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Exercise-Induced Hypertension: A Review of Plausible
Mechanisms and Clinical Significance

Ayechew Adera Getu*

ABSTRACT

This literature review is aimed to present the effect of exercise on blood pressure. More
specifically it addresses the pathophysiological mechanisms as to how exaggerated blood
pressure is occurring following experimental exercise and its predictive power for future
new onset hypertension. Literatures searched using key words; ‘Cardiovascular diseases’,
‘Exercise’, 'hypertension’, ‘Hypertensive Response to Exercise (HRE), ‘Hemodynamic
Changes’ from search engines including PubMed, Cochrane Database and Google scholar.
Blood pressure (BP) is the lateral pressure exerted on the wall of elastic arteries and it is critical
for distribution of blood to metabolic tissues in need of oxygen and nutrients. Elevated BP or
hypertension is often considered as a silent killer and is a risk factor for cardiac, neuronal and
renal insults. A systolic BP of > 210mmHg in males and > 190 mmHg in females to exercise
testing is defined the term exercise-induced hypertension. An exaggerated increase in BP
to exercise is a good predictor for the incidence of hypertension in other wise normotensive
individuals. A hyperactivity of the sympathetic nervous system along with activation of
renin-angiotensin system, a pre-existed endothelial dysfunction associated with a defect in
release of nitric oxide, arterial stiffness and concurrent metabolic syndrome are the putative
factors involved in exaggerated BP response to exercise. An exaggerated BP response
to exercise in normotensives is a predictor for new onset hypertension and target organ
damage. Therefore, early detection is paramount to prevent the complication and economic
cost of hypertension.

Key words: Cardiovascular Disease, Exercise, Hypertension, Hypertensive Response to

Ayechew Adera Getu*

Assistant Professor of Physiology,
Department of Physiology, School of
Medicine, University of Gondar, Gondar,
ETHIOPIA.

*Correspondence

Mr. Ayechew Adera Getu, MSc
Assistant Professor of Physiology,
Department of Physiology, School
of Medicine, University of Gondar,
Gondar, ETHIOPIA.

Phone: +251 0910866216
Email: ayechewadera09@gmail.com

History

* Submission Date: 02-04-2020;
e Review completed: 15-05-2020;
e Accepted Date: 11-06-2020.

DOI : 10.5530/ijcep.2020.7.2.13

Article Available online
http://www.ijcep.org

Copyright

© 2020 Phcog.Net. This is an open-
access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Exercise, Hemodynamic Changes.

INTRODUCTION

Blood pressure (BP) is the lateral pressure exerted
on the wall of blood vessels and is a homeostatic
parameter critical for distribution of blood to
metabolic tissues. The mean arterial blood pressure
is responsible for tissue perfusion throughout the
cardiac cycle (i.e. during contraction and relaxation
of the ventricle). The Joint National Committee on
Prevention, Detection, Evaluation and Treatment
of High Blood Pressure in its seventh report!!!
provides a classification of blood pressure for adults
aged >18 years. Normal BP is defined as levels
<120/80 mmHg. Systolic blood pressure (SBP) of
120-139 mmHg or diastolic blood pressure (DBP)
of 80-89 mmHg is classified as prehypertension.
Individuals in prehypertension state are at high risk
of progression to hypertension. Hypertension is
defined as systolic blood pressure >140 mmHg or
diastolic blood pressure > 90 mmHg. Hypertension
is a key risk factor for cardiovascular, neuronal and
renal diseases.? It is often a silent medical condition
and becoming the major cause of premature death
affecting about 1.13 billion people worldwide in
which the majority of cases are living in low- and
middle-income countries.?!

Determinants of Blood Pressure

Blood pressure is the result of the peripheral arterial
resistance and the cardiac out. The cardiac output is
the volume of blood that is ejected from the ventricles
in a minute. Blood pressure normally fluctuates in a
single cardiac cycle (i.e. increases during the ejection
process (ventricular systole) and decreases during
the filling process (ventricular diastole). According
to Hagen — Poiseuille law, blood pressure depends
on cardiac output, elasticity of the large arteries and
blood viscosity.! Accordingly, factors affecting
the volume of blood in the circulation, the cardiac
activity and the compliance and radius of arteries
would determine the force that will be exerted on
the wall of the arteries.

