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Abstract - Aim: To compare blood pressure (BP) responses among the different orders of execution of concurrent
exercise (CE) sessions in controlled hypertensive older men. Methods: Fifteen older men (64 + 5 years) participated
in three randomized crossover sessions: control session (C), CE in aerobic-resistance order (AR), and resistance-aerobic
order (RA). The CE was performed for 1 h, in which 30 min were for the resistance exercise with 5 exercises at 70% of
1RM and 30 min for the aerobic exercise on a treadmill with intensity corresponding to the first ventilatory threshold.
Clinical systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean blood pressure (MBP) were measured
at rest and over 2 h and 24 h after the session. For analysis, the Generalized Estimating Equations (GEE) test was used
with Bonferroni's complimentary test (a = 0.05). Results: The SBP decreased by 30 min after AR, while after RA we
obtained reductions during 1 h after a session concerning rest. Between sessions, we found lower values in both CE
compared to the C at 30 min, 45 min, and 90 min. In the RA there was a lower pressure in relation to the C at minute 60.
The DBP reduced 30 min after the AR regarding the pre-session, however with no difference between sessions. The
MBP was lower in relation to 30 min rest after AR. Among sessions, a pressure drop was observed in the AR compared
to the C at 30 min and 45 min. Conclusion: We can conclude that the CE was effective in generating post-exercise
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hypotension regardless of the order in controlled hypertensive older men.

Keywords: combined exercise, hypertension, aging, post-exercise hypotension.

Introduction

Aging is a natural phenomenon and can cause several
physiological changes in the human body, such as a drop
in strength and muscle mass' reductions in aerobic
fitness™ and increase arterial stiffness’. Consequently,
older people may be affected by several chronic diseases,
such as Arterial Hypertension. About 31% of the adult
population worldwide was diagnosed with Arterial Hyper-
tension in 2010 (1.4 billion)*, which is considered an
important public health problem in the world”.

One of the non-pharmacological intervention meth-
ods to treat, prevent and control Arterial Hypertension is
the regular practice of physical exercise®. Physical exer-
cise can influence blood pressure (BP) behavior with a
single session, reducing BP values below the values at rest
or below the levels measured on a control day without the
practice of exercise. This effect is known as Post-Exercise

Hypotension (PEH)”*. PEH has clinical relevance for
lasting several hours and for having its response asso-
ciated with chronic BP reduction®™. A meta-analysis'®
observed reductions in systolic (SBP) and diastolic BP
(DBP) after aerobic exercise, resistance exercise, and con-
current exercise. In addition, they demonstrated that the
hypotensive effect can be inversely proportional to the
volunteer's age due to increased arterial stiffness and ves-
sel thickness, decreased compliance, and capillary density.

It is already known that both the aerobic session and
the resistance session performed separately present the
PEH effect but through different mechanisms®. There is
also a consensus in the literature that aerobic exercise
appears to have a more significant effect on PEH
responses'’. Concurrent exercise is widely indicated for
the older population for providing improvements in
strength, functionality, and cardiorespiratory capacity''™'°.
However, there are still few studies that assess the effects
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of a concurrent session on BP responses. Most existing
studies are carried out with the young adult population'”**
and few in the population with a higher prevalence of
Arterial Hypertension, the older adults**°.

In the concurrent session, there is a hypothesis that
the use of resistance exercises at the end of the session
may attenuate the vasodilator effect of the aerobic exercise
performed at the beginning, minimizing the PEH
responses”’. However, this is not well documented in the
literature though.

In the literature, we found only two studies that
evaluated the order of CE sessions in the BP responses,
and these studies did not observe differences between the
different exercise orders'®*'. It is worth mentioning that
these studies were carried out with normotensive adults,
they did not present a control session and they monitored
the BP only for 60 min. Thus, there is a gap in studies
among the older hypertensive public, which presents a
control session and that makes longer monitoring of BP
after the exercise session. The present study aimed to
compare BP responses among the different orders of
execution of a concurrent exercise session (aerobic-resis-
tance and resistance-aerobic) in hypertensive older men.
This study hypothesizes that the concurrent session in the
resistance-aerobic order will be able to decrease the BP
values to levels below those at rest with greater magnitude
than the inverse order.

