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Hypertension is a ubiquitous and serious disease. Regular exercise has been recommended as a strategy for the prevention and 

treatment of hypertension because of its effects in reducing clinical blood pressure; however, ambulatory blood pressure is a bet-

ter predictor of target-organ damage than clinical blood pressure, and therefore studying the effects of exercise on ambulatory 

blood pressure is important as well. Moreover, different kinds of exercise might produce distinct effects that might differ between 

normotensive and hypertensive subjects. 

The aim of this study was to review the current literature on the acute and chronic effects of aerobic and resistance exercise on am-

bulatory blood pressure in normotensive and hypertensive subjects. It has been conclusively shown that a single episode of aerobic 

exercise reduces ambulatory blood pressure in hypertensive patients. Similarly, regular aerobic training also decreases ambulatory 

blood pressure in hypertensive individuals. In contrast, data on the effects of resistance exercise is both scarce and controversial. 

Nevertheless, studies suggest that resistance exercise might acutely decrease ambulatory blood pressure after exercise, and that 

this effect seems to be greater after low-intensity exercise and in patients receiving anti-hypertensive drugs. On the other hand, 

only two studies investigating resistance training in hypertensive patients have been conducted, and neither has demonstrated any 

hypotensive effect. Thus, based on current knowledge, aerobic training should be recommended to decrease ambulatory blood 

pressure in hypertensive individuals, while resistance exercise could be prescribed as a complementary strategy.

KEYWORDS: Exercise; Blood pressure; Hypertension; Physiology and Health.

INTRODUCTION

Hypertension is a serious public health problem that 

affects 22 to 44% of the Brazilian population.1 It is an 

independent risk factor for atherosclerosis, which is the most 

common cause of mortality worldwide.2 It is also a major 

risk factor for stroke, which is the most prevalent cause of 

death in some regions of Brazil.3

Regular physical exercise has been recommended for 

the prevention and treatment of hypertension.1,2,4 It has been 

shown that active subjects have a lower risk of becoming 

hypertensive than do sedentary subjects.4,5 Moreover, many 

researchers have shown that a single episode of exercise is 

able to reduce blood pressure during the recovery period.4 In 

addition, meta-analyses have concluded that aerobic training 

is effective in reducing clinical blood pressure in the general 

population as well as in hypertensive patients.4,5Despite these 

well-known benefits, it is also important to take into account 

the type of population, exercise, and type of blood pressure 

measurement when analyzing the effects of exercise. 

First, the effects of exercise on clinical blood pressure 

might be different in normotensive and hypertensive 

subjects, because cardiovascular hemodynamics are 

modified by hypertension. Second, the effects of aerobic 

and resistance exercise on clinical blood pressure might 

be different, because they have different mechanical 

characteristics. Aerobic training is characterized by the 
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execution of cyclic exercises, carried out with large muscle 

groups contracting at mild to moderate intensities for a long 

period of time.6 On the other hand, resistance training (also 

called weight or strength training) is characterized by the 

execution of exercises in which muscles from a specific 

body segment are contracted against a force that opposes the 

movement.6 Third, although clinical blood pressure (i.e., the 

blood pressure measured in the laboratory or the physician’s 

office) is the classical measurement used to diagnose and 

assess hypertension, ambulatory blood pressure (which 

represents blood pressure levels assessed throughout the day 

while subjects perform their daily activities) has been shown 

to be a better predictor of target-organ damage.7 

Therefore, it is important to investigate the effect of 

physical exercise on ambulatory blood pressure. Based on 

these previous considerations, this study reviews the acute 

and chronic effects of aerobic and resistance exercise on 

ambulatory blood pressure in normotensive and hypertensive 

subjects. We carried out a literature review related to this 

theme in both Portuguese and English. Searches were 

conducted in bioscience libraries, electronic journals, and 

virtual databases, such as MEDLINE, PUBMED, and 

SCIELO, and included studies published between 1988 

and 2009. The following keywords were used in the search: 

blood pressure, exercise, hypertension, ambulatory blood 

pressure and their respective counterparts in Portuguese 

(pressão arterial, exercício, hipertensão e pressão arterial 

ambulatorial) .. More than 1000 studies were identified 

by this initial search, but most were discarded after an 

analysis of the title and abstract. Only trials that evaluated 

the acute and chronic effects of aerobic and resistance 

exercise on ambulatory blood pressure in normotensive 

and hypertensive subjects were selected for the review. The 

presence of hypertension was accepted as defined in each 

original paper, although the criteria varied between studies. 

Most of the studies (30) defined hypertension as clinical 

systolic/diastolic blood pressures >140/90 mmHg, others 

(7) defined it as values >135/85 mmHg, and different criteria 

were employed in another five studies. The criteria were not 

explicitly stated in two of the studies.

Acute effects of aerobic exercise

An acute exercise session can promote the lowering 

of clinical blood pressure during the post-exercise period 

in both hypertensive and normotensive subjects. This 

phenomenon has been called post-exercise hypotension 

(PEH) and is characterized by a sustained decrease in blood 

pressure after a single episode of exercise.4 Blood pressure 

levels are lower after exercise in comparison to blood 

pressure measured before exercise or on a control day when 

no exercise is performed. In order to be clinically relevant, 

post-exercise hypotension must have a significant magnitude 

and be sustained for a long period of time under ambulatory 

conditions. 

