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ABSTRACT
Introduction: After a single session of physical exercise the blood pressure is reduced (post-exercise hypo-

tension, PHE) and it has been considered as a non-pharmacological mechanism to control the blood pressure. 
When the exercise is performed since youth it can prevent or avoid hypertension. However, it is important 
to consider studies with clear practical applications to optimize its reproducibility on a daily basis. Objective: 
Analyze the PEH of normotensive and physically active young men after two track running sessions (maximum 
and submaximal). Methods: Participated in this study 62 physically active young men (23.3 ± 4.2 years old; 
75.5 ± 9.8 kg; 177.7 ± 5.5 cm; 12.0 ± 4.6% body fatF; 52.4 ± 4.0 mL.kg-1.min-1oxygen uptake), which performed 
a maximum laboratory exercise test for determination of maximal oxygen uptake (VO2max - aerobic power) 
and subsequently three randomly running sessions (maximum – T1600; submaximal – T20; control – CON), 
with 48h interval between themselves. Blood pressure (BP) was measured each 15min during a 60 min period 
after sessions. Results: Both the maximum and the submaximal exercise lead to PEH. The post-exercise values 
of systolic blood pressure and diastolic blood pressure differed from resting value in session T20 (p<0.05). The 
same pattern occurred after T1600 (p<0.05), evidenced from 30th minute post-exercise. The CON did not result 
in PEH. The magnitude of decay for the mean BP at the 45th after maximum exercise was higher than the other 
sessions (p<0.05). Conclusion: We concluded that both maximum and submaximal exercises, performed on a 
track running condition, caused PEH in young normotensive and physically active men.

Keywords: exercise, arterial pressure, post-exercise hypotension.

RESUMO
Introdução: Após uma única sessão de exercício físico a pressão arterial é reduzida (hipotensão pós-exercício, 

HPE) e esta redução é considerada como um mecanismo não farmacológico para controlar a pressão arterial. 
Quando realizado desde a juventude, a atividade física pode prevenir ou evitar o surgimento da hipertensão arterial. 
Contudo, é importante considerar a realização de estudos com aplicações práticas claras para que seja otimizada a 
sua reprodutibilidade durante o dia-a-dia. Objetivo: Analisar a HPE em indivíduos jovens, normotensos e fisicamente 
ativos após duas sessões de corrida em pista (máxima e submáxima). Métodos: Participaram deste estudo 62 homens 
fisicamente ativos (23,3 ± 4,2 anos; 75,5 ± 9,8 kg; 177,7 ± 5,5 cm; 12,0 ± 4,6% de gordura corporal; 52,4 ± 4,0 mL.kg-1.
min-1 consumo de oxigênio), os quais foram submetidos a um teste de exercício laboratorial para determinação do 
consumo máximo de oxigênio (VO2max – potência aeróbica) e subsequentemente três sessões aleatórias de corrida 
(máxima – T1600; submáxima – T20; controle – CON), com 48h de intervalo entre elas. A pressão arterial foi aferida a 
cada 15 min durante um período de 60 min após as sessões. Resultados: Ambos os exercícios (máximo e submáximo) 
proporcionaram HPE. Os valores pós-exercício da pressão arterial sistólica e diastólica diferiram dos valores de repouso 
na sessão T20 (p<0,05). O mesmo padrão ocorreu após o T1600 (p<0,05), evidenciado no 30.º minuto pós-exercício. 
A sessão CON não resultou em HEP. A magnitude do decaimento para a pressão arterial média no 45.º minuto 
após o exercício máximo foi maior que nas demais sessões (p<0,05). Conclusão: Concluímos que ambas as sessões 
de corrida em pista, máxima e submáxima, proporcionaram HPE em homens normotensos e fisicamente ativos.

Palavras-chave: exercício, pressão arterial, hipotensão pós-exercício.

