. No
diet alteration or any other forms of new exer-
cise should be introduced during the six weeks
training program. All the 50 pre-hypertensive
individuals were instructed to perform isomet-
ric handgrip exercise 4 times for 2 minutes with 1
minute rest between exercises. Out of 50 subjects,
six students were not willing to participate and
four didn’t complete the 8 weeks exercise train-
ing program.

Isometric resistance training protocol

The exercise training was done using the
handgrip spring dynamometer and monitored in
the Department of Physiology. Participants were
instructed to adopt 40% maximum voluntary
contraction (MVC) with three sessions per week
for 8 weeks [11]. The handgrip dynamometer
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was held in the dominant hand and compressed
for a brief duration of 4-5 seconds and isometric
contraction was recorded. Three attempts were
given with a pause of 10 seconds between each
attempt. The average of the three recordings
was taken as MVC. After rest, the subjects were
instructed to perform 40% of MVC for a maxi-
mum of 3 minutes. The exercise was repeated five
times with 5 minutes rest after each contraction.

Recording of blood pressure

Blood pressure was measured in the right
arm in sitting posture using a standardized aner-
oid sphygmomanometer after a 10-minute rest
period. Three measurements were taken with
5 minutes intervals and the average of the three
values was considered for the analysis. The blood
pressure was recorded 4 weeks and 8 weeks after
the exercise and compared with the pre-exercise
recorded levels. Pulse pressure was calculated as
the difference between systolic and diastolic blood
pressure. Mean arterial pressure was calculated as
pulse pressure + (Diastolic blood pressure/3).

Principle and Recording of arterial stiffness

DVP technique of measuring arterial stiff-
ness is based on transmitting the infrared light
through the finger with a wavelength of 940 nm
(Photoplethysmography). The principle involves
the usage of a pressure transducer that converts
the pressure changes to voltage changes. It mea-
sures the vascular measures namely: Stiffness
Index (SI) and Reflection Index (RI). DVP records
two peaks, the systolic and the diastolic peak.
The systolic peak represents the pulse wave
transmitted from the left ventricle to the finger
directly and the diastolic peak is from the pulse
wave transmitted along the aorta to the small
arteries in the lower parts, from where they are
reflected along the aorta as a reflected wave. The
path length is directly proportional to the sub-
ject’s height (h). Vascular indices are calculated
using the formulas as given:

SI=Subject’s height (h)/Pulse transit time (PTT)

16 https://doi.org/10.46389/rjd-2022-1077

RI=Magnitude of diastolic peak (b)/Magnitude of
the systolic peak (a) x 100

Subjects were requested to report to the
physiology lab and DVP was measured in a tem-
perature-controlled room (22+2°C), in the right
index finger for 5 minutes using the Digital Poly-
rite (RMS vital module LF201308, India). Pulse
wave contour analysis was done using the Poly-
rite D software that gave the PTT, SI, and RI. RI
and SI were recorded 4 weeks and on the 8th week
after the exercise training period and compared.

Statistical analysis

Data entry and statistical analysis were
performed using Microsoft excel and IBM SPSS
statistics 26, respectively. Frequency for all vari-
ables was obtained. Continuous variables were
expressed as means and standard deviations.
The student’s paired t-test was used to assess dif-
ferences between the means. The level of signif-
icance is fixed at 0.05. The confidence interval is
set as 95%. Correlation between the variable was
evaluated using Pearson’s Correlation.

Results

The basal characteristic clinical fea-
tures of the study participants are represented
in Table 1. Of the 40 participants, 24 were males
and 16 were females. Blood pressure and vascu-
lar indices among the elevated and stage 1 hyper-
tension before and after 8 weeks of exercise
are represented in Table 2. Systolic blood pres-
sure reported a significant decrease in both the
groups (p<0.001) while diastolic blood pressure
decreased only among the elevated blood pres-
sure group (p=0.01) but did not show any signif-
icant decrease among the stage 1 hypertensive
group (p=0.49) after 8 weeks of exercise. Also,
pulse pressure and mean arterial pressure were
significantly reduced in Group I with p=0.001 and
p<0.001, respectively.

The reflection index did not report any
significant change among elevated (p=0.15) and
stage 1 hypertensive group (p=0.73) after the

© 2022 The Authors



Table 1: Basal clinical characteristics of the study

participants.
Parameters

Age (years)

Height (meters)

Weight (kilograms)

BMI (kg/m?)
SBP (mmHg)
DBP (mmHg)
PP (mmHg)

MAP (mmHg)

Heart rate (beats/minute)

RI (%)

SI (m/seconds)

Mean = SD

18.00+0.78
1.65+0.09
76.53+21.54
27.63+5.98
128.35+6.37
75.62+8.38
52.75+8.16

77.93+6.50

89.62+8.17
50.1+12.96
5.28+1.39

SBP, systolic blood pressure; DBP, diastolic blood
pressure; PP, pulse pressure; MAP, mean arterial
pressure; RI, reflection index; SI, stiffness index.