The effect of a single period of aerobic exercise on 

post-exercise ambulatory blood pressure has been widely 

studied;8-32 the major results of these studies are shown 

in Table 1. Post-exercise ambulatory hypotension in 

normotensive subjects has been observed in only four 

Table 1 - Effects of aerobic exercise on post-exercise ambulatory blood pressure

Authors Pop Exercise SBP/DBP

(mmHg)

24 h

SBP/DBP

(mmHg)

daytime

SBP/DBP

 (mmHg)

night time

Duration

(hours)

Syme et al. (8) HT

hsp

msp

lsp

cycle 30 min 

(40% VO
2
max)

 (60% VO
2
max)

(40% VO
2
max)

(60% VO
2
max)

(40% VO
2
max)

(60% VO
2
max)

↓(3)/→
↓(5)/→
→/→
→/→
→/↓(2)
↓(6)/→

↓(3)/→
↓(5)/→
→/→
→/→
→/↓(2)
↓(6)/→

…
…
…
…
…
…

10

10

…

…

10

10

Lehmkuhl et al. (9) HT (treadmill, 50 min, 50% VO
2
max) →/→ →/→ →/→ …

Bermudes et al. (10) NT (cycle, 45 min /

60-80% FCmax)

→/↓(2) ... ... Mean 24

Quinn et al. (11) 

HT 

NT

treadmill, 30 min (50% VO
2
max)

(75% VO
2
max) 

(50% VO
2
max) 

(75% VO
2
max)

↓(4)/↓(5)
↓(9)/↓(7)
→/→
→/→

...

...
…
…

...

...

...

...

4

13

…

…

Forjaz et al. (12) HT

NT

(cycle, 45 min /

50% VO
2
max)

→/→
↓(2)/↓(1)

→/→
↓(2)/ →

→/→
→/↓(2)

...

Mean

Wallace et al. (13)

HT

NT

(treadmill, 5x10min/ 50% VO
2
max) ↓(8)/↓(6)

→/→
↓(8)/↓(6)
→/→

→/→
→/→

11

…

Hara et al. (14) HT

NT

(treadmill, 45 min / 60-70% VO
2
max) →/→

→/→
→/→
→/→

...

...
…

…
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Pescatello et al. (15) HT

High calcium

Low calcium

cycle 30 min

(40% VO
2
max) (60% VO

2
max) 

(40% VO
2
max) (60% VO

2
max)

→/→
→/→
↓(6)/→
↓(6)/→

→/→
→/→
↓(6)/→
↓(6)/→

...

...

...

...

…

…

10

10

Pescatello et al. (16) HT

NT

(cycle/treadmill, 39min /

63% VO
2
max)

→/→
→/→

↓(5)/→
↓(1)/→

→/→
→/→

Mean

Mean

Pescatello et al. (17) HT

white

black

NT

white

black

(cycle, 30 min /

60% VO
2
max) ↓(8)/↓(5)

→/→

→/→
→/↓(3)

↓(8)/↓(5)
→/→

→/→
→/↓(3)

...

...

...

...

Mean

…

…

Mean

Pescatello et al. (18) HT

NT

(cycle, 30 min /

60%VO
2
max)

↓(6)/↓(9)
→/→

↓(6)/↓(9)
→/→

...

...
13

Pescatello et al. (19) HT

NT

(cycle, 30 min /

60% VO
2
max)

↓(9)/↓(7)
→/→

↓(9)/↓(7)
→/→

...

...
7

...

Somers et al. (20) HT

NT

Maximal 

Intensity 

→/→
→/→

→/→
→/→

...

...
...

...

Brownley et al. (21) BD

NT

(cycle, 20 min. /

60-70% FCmax)

↓(5)/↓(4)
→/→

↓(5)/↓(4)
→/→

→/→
→/→

5

...

Rueckert et al. (22) HT (treadmill, 45 min / 50% VO
2
max) →/→ →/→ ... ...

Wallace et al. (23) HT

NT

(treadmill, 5x10min / 50% VO
2
max) →/→

→/→
→/→
→/→

→/→
→/→

…

…

Fagard et al. (24) CAD (cycle, 75 min /

60-80% VO
2
max)

→/→ →/→ →/→ …

Taylor et al. (25) HT (treadmill, 3x15min / 70% VO
2
max) ↓(7)/↓(4) ↓(9)/↓(4) ↓(6)/↓(4) 16

Fisher, MM (26) NT 

H

M

(cycle, 35 min /

60% VO
2
max) →/→

→/→
→/→
→/→

...

...
…

…

Brandão et al. (27) HT

NT

(cycle, 45 min /

50% VO
2
max)

↓/↓
→/→

↓/↓
→/→

↓/↓
→/→

Mean 22

Park et al. (28) HT

 Dip am

n-Dip am

Dip pm

n-Dip pm

(treadmill, 30 min, 50% VO
2
max)

↓(6)/...
↓(7)/ ...
→/...
↓(7)/ ...

↓(6)/ ...
↓(6)/ ...
 →/...

↓(12)/ ...

12

12

Blanchard et al. (29) HT (40% VO2max)

(60% VO2max)

...

...
↓(2)/↓(2)
↓(2)/→

...

...
14

…

Pescatello et al. (30) HT cycle, 30 min 

(40% VO
2
max)

(60% VO
2
max)

↓(2)/→
↓(3)/→

↓(2)/→
↓(3)/→

...

...

.

9

9

Park et al. (31)  HT treadmill, 50%VO
2
max

(40 min) (4x10 min)

↓(6)/↓(3)
↓(5)/↓(3)

↓(6)/↓(3)
↓(5)/↓(3)

...

...
7

11

Forjaz et al. (32) NT cycle, 45 min 

(30% VO
2
max) 

(50% VO
2
max) 

(75% VO
2
max)

→/→
→/→
→/→

→/→
→/→
→/→

→/→
→/→
→/→

…

…

…

In all studies, comparisons were made between exercise and control sessions. Pop: population; HT: hypertensive; NT: normotensive; BD: borderline; HSP: 
high systolic peak; MPS: mean systolic peak; LPS : low systolic peak; Dip: dipper; n-Dip: non-dipper; M: male; F: female, Cycle: cycle ergometer; VO2max: 
maximal oxygen uptake; ...: missing data; SBP: systolic blood pressure; DBP: diastolic blood pressure; →: maintained; ↓: reduced.

