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Abstract

Purpose Physical exercise is associated with reduced blood pressure (BP). Moderate-intensity continuous exercise (MCE)
promotes post-exercise hypotension (PEH), which is highly recommended to hypertensive patients. However, recent studies
with high-intensity interval exercise (HIIE) have shown significant results in cardiovascular disease. Thus, this study aimed
to analyze PEH in hypertensive subjects submitted to HIIE and compare it to post MCE hypotension.

Methods 20 hypertensive adults (51 + 8 years), treated with antihypertensive medications, were submitted to two different
exercise protocols and a control session. The MCE was performed at 60—70% of VO, reserve, while HIIE was composed
of five bouts of 3 min at 85-95% VO, reserve with 2 min at 50% of VO, reserve. The following variables were evaluated
during exercise, pre- and post-session: clinical BP, heart rate (HR), double product, perception of effort, body mass, height
and body mass index.

Results Systolic BP decreased after exercise in both sessions, showing greater decrease after HIIE (=7 + 10 and
—11+12 mmHg, after MCE and HIIE, respectively, p <0.01). Diastolic BP also decreased after both sessions, but there
were no significant differences between the two sessions (—4 + 8 and — 7 + 8 mmHg, after MCE and HIIE, respectively).
Conclusion Both exercise sessions produced PEH, but HIIE generated a greater magnitude of hypotension. The HIIE protocol
performed in this study caused a greater cardiovascular stress during exercise; however, it was safe for the studied population
and efficient for reducing BP after exercise.

Keywords Hypertension - Post-exercise hypotension - Aerobic exercise - Moderate-intensity continuous exercise - High-
intensity interval exercise

Abbreviations EPIMOV  Epidemiology and human movement
ANOVA  Analysis of variance HIIE High-intensity interval exercise
BMI Body mass index HR Heart rate
BP Blood pressure MAP Mean arterial pressure
CVD Cardiovascular disease MCE Moderated-intensity continuous exercise
DBP Diastolic blood pressure PHE Post-exercise hypotension
DP Double product PSE Perception-subjective effort
SBP Systolic blood pressure
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D4 Alessandra Medeiros VOypeax  Maximal oxygen uptake

a.medeiros @unifesp.br

Department of Biosciences, Federal University of Sdo Paulo,
Rua Silva Jardim, 136, Santos, SP 11015-020, Brazil

Department of Human Movement Sciences, Federal
University of Sdo Paulo, Rua Silva Jardim, 136,
Santos 11015-020, Brazil

@ Springer


http://orcid.org/0000-0002-7962-7185
http://crossmark.crossref.org/dialog/?doi=10.1007/s00421-019-04114-9&domain=pdf

1236

European Journal of Applied Physiology (2019) 119:1235-1243

Introduction

Hypertension is one of the principal risk factors for car-
diovascular disease (CVD). Approximately 45% of heart
disease deaths and 51% of deaths due strokes can be attrib-
uted to hypertension (WHO 2013). Thereby, its treatment
aims to minimize cardiovascular morbidity and mortality,
in addition to reduced blood pressure (BP) and maintain
it at controlled levels (Kannel 1996).

It is essential for hypertensive patients to adopt lifestyle
modification strategies in association with drug treatment.
Thus, physical exercise is an important tool for reducing
BP in hypertensive individuals, since a single session
of acute exercise can cause a sustained reduction in BP
compared to pre-exercise values. This phenomenon has
been called post-exercise hypotension (PEH) and it was
observed in normotensive and more sharply in hyper-
tensive subjects (Halliwill et al. 2013; Kenney and Seals
1993; Hagberg et al. 1987; Headley et al. 1996; MacDon-
ald 2002; Pescatello et al. 1991). Pescatello et al. (2015)
define the aerobic PEH as a reduction in BP of 5-7 mmHg
in hypertensive individuals. In fact, some studies have
shown BP reduction after moderated-intensity continuous
exercise (MCE) and such reduction has a prolonged effect,
presenting reductions up to 24 h after exercise (MacDon-
ald et al. 2001; Pescatello et al. 2004; Quinn 2000; Taylor-
Tolbert et al. 2000; Wallace et al. 1999).

