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Abstract

Background: Cardiovascular alteration to a unilateral isometric handgrip exercise (IHG) at two
different intensities can be determined by examining parameters such as heart rate and systolic and
diastolic blood pressure before and after IHG. Objective: The study aims to understand the
immediate cardiovascular alteration of IHG and to determine the exercise for improving
cardiovascular health and athletic performance by examining heart rate and blood pressure.
Methodology: A purposive sampling technique was used to select thirty (30) University of Benin
undergraduate students; 19 males and 11 females were selected using random sampling. Each
participant performed four sets of a two-minute unilateral IHG with a one-minute rest between sets
at 30% and 50% Maximum Voluntary Contraction (MVC) on their dominant hand. Results: An IHG
on systolic blood pressure showed a significant (p = 0.01 < 0.05) difference when done at an intensity
of 50% MVC. However, at an intensity of 30% MVC, systolic blood pressure showed no immediate
alterations. For the diastolic blood pressure, between 30% and 50% MVC (1.83+6.89 mmHg) all
showed no meaningful clinical alterations following IHG, the heart rate between 30% and 50% MVC
(0.13+6.33 bpm) all showed no meaningful clinical alterations following an immediate IHG.
Conclusion: Immediate cardiovascular alteration to systolic blood pressure can only occur at 50%
MVC of IHG; 30% and 50% MVC of IHG produces no cardiovascular alteration to diastolic blood
pressure and heart rate. An IHG at 50% MVC might be an effective intensity for improving
cardiovascular fitness and athletic performance.

Keywords: heart rate, systolic and diastolic blood pressure, maximum voluntary contraction, athletic
performance

Introduction

Cardiovascular alteration to a unilateral isometric
handgrip exercise (IHG) at two different
intensities can be determined by examining
parameters such as heart rate, systolic blood
pressure and diastolic blood pressure before and
after IHG. Blood pressure is the force exerted by
the column of blood against any unit area of the
blood vessel (Alessio et al.,, 2000). It is
conventionally separated into systolic and
diastolic determinations. According to the
American Heart Association, heart rate is the

number of heartbeats per minute. It is based on
the number of contractions of
the ventricles (the lower chambers of the
heart). A normal resting heart rate for adults
ranges from 60 to 100 beats per minute
(American Heart Association, 2023). Isometric
exercise involves the contraction of skeletal
muscles without changing muscle length or joint
movement, such as lifting or pushing heavy
weights and contracting muscles against
immovable objects (Badrov et al., 2013). While
this type of exercise can lead to increases in heart
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rate, as well as systolic and diastolic blood
pressure in healthy individuals (Bennie, 2000),
regular isometric training has been shown to
lower resting systolic blood pressure (SBP) and
diastolic blood pressure (DBP) in healthy adults.
Furthermore, it is an effective clinical
intervention  for treating or preventing
hypertension (Bergstrom, 2016).

The American College of Sports Medicine

suggested that appropriately prescribed and

well-supervised isometric exercises favour

cardiovascular functioning, psychosocial well-

being and endurance. An IHG involves the

contractions of muscles in one arm without a

change in muscle length and joint movement

(Braden & Carroll, 1999). During an IHG, the

muscles of the forearm are contracted,

increasing oxygen demand. The intensities of

the exercise can be manipulated by varying the

force of the hand grip. During IHG, heart rate

and blood pressure rise progressively until

fatigue. The increase is proportional to the

contraction intensity (%MVC) rather than the

muscle mass involved in the contractions

(Braden & Strong, 1990). When, however, the

blood pressure responses to an IHG involving a

small and increasing muscle mass were

carefully evaluated, they found muscle mass to

be necessary. Only when contraction is carried

out to exhaustion does the increase in blood

pressure become the same, irrespective of the

mass involved (Caspersen, 1985).

Understanding the cardiovascular responses to

an IHG in healthy young adults can

significantly influence exercise prescription and

health promotion. It can contribute to

developing effective isometric  exercise

protocols for individuals who need to improve

their cardiovascular health status. The study

aims to understand the immediate

cardiovascular alteration of an IHG and

determine the most effective type and intensity

of exercise to improve cardiovascular health

and athletic performance by examining heart

rate and blood pressure.

