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Hypertension is a major risk factor for the development of stroke,
heart failure, coronary heart disease, peripheral artery disease, and
renal disease [1,2]. Currently, 67 million (~30%) Americans are
diagnosed with hypertension and less than half of these individuals
are receiving effective antihypertensive therapy [3]. When left
untreated, hypertension often leads to these more detrimental
diseases, thereby exponentially increasing the financial burden of
hypertension treatment. Regular physical activity is often considered
the cornerstone of preventing and managing hypertension; however,
individuals with hypertension exhibit marked exercise intolerance [4]
characterized by an exaggerated increase in blood pressure during
physical activity (i. e. exercise pressor reflex) [5-7]. This excessive
exercise pressor reflex and concomitant reduction in muscle blood
flow, increase the risk of adverse cardiovascular events such as
myocardial infarction, cardiac arrest, or stroke during or immediately
after exercise [6,7] and is an established risk factor for cardiovascular
morbidity and mortality [8].
The exercise pressor reflex originates at the skeletal muscle
and involves group III (mechanoreceptors) and group IV
(metaboreceptors) afferent fibers that participate in the modulation of
sympathetic nervous system activity during exercise [9,10]. Muscular
contraction results in mechanical distortion and metabolic stimuli
which activate the group III and IV afferents in a graded fashion to
increase heart rate (HR), blood pressure (BP), and vascular resistance
[11,12]. We recently reported that in healthy individuals continuous
feedback from the afferent fibers is obligatory for the appropriate
hemodynamic and metabolic responses to both passive and dynamic
exercise in humans [13,14]. In hypertension these receptors may
be overactive owing to exaggerated increases in BP and HR which
may facilitate symptoms contributing to exercise intolerance in these
individuals [4]. In a rat model of hypertension the pressor response
to muscle contraction was positively correlated to the baseline mean
arterial pressure (MAP). Additionally, during activities of a relatively
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non-strenuous nature (i. e. low levels of tension development)
the increase in MAP was enhanced in hypertension [15,16]. This
increased sensitivity of the afferent fibers may be directly related to
reduced skeletal muscle perfusion and impaired oxygen delivery
during exercise with hypertension [17]. Impaired blood flow during
exercise in hypertension would result in an accelerated accumulation
of metabolic by products thus stimulating the group IV metabolically
sensitive afferents.
Human hypertension research implicates the metaboreceptors
as a major contributor to the augmented exercise pressor reflex [18],
while animal models of hypertension also reveal a contribution of
over sensitive mechanoreceptors to the exaggerated exercise pressor
reflex [12,15,16,19]. Delineation of the respective contribution of the
group III and group IV afferents is important in the development
of therapeutic strategies aimed at attenuating or abolishing the
excessive exercise pressor reflex in hypertension. Currently, the
mechanisms responsible for the heightened sensitivity of afferent
fibers are not known, however elevated free radicals and oxidative
stress may contribute to this phenomenon. In fact, elevated free
radical production and the accompanying increase in oxidative stress
may be a common denominator in the etiology of this disease [2022]. Oxidative stress contributes to reductions in vascular function
with hypertension and aging and may play a role in the reduced blood
flow present in this condition [17]. Additionally, free radicals have
been reported to directly activate group IV muscle afferents at rest
and during exercise [23], potentially contributing to the excessive
exercise pressor reflex observed in this pathology. Specifically, animal
studies have identified that free radicals, when applied directly to
the group IV skeletal muscle afferents, provide a potent stimulus to
the muscle metaboreceptors to increase firing frequency and raise
blood pressure. Conversely, pre-treatment with superoxide dismutase
(SOD) effectively abolished the stimulatory impact of the free radicals
[23], providing convincing evidence for the direct involvement
of oxidative stress in the exercise pressor reflex. Interestingly, the
attenuated skeletal muscle blood flow during exercise associated with
aging is, at least in part, ameliorated by the acute administration of an
oral antioxidant cocktail (Vit C, E, and alpha lipoic acid), improving
muscle perfusion and O2 availability [24].
At this point we are left with the question, “is exercise safe in
hypertension”? On one hand we know that exercise reduces blood
pressure while simultaneously improving the function of multiple
organ system. Unfortunately the exaggerated exercise pressor reflex
is a real phenomenon that directly places a hypertensive patient at
increased cardiovascular risk during or after exercise. Therefore,
identifying the mechanisms associated with the augmented exercise
pressor reflex and impaired blood flow response to exercise will be
critical in the development of novel strategies aimed at improving
exercise tolerance and reducing risks associated with exercise in
hypertension. In order for exercise to be a viable and safe treatment
for hypertension the causes and consequences of the exaggerated
exercise pressor reflex must be clearly understood.

Citation: Trinity JD, Lui CY. Is Exercise Safe in Hypertension?. Austin J Clin Cardiolog. 2014;1(1): 1001.

Lui

Austin Publishing Group

References
1. Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA, Ray CA.
American College of Sports Medicine. American College of Sports Medicine
position stand. Exercise and hypertension. Med Sci Sports Exerc. 2004; 36:
533-553.
2. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, et
al. Seventh report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure. Hypertension. 2003; 42:
1206-1252.

