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Abstract
Hypertension affects 25% of the world’s population and 

is considered a risk factor for cardiovascular disorders and 
other diseases. The aim of this study was to examine the 
evidence regarding the acute effect of exercise on blood 
pressure (BP) using meta-analytic measures. Sixty-five studies 
were compared using effect sizes (ES), and heterogeneity 
and Z tests to determine whether the ES were different 
from zero. The mean corrected global ES for exercise 
conditions were -0.56 (-4.80 mmHg) for systolic BP (sBP) 
and -0.44 (-3.19 mmHg) for diastolic BP (dBP; z ≠ 0 for all; 
p < 0.05). The reduction in BP was significant regardless 
of the participant’s initial BP level, gender, physical activity 
level, antihypertensive drug intake, type of BP measurement, 
time of day in which the BP was measured, type of exercise 
performed, and exercise training program (p < 0.05 for 
all). ANOVA tests revealed that BP reductions were greater 
if participants were males, not receiving antihypertensive 
medication, physically active, and if the exercise performed 
was jogging. A significant inverse correlation was found 
between age and BP ES, body mass index (BMI) and sBP 
ES, duration of the exercise’s session and sBP ES, and 
between the number of sets performed in the resistance 
exercise program and sBP ES (p < 0.05). Regardless of the 
characteristics of the participants and exercise, there was a 
reduction in BP in the hours following an exercise session. 
However, the hypotensive effect was greater when the 
exercise was performed as a preventive strategy in those 
physically active and without antihypertensive medication.

Introduction
Exercise training has been shown to reduce blood pressure 

(BP).1-9 However, studies reporting a reduction in BP resulting 
from chronic exercise might disregard an acute effect following 
the exercise session (i.e., post-exercise hypotension [PEH]) 
that is lost over time.4 Although the mean reductions in 
ambulatory systolic BP (sBP) and diastolic BP (dBP) monitoring 
over 24 hours are 3.2 mmHg and 1.8 mm Hg, respectively,10 
the magnitude of the reduction is greater during the first few 

hours after the exercise, to the point that some subjects with 
hypertension achieve normal BP values.

The PEH response is measured by comparing BP values 
after an exercise with the values in a control day in which 
the exercise is not performed, or by comparing BP values 
before and after an exercise session.5 However, findings 
in the literature are contradictory, not only regarding the 
conclusion of whether an acute exercise elicits a reduction 
in BP, but also about the magnitude and duration of the PEH 
response. These contradictions may be partially explained by 
the characteristics of the samples (i.e., hypertensives versus 
normotensives),10-18 use of antihypertensive medication,16,17 
training status,19-23 participants’ age,24-27 and characteristics 
of the measurement performed. This relates to whether the 
BP was measured at rest or by ambulatory monitoring,5 
since the latter is more effective in distinguishing the 
“white coat syndrome” (a transient elevation in BP when 
the measurements are performed in a laboratory or in 
the clinic).28,29 Finally, other confounding factors include 
the duration of the measurement5 and characteristics of 
the exercise, such as type (i.e., aerobic or resistance),30,31 
intensity,8,32-35 duration of the session,7,36,37 muscles involved,7 
whether the exercise is performed intermittently or 
continuously,38 and the time of day when it is performed.39,40

Given this plethora of ambivalent variables, the purpose 
of this meta-analysis was to determine the effect of acute 
exercise on the BP response and examine the role of 
moderator variables.

Methods
Search strategy. A systematic search was conducted from 

August 8, 2012, to March 9, 2013, on the databases MEDLINE 
(Ovid), SciELO, SPORTDiscus, Google Scholar, ProQuest, 
SpringerLink, and PubMed. The following keywords were 
used alone and in combination: “acute effect of exercise”, 
“blood pressure”, “hypertension”, “post-exercise hypotension”, 
and “physical activity”. We performed a hand search of the 
reference lists of the retrieved studies to detect manuscripts not 
found by the search in the electronic engines mentioned above.

Inclusion criteria. Studies were included in this meta-analysis 
if they: 1) were published in English, 2) reported the effect of 
exercise on BP in the minutes or hours following the training 
session, 3) reported the mean and standard deviation (SD) 
or standard error values of the BP in the experimental and 
control groups before and after the exercise, 4) included only 
humans, and 5) performed BP readings at rest or ambulatory 
measurements in the hours that followed the exercise session.

Exclusion criteria. Studies were excluded from this 
meta-analysis if their data: 1) were used to publish other 
manuscripts, to prevent their results from being included 
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more than once in our database (i.e., studies using the 
same dataset were taken into consideration only once), 
and 2) resulted from an interaction between exercise and 
medication or intervention to evaluate possible physiological 
mechanisms that might explain the occurrence of PEH.

Variable coding. The coded moderator variables included 
the characteristics related to the following: 1) studies (number 
of participants, study quality, experimental condition or 
group); 2) participants (BP level, gender, medication status, 
age, body mass index [BMI], physical activity level, maximum 
oxygen uptake [VO2max]); 3) BP measurement (type, duration 
and time of day when it was performed); and 4) exercise (type, 
training protocol, training mode, intensity, rest between sets 
or intervals, and number of exercises, sets, and repetitions). 
The quality of the studies was determined using the Jadad 
scale,41 in which the quality according to the total score is 
categorized as low when < 3 points, moderate when 3 points, 
and high when > 3 points. Multiple effect sizes (ES) for the 
same study were computed for trials with a repeated measures 
design including multiple interventions. Likewise, the ES was 
computed for the intervention or control groups when the 
information was available.