RESUMEN
Introducción: Después de una única sesión de ejercicio físico la presión arterial es reducida (HPE) y esta reducción 

es considerada como un mecanismo no farmacológico para controlar la presión arterial y, cuando realizado desde 
la juventud, puede prevenir o evitar la aparición de la hipertensión arterial. Sin embargo, es importante considerar 
la realización de estudios con aplicaciones prácticas claras para optimizar su reproducibilidad durante el día a día. 
Objetivo: Analizar la HPE en individuos jóvenes, normotensos y físicamente activos después de dos sesiones de carrera 
en pista (máxima y submáxima). Métodos: Participaron en este estudio 62 hombres físicamente activos (23,3±4,2 
años, 75,5±9,8 kg, 177,7±5,5 cm, 12,0±4,6% de grasa corporal, 52,4±4,0mL.kg-1.min-1), los que fueron sometidos a 
un test de ejercicios de laboratorio para determinación del control máximo de oxígeno. (VO2max – potencia aeróbica) 
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y subsiguientemente tres sesiones randomizadas de HPE (máxima – T1600; submáxima – T20; control – CON), con 
48 horas de intervalo entre ellas. La presión arterial fue medida a cada 15 minutos durante un período de 60 minu-
tos después de las sesiones. Resultados: Ambos ejercicios (máximo e submáximo) proporcionaron HPE. Los valores 
post-ejercicio de la presión arterial sistólica y diastólica difirieron de los valores de reposo en la sesión T20 (p<0,05). 
El mismo patrón ocurrió después del T1600 (p<0,05), evidenciado en el 30º minuto posterior al ejercicio. La sesión 
CON no resultó en HEP. La magnitud de decaimiento para la presión arterial promedio en el 45º minuto posterior 
al ejercicio máximo fue mayor que en las demás sesiones (p<0,05). Conclusión: Concluimos que ambas sesiones 
de carrera en pista, máxima y submáxima, proporcionaron HPE en hombres normotensos y físicamente activos.

Palabras clave: ejercicio, presión arterial, hipotensión post-ejercicio.

INTRODUCTION
The post-exercise hypotension (PEH) is characterized by a reduction 

of blood pressure (BP) to values below those observed at rest pre-
-exercise1 and have been studied for decades2. The PEH is evidenced 
after different stimuli, as seen in studies that used aerobic exercise1 or 
resistance exercise3,4, both in male5 and female6 subjects and different. 
However, most of the researches is targeted to middle-aged and elderly 
people7–9 and who have some pathology, such as hypertension10,11, 
diabetes mellitus12,13 or chronic kidney disease14.

This tendency is associated with the fact that the PEH is currently 
considered a pivotal non pharmacological treatment of hypertension15,16, 
since the individuals with hypertension are at high risk of coronary heart 
disease, stroke and kidney diseases17. In this sense, investigations about 
this phenomenon in young18 and normotensive subjects19 are studied 
minority, due to lower clinical applicability when compared to studies con-
ducted in middle-aged individuals, elderly and/or affected by pathologies. 

Moreover, is necessary to develop studies in no laboratory conditions, 
such those performed by Holtzhausen and Noakes20 and Dujić et al.21 in 
normotensive and healthy persons, making it applied to the life style and 
relevant to investigate the influence of different exercise intensities and vo-
lumes on the PEH without the influence of aging and related pathologies.

Thus, the aim of this study was to analyze the PEH of normotensive 
and physically active young men from two running sessions (maximum 
and submaximal) under field conditions. Also, the magnitude of decay 
for the mean blood pressure was compared between sessions.

MATERIALS AND METHODS
This research was previously submitted and approved for the Ethics 

Committee and Research in humans of Catholic University of Brasília, 
Brasil, (CEP/UCB45/2008). Participated on this study sixty two physically 
active young men (table 1) after signing a term of consent. The volunte-
ers had been practitioners of different sports for at least three months, 
three times per week, before the beginning of the study.