S, et al. Limb movement-induced hyperemia has a central hemodynamic
component: evidence from a neural blockade study. Am J Physiol Heart Circ
Physiol. 2010; 299: H1693-1700.
14. Amann M, Runnels S, Morgan DE, Trinity JD, Fjeldstad AS, Wray DW, et
al. On the contribution of group III and IV muscle afferents to the circulatory
response to rhythmic exercise in humans. J Physiol. 2011; 589: 3855-3866.
15. Mizuno M, Murphy MN, Mitchell JH, Smith SA. Skeletal muscle reflex-mediated
changes in sympathetic nerve activity are abnormal in spontaneously
hypertensive rats. Am J Physiol Heart Circ Physiol. 2011; 300: H968-977.

3. Valderrama A, Gillespie C, King S, George M, Hong Y, Gregg E. Vital Signs:
Awareness and Treatment of Uncontrolled Hypertension Among Adults —
United States, 2003–2010. Morbidity and Mortality Weekly Report. 2012; 61:
703-709.

16. Smith SA, Williams MA, Leal AK, Mitchell JH, Garry MG. Exercise pressor
reflex function is altered in spontaneously hypertensive rats. J Physiol. 2006;
577: 1009-1020.

4. Lim PO, MacFadyen RJ, Clarkson PB, MacDonald TM. Impaired exercise
tolerance in hypertensive patients. Ann Intern Med. 1996; 124: 41-55.

17. Nyberg M, Jensen LG, Thaning P, Hellsten Y, Mortensen SP. Role of nitric
oxide and prostanoids in the regulation of leg blood flow and blood pressure in
humans with essential hypertension: effect of high-intensity aerobic training. J
Physiol. 2012; 590: 1481-1494.

5. Kahn JF. [The static exercise-induced arterial hypertension test]. Presse Med.
1991; 20: 1067-1071.
6. Kokkinos PF, Andreas PE, Coutoulakis E, Colleran JA, Narayan P, Dotson
CO, et al. Determinants of exercise blood pressure response in normotensive
and hypertensive women: role of cardiorespiratory fitness. J Cardiopulm
Rehabil. 2002; 22: 178-183.
7. Smith SA. Exercise in hypertension: do skeletal muscle reflexes make this a
dangerous proposition? Am J Physiol Heart Circ Physiol. 2010; 299: H13021303.
8. Weiss SA, Blumenthal RS, Sharrett AR, Redberg RF, Mora S. Exercise
blood pressure and future cardiovascular death in asymptomatic individuals.
Circulation. 2010; 121: 2109-2116.
9. Kaufman MP, Longhurst JC, Rybicki KJ, Wallach JH, Mitchell JH. Effects of
static muscular contraction on impulse activity of groups III and IV afferents in
cats. J Appl Physiol Respir Environ Exerc Physiol. 1983; 55: 105-112.
10. McCloskey DI, Mitchell JH. Reflex cardiovascular and respiratory responses
originating in exercising muscle. J Physiol. 1972; 224: 173-186.
11. Murphy MN, Mizuno M, Mitchell JH, Smith SA. Cardiovascular regulation
by skeletal muscle reflexes in health and disease. Am J Physiol Heart Circ
Physiol. 2011; 301: H1191-1204.
12. Smith SA, Mitchell JH, Garry MG. The mammalian exercise pressor reflex in
health and disease. Exp Physiol. 2006; 91: 89-102.

18. Delaney EP, Greaney JL, Edwards DG, Rose WC, Fadel PJ, Farquhar WB.
Exaggerated sympathetic and pressor responses to handgrip exercise in
older hypertensive humans: role of the muscle metaboreflex. Am J Physiol
Heart Circ Physiol. 2010; 299: H1318-1327.
19. Mizuno M, Murphy MN, Mitchell JH, Smith SA. Antagonism of the TRPv1
receptor partially corrects muscle metaboreflex overactivity in spontaneously
hypertensive rats. J Physiol. 2011; 589: 6191-6204.
20. Cai H, Harrison DG. Endothelial dysfunction in cardiovascular diseases: the
role of oxidant stress. Circ Res. 2000; 87: 840-844.
21. Lacy F, O’Connor DT, Schmid-Schönbein GW. Plasma hydrogen peroxide
production in hypertensives and normotensive subjects at genetic risk of
hypertension. J Hypertens. 1998; 16: 291-303.
22. Mehta JL, Lopez LM, Chen L, Cox OE. Alterations in nitric oxide synthase
activity, superoxide anion generation, and platelet aggregation in systemic
hypertension, and effects of celiprolol. Am J Cardiol. 1994; 74: 901-905.
23. Delliaux S, Brerro-Saby C, Steinberg JG, Jammes Y. Reactive oxygen
species activate the group IV muscle afferents in resting and exercising
muscle in rats. Pflugers Arch. 2009; 459: 143-150.
24. Wray DW, Nishiyama SK, Monnet A, Wary C, Duteil SS, Carlier PG, et al.
Antioxidants and aging: NMR-based evidence of improved skeletal muscle
perfusion and energetics. Am J Physiol Heart Circ Physiol. 2009; 297: H18701875.

13. Trinity JD, Amann M, McDaniel J, Fjeldstad AS, Barrett-O’Keefe Z, Runnels

Austin J Clin Cardiolog - Volume 1 Issue 1 - 2014
ISSN : 2381-9111 | www.austinpublishinggroup.org
Lui et al. © All rights are reserved

Submit your Manuscript | www.austinpublishinggroup.org

Citation: Trinity JD, Lui CY. Is Exercise Safe in Hypertension?. Austin J Clin Cardiolog. 2014;1(1): 1001.

Austin J Clin Cardiolog 1(1): id1001 (2014) - Page - 02