Table 2: Blood pressure and vascular indices
among the elevated and stage 1 hypertension

before and after 8 weeks of exercise.

Group I: Elevated (n=21)

SBP
DBP
PP
MAP
HR
RI

SI

Pre-exercise
levels

124+2.82
78.81+5.76
52.19+6.49
76.13+4.84
85.24+4.43
49.57+11.32

5.57+1.27

8 weeks after

exercise

119.85+3.08
70.33+5.87
49.52+6.07
72.97+4.48
84.57+4.46
48.09+10.61
5.52+1.35

Group 2: Stage 1 hypertension (n=19)

SBP
DBP
PP
MAP
HR
RI

SI

133.15+5.72
79.84+8.92
52.57+9.70
79.87+7.40
94.47+8.69
51.28+14.64
4.96+1.39

131.94+6.07
79.26+10.59
52.33+10.45
78.49+8.02
77.42+25.74
51.67+14.30
5.24+1.50

p-Value

<0.001
0.01
0.001
<0.001
0.003
0.15
0.3

<0.001
0.49
0.24
0.09
0.01
0.73
0.02

SBP, systolic blood pressure; DBP, diastolic blood
pressure; PP, pulse pressure; MAP, mean arterial
pressure; HR, heart rate; RI, reflection index;

SI, stiffness index. p<0.05 was considered to be
statistically significant.

© 2022 The Authors
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8-week exercise training. Similarly, the stiff-
ness index also didn’t report producing a signif-
icant change among the elevated group (p=0.39)
whereas in the stage 1 hypertensive group it
showed a significant increase (p=0.02) before and
after exercise.

Graphs 1-6 represent the graphical pre-
sentation of the blood pressure and vascular indi-
ces parametersin individuals reporting increased
blood pressure levels (elevated and stage 1 hyper-
tension), before and after 8-week exercise train-
ing. Systolic and diastolic blood pressure showed
a significant decrease (p<0.001) and (p=0.03),
respectively. Similarly, pulse pressure and mean
arterial pressure also showed significant changes
before and after exercise, (p=0.001) and (p<0.001),
respectively. Vascular indices didn’t report any
significant changes (p=0.99 and p=0.1).

Table 3 represents the correlation
between blood pressure and vascular indices
among the two groups. Heart rate was a signifi-
cantly positive correlation with the vascular indi-
ces (p<0.001), similarly, diastolic blood pressure
was significantly positively correlated with stiff-
ness index (p<0.001).

Discussion

In the present study, out of 40 partici-
pants; 21 reported elevated blood pressure while
19 individuals had stage 1 hypertension. Both
the groups reported a significant decrease in
the systolic blood pressure whereas diastolic
blood pressure was decreased only in the ele-
vated blood pressure group after 8 weeks of iso-
metric handgrip exercise training. Heart rate
was significantly reduced in stage 1 hypertensive
group. Mean arterial pressure was significantly
reduced in the elevated blood pressure group.
Reflection and stiffness indices didn’t report any
significant changes after the training program.
When both the groups were taken together and
analyzed systolic blood pressure, diastolic blood
pressure, pulse pressure, and mean arterial blood
pressure were significantly reduced but vascu-
lar indices showed no significant changes after
exercise. Mean arterial pressure was significantly
correlated with diastolic blood pressure and
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Table 3: Pearson’s correlation between blood pressure and vascular indices.

SBP DBP MAP RI SI
r P r P r P r P R P
SBP - - 0.46 <0.001 0.09 0.44 0.12 0.31 -0.07 0.54
DBP 0.46  <0.001 - - -0.38 <0.001 -0.18 0.11 0.05 0.6
MAP 0.64 <0.001 -0.38 <0.001 - - 0.27 0.01 -0.11 0.3
RI 0.12 0.3 -0.17 0.12 0.27 0.01 - - 0.35 0.001
SI -0.07 0.54 0.05 0.6 -0.11 0.3 0.35 0.001 = =

p<0.05 was considered to be statistically significant. SBP, systolic blood pressure; DBP, diastolic blood
pressure; MAP, mean arterial pressure; RI, reflection index; SI, stiffness index. p<0.05 was considered to be
statistically significant.

Systolic blood pressure before and after exercise
p<0.001

Pre-exercise ‘

105 110 115 120 125 130 135 140
Pre-exercise 8weeks after exercise
W SBP 128.35 125.6
SBP in mmHg

Graph 1: Represents the systolic blood pressure in elevated and stage 1 hypertensive (grouped together) before and

after exercise.

reflection index, whereas stiffness index didn’t
show any significant correlation with any blood
pressure parameters.