The volunteers initially performed a maximum laboratory exercise 
test for determination of maximal oxygen uptake (VO2max - aerobic po-
wer) and subsequently three more sessions randomly selected (two of 
than on a running track) with intervals of 48 hours between themselves, 
for analysis of PEH. The PEH analysis was conducted in a conditioned 
laboratory and all participants stayed seated while all data were col-
lected. Perceived exertion (PE) was applied immediately after the tests. 
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The incremental test started at a speed of 6.0 km.h-1 and inclination 
fixed at 1%. An increasing of 0.75 km.h.min-1 was applied ever minute 
until exhaustion. PE exceeding 17 on the Borg scale, respiratory exchange 
ratio (R) above 1.1, and/or heart rate values (HR) above 95% of maxi-
mum expected for their age were adopted as exhaustion criteria22. The 
gas analysis was obtained breath-by-breath using a gas analyzer Cortex 
Metalyzer 3B (Leipzig, Germany), and the highest values of oxygen up-
take (VO2) during the last 20 seconds of the test were considered for 
the determination of VO2max for each participant. The equipment was 
calibrated before each test according to manufacturer recommendations.

The BP was measured using an automatic, validated and calibrated, 
device (Microlife, model BP 3AC1-1)23, and recorded values of systolic 
BP (SBP), diastolic BP (DBP) and mean BP (MBP). In pre-tests BP was 
measured each five minutes during 20 minutes and in post-tests each 
15 minutes during 60 minutes. The mean of the measurements pre-test 
was performed to give the resting value (Rest) and the measurements 
each 15 minutes during 60 minutes after the sessions T1600, T20 and 
SC were defined as Post0, Post15, Post30, Post45 and Post60.

Performance running Test on 1600 meters (maximum running)

After the determination of Rest, the volunteers were moved to the 
running track, which performed a warm up (5 minutes).

Afterwards the procedures described above, participants ran a 
predetermined distance of 1.600 meters in the shortest time possible 
(T1600), on an athletics track22. Immediately after the test, the volun-
teers returned to the rest room to start the 60 minutes period, being 
in a sitting position, with constant measurement of BP (each 15min) 
for evaluation of maximum PEH.

20-minute test (submaximal running)

Following the same procedures of T1600, participants performed 
a submaximal running test on the same running track, however, in 
an exercise intensity equivalent to 75-80% of their heart rate reserve
(HRres) and lasting 20 minutes (T20), similar the methodology employed 
by Mota et al.,16 on a treadmill. As an aid to control the volunteers’ exercise 
intensity, we used a frequency counter (Polar Sport Tester), so keeping 
the HR between the pre-calculated target zones.

Immediately after the test, the volunteers returned to the rest room 
to start the 60 minutes period, similar to the T1600 procedures, with cons-
tant measurement of BP (each 15min) for evaluation of submaximal PEH.

The control session (CON) was applied to verify the kinetics of 
BP after a specified period without exercise. Thus, the CON was con-
ducted with a 20 minutes pre-exercise to determine the BP at rest
(at rest room), followed by 20 minutes without exercise (simulating the to-
tal test time of the T20). Immediately after these 40 minutes, the volunteers 
stayed in the rest room, at the sitting position, with constant measurement 
of BP, to evaluate the BP kinetics during 60 minutes at rest, without exercise.

Table 1. Biometric characteristics and aerobic power of volunteers (n=62).

Age
(years)

Weight
(kg)

Height
(cm)

BMI
(kg/m2)

Body Fat
(%)

VO2max

(mL.kg-1.min-1)

Mean 23.3 75.5 177.7 23.9 12.0 52.4

(±SD) (±4.2) (±9.8) (±5.5) (±2.5) (±4.6) (±4.0)
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Statistical Procedures

Data were expressed as mean ± standard deviation (±SD). Explo-
ratory analysis was performed using the Kolmogorov-Smirnov test to 
verify data followed a normal distribution and homogeneity of va-
riance between groups was assessed by the Levene test. The analysis 
of variance (ANOVA) for repeated measures with multiple comparison 
between pairs by Bonferroni test was applied between the variables 
obtained from SBP and DBP during the post-exercise with the pre-
-exercise values within groups. Analysis of variance One-way ANOVA 
with Tukey post hoc test was used to compare between-groups from 
variations delta (post-exercise value less pre-exercise value) of MBP. The 
significance level was equal to or less than 0.05. The statistical package 
SPSS version 17.0 was used. 