Statistical analysis. The following analyses were computed 
for each dependent variable (sBP and dBP). To calculate the 
ES, we followed the procedures described elsewhere.42,43 
First, the ES was computed separately for the experimental 
and control conditions with the following formula:43,44 
ES = (Meanpost-test – Meanpre-test) / SDpre-test. Second, the ES was 
corrected taking into consideration the sample size using 
the following formula:44 EScorrected = ES x 1 – (3 / 4 x m – 9). 
Once the global corrected ES was obtained, we determined 
the possibility of a “file-drawer effect” using the following 
formula:45 K0 = K (d1 – d2) / d2; where K0 is the number of 
studies theoretically required to reduce the computed global 
ES to a non-significant ES, K is the number of meta-analyzed 
studies, d1 is the global ES, and d2 is the non-significant global 
ES, in this case, 0.20.46 The Z test was used to determine 
whether the ES were significantly different from zero.43  
Statistical heterogeneity among the studies was assessed 
using Cochran’s Q test, and the I2 index.42 One-way ANOVA 
was used to determine the global experimental ES and ES 
differences in the control conditions.44 One-way ANOVA 
for independent groups and Pearson’s correlation were 
computed on the nominal and continuous moderator variables, 
respectively, when heterogeneity was found in the global ES.  
Tukey’s post-hoc analyses were computed when significant 
F ratios were obtained. Analyses were performed using the 
software SPSS, version 20.0 (IBM Corporation, New York, USA). 
Significance was set a priori at p < 0.05.

Results
Sixty-five studies (denoted by * in the reference list) out 

of 216 initial citations were included in the meta-analysis 
(Chart 1). The studies enrolled 1408 participants (931 males, 
455 females, 22 with undisclosed gender), with a mean age 
of 36.1 ± 15.1 years, BMI of 25.9 ± 2.6 kg/m2 and VO2max 
of 33.1 ± 10.2 mL x min-1 x kg-1. Of these participants, 
466 engaged in studies with a repeated measures design 

including experimental and control conditions; 309 participated 
in studies with a repeated measures design including only 
experimental conditions; 429 participated in studies with an 
independent measures design including only experimental 
groups; 204 participated in studies with an independent 
measures design in which 117 exercised; and 87 were controls. 
From this sample, 1101 ES were computed.

All the obtained ES were included in the subsequent 
analysis given the lack of statistically significant differences 
in the quality of the moderator variable of the study for 
sBP (F = 1.91, p = 0.11) and dBP (F = 0.40, p = 0.81).  
Table 1 shows that, in contrast to the experimental condition, 
the corrected ES in the control condition were not different 
from zero. However, Cochran’s Q test indicated that data 
from both experimental and control conditions were 
heterogeneous. Figure 1 shows the overall corrected ES for 
the experimental and control conditions for the dependent 
variables sBP and dBP. One-way ANOVA showed significant 
differences between control and experimental conditions 
regarding sBP and dBP (p ≤ 0.01 for all). Assessment of a 
file drawer effect determined that for global effects to be 
no longer significant, 122 significant unpublished studies 
were needed for sBP and 165 studies for dBP. In the control 
condition, while the Z score showed ES = 0, the Cochran’s 
Q test found heterogeneity explained by the sBP (F = 13.90) 
and dBP (F = 5.37). Further analysis showed that the BP 
increased when measured later on during the day (p ≤ 0.01 
for both). The experimental conditions not only showed 
heterogeneity in the obtained ES but also global ES ≠ 0 in 
sBP and dBP (Table 1).

The results of the experimental condition on the two 
dependent variables are presented next.

Systolic Blood Pressure. Table 2 shows the corrected 
mean sBP ES at different levels of the moderator variables.  
Results regarding the characteristics of the sample showed a 
significant decrease in sBP regardless of the initial BP levels, 
gender, antihypertensive drug intake, and physical activity level. 
However, post-hoc analyses detected a significantly larger ES 
in males (F = 5.58, p = 0.001, Figure 2b), and non-medicated 
(F = 8.76, p = 0.001, Figure 2c) and physically active subjects 
(F = 4.42, p = 0.002, Figure 2d). Results regarding the exercise 
characteristics showed that the sBP decreased significantly 
regardless of the exercise modality. Results were consistent for 
aerobic exercises such as running, jogging, walking, cycling, or 
a combination of these, as well as for conventional or circuit 
resistance training exercise. Nevertheless, reductions in sBP were 
significantly greater for jogging exercise compared with circuit 
resistance training exercise (F = 2.73, p < 0.01, Figure 2e). 
Significant sBP reductions were also found regardless of whether 
the exercise was performed continuously, intermittently, or 
increasingly. However, largest reductions occurred when the 
intensity increased during the exercise session (F = 5.50, 
p = 0.004, Figure 2f). Significant correlations were found 
for sBP (Table 3). Because in most cases the post-exercise BP 
decreased, the ES were negative, and therefore, the direction 
(i.e., sign) of the correlations opposed to those commonly 
reported. For example, the higher the age of the participants, 
the lower the decrease in sBP (r = 0.21, p = 0.001, Figure 3a, 
Table 3). In addition, higher BMI values were associated with 
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216 studies identified

179 studies on the acute effect of 
exercise on blood pressure

165 studies

65 studies included in the 
meta‑analysis*

37 studies excluded:

• 24 reviews of the literature
• 1 meta‑analysis
• 6 chronic effect studies
• 2 studies measuring blood pressure during exercise 
• 2 studies not reporting blood pressure measurements
• 2 studies on the effects of experimental interventions 

other than exercise

14 studies excluded: 

• Same data sets used for different publications

98 studies excluded: 

• 48 studies with incomplete/missing data for calculation 
of effect sizes

• 51 studies reporting results only with figures/graphs
• 1 study with no detailed information regarding the 

exercise intervention

* meta-analyzed studies are identified with * symbol in the reference list.

Chart 1 – Study selection flow diagram.

a lower decrease in sBP (r = 0.26, p = 0.001, Figure 3b).  
Also, the longer the duration of the exercise session the greater 
the reduction in sBP (r = -0.19, p = 0.01, Figure 3c), and the 
lower number of resistance exercises performed, the higher the 
decrease in sBP (r = 0.21, p = 0.001, Figure 3d). Finally, the 
greater the number of sets of resistance exercises, the greater 
the reduction in sBP (r = -0.47, p = 0.001, Figure 3e).

Diastolic Blood Pressure. Table 4 shows the corrected 
mean dBP ES at different levels of the moderator variables. 
Results regarding the characteristics of the subjects showed a 
significant decrease in dBP regardless of the initial BP level, 
gender, antihypertensive drug intake, and physical activity 
level. However, post-hoc analyses detected a significantly 
larger ES in non-medicated samples (F = 4.26, p < 0.02). 