Table 1 - Effects of aerobic exercise on post-exercise ambulatory blood pressure (cont.)

studies,10,12,16,17 while other studies of normotensive 

subjects11,13,14,18-21,23,26,32 did not identify any change in post-

exercise blood pressure values. In contrast, most studies 

in hypertensive subjects demonstrated significant post-

exercise ambulatory blood pressure decreases.8,11,13,15-19,25,27-31 

Moreover, hypotension was usually observed during waking 

periods,13,15-19,25,27-31 which are associated with greater stress 

and higher blood pressure levels. Thus, it is possible to state 

that a single episode of aerobic exercise reduces ambulatory 

blood pressure during the recovery period when this decrease 

is most needed; in other words, when blood pressure levels 

are already increased.
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Although the phenomenon of post-exercise ambulatory 

hypotension is well established in hypertensive individuals, 

its magnitude (-2 to -12 mmHg) and duration (4 to 16 hours) 

vary considerably, which suggests that factors like subject 

or exercise characteristics might influence the phenomenon. 

Recent studies have suggested that genetic variation could 

affect post-exercise blood pressure responses in hypertensive 

subjects. Blanchard et al.29 found that hypertensive 

individuals with a homozygous deletion of the angiotensin 

converting enzyme gene (ACE DD) showed ambulatory 

post-exercise hypotension, while patients with the other 

polymorphic variants (ACE II/ID) did not. Furthermore, 

these authors29 also found that hypertensive patients with 

three or more polymorphisms associated with the renin-

angiotensin-aldosterone system showed greater decreases in 

post-exercise ambulatory blood pressure.

Specific characteristics of the exercise itself might also 

be important in determining post-exercise hypotension; 

however, the effect of exercise intensity remains 

controversial. For example, Pescatello et al.18 did not find 

any difference in the reduction of ambulatory blood pressure 

after exercise with different intensities within the aerobic 

range (40 to 75% of maximum oxygen consumption, i.e., 

VO
2
max). On the other hand, Quinn et al.11 observed greater 

hypotensive effects after heavy exercise in comparison to 

light exercise. In contrast, some authors29 observed greater 

post-exercise hypotension after low-intensity exercise. 

Exercise duration may also be a relevant variable; however, 

this has not been investigated with respect to ambulatory 

blood pressure. The presence of pauses during the exercise 

bout should also influence blood pressure response. Park et 

al.31 observed that post-exercise ambulatory hypotension 

lasted longer when the same exercise was divided into 

multiple short periods than when exercise was continuous.

The interaction between subject and exercise 

characteristics is another potentially interesting factor. 

Pescatello et al.15 verified that hypertensive subjects who 

had low calcium intakes and the ACE DD polymorphism 

showed greater hypotension after low-intensity aerobic 

exercise, whereas subjects with low calcium intakes but 

without the polymorphism, or with high calcium intakes and 

the polymorphism, responded better to moderate intensity 

exercise.

In summary, a single episode of aerobic exercise decreases 

ambulatory blood pressure during the post-exercise period in 

hypertensive subjects. This effect is significant in magnitude 

and lasts for several hours, and is thus of clinical significance 

for these patients; however, many factors may influence 

the magnitude and duration of post-exercise ambulatory 

hypotension. These effects require further study.

Chronic effects of aerobic training

The effect of aerobic training in reducing clinical 

blood pressure in hypertensive subjects is well proven and 

accepted;4 however, the effect of this kind of training on 

ambulatory blood pressure has not been fully determined. 

Several studies 5,33-58 that have investigated this issue in 

normotensive, hypertensive, and hyperactive subjects are 

shown in Table 2.

Table 2 - Effects of aerobic training on ambulatory blood pressure

Authors Pop Aerobic Training

(characteristics)

SBP/DBP

 (mmHg)

24h

SBP/DBP

 (mmHg)

daytime

SBP/DBP

(mmHg)

nighttime

Blumenthal et al. (33) HT cycle/walking/(3-4x/wk, 

70-85% FCmax, 6 mo)

↓(...)/↓(...) →/→ →/→

Blumenthal et al. (34) HT walking/(3x/wk, 35 min, 70% VO
2
max, 

4 mo)

→/→ … ...

Bursztyn et al. (35) HT cycle/(3x/wk, 45 min, 

60-70% FCmax, 14 wk)

→/→ →/→ →/→

Cooper et al. (36) HT walking/(5x/wk, 30 min, 

150-200 Kcal, 6 wk)

→/→ →/→ →/→

Cox et al. (37) NT flex+cycle/(3x/wk, 30 min, 

18% FCmax, 16 wk,)

cycle/(3x/wk, 30 min,

76% FCmax, 16 wk)

diet+flex+cycle/(3x/wk, 30 min, 

18% FCmax, 16 wk)

diet+cycle/(3x/wk, 30 min,

76% FCmax, 16 wk)

→/→

→/→

↓(...)/ →

↓(...)/ →

→/→

→/→

↓(...)/ →

↓(...)/ →

→/→

→/→

↓(...)/ →

↓(...)/ →

Fortmann et al. (38) NT calisthenics, walking, and jogging

(3x/wk, 60 min, 70-85% FCmax, 1 yr)

↓(...)/↓(...) ... ...