RESULTS
In general, both the maximum (PSE = 17.5±2.0) and the sub-

maximal (PSE = 13.4±1.9) exercise provided PEH. The post-exercise 
values of SBP differ from resting value in T20 session (p<0.05). The 
same reduction pattern occurred after T1600, however, the PEH was 
evidenced only from Post30 moment (p<0.05). The CON did not 
result in PEH (table 2).

For DBP, both T20 and T1600 resulted in PEH (table 3, p<0.05) simi-
larly to SBP, including not being observed PEH during the CON (table 3).

Comparisons between the delta of MBP from CON, T20 and T1600 
for Post0 (0.1, 8.8 and 22.8, respectively) and Post45 (0.2, -5.4 and -7.3, 
respectively) showed differences between each other (p<0.05). Fur-
ther, the Post15 (0.4, -3.2 and -2.1, respectively), Post30 (0.2, -4.7 and 
-5.4, respectively) and Post60 (1.0, -4.8 and -6.2, respectively) moments 
presented significant differences between SC and the other sessions 
(figure 1). These data showed that there was a greater magnitude of 
PEH at the 45 minutes of recovery after the exercise performed at 
maximum intensity.

DISCUSSION
The aim of this research was to investigate the PEH in normotensive 

individuals through track running conditions and compare different 
running intensities. The most important finding was that both maxi-
mum and submaximal sessions track running resulted in PEH in physi-
cally active and healthy men, with higher magnitude of decay for the 
MBP after the maximum exercise intensity (tables 2 and 3 and figure 1).

Santana et al.24 observed that both maximum and submaximal 
exercises showed a protective effect on preventing the increase of 
BP during post-exercise recovery compared to control group in thirty 
hypertensive elderly women. These authors also found an increase 
in post-exercise salivary nitrite release that could be related to the 
endothelial oxide nitric release, probably because of the shear stress 
throughout the endothelium25 caused by the prior exercise.

These acute BP reductions after maximum and submaximal ex-
ercises may be helpful for a good endothelial function if the exercise 
is practiced with regularity and may even slow the deleterious physi-
ological effects observed with aging on endothelial function26,27. Also, 
the PEH reduces the incidence of coronary heart disease, stroke and 
mortality in the general population28. 

The reductions in post-exercise BP observed in our study corro-
borate the findings of other studies that investigated the submaximal 
PEH16,24,29, as well as those who analyzed the maximum PEH10,21,24,30–33 
even though, in some cases, in different populations and age groups. 
According to Jones et al.34, the PEH appears to be clinically similar after 
exercise of high intensity and short duration when compared to the 
exercise of moderate intensity and longer duration.

Quinn35 and Forjaz et al.36 also reported that different exercise inten-
sities resulted similar reductions in BP from normotensive individuals, 
as observed after resistance exercise in young3 and after submaximal 
and maximum exercise performed on a cycle ergometer and treadmill5.

In contrast, Pescatello et al.28 observed that the PEH obtained by 
performing an exercise at 60% VO2max was higher than that found at 
40% of VO2max for a period of five hours. Further, Forjaz et al.37 found 
reductions in BP of higher magnitude and duration after more inten-
se exercises in normotensive, and Hagberg et al.38 and Lima et al.29 
also observed greater magnitude of PEH after more intense exercise 
in hypertensive and diabetic patients, respectively. In our study was 
also observed a higher magnitude of PEH at Post45 after the maximum 
exercise (figure 1), this reduction contributes to maintaining the health 
status of these individuals, who will take a long time to develop a 
cardiovascular disease39.

Table 2. Mean (±SD) of systolic blood pressure (in mmHg) during the three sessions 
for all volunteers.