Materials and methods

Participants

The study was conducted with 30 participants:
19 male and 11 female undergraduate students
of the University of Benin (Uniben) between the
ages of 17 and 30. Young adults who smoke and
were suffering from hypertension, neurological
conditions, and any other acute or chronic
illness were excluded from the study. Ethical
approval was obtained from the Ethics and
Research Committee of the Uniben with
reference number ADM/E
22/A/VOL.VI11/1483019.

Material/ procedure

Before the unilateral isometric handgrip exercise,
each participant was observed for their gender.
At the same time, information concerning their
ages was obtained from them, and they were
instructed to assume a comfortable sitting
position, after which systolic blood pressure,
diastolic blood pressure, and heart rate were
measured. During the unilateral isometric
handgrip exercise, the anthropometric variables
of each participant were inserted in the electronic
hand dynamometer. A fixed resistance set on the
electronic hand dynamometer was used on all
participants. Each participant was instructed to
perform a single bout of isometric handgrip
exercise using their dominant hand to determine
their Maximum Voluntary Contraction (MVC).
Based on the calculated MVC, 30% and 50%
MVC values were derived for each participant.
The exercise protocol involved performing four
sets of two-minute unilateral isometric handgrip
exercises at 30% MVC and 50% MVC, with a
one-minute rest period between each set, all
using the dominant hand. Each participant's
systolic blood pressure, diastolic blood pressure,
and heart rate were measured using a noninvasive
digital sphygmomanometer monitor after 30%
and 50%MVC unilateral isometric exercise.

Statistical analysis

The data were analysed using an appropriate
statistical two-way repeated measure ANOVA
test to determine the difference in
cardiovascular  alteration after unilateral
isometric handgrip exercise at two intensities.
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Results

The results of this study were designed to
determine cardiovascular alterations after
unilateral hand grip exercise (UIHG) at two
different intensities in young adults. The mean
systolic blood pressure (SBP) at baseline was
111.67 + 11.05 mmHg, while the mean SBP at
30% maximum voluntary contractions (MVC)
UIHG was 113.00 + 11.93 mmHg. The mean
difference of 1.33 £ 8.83 mmHg is not clinically
meaningful, with a 95% confidence interval (-
4.63 to 1.96). The paired t-test showed no
statistically significant difference. Therefore, the
null hypothesis is accepted, indicating no
significant difference in SBP between baseline
and 30% MVC. The mean SBP at baseline was
111.67 £11.05 mmHg, and the mean SBP at 50%
MVC UIHG was 115.10 = 11.16 mmHg. The
mean difference of 3.43 + 6.22 mmHg indicates
a clinically meaningful increase, with a 95%
confidence interval (-5.76 to -1.11). The mean
SBP at 30% MVC UIHG was 113.00 + 11.93
mmHg, while the mean SBP at 50% MVC UIHG
was 115.10 + 11.16 mmHg. The mean difference
of 210 = 6.93 mmHg is not clinically
meaningful. The mean diastolic blood pressure
(DBP) at baseline was 67.73 £ 9.55 mmHg, and
the mean DBP at 30% MVC UIHG was 66.63
8.90 mmHg. The mean difference of 1.10 + 6.43
mmHg is not clinically meaningful, with a 95%
confidence interval (-1.30 to 3.50). The mean
DBP at baseline was 67.73 + 9.55 mmHg, and the

mean DBP at 50% MVC UIHG was 68.46 + 9.71
mmHg. The mean difference of 0.73 = 6.59
mmHg is not clinically meaningful, with a 95%
confidence interval (-3.19 to 1.73). The mean
DBP at 30% MVC UIHG was 66.63 + 8.90
mmHg, and the mean DBP at 50% MVC UIHG
was 68.46 + 9.71 mmHg. The mean difference of
1.83 £ 6.89 mmHg is not clinically meaningful.
The mean heart rate (HR) at baseline was 71.40
+ 13.23 bpm, while the mean HR at 30% MVC
UIHG was 71.33 £+ 14.18 bpm. The mean
difference of 0.07 + 5.19 bpm is not clinically
meaningful. The mean HR at baseline was 71.40
+ 13.23 bpm, and the mean HR at 50% MVC
UIHG was 71.20 £ 12.93 bpm. The mean
difference of 0.20 + 5.85 bpm is not clinically
meaningful, with a 95% confidence interval (-
1.98 to 2.38). The mean HR at 30% MVC UIHG
was 71.33 + 14.18 bpm, and the mean HR at 50%
MVC UIHG was 71.20 £ 12.93 bpm. The mean
difference of 0.13 £ 6.33 bpm is not clinically
meaningful.