This finding is consistent with the sBP response depicted in 
Figure 2c. Results regarding the exercise characteristics showed 
that the dBP decreased significantly regardless of the exercise 
modality. Most of the results were consistent for aerobic 
exercises such as jogging, cycling, and a combination of these, 
as well as for conventional or circuit resistance training exercise.  
However, as depicted in Table 4, the largest reductions in dBP 
occurred when jogging was the exercise mode (F = 4.09, 
p < 0.001). Interestingly, dBP ES were not different from 
zero when the participants walked. Significant correlations 
were found for dBP (Table 4). Also, the higher the age of the 
participants, the lower the reduction in dBP (r = 0.12, p = 0.03), 
and the greater the number of resistance exercises performed, 
the higher the decrease in dBP (r = -0.20, p = 0.006).
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Table 1 – Global corrected ES, Z scores, Q statistic and I2 index heterogeneity tests, and post-session blood pressure change (Δ mmHg)

Experimental 
condition or group Variable ES ± SD Z Q I2 ∆ (mmHg)

Control
sBP 0.05 ± 0.56 -0.13 186.87* 95.18 0.53

dBP 0.21 ± 1.10 1.81 329.84* 97.27 0.26

Experimental
sBP -0.56 ± 0.90 -20.21z 1452.57* 99.38 -4.80

dBP -0.44 ± 1.14 -15.91z 751.47* 98.80 -3.19

ES: effect size; SD: standard deviation; Z: Z score; Q: Cochran Q test; I2: heterogeneity percentage; ∆: post-test minus pre-test change in blood pressure; 
sBP: systolic blood pressure; dBP: diastolic blood pressure; Z: Z score ≠ 0, p < 0.05; *: heterogeneous values, p < 0.05.

Figure 1 – Global effect size of systolic and diastolic blood pressure. 
ES: effect size; sBP: systolic blood pressure; dBP: diastolic blood 
pressure; z: ES ≠ 0, p < 0.05; p < 0.05 between a and b, c and d. 
Open bars represent the experimental condition, and black bars represent 
the control condition.
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Discussion
The purpose of this meta-analysis was to determine 

the effectiveness of acute exercise interventions on the BP 
response. Although initially we intended to find the intensity, 
duration, and type of exercise that best reduced BP, we found 
that regardless of the participant, measurement features, 
and exercise characteristics, there was a reduction in BP in 
the hours that followed an exercise session. The reductions 
in BP following an exercise session were demonstrated 
by the corrected ES significantly different from zero in the 
experimental conditions. Significant ES were found for 
sBP (-0.56 or -4.8 mm Hg) and dBP (-0.44 or -3.2 mm Hg).  
The ES for the controls conditions were equal to zero.

The magnitude of the ES is considered moderate when 
between 0.41 and 0.70.46 From a clinical perspective, 
epidemiological studies indicate that a decrease of 2 mmHg 
in the sBP is likely to reduce the mortality associated with 
stroke by 6% and coronary heart disease by 4%, whereas 
a reduction of 5 mmHg is likely to reduce the risk of these 
diseases by 14% and 9%, respectively.1,47 Therefore, the 
reductions of 3 to 4 mmHg found in this meta-analysis confirm 
the importance of acute exercise as a non-pharmacological 
treatment of hypertension.

The fact that the ES in the control condition was not different 
from zero indicates that there was no contamination by 
extraneous variables in this set of studies. The heterogeneity of 
the data from the control condition might have been partially 
explained by the significant differences between measurements 
taken in the afternoon as opposed to the morning. This finding 
suggests a confounding effect of the circadian rhythm in 
hemodynamic variables, given the reductions in BP, heart rate, 
cardiac output, and stroke volume as the night approaches.48 
Other aspects may also influence this response, for instance, 
the fact that the BP measurement in the control condition was 
affected by exercise performed in the previous 48 hours.49 
Therefore, both factors must be considered in the design of 
future research protocols.

In the case of the corrected ES arising from the experimental 
condition, it is noteworthy that although all participants benefited 
from exercise to lower the sBP, males achieved greater reductions 
than females. This finding is consistent with those of other 
studies50 that have suggested that females have a lower support 
of the autonomic tone necessary to regulate BP, as well as a lower 
effectiveness of the components that regulate the baroreflex. 
However, the same authors reported as a limitation of the study 
a failure to standardize the time of the menstrual cycle in the 
group of studied females. Evidence suggests that the different 
phases of the menstrual cycle are involved in the regulation of 
the autonomic nervous system.51 While we computed 213 ES for 
males, we computed only 40 ES for females. Researchers have 
apparently neglected the female population, probably due to a 
fear that the menstrual cycle might confound the findings due 
to its involvement in BP regulation. Although the PEH can be 
reached at any point during the menstrual cycle in normotensive 
women, it is greater if the woman exercises during the early 
follicular phase.52 However, further investigation is required 
on this topic to determine potential physiological mechanisms 
responsible for PEH, for instance, whether an interaction exists 
between gender, age, and arterial stiffness.53

Based on speculations from previous findings,10 we 
expected to find a greater PEH in hypertensive subjects than 
in prehypertensive and normotensive ones. However, the level 
of the participants’ BP had no influence on the findings of the 
present study. This difference might be explained by the inclusion 
of non-medicated hypertensive and normotensive subjects in the 
study by Pescatello and Kulikowich;10 therefore, given a higher 
initial BP there was also a greater change in post-exercise BP when 
determined by ambulatory measurement. Although the PEH was 
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Table 2 – Mean corrected sBP ES, Z scores, F-ratio, significance level, and post-exercise score change by moderator variable in the 
experimental group

Moderator 
variable Coding scheme n Mean corrected 

ES ± SD Z F p ≤ ∆ (mmHg)

Sa
mp

le 
ch

ar
ac

ter
ist

ics

BP category 0.74 0.48
• Normotensive 249 -0.54 ± 0.89 -15.5* -3.75
• Prehypertensive 23 -0.78 ± 1.17 -4.4* -5.80
• Hypertensive 72 -0.54 ± 0.81 -13.1* -8.13
Gender 5.58 0.004
• Males 213 -0.68 ± 0.94 -20.5* -4.95
• Females 40 -0.27 ± 0.60 -4.44* -3.98
• Mixed 91 -0.40 ± 0.84 -6.95* -4.81
Medication 8.76 0.001
• Medicated
• Non‑medicated
• Unreported