Rest
Post-Exercise

Post0 Post15 Post30 Post45 Post60

CON
120.3
(±8.1)

119.6
(±8.3)

120.1
(±9.5)

119.4
(±9.5)

118.9
(±9.0)

120.2
(±8.8)

T20
120.4
(±8.4)

137.7
(±12.7)

115.4*
(±9.1)

113.1*
(±9.6)

112.4*
(±8.6)

112.6*
(±9.4)

T1600
122.1
(±8.7)

166.3#

(±19.6)
119.3
(±8.9)

113.2**
(±8.8)

110.8**
(±9.8)

112.2**
(±9.0)

* p<0.05 in relation to Rest and Post0 of T20; ** p<0.05 in relation to Rest and Post0 of T1600; # p<0.05 in relation 
to Rest and Post15 of T1600 and Post0 of CON and T20.

Table 3. Mean (±SD) diastolic blood pressure (in mmHg) during the three sessions 
for all volunteers.

Rest
Post-Exercise

Post0 Post15 Post30 Post45 Post60

CON
70.4

(±6.6)
70.9

(±7.9)
71.2

(±7.4)
71.3

(±7.5)
71.4

(±7.6)
72.0

(±7.0)

T20
72.7

(±6.7)
77.2

(±10.1)
70.5*
(±8.0)

69.3*
(±7.7)

68.6*
(±7.5)

69.4*
(±6.6)

T1600
72.5

(±6.1)
84.5#

(±10.2)
70.7

(±8.3)
68.9**
(±7.1)

67.1**
(±6.9)

68.0**
(±6.9)

* p<0.05 in relation to Rest and Post0 of T20; ** p<0.05 in relation to Rest and Post0 of T1600; # p<0.05 in relation 
to Rest and Post15 of T1600 and Post0 of CON and T20.

Figure 1. Delta of MBP (in mmHg) during the three sessions. All values after T20 and 
T1600 differed from those corresponding to the same moments of CON (*p<0.05), 
with a greater hypotensive effect at Post45 from T1600 in relation to the corresponding 
moment of the other sessions (**p<0.05). 
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Thus, the PEH kinetic appears to be dependent due to the stimu-
lus, such as the volume-intensity interdependence of physical exercise 
as well as intensity. It’s assumed that the last one, in some way, can 
influence the kinetics of PEH40. Still, as the BP, and probably the PEH, 
seems to have a multifactorial origin, it may also be related to ethnic 
and genetic aspects22,41, thus its magnitude and duration may have di-
fferent standards, so it’s difficult to understand in different populations. 
What is known is that this multifactorial origin related to PEH results in 
both, changes in cardiac output and peripheral vascular resistance1,42–45.

Regarding study limitations, it is noteworthy not control the total 
workload for the PEH of maximum and submaximal sessions could be 
adequately compared, which complicates the analysis to associate with 
PEH volume or intensity of exercise although we have conducted the 
reasoning for a possible relationship between the PEH and intensity 
and, most relevant, at applied conditions.  

Although the results of BP after T1600 have been favorable in mag-
nitude of PEH from the 45th minute, one should be cautious when 
prescribing vigorous exercise for specific groups, such as diabetics29 
and older with a history of hypertension10, since the maximum effort 
shows a higher hemodynamic stress and cardiac overload. In this sense, 
it seems that for specific populations, who have risk factors to health, 
submaximal exercise (such as T20) may be more appropriate to obtain, 
safely, the PEH as suggested by Pescatello et al.46.

Anyway, do not rule out the possibility of prescribing high intensity 
for risk populations, particularly if they are trained, as for young and nor-
motensive people. High intensity with low volume seems interesting 
to result PEH and maintain adequate BP values under field conditions.

CONCLUSION
We conclude that both maximum and submaximal exercises perfor-

med in track running conditions provided PEH in young normotensive 
and physically active men. In addition, the higher exercise intensity pro-
moted higher decay of MBP at the 45th minute from recovery period.

It is suggested that further studies, at different populations and/
or at different intensities and volumes of exercise, be performed in 
no-laboratory conditions, as well as investigate the hypotensive effect 
during daily tasks. In this sense, the researchers will become more ap-
plicable and closer to day-to-day reality.
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