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Exercise may prevent or reduce the effects of metabolic
and cardiovascular diseases, including arterial hypertension. Both acute and chronic exercise, alone or combined
with lifestyle modifications, decrease blood pressure and
avoid or reduce the need for pharmacologic therapy in
patients with hypertension. The hypotensive effect of
exercise is observed in a large percentage of subjects,
with differences due to age, sex, race, health conditions,
parental history, and genetic factors. Exercise regulates autonomic nervous system activity, increases shear
stress, improves nitric oxide production in endothelial
cells and its bioavailability for vascular smooth muscle,

up-regulates antioxidant enzymes. Endurance training is
primarily effective, and resistance training can be combined with it. Low-to-moderate intensity training in
sedentary patients with hypertension is necessary, and
tailored programs make exercise safe and effective also in
special populations. Supervised or home-based exercise
programs allow a nonpharmacological reduction of
hypertension and reduce risk factors, with possible beneficial effects on cardiovascular morbidity.

Exercise:

recommended therapy in patients with atherosclerotic cardiovascular disease,4 having a positive effect
on cardiovascular longevity.5 Exercise prevents or
reduces the effects of metabolic, neurologic, and cardiovascular diseases, including arterial hypertension,6 with protective action among subjects with
hypertension.5,7

Why?

Inactivity and Vascular Diseases
According to some authors, the human genome
evolved within an environment of high physical activity.1 Physical inactivity may, therefore, be responsible
for a stress-induced or exercise-deficient phenotype2
and various chronic disease conditions,1 including
hypertension. Exercise may reverse the adverse
effects of inactivity,3 improve physical capacity and
quality of life,4 and may represent a validated and
From the Vascular Diseases Center (FM, AMM, SM, MF, PZ,
RM), Center Biomedical Studies Applied to Sport (FM, RM),
Department of Clinical and Experimental Medicine, Section of
Clinica Medica (RM), University of Ferrara, Department of
Rehabilitation Medicine (FM, RM), and Department of Internal
Medicine (BB), S. Anna Hospital, Ferrara, Italy.
This study was supported by a scientific grant “Fondo di Ateneo
per la Ricerca – FAR”, University of Ferrara, Ferrara, Italy.
Address correspondence to: Fabio Manfredini, MD, Vascular
Diseases Center, C/o Centro Studi Biomedici applicati allo
Sport-University of Ferrara, Via Gramicia 35, Ferrara 44100,
Italy; e-mail: mdf@unife.it.

Keywords: life style; exercise; exercise therapy; physical training; hypertension; cardiovascular diseases

Lifestyle and Hypertension
High blood pressure (BP) is a common disease in all
countries including the United States,8 with elevated and increasing prevalence.9 Blood pressure is
associated with an increased incidence of all-cause
and cardiovascular disease mortality,10 independently of other risk factors.9
In individuals with hypertension, BP is normally
counteracted by pharmacological therapy with high
costs and sometimes with low efficacy and adverse
effects.8
Lifestyle modifications are, therefore, recommended to avoid or reduce the pharmacological
therapy in patients with hypertension or to maintain
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an acceptable BP profile in subjects at risk of developing hypertension or prehypertension11-13
Lifestyle modifications are effective alone or
combined with pharmacological therapy.14 Blood
pressure reductions were observed following weight
loss (5-20 mm Hg/10 kg), dietary modification as
the dietary approaches to stop hypertension (DASH;
8-14 mm Hg), and increased physical activity (4-9 mm
Hg). Dietary sodium reduction, low alcohol intake,
and fish oil supplements can also be effective.14,15
Multiple lifestyle changes decreased the prevalence of hypertension in patients with prehypertension and in patients with stage 1 hypertension,16 but
the main behavioral interventions recommended to
reduce BP are exercise and the DASH eating plan.17
A low caloric version of this diet combined with a
moderate-intensity exercise program under supervision decreased BP among overweight adults with
hypertension on antihypertensive therapy.18
The reduction of BP following exercise was
enhanced by a weight loss program in overweight
patients at different stages of hypertension.17,19-21
Diet and exercise, alone or combined, were equally
effective in reducing the BP in subjects with normotensive and mild hypertension, with improvements similar to drug therapy in patients with higher
baseline BP level.8 In some patients, no additional
improvement was derived by drug therapy.22