Methods

The present study is characterized as a randomized
crossover clinical trial involving physical exercises for
controlled hypertensive older men. This clinical trial was
designed following the recommendations of the Con-
solidated Standards of Reporting Trials (CONSORT)?’.

Participants

Volunteers were recruited throughout the study
through dissemination on social media and posters in dif-
ferent parts of the city in the period between July/2018 and
June/2019. The sample was selected at random, volunta-
rily. To participate in the study, the volunteers should be
men aged 60 to 80 years old with a previous diagnosis of
controlled hypertension, not having participated in physi-
cal exercise programs regularly in the last three months
before the beginning of the study. They could not have
complications that prevented physical exercise participa-
tion, do not be smokers, do not have a pacemaker, have no
previous diagnosis of Diabetes Mellitus, and do not have
obesity equal to or greater than stage 2 (BMI > 35 kg.
m™?). Volunteers who met the inclusion criteria signed a
Free and Informed Consent Term (FICT) and were allo-
cated in a pre-elaborated table for randomization. Protocol
registered with the Brazilian Registry of Clinical Trials -
ReBEC (RBR-4d4q42). The project by the Ethics and
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Research Committee of the Federal University of Uber-
landia (CAAE: 89086118.2.0000.5152).

Experimental design and procedures

After reading and signing the FICT, the sample char-
acterization variables were measured. The body mass, fat
mass, and lean mass were determined from a polar tetra
bioimpedance exam (InBody 230 Trepel®, Perafita, Por-
tugal). Height was measured using a fixed stadiometer
(Sanny®, Sao Bernardo do Campo, SP, Brazil) and the
waist circumference was determined with a 0.1 mm scale
using measuring tape (Filizola®, Sao Paulo, SP, Brazil).
The International Physical Activity Questionnaire (IPAQ
short version) was applied to identify the participants’
level of physical activity*®. Subsequently, two familiariza-
tion sessions were held with the equipment and procedures
for performing aerobic and resistance exercises.

After, there were test sessions to assess the intensity
of aerobic exercise using an incremental test on a treadmill
(Movement® E740, Pompeia, Sdo Paulo, Brazil) and the
intensity of resistance exercises through the test of a max-
imum repetition (1RM) and its reproducibility. Then, the
participants performed three experimental sessions in a
randomized block order: a concurrent exercise session in
the order of acrobic-resistance (AR); a concurrent exercise
session in the order of resistance-aerobic (RA); and a con-
trol session without exercise (C) with the same time, place
and time established for the other sessions. A 48-h wash-
out period was implemented during the sessions.

Cardiopulmonary test

The intensity of the aerobic exercise was determined
based on an incremental test of inclination and speed on a
treadmill following the modified Bruce progressive test
protocol?’. From it, the inclination and the speed corre-
sponding to the first ventilatory threshold (VT1) used to
control the intensity of aerobic exercise were determined.
A gas analyzer (Quark PFT Ergo®, Cosmed, Rome, Italy)
was used and the point corresponding to VT1 was deter-
mined by two experienced physiologists. In cases of dis-
agreement, a third physiologist was consulted. The
evaluation was considered valid when an effort perception
of 8 (Borg scale 0-10) was reached or when the volunteer
asked to stop the test.

One repetition maximum test (1RM)

The intensity of the resistance exercises was deter-
mined according to the 1RM test to obtain the maximum
dynamic strength (in kg). The value of 1RM was con-
sidered as the maximum possible load to exercise in the
concentric phase of the exercises: bench press, lat pull-
down, shoulder press, squat, and 45° leg press. They were
performed in two days with a minimum interval of 48 h, in
which the second one was to check the reproducibility of
the first test. No pause was allowed between the eccentric
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and concentric phases between repetitions. A warm-up of
10 repetitions with a minimum load was performed. The
maximum load for everyone was determined with no more
than 5 attempts and with a 5-min recovery period between
attempts. If the IRM load was not determined, the test
would continue on another date with a minimum interval
of 24 h. From the number of maximum repetitions
achieved at each attempt, the load was resized aiming at
the load corresponding to 1RM through the values pro-
posed by the Lombardi coefficient™.