Hemodynamic Responses to Exercise

Exercise is a load exerted on the body that the
integrative work of the systems of the organism need
to adapt. The bodily response for exercise or physical
stress is linked with increased metabolic demand
which in turn is associated with increased oxygen
consumption and blood flow towards the metabolic
tissues. In essence, there will be appropriate and
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often adaptive reactions in the cardiovascular system, respiratory system,
the endocrine systems, the renal and the gastrointestinal system. During
exercise SBP increases to satisfy the increased demand for oxygenation.
Nevertheless, in certain people an abnormal increase in BP is observed
and excessive SBP reaction to exercise was shown to be related to future
cardiovascular events.?!

Throughout exercise the blood flow to the skeletal muscle will
increase, while the flow to the renal and gastrointestinal system will
decrease.l) The cardiac output and minute ventilation would also be
increased to cope with increased metabolic demand from the exercising
tissues.”! An increase in blood flow to the skeletal muscles means
that there is a profound vasodilation of vasculatures which in turn is
expected to decrease the total peripheral resistance. Physical exercise
is believed to increase the cardiac sympathetic activity along with a
reduction in parasympathetic flow which ultimately increasing the heart
rate, stroke volume and hence cardiac output. The enhanced activity of
the sympathetic nervous system during exercise also goes to the renal
and splanchnic vasculatures and facilitate the redistribution of blood
flow from these regions towards the exercising muscles.!®!

The influence of the autonomic nervous system on the cardiovascular
system during exercise is well recognized. A decreased in vagal activity
to the heart is believed to be responsible for the rise in heart rate during
initial phases of exercise. However, as the exercise continues, further
increase in heart rate is a result of increased in sympathetic activity to
the heart which in turn increases the force of contraction and conduction
velocity and cardiac output.”’’ Reports also showed that the changes
occurring in the cardiovascular system during exercise and consequent
alterations in blood flow to the skeletal muscles are accompanied
by alterations within the parasympathetic and sympathetic nervous
system. 1%

Exaggerated Blood Pressure Response to Exercise

The mechanisms underlying an excessive increase in blood pressure
during exercise are not well recognized. Risk factors for the development
of hypertension are multiple and early detection in otherwise healthy
individual is paramount for prevention of the occurrence of hypertension
and its complications. This review presents the putative mechanisms
proposed to bring an exaggerated blood pressure response to exercise or
exercise induced hypertension.

What is Exaggerated Blood Pressure Response to
Exercise?

There is no a single and concise definition to exaggerated blood pressure
response to exercise. Some investigators take only elevated systolic
BPIM2l and others take both systolic and diastolic BPs.['¥) Nevertheless,
exaggerated blood pressure (hypertensive response) to exercise
(treadmill or bicycle) is often defined as a SBP of > 210 mmHg for male
and > 190 for females or a delayed return of SBP to pre-exercise levels
or a 10 mmHg increase in DBP from the pre-testing level.'*!*) Studies
reported that exercise testing for the presence of hypertensive response
to exercise serves as a better risk predictor than resting blood pressure
for occurrence of future hypertension and end-organ insults.!'"2!

Hypertension during exercise in otherwise normotensive adults is not
uncommon. According to several reports, the prevalence ranges from
4 % to 40 %.!"8 This wide variation in prevalence might be due to the
difference in degree of exercise, type of the test (treadmill, Bicycle),
the cutoff point for exaggerated blood pressure and the sample size to
mention a few. A study done by in normotensive men and women
reported that an exaggerated DBP response to exercise was associated
with a 2- to 4-fold risk for new-onset hypertension. This study also
found that the incidence of hypertension would be substantially high

in individuals with a diminished recovery SBP response. A 17 years of
follow up study of 4907 otherwise health middle aged men with mildly
elevated causal blood pressure by Filipovsky and colleagues indicated
that maximal exercise blood pressure is an independent risk factor for
cardiovascular diseases.['”!