Effects of Acute and Chronic Exercise
Both acute and chronic exercises are effective in BP
reduction.
Acute aerobic exercise (eg, 30 minutes at 50%
VO2max) improved stress-related BP response 23 and
reduced ambulatory BP in patients with hypertension when performed before the stresses of daily living.24 Acute exercise, alone or in combination with
relaxation, decreased systolic BP (SBP) and diastolic
BP (DBP) during mental stress.25
The acute hypotensive effect of exercise requires
only 40% of maximal capacity26 or 20 to 50 minutes
of moderate aerobic exercise,24,27 whereas even
greater effect can be observed following higher exercise intensity.28
The duration of its effect following a single session of exercise was observed during the 24 hours in
patients with hypertension, with a significant reduction for 5 hours.24,26,29 The duration of the effect
might be related to the exercise intensity and duration. Long-lasting reduction was observed in patients

with hypertension following higher exercise intensity,
with significant SBP and DBP reductions of 13/11
hours after the 75% sessions compared with 4/4
hours for both after 50% intensity.28 The accumulation of sessions of physical activity in prehypertension showed a more prolonged effect on SBP and
DBP than a single continuous session (11/10 hours
vs 5/5 hours).30
The time of day to exercise and the characteristics of subjects with hypertension (eg, dippers and
nondippers) may be related to BP reduction following a single session of exercise.31
Greater BP reductions can be obtained with
more prolonged training.30 According to a metaanalysis of 36 controlled intervention studies, the
average weighted net BP reduction following aerobic
training was 5.3 and 4.8 mm Hg for SBP and DBP,
respectively, with variations related to the baseline
BP value and a gain in exercise capacity.32 A subsequent meta-analysis involving 72 trials and 105
study groups reported a significant reduction in resting and daytime ambulatory BP of 3.0/2.4 mm Hg
and 3.3/3.5 mm Hg, respectively, with higher reduction (−6.9/−4.9) in the patients with hypertension.33
The hypotensive effect of aerobic exercise training
is observed in approximately 75% of people with essential hypertension,34,35 with a nonresponder rate similar
to pharmacological therapy.35 Moderate aerobic exercise alone was not significantly effective in nonobese
patients with mild hypertension and in sedentary, overweight or obese postmenopausal women.36,37
In general, a different effect in response to exercise training has been observed in relation to various
aspects of the population under study.
Age has little or no influence on the changes in
SBP,38 even if middle-aged people with hypertension
are thought to obtain greater benefits than young or
older people.29 In older adults with mild (grade I)
hypertension, however, endurance exercise training
can lower BP or potentiate the effects of antihypertensive medications.39-41
In young people, exercise, besides representing
an effective health strategy for BP in high-risk adolescent girls,42 lowered office BP in young subjects
who were at stage I hypertension.43,44
In relation to sex, the attenuated response of BP
to exercise training of women compared with men38
has not been confirmed by other authors.30 A metaanalysis including 21 studies representing 1029 subjects showed that aerobic exercise in women evokes
a small reduction only in resting SBP, correlated
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with baseline values, initial body mass index, and
resting heart rate.45
Positive effects following intermittent, moderateintensity exercise were observed in postmenopausal
women with hypertension.42
In terms of race, exercise training decreased BP
in African-American patients and Black adults 46,47
and was more effective, especially on SBP reduction
in patients with hypertension from Asia and Pacific
island than in Caucasian patients.29
According to health conditions, more favorable
changes in resting SBP and DBP were observed after
training in patients with hypertension and postmyocardial infarction when compared with healthy
subjects,38,48 with an average BP reduction of −3/−3
mm Hg in patients with normotension, −6/−7 mm Hg
in patients with borderline hypertension, and −10/−8
mm Hg in patients with hypertension,32 and with postexercise reduction as a function of baseline values.49
Among unhealthy subjects, hyperadrenergic
subjects with mild essential hypertension showed a
good response after exercise,50 and dippers significantly reduced the daytime SBP and DBP, whereas
nondippers did not.51 Overweight, normal-weight
subjects,52 and mild hypertensives with higher cardiac index and serum Na:K ratio53 showed a BP
reduction following aerobic exercise. In hemodialysis patients, an endurance exercise training program
or stationary cycling during hemodialysis decreased
both predialysis SBP and DBP with significant
reductions in the antihypertensive medications.54,55
Positive reductions of BP were also observed following exercise training in patients with peripheral
arteriopathy.56
A parental history of hypertension can be related
to a different effect of exercise.
The antihypertensive effect of regular training
can be maintained for 3 years.57 After cessation of
training, BP value returned to pretraining levels
within a month,41 persisted after 3 months in
patients with hypertension43 or increased in young
normotensive women at risk for hypertension.58