Discussion

From the analysed data in the study, it was
observed that the immediate effect of unilateral
isometric handgrip exercise (UIHG) on systolic
blood pressure (SBP) showed a statistically
significant difference (p = 0.01 <0.05) when done
at an intensity of 50% maximum voluntary
contractions (MVC) (p<0.05). The mean
difference (-3.43+£6.22mmHgq) revealed a minor
meaningful clinical alteration in young adults.

Table 1: Paired t-test results for systolic and diastolic blood pressure (SBP & DBP)

across different conditions

Hypothesis Condition Mean + SD N

Mean t P- Conclusion

difference + SD Value Value

SBP Baseline vs. 111.67 £ 11.05 vs.

Null hypothesis

! 30% MVC 113.00 +£11.93 30133+883 -0.83 0415 accepted (p > 0.05).
SBP Baseline vs. 111.67 + 11.05 vs. Null hypothesis
2 50% MVC 115.10 + 11.16 30343622 -3.02.0.005 rejected (p < 0.05).
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. . Mean t- p- .
Hypothesis Condition Mean £ SD difference + SD Value Value Conclusion
0 -
3 SBP 30% MVC vs. 113.00 +11.93 vs. 30 2.10 + 6.93 166 0.108 Null hypothesis

50% MVC 115.10 + 11.16

accepted (p > 0.05).

DBP Baselinevs.  67.73 £ 9.55 vs. Null hypothesis

4 3006 MVC 66.63 + 8.90 301.10£643 094 0356 . onted (p > 0.05).
DBP Baselinevs.  67.73 £9.55 vs, Null hypothesis

5 50% MVC 68.46 + 9.71 300.73+6.59 061 0.547 accepted (p > 0.05).

DBP 30% MVC vs. 66.63 +8.90 vs

6 ' 30 1.83+6.89 -1.46  0.156

50% MVC 68.46 + 9.71

Null hypothesis
accepted (p > 0.05).

MVC: maximum voluntary contraction

Table 2: Paired t-test results for heart rate (HR) across different conditions

. L Mean t- p- .
Hypothesis Condition Mean = SD difference + SD Value Value Conclusion
7 HR Baseline vs. 71.40 £ 13.23 vs. 30 0.07 +5.19 007 0944 Null hypothesis

71.33+£14.18
71.40 +13.23 vs

30% MVC
HR Baseline vs.

accepted (p > 0.05).
Null hypothesis

8 50% MVC 71.20+12.93 30020 £5.85 0.19 0853 accepted (p > 0.05).
HR 30% MVCvs. 71.33+14.18 vs. Null hypothesis
9 50% MVC 71.20 £12.93 300.13£6.33 0.115 0.909 accepted (p > 0.05).

MVC: maximum voluntary contraction

However, at an intensity of 30% (MVC), SBP
showed no immediate alterations; likewise, the
mean difference between the baseline measure
for SBP and the measure of UIHG at 30%MVC

showed no meaningful clinical alterations
(1.33+8.83mmHg) in young adults.
Furthermore, there was no statistically

significant difference (p = 0.42 > 0.05) in the
immediate alterations of SBP measured at 30%
and 50% MV C following UIHG, while the mean
difference also showed no meaningful clinical
alterations; this agreed with the works of Laird
et al. (1979), who reported that isometric
exercise produced significant (p < 0.001)
alteration at high-intensity SBP but no alteration
at low-intensity. Based on the descriptive
analyses, the diastolic blood pressure (DBP), the
mean difference between baseline and
30%MVC (1.10+6.43mmHg), between baseline
and 50%MVC (0.73+6.59mmHg), and between
30% MVC and 50%MVC (1.83+£6.89mmHg)
showed no meaningful clinical alterations

following the UIHG. The level of significance
observed in the inferential statistics (paired
sample t-test) used between baseline and 30%
MVC; between baseline and 50% MVC,
between 30% MVC and 50%MVC showed no
statistically significant (p > 0.05) difference
following the immediate use of UIHG; this
agrees with the works of Badrov et al. (2013),
which reported that isometric handgrip training
produced no changed DBP in any group (all
p > 0.05).