According to Wilson MF, ef al. normotensive individuals at risk for the
development of hypertension have shown an exaggerated blood pressure
response to exercise and this might be due to weak adaptation of the
peripheral vasculature in proportion to the cardiac output increased.!'”
In summary, exaggerated blood pressure response to exercise can be
considered as a disease marker for cardiovascular diseases. Intensive
life style modification including diet management can decrease the
incidence of exaggerated blood pressure exercise and this can be one
reason to consider exaggerated blood pressure response during exercise
is a cardiovascular disease marker.!']

Putative Mechanisms

Neurohormonal Mechanism

During exercise there will be a reduction of the activity of the
parasympathetic nervous system associated with enhanced activity of
the sympathetic nervous system. The end results of these often opposite
neural entity are an increased heart rate, increased the contractility
and stroke volume which ultimately increase cardiac output and hence
blood pressure. Additionally, increased sympathetic activity towards
vasculatures causes vasoconstriction which in turn increases vascular
resistance. An increase in cardiac output together with increased vascular
resistance will increase blood pressure. The autonomic nervous system
and renin-angiotensin-aldosterone systems play an important role in
control of blood pressure during exercise. These systems coordinate
together to regulate the function of the cardiovascular system at rest and
stressful situation like during exercise.

Studies outlined that stimulation of the sympathetic nervous system
and activation of the renin-angiotensin system has been linked with
an exaggerated blood pressure response to exercise. Abnormal
functioning of the autonomic nervous system might be responsible
for the pathogenesis of early stages of hypertension. Under normal
conditions there is a decline in sympathetic tone and rebound of vagal
stimulation during post-exercise period. However, if there is abnormal
functioning of the autonomic nervous system to control the heart and
blood vessels there might be no proper decline in peripheral resistance
which could be one explanation for elevated systolic blood pressure
during exercise.!

There are also evidences supporting the role of angiotensin-II in
exaggerated response to exercise. Warner, et al. reported that blocking
angiotensin II receptors reduces the peak systolic blood pressure during
exercise in individuals with exaggerated blood pressure response to
exercise.?"! Chi Young Shim ef al. suggested that one putative mechanism
for the hypertensive response to exercise is an augmented production
of angiotensin II during exercise.” These observations indicated the
role of angiotensin-II in contributing to an exaggerated blood pressure
response to exercise.

A Defect in Arterial Compliance

The arterial wall is constantly exposed for a force of fluid. The pressure
created by this wall stress is determined by the elasticity or compliance
nature of the arteries. The wall of arteries especially the larger ones lose
compliancy over time. This phenomenon is known as arterial stiffness.
Vlachopoulos C and colleagues speculated that increasing large arterial
stiffness is associated with elevated arterial blood pressure and is an
independent predictor of mortality under resting conditions.”? As
age increases the elasticity nature of arterial wall is become decreasing
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which might be a risk factor for hypertension and other cardiovascular
diseases. Interestingly, life style modifications like diet™®! and exercise/®"
can decrease the degree and progression of arterial stiffness and reduce
the incidence of cardiovascular morbidity and mortality.

Laurent S, et al. also reported that one putative factor for an exaggerated
response to exercise could be the stiffing of larger arteries which is
profoundly presenting with aging and with other concomitant vascular
diseases.”™ Additionally, a comparative study done by reported
that a reduced arterial compliance in women along with sympathetic
activation and increased ventricular filling pressure has an exaggerated
blood pressure for exercise testing. This reduction in aortic compliance
will reduce the buffering capacity of blood pressure and may result in an
abnormal increase in systolic blood pressure.