The benefits of exercise training are well
documented. A systematic review by Loaiza-
Betancur AF in 2020 reports that low-intensity
isometric handgrip exercise is efficient in reduc-
ing the systolic, diastolic and mean arterial pres-
sure, thus proposing that, this form of exercise
can be an alternative in lifestyle blood pressure
management [12]. It is established that isometric
exercise can reduce blood pressure even in young
adult normotensives [13, 14]. A randomized con-
trolled trial involving 400 pre-hypertensive sub-
jects by Ogbutor GU et al., in 2019 reports that the

18
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blood pressure level increased immediately after
isometric exercise but returned to pre-exercise
levels within 10 minutes of post-exercise. They
also reported that isometric handgrip exercise
training at 30% maximum voluntary contrac-
tion for 2 minutes each day along with combi-
nation with lifestyle modification was effective
in reducing the blood pressure levels [15]. The
acute increase is due to the increased cardiac
output, since heart rate and stroke volume both
increase while the peripheral resistance shows
a slight decrease or no change. The clear mecha-
nism involving a reduction in blood pressure fol-
lowing the isometric exercise training is yet to be
fully understood but the possible explanation as

© 2022 The Authors
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Diastolic Blood pressure before and after exercise

p=0.03

Pre-exercise

Pre-exercise

HDBP 75.62

0 10 20 30

40 50 60 70 80 90

8weeks after exercise
74.57

DBP in mmHg

Graph 2: Represents the diastolic blood pressure in elevated and stage 1 hypertensive (grouped together) before

and after exercise.

Pulse pressure before and after exercise

p=0.001

Pre-exercise

»—’—1

0.0 10.0 20.0

Pre-exercise

m PP 52.2

Pulse pressure in mmHg

30.0 40.0 50.0 60.0 70.0

8weeks after exercise
49,5

Graph 3: Represents the pulse pressure in elevated and stage 1 hypertensive (grouped together) before and after

exercise.

per review by Millar P. J. et al., in 2014 states that
these effects include improvement in conduit
and resistance vessel endothelium-dependent
dilation, oxidative stress and autonomic regula-
tion of the blood pressure and heart rate [16].

In our study wvascular indices, namely
reflection and stiffness indices reflecting the
arterial stiffness showed no significant change
after the exercise training. In contrary to our

© 2022 The Authors

results, a study carried out in 33 hypertensives
proved that 12 weeks of isometric with 4 x 2min
sets alternating the hands at 30% maximum vol-
untary contraction reduced the arterial stiff-
ness [17]. Another study involving boys and men
reported that post-isometric exercise boys report
a decrease in arterial stiffness while men showed
anincreasein stiffness, which may be attributable
to quicker recovery in systolic blood pressure in
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Mean Arterial Pressure before and after exercise p<0.001

Pre-exercise f !

62.0 64.0 66.0 68.0 70.0 72.0 74.0 76.0 78.0 80.0 82.0

Pre-exercise 8weeks after exercise
m MAP 76.1 73.0

Mean Arterial Pressure in mmHg

Graph 4: Represents the mean arterial pressure in elevated and stage 1 hypertensive (grouped together) before and
after exercise.

Reflection Index before and after exercise p=0.99

Pre-exercise f !

0 10 20 30 40 50 60 70
Pre-exercise 8weeks after exercise
ERI 50.1 50.1

Reflection index in %

Graph 5: Represents the reflection index in elevated and stage 1 hypertensive (grouped together) before and after
exercise.

boys in comparison to men [18]. Itisalso reported non-dominant isometric handgrip exercise per-
that pulse wave velocity which is considered as formed at 30% MVC [19]. These contrary results
a reliable index of arterial stiffness is correlated indicate that changes in arterial stiffness follow-
with diastolic blood pressure and mean arterial ing the isometric handgrip exercise depend on
pressure. It was elevated by 3 minutes supine the maximum voluntary contraction, duration of

80 https://doi.org/10.46389/rjd-2022-1077 © 2022 The Authors
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Stiffness Index before after exercise

p=0.1

Pre-exercise

0 1 2

Pre-exercise
mSI 5.283

Stiffness Index in m/sec

8weeks after exercise
5.4

Graph 6: Represents the stiffness index in elevated and stage 1 hypertensive (grouped together) before and after

exercise.

the training program, minutes of training done,
and the technique used to measure arterial stiff-
ness. Another study by Hartog R. et al., in 2018
reports that the vascular indices vary depending
on the age factor also [20]. Thus, our study find-
ings could not produce any significant change in
arterial stiffness remains justified.

The strength of the study was that it wasan
intervention-based study that helped the pre-hy-
pertensive individuals to restore their normal
blood pressure. The limitation was its small sam-
ple size, age, gender-based analysis was not done.
Also, other factors like BMI, dietary habits, family
history of hypertension, autonomic function tests
were not considered for the study. Future research
involving large-scale individuals with various
intensities and durations of isometric handgrip
exercise can be planned to gain better insight.

Conclusion

Due to the trending focus towards
“non-pharmacological” treatment therapies for
hypertension, usage of isometric handgrip exer-
cise training remains judicious and acceptable.
The study concludes that the handgrip isometric

© 2022 The Authors

exercise can be recommended for individuals
with elevated and stage 1 hypertension and is
effective in lowering blood pressure levels.
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