Gilders et al. (39) HT

NT

cycle/(3x/wk, 10-30 min, 35-70% VO
2
max) →/→ ... ...
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Jessup et al. (40) NT treadmill/(3x/wk 25-45min, 

50-85% FCres, 16 wk)

↓(8)/↓(4) →/→ →/→

Ketelhut et al. (41) HT run/(2x/wk, 60 min, 

70% FCres, 18 wk)

→/↓(11) →/→ →/→

Lima et al. (42) HR aerobic (...) →/→ →/→ →/→
Marceau et al. (43) HT cycle/(3x/wk, 30-45 min, 10 wk)

50% VO
2
max,

70% VO
2
max,

→/→
→/→

↓(6)/↓(5)
→/→

→/→
→/↓(5)

Miller et al. (44) HT walking/(3x/wk, 30-45 min, 

50-70% FCmax, 9 wk)

↓(10)/↓(5) ↓(12)/↓(7) ↓(7)/→

Miyai et al. (45) HR cycle/(3x/wk, 45 min, 

50-60%FCmax, 12 wk)

→/→ ↓(3)/↓(3) →/→

Moreira et al. (46) HT cycle/(3x/wk, 30-45, 10 wk)

69% FCmax

84% FCmax

↓(3)/↓(3)
↓(3)/↓(3)

→/→
→/→

→/→
→/→

Nami et al. (47) Dip

n-Dip

cycle/(3x/wk, 60 min, 

40-60% Cargamax, 3 mo)

→/→
→/→

↓(5)/↓(5)
→/→

→/→
→/→

Ohkubo et al. (48) NT cycle/(3x/wk, 10-25 min, 

20-60% FCmax, 25 wk)

→/→ ↓(8)/↓(4) →/→

Pinto et al. (49) HT walking/(3x/wk, 1000m, 

quick respiration, 6 wk)

↓(7)/ ↓(6) ↓(10)/ ↓(8) →/→

Jessup et al. (40) NT treadmill/(3x/wk 25-45min, 

50-85% FCres, 16 wk)

↓(8)/↓(4) →/→ →/→

Ketelhut et al. (41) HT run/(2x/wk, 60 min, 

70% FCres, 18 wk)

→/↓(11) →/→ →/→

Lima et al. (42) HR aerobic (...) →/→ →/→ →/→
Marceau et al. (43) HT cycle/(3x/wk, 30-45 min, 10 wk)

50% VO
2
max,

70% VO
2
max,

→/→
→/→

↓(6)/↓(5)
→/→

→/→
→/↓(5)

Radaelli et al. (50) HT cycle/(5x/wk, 20 min, 

60%VO
2
max, 3 wk)

→/→ →/→ →/→

Seals & Reiling (51) HT walking/(3x/wk, 30-50 min, 

40-57% FCres)

6 mo

12 mo

→/→
↓(6)/→

→/→
↓(7)/→

→/→
→/→

Seals et al. (52) HT

BD

walking/(3-4x/wk, 45 min, 

60-70% FCres, 12 wk)

→/→
→/→

→/→
→/→

→/→
→/→

Somers et al. (53) HT run/(3-4x/wk, 20 min, 6 months)

trained

trained + detrained

…
…

↓(4)/↓(7)
↓(8)/↓(5)

…
…

Tsai et al. (54) WC treadmill/(3x/wk, 30 min, 

60-70% FCmax, 12 wk)

↓(8)/ ↓(5) →/→ →/→

Van Hoof et al. (55) NT cycle, jogging

(3x/wk, 60 min, 48 sessions)

... →/↓(5) ...

Wijnen et al. (56) HT cycle/(3x/wk, 45 min, 75% VO
2
max, 6 mo) →/→ →/→ →/→

Zanettini et al. (57) HT cycle/(3x/wk, 30 min, 

70-80%FCres, 12 wk)

↓(6)/ → ↓(8)/↓(6) →/→

Zemva & Rogel (58) NT

M

F

dance/(16h/wk, 9 yr)
→/→
↓(11)/→

→/→
↓(11)/→

→/→
↓(12)/→

All studies except 35, 46, 49, and 56 included control groups. Pop: population; HT: hypertensive; NT: normotensive; BD: borderline; WC: white coat; HR: 
hyperreactive; M: male; F: female; ...: missing data; SBP: systolic blood pressure; DBP: diastolic blood pressure; →: maintain; ↓: reduce; Dip: dipper; 
n-Dip: non-dipper.

Table 2 - Effects of aerobic training on ambulatory blood pressure (cont.)

Ambulatory blood pressure response to aerobic training 

has not been thoroughly investigated in normo tensive 

individuals. Under seven experimental conditions,5,37,38,40,48,55,58 

aerobic training decreased ambulatory blood pressure, while 

it did not have any effect under two other conditions.37,58 

Among the studies that have reported decreased ambulatory 

blood pressure, four showed reductions in waking blood 

pressure37,48,55,58 and two demonstrated reductions in sleeping 

blood pressure.37,58 The remaining studies did not report 

waking and sleeping blood pressures. 
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The effect of aerobic training has been extensively 

studied in hypertensive patients. Many longitudinal 

studies5,33,41,43,44,46,49,51,53,57 have reported reductions in 

ambulatory blood pressure levels after aerobic training. In 

fact, a meta-analysis5 about aerobic training effects in blood 

pressure has verified that aerobic training is associated with 

reductions of 3.3 (95% CI, -5.8 to -0.9) and 3.5 (95% CI, 

-5.2 to -1.9) mmHg in waking systolic and diastolic blood 

pressures, respectively. Although these reductions appear 

modest, it has been shown that blood pressure decreases 

of as little as 2 mmHg are associated with a 6% decrease 

in stroke mortality and a 4% decrease in coronary artery 

disease.2

It is important to note that aerobic training sometimes 

failed to reduce ambulatory blood pressure in hypertensive 

subjects.5,34-36,50-52,56 Moreover, even when the reduction 

was present, its magnitude varied greatly among studies, 

suggesting that additional factors influence this response. 

Nami et al.47 verified that dipper but not non-dipper 

hypertensives showed reductions in ambulatory blood 

pressure after aerobic training. Moreover, white coat 

hypertensives54 and hyperreactive subjects45 also exhibited 

reduced blood pressures after aerobic exercise.