58
250
36

-0.27 ± 0.50
-0.68 ± 0.97
-0.18 ± 0.57

-6.19*
-19.4*
-2.71*

-4.90
-5.08
-2.74

Physical activity 
level 4.42 0.002

• Sedentary 107 -0.46 ± 0.79 -11.2* -5.05
• Active 192 -0.71 ± 0.98 -19.9* -5.45
• Athletes 20 -0.27 ± 0.66 -2.58* -1.64
• Mixed 13 -0.03 ± 0.36 0.35 -0.75
• Unreported 12 -0.06 ± 0.47 -1.02 -1.89

Me
as

ur
em

en
t fe

atu
re

s

Type of 
measurement 0.55 0.46

• Resting 306 -0.56 ± 0.92 -18.1* -4.81
• Ambulatory 40 -0.46 ± 0.66 -8.71* -4.31
Time of day 2.20 0.11
• Morning 101 -0.71 ± 1.16 -17.6* -4.58
• Afternoon 9 -0.74 ± 1.05 -4.9* -5.11
• Unreported 234 -0.49 ± 0.74 -11.7* -4.89

Ex
er

cis
e c

ha
ra

cte
ris

tic
s

Exercise type 0.97 0.38
• Aerobic 148 -0.62 ± 0.87 -16.1* -6.22
• Resistance 

training
175 -0.49 ± 0.95 -11.5* -3.36

• Concurrent 20 -0.69 ± 0.52 -7.7* -7.33
Training program 2.73 0.01
• Conventional (RT) 127 -0.55 ± 1.04 -10.4* -3.24
• Circuit (RT) 48 -0.34 ± 0.64 -4.99* -3.7
• Running (AT) 6 -1.39 ± 1.05 -6.16* -8.53
• Jogging (AT) 20 -1.08 ± 1.02 -8.86* -8.7
• Walking (AT) 9 -0.53 ± 0.27 -6.52* -7.81
• Bicycling (AT) 114 -0.50 ± 0.82 -11.2* -5.45
• Mixed 20 -0.69 ± 0.52 -7.7* -7.33
Mode (RT, AT) 5.50 0.004
• Constant 277 -0.50 ± 0.91 -16.5* -4.00
• Intermittent 42 -0.67 ± 0.44 -10.7* -7.12
• Incremental 23 -1.12 ± 1.16 -8.03* -10.87
Rest/series (RT) 0.24 0.87
• 1‑2 min 163 -0.54 ± 0.96 -12.6* -3.86
• 3‑5 min 22 -0.52 ± 0.65 -4.14* -5.09
• Unreported 12 -0.45 ± 0.66 -3.66* -4.75

BP: blood pressure; sBP: systolic blood pressure; ES: effect size; RT: resistance training; AT: aerobic training; Mode: both AT and RT are included; *: Z score ≠ 0, p < 0.05.
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Figure 2a – Corrected systolic blood pressure effect size by BP category

Figure 2c – Corrected systolic blood pressure effect size by 
antihypertensive medication

Figure 2e – Corrected systolic blood pressure effect size by Training program

Figure 2b – Corrected systolic blood pressure effect size by gender

Figure 2d – Corrected systolic blood pressure effect size by physical 
activity level

Figure 2f – Corrected systolic blood pressure effect size by training mode
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Figure 2 – Corrected systolic blood pressure effect size by categorical variables. Normotens.: normotensive; Prehypertens.: prehypertensive; Hypertens.: hypertensive; 
BP: blood pressure; sBP: systolic blood pressure; z: ES ≠ 0, p < 0.05; *: different from others, p < 0.05; a and b: different between each other, p < 0.05; Conv.: Conventional 
resistance training; Circ.: Circuit resistance training; Run: running; Jog: jogging; Walk: walking; Cycl.: bicycling; Conc.: Concurrent training.
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Table 3 – Pearson’s correlation of mean sBP and dBP, corrected ES, and moderator variables according to the coding scheme

Characteristics of the moderator variable Coding scheme BP r = p ≤

Participants

• Age
sBP 0.21 0.001

dBP 0.12 0.03

• Weight
sBP 0.007 0.24

dBP -0.06 0.37

• Body mass index
sBP 0.26 0.001

dBP 0.09 0.14

• VO2max
sBP -0.03 0.70

dBP -0.04 0.61

Measurement • Measurement duration
sBP 0.08 0.15

dBP -0.07 0.21

Exercise

• Exercise intensity estimated from the VO2max
sBP -0.16 0.11

dBP 0.04 0.72

• Exercise intensity estimated from the HRR
sBP 0.11 0.56

dBP -0.10 0.57

• Exercise intensity estimated from the HRmax
sBP -0.19 0.58

dBP -0.47 0.14

• Exercise intensity estimated from the anaerobic threshold
sBP 0.33 0.17

dBP 0.35 0.15

• Exercise intensity estimated from 1RM
sBP -0.05 0.51

dBP -0.04 0.58

• Duration of the exercise session
sBP -0.19 0.01

dBP -0.08 0.32

• Number of RT exercises
sBP 0.30 0.001

dBP -0.20 0.006

• Number of sets
sBP -0.47 0.001

dBP -0.02 0.75

• Number of repetitions
sBP 0.14 0.05

dBP 0.07 0.37

VO2max: maximal oxygen consumption; HRR: heart rate reserve; HRmax: maximal heart rate; 1RM: one repetition maximum; RT: resistance training; BP: blood 
pressure; sBP: systolic blood pressure; dBP: diastolic blood pressure.

significant in normotensive, prehypertensive, and hypertensive 
patients in the present study, there were no differences between 
these categories. Moreover, there were significantly greater 
changes in non-medicated participants compared with medicated 
ones. This finding might be explained by the interaction between 
medication intake and exercise intervention.5 Another feasible 
explanation for our findings opposing those by others10 might 
have been that some participants were classified as “medicated 
hypertensive”, and therefore, BP values were close to or within 
the normal range. If this explanation holds true, the “baseline” 
law8,10,54 also seems to apply in the present study. In other words, 
since BP values were close to normal even in hypertensive 
subjects (i.e., baseline), it is harder to achieve a lower BP following 
an exercise session. Therefore, these speculations deserve to be 

investigated with further post-meta–analytical studies, since the 
physiological mechanisms potentially explaining these findings 
are largely unknown.

