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ypertension was not recognized as
a menace to health until the latter
part of the last century. Even until
the sixties the prevailing belief among physicians was that a rise in blood pressure
(BP) was an important and essential compensatory mechanism (thus essential blood
pressure) to maintain adequate perfusion
as an individual advanced in age. Based on
that, the use of drugs to lower BP was scoffed at as “treatment of the manometer rather
than of the patient”.1 In the mid 1960s and
early 1970s Dr. Edward Freis and the Veterans Administration study group proved
conclusively that treatment of hypertension
reduces strokes and cardiovascular complications.2-7
Hypertension is now a well established,
major cardiovascular risk factor.8-12 The relationship is direct, strong, continuous,
graded, consistent and independent.12 Mortality and morbidity double for every 20
mmHg increase in systolic BP above 115
mmHg and for every 10 mmHg increase in
diastolic BP above 75 mmHg.13
The World Health Organization
(WHO) reports that the number of people
with hypertension worldwide is estimated to
be as many as 1 billion, with 7.1 million
deaths per year attributable to hypertension.14 The prevalence of hypertension increases with age. A higher percentage of
men have high BP up to the age of 45, while
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women overtake men after 54 years of
age.15 For an individual with normal BP at
the age of 55 years, the risk of developing
hypertension during the remainder of his or
her life is estimated to be 90%.16
It is also broadly accepted that even
small reductions in an abnormally elevated
BP result in a decrease of death from heart
disease and stroke. For example, a 5 mmHg
reduction in diastolic BP over a period of
five years was associated with at least 34%
less stroke and at least 21% less coronary
heart disease (CHD). Reductions of 7.5
mmHg and 10 mmHg are associated with a
46% and 56% decrease in the incidence of
stroke and a 29% and 37% decrease in the
incidence of CHD, respectively.8
An overwhelming number of epidemiological and interventional exercise studies provide unequivocal support that increased physical activity, of adequate duration, intensity and volume, lowers BP
significantly, alone or as an adjunct to pharmacological therapy.17 The purpose of this
review is to assess the efficacy and safety
of exercise in the management of high BP
and its consequences.
Epidemiological and interventional studies
Epidemiological studies that assessed physical activity by a questionnaire, or more
objectively by a treadmill test, suggested
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that fitness levels are inversely associated with BP.18-22
Middle-aged women who were classified as having
moderate and high-fitness, based on their peak exercise time during a treadmill test, had significantly lower diastolic BP (5 and 7 mmHg, respectively) when
compared to women of low fitness level.22 In addition,
cross-sectional and large-scale longitudinal population studies reported that the relative risk for developing hypertension in sedentary men and women with
normal BP at rest is approximately 35% to 70% higher when compared to their physically active peers.23-25
Interventional studies confirmed the epidemiological findings. In a recent review, we reported the
results of well controlled exercise interventional studies for BP control (Table 1). The average exercise-related BP reduction in these studies was 10.5 mmHg
for systolic and 7.6 mmHg for diastolic BP. In the
control group, the average reduction was only 3.8
mmHg and 1.3 mmHg for systolic and diastolic BP,
respectively.17 Similar findings were reported by a recent meta-analysis of randomized controlled trials, involving 72 trials, 105 study groups, and 3936 hypertensive participants. The average exercise-related reduction in resting BP was 6.9 mmHg and 4.9 mmHg
for systolic and diastolic BP, respectively.26
Ambulatory blood pressure monitoring
The changes in BP over a 24-hour period as a result
of exercise training have not been studied extensively.
The few studies that utilized ambulatory BP monitoring reported favorable findings, but a substantially
smaller effect than that reported by the studies assess-