Prescription of aerobic exercise is an important factor
for reducing cardiovascular diseases and mortality (Wen
and Wang 2017), and its prescription is underpinned in the
fact that this type of exercise is a gold standard method to
increase cardiorespiratory fitness, and several studies have
shown that cardiorespiratory fitness is a hallmark of risk
mortality independent of age (Harber et al. 2017; Lauk-
kanen et al. 2016). Beyond that point, aerobic exercise
causes several adaptations in the human body. Some of
these beneficial adaptations are cardiac structural changes,
better balance in autonomic nervous system and better
endothelial function in the arteries (Wen and Wang 2017).

Thus, based on broad scientific literature about the ben-
eficial effects of MCE for hypertensive, this modality of
exercise is highly recommended (James et al. 2014; Khan
et al. 2009; Pescatello et al. 2004). However, new stud-
ies on cardiovascular disease and exercise training have
been emerging and high-intensity interval exercise (HIIE)
became theme of research. Meta analyzes and summary of
clinical studies comparing high-intensity and moderate-
intensity exercise training programs have already shown
that this type of training is superior to continuous training,
in several indicative of cardiovascular health and gains in
functional capacity (Kemi and Wislgff 2010; Milanovié
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et al. 2015). However, regardless of the number of articles
that have evaluated the responses after periods of training
(i.e., chronic effects of exercise), it is still not clear in the
literature whether the chronic response is an adaptation
itself or a sum of responses from single bouts of exercise
in any type of exercise.

However, to our knowledge, studies about HIIE are
scarce when it comes to PEH, and due to lack of studies
regarding their benefits and risks, this exercise modality
is not yet included in the emerging recommendations to
hypertensive patients (Pescatello et al. 2015; Piepoli et al.
2016). Therefore, our research seeks to contribute in this
question, thus aiming to verify if the HIIE promotes a PEH
similar to the MCE, and to compare the behavior of the BP
after both modes of exercise.

Methods
Subjects and ethical aspects

The volunteers of the study were part of a convenience
sample. They were recruited from the database of a
research project entitled “The Epidemiology and Human
Movement Study—The EPIMOV Study” approved by the
Ethics Committee of the Federal University of Sdo Paulo,
SP, Brazil (#186796).

All subjects who fulfilled the inclusion criteria were
invited to participate in the study. The inclusion criteria
were: (1) hypertension, (2) age between 30 and 59 years
old, (3) use of antihypertensive medication of any class,
(4) cardiopulmonary test performed in the last 6 months
as an evaluation in the EPIMOV study. The exclusion cri-
teria were: (1) individuals with uncontrolled hypertension,
(2) blood pressure > 160/106 mmHg before exercise ses-
sion (Medicine 2013), (3) not return to the next protocol,
(4) subject with osteoarticular limitations, (5) other car-
diovascular diseases, such as heart disease, arrhythmias,
ischemia, heart failure, (6) individuals participating in a
regular exercise program or training, and/or (7) individuals
unable to perform HIIE protocol.

All volunteers were asked to maintain their daily rou-
tine as usual including the pharmacological treatment even
for the VO, test.

All volunteers included in the study signed an informed
consent form to participate in the study. They were clari-
fied about the research before entering in the study, which
was approved by the Ethics Committee of the Federal
University of Sdo Paulo, SP, Brazil (#0119/2016). The
protocols of the study followed the ethical principles of
Helsinki of 1975 (Carlson et al. 2004).
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Study design

The volunteers underwent cardiopulmonary evaluation in
treadmill before initiating training protocols. From this
evaluation, the exercise intensity of each training protocol
was prescribed for each volunteer. The highest value of the
maximal oxygen uptake reached in the test was considered
the VO, and used to calculate VO, reserve, in which a
percentage of this value was stipulated as the intensity of
training for each volunteer. The intensity of the exercise cor-
responded to the speed associated to a percentage of VO,
reserve.

All volunteers were submitted to three intervention proto-
cols: control, MCE and HIIE. The protocols were performed
for 3 weeks, in the morning period, always at the same time
for each volunteer and with 1-week interval between each
protocol. They were performed in random order and the
exercise protocols were isocaloric, with their energy expend-
iture assessed through the cardiopulmonary test.

Intervention protocols and measures

An anamnesis of the volunteer was firstly carried out, as
well as weight and height evaluation. We measured height
(m) using an anthropometer (Professional Sanny®) and body
weight (kg) using a calibrated precision scale (Welmy®
W200/5 model). Body mass index (BMI) was calculated as
weight (kg) divided by height in meters squared (m?).