Additional Effects on
Hypotensive Action
Exercise training also shows favorable effects for
other risk factors for coronary artery disease and
atherosclerosis.39 A recent meta-analysis showed
improved body composition after training, with significant reductions of body weight (1.2 kg), waist
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circumference (2.8 cm), and percentage body fat
(1.4%).33 Body composition improvements, associated with BP reductions, explained 8% and 17% of
the SBP and DBP reductions, respectively.59
Aerobic exercise reduced cardiovascular reactivity during stressful situations in mild hypertensives60
and increased peak limb vascular conductance in
older hypertensive subjects.61
Exercise also showed positive effects on left ventricular geometry in older people with hypertension.
A regression of left ventricular hypertrophy, concentric remodeling, and reduced thickness of the interventricular septum were observed.46,62,63
Favorable effects on risk factors were also observed
as improved lipid profile33,64 and insulin resistance,33,65
reduced factor VII and fibrinogen concentrations.63
Favorable or nonadverse effects on healthrelated quality of life and moods were reported in
some patients66-68 but not in mildly hypertensive volunteers following a 6-month walking program.69

Exercise: How?
The antihypertensive mechanism of exercise training is multifactorial,70 mainly involving alterations in
the sympathetic nervous system (SNS) and improvement of endothelial function.33,35,70,71

Autonomic Nervous System Activity
Cardiovascular diseases, including hypertension,
are associated with an overactivity of the SNS.72
Physical training regulates autonomic nervous
system activity and induces modifications of the
cardiovascular system function. A decreased SNS
hyperactivity and hypertension in patients and a
lowered sympathetic outflow and resting BP in normal individuals are observed.6,71-73
Following acute aerobic exercise, improvements
in BP responses to stress were not related to variations of heart rate reactivity, but rather, regional
vascular resistance, with significant increases in
postexercise β1- and β2-receptors and lowered norepinephrine availability following a stress task.22,74,75
The effects of exercise training programs on the
autonomic nervous system activity have been evaluated, and responsiveness and density of adrenergic
and muscarinic receptors were evaluated without
obtaining conclusive data, possibly due to methodological aspects.71 The adenosine receptor was not
found related to the training bradycardia.76
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In patients with mild hypertension after exercise
training, a decrease in frequency-modulated sympathetic activity and an increase in vagal modulation of
heart rate were observed.77
Following endurance training, a meta-analysis
involving 72 trials showed a reduction of plasma norepinephrine by 29%,33 whereas other studies showed
a reduction of only urinary and platelet norepinephrine78 or an increase in serum taurine, which is
possibly responsible for the reduction in plasma norepinephrine levels.79 Total plasma catecholamines
were also found reduced after a training programme
in patients with mild hypertension, but changes in
SBP significantly correlated with the changes in
plasma renin activity.66
A marked reduction in resting sympathetic nerve
activity was also observed following endurance training by direct recording by microneurography of postganglionic muscle sympathetic nerve activity from
the peroneal nerve.80 The action of exercise through
the impact of elevated blood volume on low-pressure
baroreceptors was also hypothesized.81
Physical exercise not only induces peripheral
modifications but may also alter neurochemistry and
neuronal function, may increase neurogenesis in
selected brain regions and improve plasticity within
neural networks regulating SNS activity, may lower
sympathoexcitation by reduced activation of neurons within cardiovascular regions of the brain.72,82

Endothelium and Exercise
The endothelium is both a target and a mediator of
arterial hypertension,83 and the exercise-induced
reduction of BP is mediated by improved endothelial
function.40 Exercise training influences the responsiveness of vascular smooth muscle, and some of its effects
are associated with the properties of nitric oxide to
regulate vascular tone, to induce vasodilatation, and
to inhibit excitation–contraction coupling. Nitric
oxide production in endothelial cells and its bioavailability for vascular smooth muscle are increased
by hormones and autacoids, drugs, and physical
stimuli.84-87 Exercise increases blood flow and shear
stress,71,88 up-regulates the level of antioxidant
enzymes (superoxide dismutase, catalase, and glutathione peroxidase) and nonenzymes, including vitamins and flavonoids, and reduces the levels of
pro-oxidant enzymes.89-94 These factors increase nitric
oxide availability in the vascular smooth muscle and
endothelium-dependent vasodilatation.95-98

Regular aerobic exercise can also positively
influence the levels of endothelin-1. This vasoconstrictor agent, contributing to the endothelial dysfunction, is linked to the etiology of various
pathologies, including hypertension.83,99,100

Genotype, Exercise, and Hypertension
In hypertension, genetic factors can play a role in
endothelial dysfunction and in response to exercise.83,101
Aerobic exercise in adolescence, high-intensity
aerobic exercise throughout life, and low DBP in
adulthood were associated with factors partly sharing
the same genes. Genetic factors explained 35% and
39% of the variance in DBP and SBP, respectively.102
The trainability of SBP in families with hypertension seems partly determined by genetic factors,
whereas DBP trainability is more related to environmental effects.103 Angiotensin-converting enzyme
(ACE) gene I/D polymorphism was found associated
with the response to mild exercise therapy in essential hypertensives.104 The possibility that apolipoprotein E, ACE, and lipoprotein lipase genotypes might
identify hypertensive responders to exercise training
in terms of improved BP, lipoprotein lipids, and cardiovascular disease risk has been discussed.105
A polymorphism of nitric oxide synthase 3 was
significantly associated with the prevalence of
systolic hypertension only in the patients with the
lowest physical activity level,106 whereas older hypertensives with the ACE II genotype showed greatest
improvement in insulin action following a 6-month
aerobic exercise program (AEX).107 In addition, exercise reduces genetic predisposition to increased systemic arterial stiffness.108
Exercise training positively influenced the
expression of some genes related with cardiovascular regulation, including BP, in sedentary animals,
either active or trained.109