Training characteristics also seem to influence blood 

pressure responses to training. Seals and Reiling51 did not 

observe a significant reduction in ambulatory blood pressure 

after six months of aerobic training, but did observe lower 

ambulatory blood pressure levels after 12 months of training. 

Meanwhile, Marceau et al.43 verified that training at 50 and 

70% of VO
2
peak decreased ambulatory blood pressure. 

Interestingly, low-intensity training reduced daytime 

blood pressure, whereas high-intensity training decreased 

nighttime values.

The mechanisms responsible for blood pressure 

reduction after aerobic training are not clear. Hypertension 

has a multifactorial etiology and, therefore, several 

mechanisms may be involved in the hypotensive effects 

of aerobic training. Nevertheless, a meta-analysis5 has 

concluded that aerobic training reduces blood pressure due 

to a reduction in peripheral vascular resistance. 

In summary, aerobic training can reduce ambulatory 

blood pressure in hypertensive subjects; however, the 

specific training parameters that are necessary to maximize 

this effect are not yet known. Moreover, individual responses 

to aerobic training are quite variable. Future research could 

address these important issues.

Acute effects of resistance exercise

All studies that have investigated clinical blood pressure 

after resistance exercise verified a significant post-exercise 

hypotensive effect; however, data regarding ambulatory 

blood pressure are both scarce and controversial, and are 

presented in Table 3. 

Only five studies have investigated the acute response of 

ambulatory blood pressure to resistance exercise. In three of 

these studies, ambulatory blood pressure levels decreased 

significantly.10,59,60 Notably, three of these studies were 

conducted with normotensive subjects,10,61,62 whereas the 

other two were conducted with hypertensive subjects.59,60 

Although post-exercise hypotension was observed in 

both studies including hypertensives, Hardy and Tucker59 

observed that the hypotensive effect persisted for only one 

hour. In contrast, Melo et al.60 verified a significant decrease 

in blood pressure for 10 hours. Interestingly, subjects in 

the second study were receiving captopril, which suggests 

a possible interaction between exercise and hypotensive 

drugs. Moreover, this study showed a significant correlation 

between baseline blood pressure and its reduction after 

exercise, with greater hypotensive effects observed in 

volunteers with higher baseline levels.

In addition to the differences in subjects, the exercise 

activities themselves are also very different across studies, 

so it is difficult to establish the best exercise protocol for 

reducing post-exercise blood pressure; however, low-

intensity exercise was employed in the two studies10,60 

Table 3 - Effects of resistance exercise on ambulatory blood pressure

Authors Pop Exercise SBP/DBP

(mmHg)

24 h

SBP/DBP

(mmHg)

daytime

SBP/DBP

(mmHg)

nighttime

Duration

(hours)

Bermudes et al. (10) NT (10ex, 3s, 23rep, 40% 1RM) →/→ →/→ →/↓ (3) 3
Hardy & Tucker (59) HT (7ex, 3s, 8-12rep, fatigue) →/→ ↓(12)/↓(7) →/→ 1

Melo et al. (60) HT
(6ex, 3s, 20rep, 

40% 1RM)
→/→ ↓(7)/↓(5) →/→ 10

Roltsch et al. (61) NT (12ex, 2s, 8 rep arms and 12 rep legs, fatigue) →/→ →/→ →/→ ...

Queiroz et al. (62) NT
(6ex, 3s, fatigue,

50% 1RM
→/→ →/→ →/→ ...

In all studies, comparisons were made between exercise and control sessions. Pop: population; HT: hypertensive; NT: normotensive; ex: exercises; s: set; 
rep: repetitions; 1RM: repetition maximum; ...: missing data; SBP: systolic blood pressure; DBP: diastolic blood pressure; →: maintained; ↓: reduced.
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that observed prolonged post-exercise hypotension. When 

high-intensity exercise was investigated, only one study59 

exhibited a decrease in blood pressure, and this reduction 

lasted for only a short time (one hour). Taken together, 

these results suggest that low-intensity exercise might have 

stronger hypotensive effects than high-intensity exercise. 

To our knowledge, only one study63 has investigated 

the mechanisms responsible for post-resistance exercise 

hypotension. This study verified a reduction in cardiac 

output due to a decrease in stroke volume, probably due to 

a pre-load reduction; however, this study was conducted in 

normotensive individuals, and different mechanisms might 

be observed in hypertensive subjects.

In summary, resistance exercise also promotes 

post-exercise hypotension, but its magnitude, duration, 

and mechanism of action need to be more thoroughly 

investigated. In general, low-intensity resistance exercise 

seems to have stronger hypotensive effects and subjects with 

higher blood pressures seem to experience greater blood 

pressure reductions after resistance exercise, similar to what 

is observed for aerobic exercise.

Chronic effects of resistance exercise

In practice, resistance training is employed to increase 

muscle strength, power, and endurance.6 These benefits are 

extremely desirable for the maintenance of good health, 

especially in post-menopausal women and older subjects, 

who often struggle with these functions. Nevertheless, it is 

important to ask whether these positive effects of resistance 

training are related to the influence of resistance training on 

blood pressure in hypertensive and normotensive subjects.

Many years ago, it was believed that resistance training 

could increase blood pressure; however, the most recent 

meta-analysis of this issue5 has clearly demonstrated that this 

statement is incorrect. In the general population, resistance 

training reduces systolic/diastolic clinical blood pressures 

by 3.2 and 3.5 mmHg, respectively; however, only three 

studies have investigated this issue in hypertensive subjects, 

and only one of these studies has shown a significant 

decrease in diastolic blood pressure; however, this decrease 

was not significant after correction for the effect observed 

in the control group. In addition, only two studies34,64 have 

investigated the effects of resistance exercise on ambulatory 

blood pressure (Table 4). These studies did not verify any 

relevant change in ambulatory blood pressure after resistance 

training in either normotensive or hypertensive subjects.