Physically active individuals achieved higher BP decreases 
after the exercise session. This was observed even though the 
PEH occurred independently from the level of physical activity 
of the participants. This seems to support the theory proposed 
by some authors55 who observed that some physiological 
mechanisms that chronically reduce BP also play a role in the 
onset of PEH. For example, exercise training has been shown 
to cause a systemic adaptation of the arterial wall in healthy 
individuals,56 which might translate to better arterial vessel 
compliance that may facilitate the decrease in peripheral 
resistance following an exercise session.
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We observed in this study an inverse association between 
age and PEH. Increasing age decreases the magnitude 
of PEH. As a person ages, there is an increase in arterial 
stiffness that results from progressive destruction of the 
elastic fibers, a decrease in capillary density, and an increase 
in arteriolar wall thickness. These structural and functional 

changes, in turn, increase vascular resistance and limit the 
response to vasodilator agents released during exercise.57 
Similarly, if the VO2max is greatest when the person is young 
and active, then the relationship between a higher VO2max 
and a greater decrease in sBP could also be explained by 
the aforementioned physiological mechanisms.
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Figure 3a – Correlation between corrected systolic blood pressure effect 
sizes and age (r=0.21; p≤0.001)

Figure 3c – Correlation between corrected systolic blood pressure effect 
sizes and exercise session duration (r=0.19; p=0.01)

Figure 3e – Correlation between corrected systolic blood pressure effect 
sizes and the number of sets of resistance exercise (r=0.47; p≤0.001)

Figure 3b – Correlation between corrected systolic blood pressure effect 
sizes and BMI (r=0.26. p≤0.001)

Figure 3d – Correlation between corrected systolic blood pressure effect 
sizes and number of resistance exercises (r=0.30; p≤0.001)

Figure 3f – Correlation between corrected systolic blood pressure effect 
sizes and the number of repetitions/set (r=0.14; p≤0.05)

Figure 3 – Correlation between corrected systolic blood pressure (sBP), effect sizes, and continuous variables. Note: sBP: systolic blood pressure; BMI: body 
mass index.
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Table 4 – Mean corrected dBP ES, Z score, F ratio, significance level, and post-exercise score change by moderator variable in the 
experimental group

Characteristics 
of the moderator 
variable

Coding scheme n Mean corrected 
ES ± SD Z F p ≤ ∆ (mmHg)

Sa
mp

le 

BP category 1.8 0.17
• Normotensive 249 -0.44 ± 0.97 -13.9* -3.07
• Prehypertensive 20 -0.85 ± 3,16 -4.08* -5.28
• Hypertensive 67 -0.30 ± 0.44 -6.72* -3.02
Gender 0.41 0.67
• Male 207 -0.48 ± 1.38 -12.2* -3.4
• Female 40 -0.34 ± 0.59 -4.75* -2.85
• Mixed 89 -0.38 ± 0.61 -9.20* -2.85
Medication 4.26 0.02
• Medicated 58 -0.20 ± 0.43 -4.54* -1.79
• Non‑medicated 242 -0.55 ± 1.31 -15.7* -3.87
• Unreported 36 -0.08 ± 0.38 -1.04 -0.88
Physical activity 
level 0.87 0.49

• Sedentary 105 -0.48 ± 1.49 -8.09* -3.25
• Active 186 -0.47 ± 1.03 -12.9* -3.49
• Athletes 20 -0.35 ± 0.32 -3.70* -2.72
• Mixed 13 -0.25 ± 0.36 -4.46* -2.36
• Unreported 12 -0.10 ± 0.63 0.14 0.22

BP
 m

ea
su

re
me

nt 

Type of 
measurement 1.47 0.23

• Resting 296 -0.47 ± 1.21 -15.3* -3.36
• Ambulatory 40 -0.23 ± 0.37 -4.64* -1.92
Time of day 1.03 0.36
• Morning 99 -0.31 ± 0.55 -10.5* -1.97
• Afternoon 9 -0.29 ± 0.68 -1.89 -1.33
• Unreported 228 -0.50 ± 1.33 -11.91 -3.79

Ex
er

cis
e 

Exercise type 0.81 0.45
• Aerobic 141 -0.53 ± 1.61 -10.2* -3.80
• Resistance 

training
175 -0.38 ± 0.64 -11.4* -2.73

• Concurrent 20 -0.29 ± 0.34 -4.51* -2.93
Training 
program 4.09 0.001

• Conventional (RT) 127 -0.43 ± 0.67 -10.8* -2.84
• Circuit (RT) 48 -0.27 ± 0.54 -3.77* -2.43
• Running (AT) 6 -0.77 ± 0.99 -4.00* -3.90
• Jogging (AT) 18 -1.66 ± 3.20 -7.80* -10.83
• Walking (AT) 7 -0.19 ± 0.49 -0.45 -0.84
• Bicycling (AT) 107 -0.36 ± 1.20 -6.79* -2.82
• Mixed 20 -0.29 ± 0.34 -4.51* -2.93
Mode (RT, AT) 0.44 0.64
• Constant 277 -0.46 ± 1.24 -14.1* -3.24
• Intermittent 39 -0.28 ± 0.30 -4.63* -2.55
• Incremental 17 -0.47 ± 0.56 -6.07* -4.29
Rest/series (RT) 0.54 0.66
• 1‑2 min 163 -0.35 ± 0.58 -11.1* -2.67
• 3‑5 min 20 -0.39 ± 0.67 -2.83* -3.14
• Unreported 11 -0.54 ± 0.74 -4.35* -2.65

BP: blood pressure; dBP: diastolic blood pressure; ES: effect size; RT: resistance training; AT: aerobic training; Mode: both, AT and RT are included; *: Z score ≠ 0, p < 0.05