ing resting BP.27-34 However, the small number of participants, the lack of a control group and the different
mode of BP measurement make the interpretation of
the findings difficult.
In the HARVEST trial, where the ambulatory
pressure was recorded in a relatively large population
(n=592) of young stage 1 hypertensive males, the investigators reported that those who engaged in physical activity at least once a week during the previous two
months exhibited lower 24-hour and daytime diastolic
BP by about 3 mmHg compared to the inactive group.19
However, authorities agree that significant changes in
BP are likely to occur when exercising most days of the
week.33 Thus, the exercise-related reduction in BP reported by the HARVEST trial is likely to be attenuated
by the inclusion of those who exercised only once a
week. Based on the limited data on ambulatory BP,
the American College of Sports Medicine concluded
that the average reduction in daytime BP was about
3/3.2 mmHg.33
However, recent epidemiological evidence from
a relatively large study suggests that the magnitude
of daytime BP reduction is substantially higher that
that reported by the aforementioned studies. In over
600 men and women, we reported that the daytime
BP in high and moderate-fitness individuals was 8/4
mmHg lower in men and 9/5 mmHg lower in women,
when compared to the BP of low-fitness individuals. 36 The difference in BP between the low and
high-fitness individuals is similar in magnitude to the
changes reported by interventional studies.17,37 Similar reductions were observed in nighttime and 24hour BP.

Table 1. Summary of findings from select exercise studies involving hypertensive individuals.
Investigators

Blumenthal et al30
Cononie et al48
Higashi et al73
Kokkinos et al43
Matsusaki et al38
Motoyama et al39
Seals et al27
Seals et al61
Somers et al28
Zanettini et al29

Mean age

Exercise intensity
(% of maximum heart rate)

45
70-79
52
57
47
68-84
>49
50-74
–
70-85

70
50-85
Low
60-80
60 & 85
Low
50
50
–
70-85

BP reduction
Systolic
Diastolic
8
10
13
7
9
15
10
10
9.7
15

6
9
4
5
6
9
7
8
6.8
11.5

BP – blood pressure.
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Optimal exercise intensity for blood pressure reduction
The efficacy of physical activity in the reduction of elevated BP is no longer in question; the challenge now is
to verify the amount and the frequency of exercise that
will produce the maximum health benefits at a relative
low risk for injury. In this regard, low-to-moderate intensity exercise (approximately 60% to 85% of age-predicted maximum heart rate) is more effective in lowering BP when compared to higher intensities.35 In studies designed to compare the effects of different exercise
intensities, low to moderate intensity exercises were
more efficacious in lowering BP than exercise of relatively higher intensities.38-41 Support for this is also provided by a large epidemiological study, where the daytime, nighttime and 24-hour BP in the high-fitness
group was similar to that of the moderate-fitness individuals.36 These findings suggest that the antihypertensive effect of exercise occurs at a moderate level of
physical activity, without significant additional changes
beyond this level. This is clinically significant, because
this level of fitness can be attained by 30-40 minutes of
brisk walking, most days of the week. Such exercise intensity and volume is within the capacity of most middle
aged and older individuals.36
The findings of the Trial of Hypertension Prevention also suggest that moderate intensity physical activity (3.0-6.0 METs) for at least 2-3 days a week is an
appropriate recommendation for the general public
for the prevention of primary hypertension.42
Severe hypertension and exercise
The management of patients with stage 2 hypertension or higher is challenging. It often requires a combination of medication that increases the likelihood
of side effects. The incidence of other co-morbidities
is also high and interferes with the patients’ ability to
exercise. For these reasons, physicians are more concerned about prescribing exercise in patients with
stage 2 hypertension. Regarding the role of physical
activity in the management of this population, two
questions need to be addressed: 1) is exercise safe for
individuals with stage 2 hypertension? 2) is exercise
effective in lowering BP in these individuals?
We examined the effects of moderately intense exercise on BP in patients with stage 2 hypertension.43
After 16 weeks of moderate-intensity exercise training, resting systolic BP was lowered by 7 mmHg and
diastolic by 5 mmHg. Most importantly, BP continued to decrease as exercise training continued for an54 ñ HJC (Hellenic Journal of Cardiology)