To predict the relative intensity of the exercise session a
VO, peax test was conducted with all volunteers as follows: the
VO,peax test was performed in an automated treadmill (ATL,
Inbrasport, Curitiba, Brasil). We used the ramp protocol
with initial velocity set at 3 km/h and 0% of inclination. The
incremental load was set according to study published by
Hansen et al. (1984) and the protocol test was based on the
study published by Wasserman and Whipp (1975). VO, was
measured breath-by-breath through a gas analyzer Quark
PFT (COSMED, Pavona Albano, Italy).

The control protocol was performed without exercise
practice, with the volunteer remaining at rest for 60 min at
the same place where exercise sessions were executed. The
other two protocols were performed on the treadmill with
different exercise intensities.

Exercise intensity of the two experimental sessions
was prescribed using the velocity: VO, relationship from
the VO,,,- Both exercise sessions contained 3 min of
heating at velocity related to the 50% of VO, reserve
(velocity: VO, reserve) and 2 min of cool down at 40% of
velocity: VO, reserve, where VO, reserve = VO, — VO,
rest. The MCE protocol was performed at intensity cor-
responding to 60-70% of velocity: VO, reserve totaling
a session of 35 min, and the HIIE was composed of five
bouts of 3 min at a speed corresponding to 85-95% of

velocity: VO, reserve, with 2 min of active rest at a speed
of 50-60% velocity: VO, reserve, totaling 30 min of exer-
cise. To calculate the VO, of the session (VO, exercise),
we used the formula: VO, exercise = VO, rest + (% inten-
sity X VO, reserve). As aforementioned, the exercise ses-
sions had a slight difference in duration (i.e., HIEE was
5 min lower than MCE), and this fact makes the sessions
to be isocaloric.

Exercise intensity was controlled by a frequency meter
(Polar® FT4, Kenpale—Finland) and by the perception-
subjective effort (PSE) (Borg and Noble 1974). BP was
monitored by auscultatory method (sphygmomanometer
and stethoscope Premium, Wenzhou Kangju Medical Instru-
ments Co. Ltda.—China), and double product (DP) variable
was estimated by multiplying systolic BP by heart rate (HR).
Measures of BP were made according to technical recom-
mendations of the VII Brazilian Guidelines on Hypertension
(Cardiologia 2016).

HR, BP, and DP were evaluated after 10 min of seated
rest and corresponded to the moment of rest or pre-exercise.
The resting auscultatory BP was measured three times, taken
at intervals of 1 min. During exercise, HR, BP, DP, and PSE
were evaluated on 6°, 11°, 16°, 21°, and 26° minute of exer-
cise, these moments corresponded to final intense period of
HIIE. Following the exercise, HR and BP were monitored
every 10 min for 1 h.

At the end of the interventions, the volunteers were asked
about which protocol of exercise they preferred to practice.

Statistical analyses

We employed the model of repeated measures analysis of
variance (ANOVA two-way), using post-hoc Bonferroni
when necessary, to compare the protocols used in this study
and in all times in relation to the variables BP, HR, and DP.
To analyze the data, we used software R (R Foundation for
Statistical Computing, Vienna, Austria) (Team 2016). For
all analyses, p <0.05 was adopted as significance.

Data are shown as mean =+ standard deviation (SD) in the
tables and in the figures.

To evaluate hypotension 1 h after exercise, we used
the net effect calculation that consists in the formula: net
effect = (post-exercise — pre-exercise) — (post-control — pre-
control). From theses analyses, we observed the behavior
of the BP in the different exercise sessions in relation to the
control protocol. In addition to analyzing the gross values
of BP during exercise, we also performed the BP delta (A)
analysis during exercise, calculated through the formula:
ABP = (BP exercise — BP pre-exercise). The value of BP
utilized during exercise was the highest value reached by
volunteers.

Lastly, we used ¢ test for DP peak and PSE.
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Results
Baseline characteristics of the study population

Initially, 88 individuals met the inclusion criteria and were
invited to participate in the study, but only 26 accepted
to participate. However, 23% of them were excluded for
reasons cited in the exclusion criteria. The sample thus
consisted of 20 hypertensive individuals.