430



Review Article

Carpio-Rivera et al.
Exercise and blood pressure

Arq Bras Cardiol. 2016; 106(5):422-433

The finding that a lower BMI was associated with a greater 
reduction in sBP is in line with evidence showing that adipose 
tissue accumulation, especially in the abdominal area, is linked 
to several mechanisms leading to hypertension, including 
sympathetic overactivity, endothelial dysfunction, arterial 
stiffness, and inflammation.55,58,59 The implications of these 
findings are significant, given that a large proportion of the world 
population is hypertensive and obese; therefore, maintaining a 
normal BMI could lead in many cases to a greater hypotensive 
effect following an exercise session.60

More than a decade ago, the American College of Sports 
Medicine (ACSM),3 recommended that resistance exercise 
should be accompanied by aerobic exercise. Recent studies 
attempted to determine whether resistance exercise alone 
could produce the same hypotensive effect than aerobic 
exercise.31,61-62 Motivated by the increase in the number of these 
studies, we decided to meta-analyze the type of exercise as a 
moderator variable. We found that both aerobic and resistance 
exercises alone were able to induce a hypotensive effect.

In this study, we found jogging to be the exercise modality 
that elicits the greater magnitude of sBP and dBP changes. 
Other findings were that walking does not reduce the dBP; 
that the longer the duration of the exercise session, the greater 
the sBP reduction; and that incremental exercise protocols 
produced the highest reductions in sBP. These findings seem 
to agree with a previous report63 that associated the PEH with 
the total exercise workload and not with the intensity at which 
the exercise was performed. However, these findings should 
be confirmed in future studies, because the results could 
have been masked by BMI, age, and physical activity level of 
the participants included in the different studies. This might 
be partially explained by a tendency to use walking as the 
exercise intervention if participants are overweight, elderly, 
or sedentary;64,65 and jogging if the subjects are not obese, 
younger, or physically active.22

Post meta-analytical studies assessing resistance training 
programs are needed, since reductions in dBP were found 
with a greater number of resistance exercises, although these 
exercises also led to a minor decrease in sBP. Because of 
the contradictory findings, it is likely that future studies may 
manipulate these variables to determine whether several 
resistance exercise sets reflect an increased workload and, 

therefore, a greater PEH,63,66 or if the design of the program 
should require several resting periods between exercises to 
dampen the BP elevation that normally occurs during resistance 
exercise67 in order to facilitate the onset of the PEH.

One implication arising from this meta-analysis affects the 
prescription of exercise. It is necessary to determine whether 
the PEH is greater as the exercise workload increases, 63,68 and 
whether it varies in females according to the menstrual cycle 
phase.52 Other questions that remain to be answered include 
the duration of the PEH when the individual is performing daily 
living activities (i.e., outpatient phase),5,10 and what is the role 
played by genetics in triggering the PEH response.69,70

Conclusion
In conclusion, regardless of the characteristics of the 

sample and exercise, the BP reduced in the hours following 
an acute exercise session. However, the reduction was greater 
if the exercise was performed as a preventive strategy and in 
physically active individuals who were not yet medicated.

Author contributions
Conception and design of the research and statistical 

analysis: Carpio-Rivera E, Solera-Herrera A. Data acquisition: 
Carpio-Rivera E. Data analysis and interpretation: Carpio-Rivera 
E, Solera-Herrera A, Salazar-Rojas W. Manuscript writing: 
Carpio-Rivera E, Solera-Herrera A, Moncada-Jiménez J. Critical 
revision of the manuscript for intellectual content: Carpio-Rivera 
E, Solera-Herrera A, Salazar-Rojas W, Moncada-Jiménez J.

Potential Conflict of Interest
No potential conflict of interest relevant to this article 

was reported.

Sources of Funding
There were no external funding sources for this study.

Study Association
This study is not associated with any thesis or dissertation work.

431



Review Article

Carpio-Rivera et al.
Exercise and blood pressure

Arq Bras Cardiol. 2016; 106(5):422-433

1. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, et 
al; National Heart, Lung, and Blood Institute Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; 
National High Blood Pressure Education Program Coordinating Committee. 
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(19):2560-72. Erratum in: JAMA. 2003;290(2):197.

2. Fagard RH. Physical activity, physical fitness and the incidence of 
hypertension. J Hypertens. 2005;23(2):265-7.

3. 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(3):533-53. 

4. Cornelissen VA, Fagard RH. Effect of resistance training on resting blood 
pressure: a meta-analysis of randomized controlled trials. J Hypertens. 
2005;23(2):251-9. 

5. Cardoso CG Jr, Gomides RS, Queiroz AC, Pinto LG, da Silveira Lobo F, 
Tinucci T, et al. Acute and chronic effects of aerobic and resistance exercise 
on ambulatory blood pressure. Clinics (Sao Paulo). 2010;65(3):317-25.

6. Hagberg JM, Park JJ, Brown MD. The role of exercise training in the treatment 
of hypertension: an update. Sports Med. 2000;30(3):193-206. 

7. MacDonald JR, MacDougall JD, Hogben CD. The effects of exercising muscle 
mass on post exercise hypotension. J Hum Hypertens. 2000;14(5):317-20. 

8. Pescatello LS, Guidry MA, Blanchard BE, Kerr A, Taylor AL, Johnson AN, 
et al. Exercise intensity alters postexercise hypotension. J Hypertens. 
2004;22(10):1881-8. 

9. Pontes FL Jr, Bacurau RF, Moraes MR, Navarro F, Casarini DE, Pesquero 
JL, et al. Kallikrein kinin system activation in post-exercise hypotension 
in water running of hypertensive volunteers. Int Immunopharmacol. 
2008;8(2):261-6.

10. Pescatello LS, Kulikowich JM. The aftereffects of dynamic exercise on 
ambulatory blood pressure. Med Sci Sports Exerc. 2001;33(11):1855-61.

11. 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(3):200-6. 

12. Cleroux J, Kouame N, Nadeau A, Coulombe D, Lacourciere Y. Baroreflex 
regulation of forearm vascular resistance after exercise in hypertensive and 
normotensive humans. Am J Physiol. 1992;263(5 Pt 2):H1523-31. 