The failure to observe hypotensive effects of resistance 

training may be linked to the absence of sympathetic nervous 

activity reduction after this kind of training64; however, 

future studies are needed to fully understand the effects of 

resistance training on blood pressure.

In summary, there is no strong evidence that resistance 

training is effective in reducing ambulatory blood pressure in 

hypertensive subjects; however, the lack of data addressing 

this issue make any conclusion premature.

Final comments

Based on the previous discussion, it is clear that acute 

aerobic exercise is able to reduce ambulatory blood pressure 

levels when these levels are already elevated, whereas 

chronic aerobic exercise can reduce ambulatory blood 

pressures in normotensive and especially hypertensive 

subjects. Thus, aerobic training is a very useful tool for the 

prevention and treatment of hypertension.

In contrast, the acute and chronic effects of resistance 

exercise on ambulatory blood pressure levels are uncertain 

due to the limited amount of available data addressing this 

issue. It is important to emphasize that frequent participation 

in resistance training does not trigger hypertension. 

Nevertheless, the absence of proven hypotensive effects 

suggests that exclusive resistance training should not be 

recommended for hypertensive patients.

In summary, aerobic exercise should be recommended 

for ambulatory blood pressure reduction in hypertensive 

subjects, while resistance training is an important 

complement to aerobic training because of its osteomuscular 

benefits.

Table 4 - Effects of resistance training on ambulatory blood pressure

 Authors Pop Resistance Training

(Characteristics)

SBP/DBP

 (mmHg)

24h

SBP/DBP

 (mmHg)

daytime

SBP/DBP

(mmHg)

nighttime

Blumenthal et al. (34) HT 16 weeks

(2-3x/week, 30 min circuit)

→ ... ...

Van Hoof et al. (64) HT

NT

48 sessions

(3x/week, 3x 4-12 rep, 70-90% 1RM)

→ → ...

Both studies included control groups. Pop: population; HT: hypertensive; NT: normotensive; rep: repetitions; 1RM: repetition maximum; → maintained; 
...: missing data.



324

CLINICS 2010;65(3):317-25Physical exercise and ambulatory blood pressure

Cardoso Jr CG et al.

REFERENCES

17. Pescatello LS, Bairos L, Vanheest JL, Maresh CM, Rodriguez NR, 

Moyna NM, et al. Postexercise hypotension differs between white and 

black women. Am Heart J. 2003;145:364-70.

18. Pescatello LS, Fargo AE, Leach CN, Jr., Scherzer HH. Short-term 

effect of dynamic exercise on arterial blood pressure. Circulation. 

1991;83:1557-61.

19. Pescatello LS, Miller B, Danias PG, Werner M, Hess M, Baker C, 

et al. Dynamic exercise normalizes resting blood pressure in mildly 

hypertensive premenopausal women. Am Heart J. 1999;138:916-21.

20. Somers VK, Conway J, Coats A, Isea J, Sleight P. Postexercise 

hypotension is not sustained in normal and hypertensive humans. 

Hypertension. 1991;18:211-5.

21. Brownley KA, West SG, Hinderliter AL, Light KC. Acute aerobic 

exercise reduces ambulatory blood pressure in borderline hypertensive 

men and women. Am J Hypertens. 1996;9:200-6.

22. Rueckert PA, Slane PR, Lillis DL, Hanson P. Hemodynamic patterns and 

duration of post-dynamic exercise hypotension in hypertensive humans. 

Med Sci Sports Exerc. 1996;28:24-32.

23. Wallace JP, Bogle PG, King BA, Krasnoff JB, Jastremski CA. The 

magnitude and duration of ambulatory blood pressure reduction 

following acute exercise. J Hum Hypertens. 1999;13:361-6.

24. Fagard R, Vanhees L. Twenty-four hour blood pressure after exercise in 

patients with coronary artery disease. J Hum Hypertens. 2000;14:231-4.

25. Taylor-Tolbert NS, Dengel DR, Brown MD, McCole SD, Pratley RE, 

Ferrell RE, et al. Ambulatory blood pressure after acute exercise in older 

men with essential hypertension. Am J Hypertens. 2000;13:44-51.

26. Fisher MM. The effect of aerobic exercise on recovery ambulatory 

blood pressure in normotensive men and women. Res Q Exerc Sport. 

2001;72:267-72.

27. Brandao Rondon MU, Alves MJ, Braga AM, Teixeira OT, Barretto AC, 

et al. Postexercise blood pressure reduction in elderly hypertensive 

patients. J Am Coll Cardiol. 2002;39:676-82.

28. Park S, Jastremski CA, Wallace JP. Time of day for exercise on blood 

pressure reduction in dipping and nondipping hypertension. J Hum 

Hypertens. 2005;19:597-605.

29. Blanchard BE, Tsongalis GJ, Guidry MA, LaBelle LA, Poulin M, Taylor 

AL, et al. RAAS polymorphisms alter the acute blood pressure response 

to aerobic exercise among men with hypertension. Eur J Appl Physiol. 

2006;97:26-33.

30. Pescatello LS, Guidry MA, Blanchard BE, Kerr A, Taylor AL, 

Johnson AN, et al. Exercise intensity alters postexercise hypotension. 

J Hypertens. 2004;22:1881-8.

31. Park S, Rink LD, Wallace JP. Accumulation of physical activity leads 

to a greater blood pressure reduction than a single continuous session, 

in prehypertension. J Hypertens. 2006;24:1761-70.

32. Forjaz CL, Cardoso CG, Jr. Rezk CC, Santaella DF, Tinucci T. 

Postexercise hypotension and hemodynamics: the role of exercise 

intensity. J Sports Med Phys Fitness. 2004;44:54-62.