Of all volunteers, 75% were female and 15% were male.
Baseline characteristics are presented in Table 1. The aver-
age age was 51 + 8 and the body mass index (BMI) was
30 + 6 kg/m?, characterizing them as individuals with obe-
sity class I. In addition, 45% of the subjects used medi-
cation for hypercholesterolemia. Regarding the basal BP
during the 3 intervention days, the mean was considered
normal according to classification of the Eighth Joint
National Committee (James et al. 2014), that is, individu-
als had controlled hypertension, meeting the inclusion cri-
teria. Medication treatments are shown in Table 1.

In Table 2 is the main information regarding cardiopul-
monary test and the average speed of exercise prescription
in intervention protocols. The mean VO, reached by
the volunteers was 24.3 + 6 ml/min/kg, meaning that the
study sample had a low functional capacity and, although

Table 1 Baseline characteristics of the study patients

Clinical data

Sex (M/W) 5/15
Age (years) 51+8
Body mass (kg) 79+20
Height (cm) 161+0.11
BMI (kg/m?) 30+6
Basal BP (mmHg)—CS 125/81
Basal BP (mmHg)—MCE 128/83
Basal BP (mmHg)—HIIE 127/84
Treatment %

ARB 50
ACE inhibitor 25
Beta-blocker 25
Diuretic 15
CCB 10
Hypoglicemic 15
Statin 25
Antiplatelet 10

The results are presented as mean + standard derivation of the mean

M men, W women, BMI body mass index, BP blood pressure, CS
control session, MCE moderate-intensity continuous exercise ses-
sion, HIIE high-intensity interval exercise session, ARB angiotensin
II receptor blockers, ACE inhibitor angiotensin-converting enzyme
inhibitors, CCB calcium channel blocker
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the HIIE protocol is very intense, the mean speed of this
protocol was 6.4 +0.7 km/h at an inclination of 6%. This
speed was very well tolerated by volunteers.

Hemodynamic determinants during exercise

BP and hemodynamic determinants during exercise are
shown in Table 3. We evaluated the behavior of BP and HR
during exercise to compare the two sessions of exercise and
analyze if the levels of BP that increased during exercise
were safe in the studied sample. In comparison with con-
trol values, both sessions showed significant differences, as
expected. At the same time, exercise sessions showed differ-
ences between them: HIIE increased SBP more than MCE
(+26+17 and +47 +26 mmHg, during MCE and HIIE,
respectively, p <0.001).

During MCE, the maximum mean value of SBP was
152 +23 mmHg, and during HIIE, 174 +29 mmHg. Regard-
ing DBP, no significant differences were found between the
intervention sessions nor between the moments measured
during exercise. The HR comportment during exercise was
observed to characterize both sessions of exercise, mainly
to observe if HIIE was indeed more intense.

The results are presented in Table 3. There were signifi-
cant differences in the three interventions sessions at all
times during exercise (p <0.001). The HR reached mean val-
ues of 119+ 11 bpm in MCE and 148 + 19 bpm in HIIE. In
addition, PSE scale was used to characterize the participant’s
subjective intensity in both types of exercise (Table 3). The
exercise sessions presented significant differences regarding
rating media in PSE scale (p <0.001): the volunteers pre-
sented an average perception of intensity of 12 (somewhat
hard) on the PES scale in MCE, while in HIIE the average of
perceived exertion was 15 (hard) on the PES scale.

The double product peak values reached by volunteers in
the two exercise sessions are also presented in Table 3. As
expected, the two exercise sessions showed different patterns
of behavior, where HIIE resulted in greater cardiac effort in
comparison to MCE. However, the volunteers did not pre-
sent symptoms of dyspnea, chest pain, or excessive fatigue
in any of the exercise sessions, and therefore both sessions
were considered safe for the hypertensive volunteers of this
study.

At the end of the last exercise protocol, volunteers were
asked about which of the two exercise protocols they pre-
ferred to practice, and 75% of them answered that they felt
more motivated after practicing HIIE, while 25% preferred
MCE.