13. Cleroux J, Kouame N, Nadeau A, Coulombe D, Lacourciere Y. Aftereffects 
of exercise on regional and systemic hemodynamics in hypertension. 
Hypertension. 1992;19(2):183-91.

14. Kaufman FL, Hughson RL, Schaman JP. Effect of exercise on recovery blood 
pressure in normotensive and hypertensive subjects. Med Sci Sports Exerc. 
1987;19(1):17-20. 

15. Piepoli M, Coats AJ, Adamopoulos S, Bernardi L, Feng YH, Conway J, et al. 
Persistent peripheral vasodilation and sympathetic activity in hypotension 
after maximal exercise. J Appl Physiol (1985). 1993;75(4):1807-14.

16. Ciolac EG, Guimaraes GV, D’Avila VM, Bortolotto LA, Doria EL, Bocchi EA. 
Acute aerobic exercise reduces 24-h ambulatory blood pressure levels in 
long-term-treated hypertensive patients. Clinics (Sao Paulo). 2008;63(6):753-8.

17. Ciolac EG, Guimaraes GV, D’Avila VM, Bortolotto LA, Doria EL, Bocchi EA. 
Acute effects of continuous and interval aerobic exercise on 24-h ambulatory 
blood pressure in long-term treated hypertensive patients. Int J Cardiol. 
2009;133(3):381-7.

18. Fisher MM. The effect of aerobic exercise on recovery ambulatory blood pressure 
in normotensive men and women. Res Q Exerc Sport. 2001;72(3):267-72. 

19. Senitko AN, Charkoudian N, Halliwill JR. Influence of endurance exercise 
training status and gender on postexercise hypotension. J Appl Physiol 
(1985). 2002;92(6):2368-74.

20. 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(6):361-6. 

21. Casiglia E, Palatini P, Bongiovi S, Mario L, Colangeli G, Ginocchio G, et al. 
Haemodynamics of recovery after strenuous exercise in physically trained 
hypertensive and normotensive subjects. Clin Sci (Lond). 1994;86(1):27-34. 

22. Dujić Z, Ivancev V, Valic Z, Bakovic D, Marinović-Terzić I, Eterović D, et al. 
Postexercise hypotension in moderately trained athletes after maximal 
exercise. Med Sci Sports Exerc. 2006;38(2):318-22.

23. Paulev PE, Jordal R, Kristensen O, Ladefoged J. Therapeutic effect of exercise 
on hypertension. Eur J Appl Physiol Occup Physiol. 1984;53(2):180-5.

24. Forjaz CL, Matsudaira Y, Rodrigues FB, Nunes N, Negrao CE. Post-exercise 
changes in blood pressure, heart rate and rate pressure product at different 
exercise intensities in normotensive humans. Braz J Med Biol Res. 
1998;31(10):1247-55.

25. Hagberg JM, Montain SJ, Martin WH 3rd. Blood pressure and hemodynamic 
responses after exercise in older hypertensives. J Appl Physiol (1985). 
1987;63(1):270-6. 

26. Hara K, Floras JS. After-effects of exercise on haemodynamics and muscle 
sympathetic nerve activity in young patients with dilated cardiomyopathy. 
Heart. 1996;75(6):602-8.

27. Nickel KJ, Acree LS, Gardner AW. Effects of a single bout of exercise on 
arterial compliance in older adults. Angiology. 2011;62(1):33-7.

28. Marchiando RJ, Elston MP. Automated ambulatory blood pressure 
monitoring: clinical utility in the family practice setting. Am Fam Physician. 
2003;67(11):2343-50. 

29. Pickering TG, Shimbo D, Haas D. Ambulatory blood-pressure monitoring. 
N Engl J Med. 2006;354(22):2368-74.

30. Fagard RH. Exercise is good for your blood pressure: effects of endurance training 
and resistance training. Clin Exp Pharmacol Physiol. 2006;33(9):853-6.

31. Keese F, Farinatti P, Pescatello L, Monteiro W. A comparison of the immediate 
effects of resistance, aerobic, and concurrent exercise on postexercise 
hypotension. J Strength Cond Res. 2011;25(5):1429-36.

32. Eicher JD, Maresh CM, Tsongalis GJ, Thompson PD, Pescatello LS. 
The additive blood pressure lowering effects of exercise intensity on 
post-exercise hypotension. Am Heart J. 2010;160(3):513-20.

33. MacDonald J, MacDougall J, Hogben C. The effects of exercise intensity on 
post exercise hypotension. J Hum Hypertens. 1999;13(8):527-31. 

34. Pescatello LS, Fargo AE, Leach CN Jr, Scherzer HH. Short-term effect of dynamic 
exercise on arterial blood pressure. Circulation. 1991;83(5):1557-61. 

35. Piepoli M, Isea JE, Pannarale G, Adamopoulos S, Sleight P, Coats AJ. Load 
dependence of changes in forearm and peripheral vascular resistance after 
acute leg exercise in man. J Physiol. 1994;478 (Pt 2):357-62. 

36. Guidry MA, Blanchard BE, Thompson PD, Maresh CM, Seip RL, Taylor AL, 
et al. The influence of short and long duration on the blood pressure response 
to an acute bout of dynamic exercise. Am Heart J. 2006;151(6):1322 e5-12.

37. Mach C, Foster C, Brice G, Mikat RP, Porcari JP. Effect of exercise duration 
on postexercise hypotension. J Cardiopulm Rehabil. 2005;25(6):366-9.

38. Lacombe SP, Goodman JM, Spragg CM, Liu S, Thomas SG. Interval 
and continuous exercise elicit equivalent postexercise hypotension in 
prehypertensive men, despite differences in regulation. Appl Physiol Nutr 
Metab. 2011;36(6):881-91.

References

432



Review Article

Carpio-Rivera et al.
Exercise and blood pressure

Arq Bras Cardiol. 2016; 106(5):422-433

39. Jones H, Pritchard C, George K, Edwards B, Atkinson G. The acute 
post-exercise response of blood pressure varies with time of day. Eur J 
Appl Physiol. 2008;104(3):481-9.