Impaired Endothelial Function

The endothelium is a single layer of cells that lines the tunica intima
of blood vessels and plays a major role in the modulation of vascular
angiogenesis, inflammatory responses and vascular and
permeability.””) Endothelial cells normally regulate vascular tone by
releasing relaxing and constricting factors such as nitric oxide synthase
(NOS)-derived nitric oxide (NO), arachidonic acid metabolites, reactive
oxygen species (ROS) and vasoactive agents. Exercise induces the
vasodilation of blood vessels supplying the exercising muscle tissue
thereby increasing blood flow to supply more oxygen and nutrients.
Green DJ, et al. reported that as the blood flow increases through arterial
vessels hemodynamic drag forces on the endothelium increase and such
increases in ‘shear’ stress stimulate NO release from the endothelium.
81 Adequate and continuous production of NO is also critical to
regulate blood flow and pressure as it has the capacity to counteract the
vasoconstrictor tone of sympathetic nervous system.?*!

tone

Several studies have shown that impairment in endothelial function
may be associated with an exaggerated blood pressure response to
exercise.”*2 Tzemos N, et al. found that an exaggerated SBP response to
submaximal exercise is closely related to underlying systemic endothelial
dysfunction as evidenced by reduced NO bioactivity, reduced proximal
aortic compliance and high exercise-induced angiotensin II levels in
otherwise healthy sedentary volunteers.”) Taken together, impairment
in the endothelium to play its vasodilator function can be a mediator
of exercise induced hypertension and this may be a future study target
to quest a preventive and management strategy as exaggerated blood
pressure response is a marker of progression to hypertension.

Metabolic Syndrome

Metabolic syndrome is defined by a group of risk factors that increase
the risk of cardiovascular diseases, diabetes and stroke. These risk factors
include high blood pressure, abdominal obesity, insulin resistance,
dyslipidemia and more. Gaudreault, V et al. reported that the prevalence
of exercise induced hypertension in individuals with metabolic syndrome
was 47%.°% In their report patients with exaggerated hypertensive
response to exercise showed in deterioration in their risk factors.
Their anthropometric parameters were increased. Moreover, patients
presented with severe metabolic abnormalities including higher low
density lipoprotein, fasting blood glucose, as well as insulin resistance.*!

A decrease in insulin sensitivity of tissues found in metabolic syndrome
may be involved in the pathogenesis of exercise induced hypertension as
studies speculated that insulin resistance is associated with endothelial
dysfunction. Evidence also showed that the presence of insulin
resistance is associated with activation of both the renin-angiotensin and
sympathetic nervous systems which contribute for exaggerated response
of blood pressure to exercise.*!

Brett et al. reported that low density lipoprotein cholesterol and insulin
resistance have shown to be correlated with increased diastolic blood
pressure during maximal exercise test in those study participants without
metabolic syndrome.® They suggested that low density lipoprotein
cholesterol is strongly associated with endothelial malfunction. Thus,
this could be involved in exercise induced hypertension in patients
with metabolic syndrome by impairing normal endothelial role in
vasodilation.>?¢!

Conclusion and Future Perspectives

Exaggerated blood pressure response in otherwise healthy normotensive
individuals to exercise is found to be an independent risk factor for
the development of hypertension and its target organ complications
including variety of cardiovascular diseases. An exaggerated blood
pressure response to exercise is associated with a 2 to 3 fold increase
in risk of progressive development of hypertension in normotensives.
Though there is no a single conclusive explanation as to how exercise
induces hypertension arises, evidences showed that the causes are
multifactorial. It has been suggested that exaggerated blood pressure
response to exercise is related with a failure of total peripheral resistance
to reduce during exercise along with hyperactivity of the sympathetic
nervous system and the stimulation of angiotensin-II production during
exercise. Nevertheless, studies recommend the practice of assessing
blood pressure of individuals outside the clinic by utilizing treadmill
and bicycle ergometer protocols. Further studies is warranted to identify
the mechanism of exercise induced hypertension at the cellular and
molecular levels to foster the opportunity to detect abnormalities at
earlier times and prevent the progression towards hypertension and its
end-organ sequels.
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