33. Blumenthal JA, Sherwood A, Gullette EC, Babyak M, Waugh R, 

Georgiades A, et al. Exercise and weight loss reduce blood pressure 

1. V Diretrizes Brasileiras de Hipertensão Arterial. São Paulo: Sociedade 

Brasileira De Cardiologia, Sociedade Brasileira De Hipertensão, 

Sociedade Brasileira De Nefrologia; 2006.

2. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL, 

et al. The Seventh Report of the Joint National Committee on Prevention, 

Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 

7 report. Jama. 2003;289:2560-72.

3. Lotufo PA. Stroke in Brazil: a neglected disease. Sao Paulo Med J. 

2005;123:3-4.

4. Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA, Ray 

CA. American College of Sports Medicine position stand. Exercise and 

hypertension. Med Sci Sports Exerc. 2004;36:533-53.

5. Fagard RH. Exercise is good for your blood pressure: effects of 

endurance training and resistance training. Clin Exp Pharmacol Physiol. 

2006;33:853-6.

6. Howley ET. Type of activity: resistance, aerobic and leisure versus 

occupational physical activity. Med Sci Sports Exerc. 2001;33(6 

Suppl):S364-9.

7. Perloff D, Sokolow M, Cowan R. The prognostic value of ambulatory 

blood pressures. JAMA. 1983;249:2792-8.

8. Syme AN, Blanchard BE, Guidry MA, Taylor AW, Vanheest JL, Hasson 

S, et al. Peak systolic blood pressure on a graded maximal exercise test 

and the blood pressure response to an acute bout of submaximal exercise. 

Am J Cardiol. 2006;98:938-43.

9. Lehmkuhl LA, Park S, Zakutansky D, Jastremski CA, Wallace JP. 

Reproducibility of postexercise ambulatory blood pressure in Stage I 

hypertension. J Hum Hypertens. 2005;19:589-95.

10. Bermudes AM, Vassallo DV, Vasquez EC, Lima EG. Ambulatory 

blood pressure monitoring in normotensive individuals undergoing two 

single exercise sessions: resistive exercise training and aerobic exercise 

training. Arq Bras Cardiol. 2004;82:65-71, 57-64.

11. Quinn TJ. Twenty-four hour, ambulatory blood pressure responses 

following acute exercise: impact of exercise intensity. J Hum Hypertens. 

2000;14:547-53.

12. Forjaz CL, Tinucci T, Ortega KC, Santaella DF, Mion D, Negrao 

CE. Factors affecting post-exercise hypotension in normotensive and 

hypertensive humans. Blood Press Monit. 2000;5:255-62.

13. Wallace JP, Bogle PG, King BA, Krasnoff JB, Jastremski CA. A 

comparison of 24-h average blood pressures and blood pressure load 

following exercise. Am J Hypertens. 1997;10:728-34.

14. Hara K, Floras JS. Influence of naloxone on muscle sympathetic nerve 

activity, systemic and calf haemodynamics and ambulatory blood 

pressure after exercise in mild essential hypertension. J Hypertens. 

1995;13:447-61.

15. Pescatello LS, Turner D, Rodriguez N, Blanchard BE, Tsongalis GJ, 

Maresh CM, et al. Dietary calcium intake and Renin Angiotensin System 

polymorphisms alter the blood pressure response to aerobic exercise: a 

randomized control design. Nutr Metab (Lond). 2007;4:4-1.

16. Pescatello LS, Kulikowich JM. The aftereffects of dynamic exercise on 

ambulatory blood pressure. Med Sci Sports Exerc. 2001;33:1855-61.



325

CLINICS 2010;65(3):317-25 Physical exercise and ambulatory blood pressure

Cardoso Jr CG et al.

in men and women with mild hypertension: effects on cardiovascular, 

metabolic, and hemodynamic functioning. Arch Intern Med. 2000 

10;160:1947-58.

34. Blumenthal JA, Siegel WC, Appelbaum M. Failure of exercise to 

reduce blood pressure in patients with mild hypertension. Results of a 

randomized controlled trial. Jama. 1991;266:2098-104.

35. Bursztyn M, Ben-Ishay D, Shochina M, Mekler J, Raz I. Disparate 

effects of exercise training on glucose tolerance and insulin levels and 

on ambulatory blood pressure in hypertensive patients. J Hypertens. 

1993;11:1121-5.

36. Cooper AR, Moore LA, McKenna J, Riddoch CJ. What is the magnitude 

of blood pressure response to a programme of moderate intensity 

exercise? Randomised controlled trial among sedentary adults with 

unmedicated hypertension. Br J Gen Pract. 2000;50:958-62.

37. Cox KL, Puddey IB, Morton AR, Burke V, Beilin LJ, McAleer M. 

Exercise and weight control in sedentary overweight men: effects on 

clinic and ambulatory blood pressure. J Hypertens. 1996;14:779-90.

38. Fortmann SP, Haskell WL, Wood PD. Effects of weight loss on clinic 

and ambulatory blood pressure in normotensive men. Am J Cardiol. 

1988;62:89-93.

39. Gilders RM, Voner C, Dudley GA. Endurance training and blood 

pressure in normotensive and hypertensive adults. Med Sci Sports Exerc. 

1989;21:629-36.

40. Jessup JV, Lowenthal DT, Pollock ML, Turner T. The effects of endurance 

exercise training on ambulatory blood pressure in normotensive older 

adults. Geriatr Nephrol Urol. 1998;8:103-9.

41. Ketelhut RG, Franz IW, Scholze J. Efficacy and position of endurance 

training as a non-drug therapy in the treatment of arterial hypertension. 

J Hum Hypertens. 1997;11:651-5.

42. Lima EG, Herkenhoff F, Vasquez EC. [Ambulatory blood pressure 

monitoring in individuals with exaggerated blood pressure response 

to exercise. Influence of physical conditioning]. Arq Bras Cardiol. 