other 16 weeks, allowing a 33% reduction in antihypertensive medication for the entire group. BP in the
non-exercising group increased slightly during the
same period.
The findings of this study suggest that patients with
more severe stages of hypertension can safely tolerate
exercise of moderate intensity. Moreover, such exercise
as an adjunct to drug therapy can lead to a better management of high BP compared to the medication therapy alone and, in some cases, a reduction in the amount
of medications needed.43
Aerobic versus anaerobic exercise and blood pressure
Most interventional studies examined the efficacy of
aerobic exercise in lowering BP. Information regarding
the efficacy of strength training in BP control is limited.
This is in part due to the fact that the first studies of resistance training reported a dangerously high BP during
maximum effort. More specifically, in two studies the
mean peak pressure during the double leg-press for the
group reached 320/250 mmHg in individuals with normal BP at rest, with pressures in one subject exceeding
480/350 mmHg.44 Peak pressures with the single-arm
curl exercise reached a mean group value of 255/190
mmHg when repetitions were continued until failure.
In mildly hypertensive individuals, BP reached 345/245
mmHg during squatting.45 In these studies the enormous increase in BP can be attributed to the lifting of a
heavy weight to exhaustion and to the effect of the Valsalva maneuver.44,45
However, the increased interest in resistance training because of its potential preventive and therapeutic
qualities in relation to osteoporosis has led to a reexamination of the effect of resistance training on BP. Newer
studies did not observe the tremendous increase in
BP reported by previous studies, partly by avoiding
the Valsalva effect.44,45 However, their findings regarding BP reduction are inconsistent. Some suggested a
possible antihypertensive effect of strength training,
whereas others found none.30,46-49 In two of the studies
a small (5 mmHg), but significant reduction was observed in diastolic BP.46,47 In a third study the reduction
of 7 mmHg for systolic and 6 mmHg for diastolic BP
was comparable to the reduction in BP observed in the
control group.30 No changes in BP were noticed after 6
months of strength training in a group of 70-79 year old
men and women, or in a group of previously sedentary
middle-aged men after 20 weeks of strength training.48,49 A recent meta-analysis concluded that the reduction in BP as a result of resistance training is ap-
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proximately 3 mmHg.50 Based on these data, the American College of Sports Medicine concluded that studies
have not been consistent in demonstrating that strength
training lowers BP in hypertensive individuals. Accordingly, the American College of Sports Medicine, the
European Society of Hypertension, and the European
Society of Cardiology recommend that the primary type
of exercise for the management of BP should be aerobic, supplemented by resistance training. High intensity
isometric exercise, such as heavy weightlifting, should
be avoided.35,51
Physical activity and left ventricular hypertrophy
Left ventricular hypertrophy (LVH), known to be more
prevalent in hypertensive individuals, is considered to
be an independent risk factor for cardiovascular disease.52 The risk of cardiovascular morbid events, including sudden cardiac death, increases threefold in patients with LVH. 52
Epidemiological evidence suggests that physical activity has the potential to reduce left ventricular mass
(LVM). A 12% reduction in LVM index was noticed in
hypertensive individuals after 16 weeks of training.43 Interestingly, the amount of the reduction was similar to
the reduction achieved by medication therapy.53
Whether this exercise-related left ventricular mass
reduction has an effect in lowering the risk of mortality
in individuals with LVH has not been extensively studied. However, in a recent study, Rodriguez et al provided evidence that physical activity has a protective role
against the elevated risk of stroke associated with increased LVM.54 In this study, the risk of stroke was similar between physically active individuals with LVH and
those with normal LVM, leading to the conclusion that
increased physical activity may have the potential to reduce the elevated risk of cardiovascular events associated with LVH. 52
Blood pressure response during exercise
A progressive rise in systolic BP is observed during exercise as the workload increases, while diastolic BP remains near resting levels and may even decrease slightly. At peak exercise systolic BP reaches approximately
200 mmHg. However, in some individuals, systolic BP
rises substantially higher than 200 mmHg. This is referred to as an exaggerated BP response. Although a
definitive abnormal rise threshold has not yet been established, systolic BP >200 mmHg and/or diastolic BP
>110 mmHg at peak or near peak exercise has been