Blood pressure after exercise protocols

Figure 1 shows the results of systolic blood pressure (SBP),
diastolic blood pressure (DBP) and mean arterial pressure
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Table 2 Data about Variable
cardiopulmonary exercise
test an.d e?xercise sessions VO,peqic (ml/min/kg) 24346
preseription Speed and inclination associated to VOye, (km/h and %) 6.4+0.8 and 7+2
RQ maximum 1.11+£0.10
VE peak (I/min) 62+20
Test duration (min) 9.5+1.8
HR maximum (bpm) 156+ 16
Speed and inclination associated to MCE (km/h and %) 53+0.8and4+1
Speed and inclination associated to HIIE in high intensity bout (km/h) 6.4+0.7 and 6+ 1
Speed and inclination associated to HIIE in active recuperation (km/h) 44+09and3+1

Table 3 Hemodynamic
determinants and perception-
subjective effort during
moderate-intensity continuous
exercise and high-intensity
interval exercise sessions

The results are presented as mean + standard derivation of the mean

VO,,., maximum oxygen uptake, RQ respiratory quotient, VE peak maximum ventilation, HR heart hate,
MCE moderate-intensity continuous exercise, HIIE high-intensity interval exercise

Variable Baseline 6° min 16° min 26° min
Blood pressure during
SBP (mmHg)—MCE 128+ 15 150+19 154+20 151+18
SBP (mmHg)—HIIE 127+09 172 +34* 171 +28* 166+ 32*
DBP (mmHg)—MCE 83+10 83+12 80+11 77+10
DBP (mmHg)—HIIE 83+08 86+12 80+09 81+09
MAP (mmHg)—MCE 98+ 11 105+ 11 105+ 11 102+10
MAP (mmHg)—HIIE 98 +08 115+ 16* 111+13 109+ 14*
Heart hate during
MCE (bpm) 79+11 114+10 119+ 11 118+12
HIIE (bpm) 80+11 140+ 18* 145+ 18* 148+ 19*
Double product during Baseline Peak

MCE (mmHg bpm) 10,117 +2189 18,841 +3817
HIIE (mmHg bpm) 10,176 +2030 26,792 +5837*
PSE 26° min

MCE 12+3

HIIE 15+3*

The results are presented as mean + standard derivation of the mean

SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure, MCE moderate-
intensity continuous exercise, HIIE high-intensity interval exercise, PSE perception-subjective effort

*<0.05 versus MCE

(MAP) 1 h after the physical exercise sessions and during
the control session (Fig. 1d). These measures were clinically
evaluated, such as the baseline measurement, with 10 min
of interval between them. We used the net effect to calculate
the hypotensive effect of the exercise.

SBP decreased 60 min after exercise in both sessions of
exercise, showing greater decrease after HIIE protocol in all
moments after exercise (—7+10 and — 11 + 12 mmHg, after
MCE and HIIE, respectively, p <0.01). DBP also decreased
after both exercise sessions; however, there were no signifi-
cant differences between the two exercise sessions (—4 +8
and —7+ 8 mmHg, after MCE and HIIE, respectively,

p=0.141). MAP significantly decreased after both exercise
sessions, and HIIE caused greater MAP reductions in all
moments after exercise (—5 +8 and —9 +8 mmHg, after
MCE and HIIE, respectively, p <0.001).

Discussion
Both types of physical exercise (MCE and HIIE) produced
HPE in hypertensive individuals; however, when we quan-

tify the magnitude of BP reduction 1 h after exercise ses-
sions, we found a HPE of greater magnitude after HIIE for
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SBP and MAP when compared to MCE. Note that this result
was not consequence of a higher expenditure, since even
with a slight difference in the duration between sessions (i.e.,
HIEE was 5 min lower than MCE), both were isocaloric.

The intensity used during HIIE raised some issues con-
cerning the safety of this type of exercise, nevertheless,
recently published articles endorse the participation in vig-
orous exercise protocols even for hypertensive patients.
Among these publications we highlight a publication of a
Work Group (Eckel et al. 2014) and the publication from
American Heart Association (Brook et al. 2013).

In a recent research conducted by Crozier et al. (2018),
the authors discuss that among individuals with coronary
artery disease, myocardial infarction, and heart failure;
there have been only two nonfatal cardiac arrests in more
than 46,000 h of HIIE during cardiac rehabilitation, with
occurrences similar to MCE. They suggest that an exercise
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Fig.1 Data of systolic (a), diastolic (b) and mean (c¢) blood pres-
sure after moderate-intensity continuous exercise and high-intensity
interval exercise sessions and during control session (d). The data
were analyzed based on blood pressure net effect. Net effect = (post-
exercise — pre-exercise) — (post-control — pre-control). The results are
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testing with electrocardiography is recommended prior to
initiating cardiovascular exercise.