1998;70:243-9.

43. Marceau M, Kouame N, Lacourciere Y, Cleroux J. Effects of different 

training intensities on 24-hour blood pressure in hypertensive subjects. 

Circulation. 1993;88:2803-11.

44. Miller ER, 3rd, Erlinger TP, Young DR, Jehn M, Charleston J, Rhodes 

D, et al. Results of the Diet, Exercise, and Weight Loss Intervention 

Trial (DEW-IT). Hypertension. 2002;40:612-8.

45. Miyai N, Arita M, Miyashita K, Morioka I, Shiraishi T, Nishio I, 

et al. Antihypertensive effects of aerobic exercise in middle-aged 

normotensive men with exaggerated blood pressure response to exercise. 

Hypertens Res. 2002;25:507-14.

46. Moreira WD, Fuchs FD, Ribeiro JP, Appel LJ. The effects of two 

aerobic training intensities on ambulatory blood pressure in hypertensive 

patients: results of a randomized trial. J Clin Epidemiol. 1999;52:637-42.

47. Nami R, Mondillo S, Agricola E, Lenti S, Ferro G, Nami N, et al. 

Aerobic exercise training fails to reduce blood pressure in nondipper-

type hypertension. Am J Hypertens. 2000 ;13(6 Pt 1):593-600.

48. Ohkubo T, Hozawa A, Nagatomi R, Fujita K, Sauvaget C, Watanabe Y, 

et al. Effects of exercise training on home blood pressure values in older 

adults: a randomized controlled trial. J Hypertens. 2001;19:1045-52.

49. Pinto A, Di Raimondo D, Tuttolomondo A, Fernandez P, Arna V, Licata 

G. Twenty-four hour ambulatory blood pressure monitoring to evaluate 

effects on blood pressure of physical activity in hypertensive patients. 

Clin J Sport Med. 2006;16:238-43.

50. Radaelli A, Piepoli M, Adamopoulos S, Pipilis A, Clark SJ, Casadei 

B, et al. Effects of mild physical activity, atenolol and the combination 

on ambulatory blood pressure in hypertensive subjects. J Hypertens. 

1992;10:1279-82.

51. Seals DR, Reiling MJ. Effect of regular exercise on 24-hour arterial 

pressure in older hypertensive humans. Hypertension. 1991;18:583-92.

52. Seals DR, Silverman HG, Reiling MJ, Davy KP. Effect of regular aerobic 

exercise on elevated blood pressure in postmenopausal women. Am J 

Cardiol. 1997;80:49-55.

53. Somers VK, Conway J, Johnston J, Sleight P. Effects of endurance 

training on baroreflex sensitivity and blood pressure in borderline 

hypertension. Lancet. 1991;337:1363-8.

54. Tsai JC, Liu JC, Kao CC, Tomlinson B, Kao PF, Chen JW, et al. 

Beneficial effects on blood pressure and lipid profile of programmed 

exercise training in subjects with white coat hypertension. Am J 

Hypertens. 2002;15:571-6.

55. Van Hoof R, Hespel P, Fagard R, Lijnen P, Staessen J, Amery A. Effect 

of endurance training on blood pressure at rest, during exercise and 

during 24 hours in sedentary men. Am J Cardiol. 1989;63:945-9.

56. Wijnen JA, Kool MJ, van Baak MA, Kuipers H, de Haan CH, Verstappen 

FT, et al. Effect of exercise training on ambulatory blood pressure. Int 

J Sports Med. 1994;15:10-5.

57. Zanettini R, Bettega D, Agostoni O, Ballestra B, del Rosso G, di 

Michele R, et al. Exercise training in mild hypertension: effects on 

blood pressure, left ventricular mass and coagulation factor VII and 

fibrinogen. Cardiology. 1997;88:468-73.

58. Zemva A, Rogel P. Gender differences in athlete’s heart: association with 

24-h blood pressure. A study of pairs in sport dancing. Int J Cardiol. 

2001;77:49-54.

59. Hardy DO, Tucker LA. The effects of a single bout of strength training 

on ambulatory blood pressure levels in 24 mildly hypertensive men. Am 

J Health Promot. 1998;13:69-72.

60. Melo CM, Alencar Filho AC, Tinucci T, Mion D, Jr., Forjaz CL. 

Postexercise hypotension induced by low-intensity resistance exercise 

in hypertensive women receiving captopril. Blood Press Monit. 

2006;11:183-9.

61. Roltsch MH, Mendez T, Wilund KR, Hagberg JM. Acute resistive 

exercise does not affect ambulatory blood pressure in young men and 

women. Med Sci Sports Exerc. 2001;33:881-6.

62. Queiroz ACC, Gagliardi JFL, Forjaz CLM, Rezk CC. Clinic and 

ambulatory blood pressure responses after resistance exercise. The 

Journal of Strength and Conditioning Research. 2009;23:571-8.

63. Rezk CC, Marrache RC, Tinucci T, Mion D, Jr., Forjaz CL. Post-

resistance exercise hypotension, hemodynamics, and heart rate 

variability: influence of exercise intensity. Eur J Appl Physiol. 

2006;98:105-12.

64. Van Hoof R, Macor F, Lijnen P, Staessen J, Thijs L, Vanhees L, et 

al. Effect of strength training on blood pressure measured in various 

conditions in sedentary men. Int J Sports Med. 1996;17:415-22.


	ACUTE AND CHRONIC EFFECTS OF AEROBIC AND RESISTANCE EXERCISE ON AMBULATORY BLOOD PRESSURE
	INTRODUCTION
	Acute effects of aerobic exercise
	Chronic effects of aerobic training
	Acute effects of resistance exercise
	Chronic effects of resistance exercise
	Final comments

	REFERENCES