linked to future hypertension, heart disease and cardiovascular mortality.55-58 However, others found no
relationship.59-60
The potentially detrimental exaggerated BP response during physical activity can be attenuated by
moderate aerobic exercise training. Findings suggest
that higher fitness levels, as indicated by peak exercise
time, are inversely associated with BP at six minutes of
exercise. In both normotensive and hypertensive middle-aged women peak exercise time was the strongest
predictor of systolic BP response at six minutes of exercise.22
Lower exercise BP has also been reported in postmenopausal women following eight weeks of aerobic
exercise training.61 We also reported a significant reduction of approximately 20-27 mmHg in systolic and
10-14 mmHg in diastolic BP levels at maximal and submaximal workloads in hypertensive patients following
16 weeks of aerobic training. In addition, the rate-pressure product was significantly lower at sub-maximal and
peak workloads, suggesting that myocardial oxygen
consumption was lower at each workload. A notable
observation is that the peak workload following 16
weeks of training was significantly higher. Yet peak exercise BP was lower by 20 mmHg at virtually the same
peak heart rate. This suggests that the mechanism responsible for the lower BP was a reduction in peripheral resistance.62
Prehypertension and left ventricular hypertrophy
In 2003 the seventh report of the Joint National Committee on prevention, detection, evaluation, and treatment of high BP (JNC 7) introduced a new category referred to as prehypertension, defined as systolic BP levels of 120-139 mmHg and/or diastolic BP levels of 80-89
mmHg.10 Prehypertensive individuals are at 1.5- to 2fold higher risk for developing hypertension and major
cardiovascular disease compared to those with normal
BP.13,52,63,64
The mechanisms involved in the increased risk
are not well defined. Prehypertension may mark the
beginning of a progressive increase in LVM and a
decline in cardiac function that remain undetected
for years. The findings of a recent study suggest that
the development of LVH starts in prehypertension.
In a group of 790 men and women with prehypertension, over 26% of the prehypertensive individuals
had LVH, compared with 3% of those with BP <120/
80 mmHg.65 In another study, the prevalence of LVH
in prehypertensive individuals was 11.4%.66 Howev(Hellenic Journal of Cardiology) HJC ñ 55
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er, the average age in this population was about half
the average age of the first mentioned study (26.8 versus 52 years).
The factors that influence the early increase in
LVM are also not well defined. However, we reported that the prevalence of LVH was significantly higher in low-fitness than in moderate and high-fitness individuals (48.3% versus 18.7% versus 21.6%, respectively).65 The investigators also reported that the strongest predictors of LVH were the exercise systolic BP
at five METs and the change in BP from rest to the
workload of five METs. In addition, they identified
that a systolic BP of 150 mmHg at the exercise level
of five METs was the threshold for LVH (sensitivity
86%, specificity 94%). The likelihood of LVH increased 4-fold for every 10 mmHg increment in systolic BP
beyond this threshold. There was also a 42% reduction in the risk for LVH for every one MET increase
in the workload.
Since previous reports suggest that high-fitness
individuals exhibit a lower exercise BP, the investigators examined the fitness status of the individual and
its association with exercise BP and LVH. 22 When
compared to high-fitness, individuals in the low-fitness category exhibited the following: 1) higher exercise BP at sub-maximal workloads; 2) greater prevalence of exercise BP above the threshold of 150 mmHg;
3) higher daytime BP;36 and 4) higher prevalence of
LVH.
Since the exercise workload of approximately 5
METs is similar to the workload of routine daily activities37 and the exercise BP during this workload is
very similar to the daytime BP, these findings suggest
that low-fitness individuals exhibit higher BP during
normal daily activities when compared to moderate
and high-fitness individuals.36 The increased hemodynamic load results in a higher myocardial workload, providing a stimulus for myocardial structural
changes.