Based on the descriptive analyses, the heart rate,
the mean difference between baseline and
30%MVC (0.67+5.19bpm), between baseline
and 50%MVC (0.20£5.85bpm), between 30%
MVC and 50%MVC (0.13+6.33bpm) showed
no meaningful clinical alterations following an
immediate UIHG. The level of significance
observed in the inferential statistics (paired
sample t-test) used between baseline and 30%
MVC, between baseline and 50% MVC,
between 30% and 50%MVC showed no
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statistically significant (p > 0.05) difference
following the immediate use of UIHG; this
agrees with works of Badrov et al. (2013),
which reported that isometric handgrip training
produces no changes HRV in any group
(all p>0.05).

Conclusion and recommendations

Immediate cardiovascular alteration to blood
pressure can only occur at 50%MVC of
unilateral isometric handgrip exercise (UIHG),
30% and 50%MVC of UIHG produced no
cardiovascular alteration to heart rate UIHG as
50%MVC might be an effective intensity to
improve cardiovascular fitness and athletic
performance.

Future  studies could explore  other
cardiovascular alteration variables (such as
mean pressure, cardiac output and pulse
pressure stability) with a unilateral isometric
handgrip exercise. Longitudinal studies may
also be conducted on cardiovascular alteration
and its relationships with factors such as
forearm and arm girth.

Limitations of the study

% Small Sample Size: The study was
conducted with only 30 participants, which
may limit the generalizability of the findings
to a large population.

%+ Homogeneous Demographic: All
participants were undergraduate students of
the University of Benin aged 17-30 years as
a trial study; this narrowed age range. So, a
specific educational background may not
reflect the diversity of cardiovascular
responses in other age and sectional groups.

% Single Measurement Tool: The study relied
solely on a noninvasive  digital
sphygmomanometer for measuring systolic
blood pressure, diastolic blood pressure, and
heart rate. So, using more advanced or
multiple measurement tools than the
aforementioned might provide more

accurate and comprehensive data than this
study.

Implications for physiotherapy practice
The findings of this study have important

implications  for  physiotherapy practice,
particularly in designing interventions for
cardiovascular ~ fitness and  monitoring

cardiovascular responses in young adults:

% The results indicate that a unilateral
isometric  handgrip exercise (UIHG)
performed at 50% maximum voluntary
contraction (MVC) can produce a
statistically  significant and clinically
meaningful increase in systolic blood
pressure  (SBP); this suggests that

physiotherapists can consider 50% MVC as
an appropriate exercise intensity for
individuals aiming to improve
cardiovascular fitness, particularly in low-
resistance settings or as part of rehabilitation
programs.

+ UIHG training at higher intensities has been
identified in previous studies as a valuable
adjunct for blood pressure management.
Given the cardiovascular alterations
observed at 50% MVC, physiotherapists can
explore its utility as part of non-
pharmacological interventions for pre-
hypertensive or hypertensive populations,
especially where dynamic exercises are
contraindicated.

%+ The absence of significant alterations at 30%
MV C for SBP, DBP, and heart rate indicates
that low-intensity UIHG may not induce
cardiovascular strain; this is useful for
physiotherapists managing patients with
cardiovascular risk factors or frailty, as low-
intensity isometric exercises can be safely
prescribed without concerns for adverse
cardiovascular responses.

% The increase in SBP at 50% MVC may also
affect athletes undergoing strength and
endurance training. Physiotherapists can
integrate  UIHG exercises at higher
intensities as part of pre-conditioning
programs to improve vascular response and
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muscular endurance in sports requiring grip
strength.

% Physiotherapists  should  know  the
cardiovascular effects associated with
UIHG at varying intensities. Regular
monitoring of blood pressure and heart rate
is crucial when prescribing isometric
exercises, particularly for populations with
underlying cardiovascular conditions, to
ensure safety and efficacy.

% The findings emphasise the need for
physiotherapists to explore isometric
exercises further in rehabilitation settings.
UIHG may be integrated into protocols for
individuals  recovering  from  stroke,
musculoskeletal injuries, or deconditioning,
as it can provide localised muscular
engagement with measurable cardiovascular
responses.

Funding: No external funding
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