40. 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(8):597-605.

41. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, 
et al. Assessing the quality of reports of randomized clinical trials: is blinding 
necessary? Control Clin Trials. 1996;17(1):1-12.

42. Borenstein M, Hedges LH, Higgins JPT, Rothstein HR. Introduction to 
meta-analysis. Wiltshire, England: Wiley; 2009.

43. Thomas JR, French KE. The use of meta-analysis in exercise and sport: 
a tutorial. Res Q Exerc Sport. 1986;57(3):196-204. 

44. Thomas JR, Nelson JK, Silverman SJ. Research methods in physical activity. 
6th ed. Champaign (IL): Human Kinetics; 2011.

45. Hedges LV, Olkin I. Statistical methods for meta-analysis. New York: 
Academic Press; 1985.

46. Thomas JR, Salazar W, Landers DM. What is missing in p less than .05? 
Effect size. Res Q Exerc Sport. 1991;62(3):344-8. 

47. Whelton SP, Chin A, Xin X, He J. Effect of aerobic exercise on blood 
pressure: a meta-analysis of randomized, controlled trials. Ann Intern Med. 
2002;136(7):493-503. 

48. Veerman DP, Imholz BP, Wieling W, Wesseling KH, van Montfrans GA. 
Circadian profile of systemic hemodynamics. Hypertension. 1995;26(1):55-9. 

49. Ash GI, Macdonald HV, Pescatello LS. Antihypertensive effects of exercise 
among those with resistant hypertension. Hypertension. 2013;61(1):e1.

50. Christou DD, Jones PP, Jordan J, Diedrich A, Robertson D, Seals DR. Women 
have lower tonic autonomic support of arterial blood pressure and less 
effective baroreflex buffering than men. Circulation. 2005;111(4):494-8.

51. Brooks VL, Cassaglia PA, Zhao D, Goldman RK. Baroreflex function in 
females: changes with the reproductive cycle and pregnancy. Gend Med. 
2012;9(2):61-7.

52. Esformes JI, Norman F, Sigley J, Birch KM. The influence of menstrual 
cycle phase upon postexercise hypotension. Med Sci Sports Exerc. 
2006;38(3):484-91.

53. Doonan RJ, Mutter A, Egiziano G, Gomez YH, Daskalopoulou SS. Differences 
in arterial stiffness at rest and after acute exercise between young men and 
women. Hypertens Res. 2013;36(3):226-31.

54. 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(4):183-9.

55. Hamer M. The anti-hypertensive effects of exercise: integrating acute and 
chronic mechanisms. Sports Med. 2006;36(2):109-16.

56. Thijssen DH, Dawson EA, van den Munckhof IC, Birk GK, Timothy Cable N, 
Green DJ. Local and systemic effects of leg cycling training on arterial wall 

thickness in healthy humans. Atherosclerosis. 2013;229(2):282-6. Erratum 
in: Atherosclerosis. 2014;232(2):259.

57. Canuto PM, Nogueira ID, Cunha ES, Ferreira GM, Pinto KM, Costa FA, et al. 
Influence of resistance training performed at different intensities and same 
work volume over BP of elderly hypertensive female patients. Rev Bras Med 
Esporte. 2011;17(4):246-9. 

58. Miyai N, Shiozaki M, Yabu M, Utsumi M, Morioka I, Miyashita K, et al. Increased 
mean arterial pressure response to dynamic exercise in normotensive subjects 
with multiple metabolic risk factors. Hypertens Res. 2013;36(6):534-9.

59. Rahmouni K, Correia ML, Haynes WG, Mark AL. Obesity-associated 
hypertension: new insights into mechanisms. Hypertension. 2005;45(1):9-14.

60. Schoenenberger AW, Schoenenberger-Berzins R, Suter PM, Erne P. Effects 
of weight on blood pressure at rest and during exercise. Hypertens Res. 
2013;36(12):1045-50.

61. Ruiz RJ, Simao R, Saccomani MG, Casonatto J, Alexander JL, Rhea M, 
et al. Isolated and combined effects of aerobic and strength exercise 
on post-exercise blood pressure and cardiac vagal reactivation in 
normotensive men. J Strength Cond Res. 2011;25(3):640-5.

62. Teixeira L, Ritti-Dias RM, Tinucci T, Mion Junior D, Forjaz CL. Post-concurrent 
exercise hemodynamics and cardiac autonomic modulation. Eur J Appl 
Physiol. 2011;111(9):2069-78.

63. Jones H, George K, Edwards B, Atkinson G. Is the magnitude of acute 
post-exercise hypotension mediated by exercise intensity or total work 
done? Eur J Appl Physiol. 2007;102(1):33-40.

64. McClean CM, Clegg M, Shafat A, Murphy MH, Trinick T, Duly E, et al. 
The impact of acute moderate intensity exercise on arterial regional stiffness, 
lipid peroxidation, and antioxidant status in healthy males. Res Sports Med. 
2011;19(1):1-13.

65. Park S, Rink L, Wallace J. Accumulation of physical activity: blood 
pressure reduction between 10-min walking sessions. J Hum Hypertens. 
2008;22(7):475-82.

66. Polito MD, Farinatti PT. The effects of muscle mass and number of sets 
during resistance exercise on postexercise hypotension. J Strength Cond 
Res. 2009;23(8):2351-7.

67. Baum K, Ruther T, Essfeld D. Reduction of blood pressure response during 
strength training through intermittent muscle relaxations. Int J Sports Med. 
2003;24(6):441-5.

68. Scher LM, Ferriolli E, Moriguti JC, Scher R, Lima NK. The effect of different 
volumes of acute resistance exercise on elderly individuals with treated 
hypertension. J Strength Cond Res. 2011;25(4):1016-23.

69. 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(1):26-33.

70. Santana HA, Moreira SR, Neto WB, Silva CB, Sales MM, Oliveira VN, et al. 
The higher exercise intensity and the presence of allele I of ACE gene elicit 
a higher post-exercise blood pressure reduction and nitric oxide release in 
elderly women: an experimental study. BMC Cardiovasc Disord. 2011;11:71.

433