Antihypertensive mechanisms of exercise
The underlying mechanisms responsible for the reduction in BP elicited by exercise training remain elusive and controversial. The prevailing current opinion
is that exercise training must act upon a number of
mechanisms, resulting in the reduction of total peripheral resistance, cardiac output, or both. It is generally agreed that the changes in BP are independent
of changes in body weight, body composition and dietary influences.52
Reductions in cardiac output, sympathetic nerve
activity, plasma norepinephrine levels, and total peripheral resistance have been reported.62,67,68 In a recent
meta-analysis involving 72 trials, 105 study groups, and
3936 participants, the authors reported reductions in
systemic vascular resistance, plasma norepinephrine,
and plasma renin activity as the main reasons for the
decrease in BP following exercise.26 In the past two
decades, several studies have shown that endothelial
function is impaired in hypertensive patients.69,70 Improved endothelial function is another possible mediator of the hypotensive response observed with exercise
training.71,72 An improvement in reactive hyperemia
following exercise has been demonstrated in hypertensive patients.73
Current recommendations
Both the American College of Sports Medicine and
the European Society of Hypertension recommend
physical exercise as a part of lifestyle modifications
in the prevention and treatment of hypertension.35,51
The specific recommendations are shown in Table 2.
The extent of pre-training evaluation of the cardiovascular status must depend on the intensity of the
exercise program and on the patient’s symptoms and
signs, total cardiovascular risk and presence of comorbidities.35,51 A symptom-limited exercise tread-

Table 2. Recommendations of the American College of Sports Medicine and the European Society of Hypertension concerning physical
exercise for the prevention and treatment of hypertension.
Frequency

Most, preferably all, days of the week.

Intensity

Moderate intensity (60-85% of predicted maximal heart rate or 40% to <60% of VO2 reserve*).

Time

≥30 min of continuous or accumulated physical activity per day.

Type

Primarily endurance physical activity supplemented by resistance training.

*VO2 reserve refers to the peak or maximal oxygen consumption (ml of O2/kg/min) minus resting consumption (3.5 ml/kg/min)
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mill test may be warranted, especially for men over 45
years old and women over 55 years who are planning
an intense exercise program.35,51
Conclusions
It is now well accepted that increased physical activity
of appropriate intensity and duration is associated
with a reduced incidence of hypertension.23-25 Thus,
for primary prevention of hypertension an appropriate recommendation for a public health policy should
include the implementation of a low to moderate intensity exercise program most, preferably all, days of
the week.35
Recent data suggest that structural and functional
changes in the heart occur much earlier that first
thought. Over 26% of pre-hypertensive individuals
have LVH. The stimulus for the changes in the left ventricle appears to be an increased daily hemodynamic
load resulting from relatively high BP levels during routine daily activities. This increased workload provides
the stimulus for increases in LVM. The relatively high
exercise BP, daytime BP, and LVM observed in low-fitness compared to moderate and high-fitness individuals
suggests that low-fitness individuals exhibit higher BP
during routine daily activities. Conversely, increased
physical activity is associated with lower exercise BP at
submaximal workloads. This suggests that increased
physical activity consisting of daily brisk walks of 30-40
minutes in duration can lower BP and prevent the development of LVH.36,65
The predicted reductions in mortality from stroke,
CHD and all causes are substantial, even with modest
reductions in systolic BP in the entire hypertensive population.12 For individuals who are already hypertensive,
the implementation of regular exercise, alone or as an
adjunct to medical therapy, can improve BP control at
relatively lower doses of antihypertensive pharmacological agents, and reduce adverse events. The intensity of
exercise required can easily be achieved by middle aged
hypertensive individuals.35,43
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