Many studies have observed a decrease on BP after
an acute session of moderate-intensity aerobic exercise
(Forjaz et al. 2004; Kenney and Seals 1993; Taylor-Tol-
bert et al. 2000; Wallace et al. 1999). However, studies
about hypotension after HIIE are scarce in the litera-
ture. Our results can be different from those found in the
study of Lacombe et al. (2011), since the authors evalu-
ated hypotension 1 h after exercise in a cycle-ergometer
in pre-hypertensive elderly patients and our protocol was
conducted with middle-aged participants and the exer-
cise session was performed in a treadmill. Lacombe et al.
demonstrated that both HIIE and MCE produced the same
magnitude of SBP reduction, in the other hand, in our
study HIIE showed a more pronounced reduction in SBP
compared to MCE.
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exercise, SBP systolic blood pressure, DBP diastolic blood pressure,
MAP mean arterial pressure
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Cunha et al. (2006) carried out a study comparing the
HPE of moderate intensity and of varied intensities. They
concluded that both sessions resulted in a similar hypoten-
sion for SBP; however, only the continuous exercise pro-
moted a relevant hypotension for DBP. We highlight that
the interval exercise protocol used in this referred study is
not characteristic of an intense protocol, since it consisted of
intervals of 1 min to 75% of HR reserve and 2 min to 55% of
HR reserve. Then, we believe that the effects of HIIE depend
on the intensity used in the protocol. In fact, it has been sug-
gested that high-intensity exercise protocols promote a more
effective stimulus for enhancing VO,,,., when the intensity
is greater than 90% of VO, (Buchheit and Laursen 2013).

Although a common definition does not exist, Gibala
and McGee (2008) characterize HIIE as repeated sessions
of relatively brief intermittent exercise in effort intensity
“all out” or close to VO, (i.€., 90% of VO,,,,,); bouts of
high-intensity may last from few seconds to several minutes,
with the bouts of high-intensity separated by few minutes of
rest or low-intensity exercise (Gibala and McGee 2008). The
common protocols used on cardiovascular risk patients are
generally long (Fu et al. 2013; Moholdt et al. 2012; Molmen-
Hansen et al. 2012; Rocco et al. 2012).

Molmen-Hansen et al. (2012) conducted a study with
hypertensive patients and the protocol of HIIE was 4 X4 min
at 90% of HR reserve and 4 X3 min at 70% of HR reserve.
Many researches on individuals with cardiovascular diseases
used this protocol as a basis for prescribing HIIE; in our
study, we adapted this protocol for our population.

The study conducted by Molmen-Hansen et al. (2012)
aimed to analyze the effect of aerobic interval training on
BP and myocardial function in hypertensive patients, and
they found that 12 weeks of high-intensity interval training
was able to reduce BP of hypertensive patients more than
moderate continuous training.

Although, we can see that there are studies with hyperten-
sive individuals and high-intensity exercise showing posi-
tive effects; however, in a prescription update integrating
existing recommendations with emerging researches about
exercise for hypertension treatment, the authors recommend
only MCE and suggest that recommendations of vigorous-
intensity exercises may be included in the future when we
had better comprehension about the benefits and risks of
vigorous-intensity exercises for this population (Pescatello
et al. 2015). European Guidelines on cardiovascular disease
prevention in clinical practice also state that HIIE cannot be
highly recommended until more efficacy and safety data are
available (Piepoli et al. 2016).

Thereby, our study is further evidence that HIIE is an
efficient alternative for hypertensive individuals as a non-
pharmacological strategy for reducing BP. We observed a
SBP reduction of up to 11 mmHg and DBP reduction of
up to 7 mmHg after HIIE. This result can be considered

clinically relevant, since an antihypertensive drug has the
potential to reduce SBP up to 9.1 mmHg (when it is about
154 mmHg) and DBP up to 5.5 mmHg (when it is about
97 mmHg) (Law et al. 2009).

In addition, considering that 5 mmHg decrease in BP lev-
els can reduce the risk of stroke in up to 40% and the risk
of acute myocardial infarction in up to 15% in hypertensive
(Kelley 1997), our results can be considered important.