Exercise: How Much?
Type of Exercise
In a meta-analysis of randomized controlled trials,
aerobic exercise training (walking, jogging, stationary
bicycling, or any combination of these activities) produced a small but clinically significant effect.110
Endurance training is considered effective in lowering the resting BP in patients with mild to severe
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hypertension 39,52,67,77,111,112 with an average reduction
of 10.5/7.6 mm Hg for SBP and DBP, respectively.113
Resistance training was also studied. A slight
SBP reduction during recovery following a single
session of resistance exercise was observed in
women with normotensive and borderline hypertension.114 Resistance exercise programs were found to
reduce resting SBP and DBP of approximately 2%
and 4%, with an average decrease of 3 mm Hg and
without differences between conventional or circuit
resistance training protocols.111,115,116
Resistance training is not recommended as the
only form of exercise for patients with hypertension113
and is considered as a complement to AEXs in
the prevention, treatment, and control of hypertension.10,117 In addition, despite the well-known benefits derived from an increased muscle mass, safety
and effectiveness of resistance training in some populations with cardiovascular disease or low aerobic fitness needs careful evaluation.116
According to some authors, power training in
appropriately configured programs was also considered useful for patients with hypertension.118
Similarly, isometric exercise, generally contraindicated in patients with hypertension, has been
considered effective in normotensive individuals and
in older adults with hypertension when performed as
isometric handgrip training.119-121
Different types of exercise may be also used to
reduce BP. Promising or favorable results in terms of
BP reduction were shown following swimming programs122 or disciplines alternative to conventional
exercise as Qigong or T’ai Chi programs.123-125

Intensity, Volume, and
Exercise Prescription
The effect of exercise on BP has been observed after
energy expenditures requiring a low percentage of the
maximal capacity.26 In general, the intensity of exercise
recommended was from moderate to mild (lactic
threshold or 50% maximum oxygen uptake).70 Lowintensity exercise training was equal or more effective
than moderate-intensity training in reducing resting BP
and BP responses to stress and in obtaining patient
compliance.29,126-128 A similar antihypertensive effect,
primarily diurnal or nocturnal, was observed following
low-intensity or moderate-intensity training in sedentary
patients with mild to moderate hypertension.129 A DBP
reduction was observed in patients with claudication
walking at a selected speed, lower than the usual pace.56
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A progressive decrease in BP with increased
exercise intensity was reported.43,130,131 A meta-analysis
of randomized controlled trials showed the lack of
additional effect on BP reduction training at an
intensity above 70% VO2 max for more than 3 sessions
per week.111
A volume of exercise a little above sedentary levels (61-90 min/wk) is necessary to reduce BP,132 even
if training from 3 to 5 times per week during 30 to 60
minutes per session was effective in reducing BP.133
Durations as short as 20 minutes were accompanied by BP reduction48 and interval exercise (eg,
four 10-minutes sessions of brisk walking) were as
effective as 40 minutes of continuous brisk walking per day.134 No relationship between exercise
frequency per week and BP decrease was
observed.132
The exercise prescription recommended for
treating hypertension requires endurance training
supplemented by resistance exercise on most, preferably all, days of the week. Exercise should be performed at moderate intensity for a minimum of 30
minutes of continuous or accumulated physical
activity per day.10 The above described prescription
requires individualization, especially in terms of
intensity and duration over a training period.114,135
Exercise programs, especially for some populations,
might require a preliminary medical evaluation or
exercise tolerance assessment to be safe, effective,
and able to meet the patient’s necessities and capabilities.4,14,119,136
Exercise programs for patients can be homebased or under supervision, with different positive
aspects.137 For patients with hypertension, supervised programmes that reduce risks4 were followed
by positive results138 and were more effective than
recommended exercise alone.139 Blood pressure
reductions, however, were observed following unsupervised home-based programs.140,141

Conclusions
Physical activity, alone or combined with other
lifestyle interventions, represents an effective nonpharmacological tool,6,35,142,143 providing multiple
additional benefits beyond BP reduction.35,48
Exercise can be considered as a cornerstone therapy
for the prevention, treatment, and control of hypertension;10,33 it requires motivation by both patient
and physician.12 There may never be one pill to
replace all the health benefits of exercise.144
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