Angadi et al. (2015) evaluated BP post-HIIE and com-
pared it with a MCE protocol and a control session in normo-
tensive individuals. HIIE protocol was 4 X4 min at 90-95%
HR_ ., and 3 min on active recovery. They observed that
both HIIE and MCE promoted PEH, whose peak reached
1 h after exercise. However, HIIE promoted greater SBP
reductions when compared to the other exercise protocols
studied, also promoting a longer period of PEH. Therefore,
these results resemble those found in our study, in which we
found a greater magnitude of SBP reduction after HIIE; a
key point of this study is that the PEH found after HIIE was
seen in hypertensive individuals.

HIIE can be considered an effective exercise stimulus
to improve aerobic metabolism and functional fitness in a
short period of time (Gibala 2007). Six short high-intensity
interval sessions with less than 20 min produce an increase
in the maximal activity of mitochondrial enzymes in skeletal
muscle, oxidative muscle capacity and peak oxygen uptake
similar to a conventional training of moderate intensity with
long duration. However, these gains are observed at 67%
less time expended than moderate-intensity training (Gibala
et al. 2012).

Regarding cardiovascular adaptations, HIIE has been
shown to be more efficient than MCE in some cardiovascu-
lar health indicators. Some studies have indicated that HIIE
promotes a greater increase in cardiorespiratory fitness due
to increase in VO, .. when compared to MCE (Burgomas-
ter et al. 2008; Helgerud et al. 2007; Moholdt et al. 2012;
Tjenna et al. 2008). This marker is related to cardiovascular
risk, since low VO, rate is correlated with mortality from
cardiovascular diseases (Blair et al. 1996).

As studies have proved that HIIE is very effective for
health gains of health individuals and individuals affected
by cardiovascular diseases, it became a new option for the
hypertensive patient. In our study, 75% of the volunteers
felt more motivated after practicing HIIE, while only 25%
preferred MCE. These results corroborate with other stud-
ies that also affirm that participants prefer to practice HIIE
because they find it more motivating and challenging than
moderate continuous training (Kemi and Wislgff 2010). In
fact, Jung et al. evaluate the tolerability and the affective
response after HIIE, MCE and continuous exercise of vig-
orous intensity; they observed that more than 50% of vol-
unteers reported preferring HIIE as opposed to MCE and
continuous vigorous-intensity exercise, suggesting that HITE
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is a viable alternative to the traditionally prescribed continu-
ous modalities to promote self-efficacy and exercise pleasure
in inactive individuals (Jung et al. 2014).

In addition to being efficient for PEH, HIIE was safe for
hypertensive patients evaluated in this study, presenting
no risk. SBP and DP had a normal elevation during both
exercise modalities, showing greater increase in HIIE when
compared to MCE, but this behavior was expected, since this
type of exercise promotes higher demands of O,.

Therefore, our study showed that HIIE is an efficient exer-
cise option to produce PEH for hypertensive subjects, PEH
being more pronounced when compared to MCE. The magni-
tude and duration of PEH may provide essential information
on the efficacy of a training program to BP control (Liu et al.
2012). Finding an exercise that causes the greater answer of
PEH is important to individualize the training prescription
and provide better results for each hypertensive patient.

Study limitations

We consider that the sample could be larger. Besides that,
the number of women was greater than men, so we believe
it would be better to homogenize the sample. However, it is
important to highlight that all subjects performed all ses-
sions, which contributed to decrease the interference in the
results.

Finally, we asked the volunteers about the preference of
each modality of exercise, but we did not do any motiva-
tion questionnaire, impairing inferring about motivation and
comparison of both exercise protocols.

Conclusion

The HIIE protocol performed in this study produced a PEH
clinically and physiologically relevant in sedentary hyper-
tensive individuals. One hour after exercise, we verified that
both HIIE and MCE caused significant reductions in BP;
however, the HIIE generated a greater magnitude of reduc-
tion of SBP and MAP than MCE. Thus, HIIE proved to be an
effective and safe modality of exercise for hypertensive indi-
viduals, since no intercurrence occurred during the study, as
well as, hemodynamic parameters during exercise sessions
were in normality and safety standard. Therefore, HIIE can
be considered as one more exercise option for hypertensive
subjects, but it is important to emphasize that supervision of
a physical education professional is important.
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