Experimental protocol

The volunteers participated in three sessions, one for
control and two for exercise. All experimental sessions
lasted 1 h (8:00-9:00 am). At the beginning of each ses-
sion, the participants were in a sitting position with the left
arm resting on a surface at heart level for 10 min to mea-
sure the BP at rest in triplicate and afterward start the ses-
sion. BP was measured using the oscillometric method,
with an automatic calibrated and validated device®'
(Omron® HEM 7113, Shimogyo-Ku, Kyoto, Japan). The
aerobic exercise was performed on a treadmill for 30 min
at the speed and inclination corresponding to the stage
where VT1 was found. Resistance exercises were per-
formed with an intensity equivalent to 70% of 1RM in 3
sets of 8 to 12 repetitions with 60 seconds of rest between
sets and exercises. The control session was carried out for
the same duration as the other sessions and in the same
environment. Afterward, the subjects were instructed to sit
in the same place where the initial BP was measured for
the measurements over 2 h every 15 min.

The average room temperature and relative humid-
ities were 24.5 + 2 °C and 61.5 + 8.8%, respectively.
After this procedure, the older men were asked to maintain
their daily activities normally and return to the laboratory
24 h after the session for the final measurement. The
volunteer was asked to avoid caffeine and exercise 24 h
before and after the session. Three measurements were
made, and the average of these values was considered for
analysis. To calculate the MBP, the SBP and DBP mea-
surements were used for the formula: MBP = DBP +
(SBP-DBP) / 3.

Statistical analyses

Descriptive statistics were used, with values pre-
sented as mean and standard deviation. The sample “n”
was calculated based on a study that used a similar
design'®. The calculation was performed in the G*Power
3.1%2 considering a value of 0.05, power analysis of 80%,
correlation among rep measures of 0.5, nonsphericity cor-
rection € in 1, and an effect size f of 0.22. Thus, we found
the need for a minimum total “n” of 8 volunteers per ses-
sion.

Statistical comparisons were performed using the
Generalized Estimating Equations (GEE) method with

Bonferroni’s post hoc test. Moreover, the area under the
curve (AUC) was calculated using the trapezoidal method
using the GP Prism 5.0. The Shapiro-Wilk test was used
for normality and ANOVA for repeated measures for
comparison among sessions. For all evaluations, the sig-
nificance level adopted was o = 0.05 and all statistical
tests were performed using SPSS 20.0.

Results

Figure 1 shows the flowchart with the distribution of
the study participants.

The main characteristics of the volunteers are shown
in Table 1.

Regarding the BP values measured during the exer-
cise sessions, ie, intra-session, we observed a more
marked increase in mean SBP after resistance exercise in
an AR session (A: 132 + 18 mmHg; R: 138 + 26 mmHg).
In the RA session, we observed a more marked increase in
resistance exercise in an RA session (R: 145 + 28 mmHg;
A: 122 + 20 mmHg). About mean DBP, we observed a
more marked increase after aerobic exercise in the AR
session (A: 80 + 12 mmHg; R: 76 + 16 mmHg). In the RA
session, we observed a greater increase after resistance
exercise (R: 86 + 15 mmHg; A: 78 + 15 mmHg).

In Figure 2 we present the mean + standard devia-
tion of the SBP, MBP and DBP values at rest and after the
experimental sessions. In SBP, there were significant dif-
ferences in time (p < 0.001) and interaction (p < 0.001). A
pressure drop was observed in the AR session in relation
to rest only 30 min after the session (REP: 118 +
12 mmHg; 30°: 110 + 13 mmHg; p = 0.004). In the RA
session, SBP decreased at 15’ (111 + 12 mmHg;
p = 0.022), 30’ (110 £ 14 mmHg; p = 0.025), 45” (111 =
11 mmHg; p < 0.001) and 60’ (111 = 14 mmHg;
p = 0.017) regarding the rest (REP: 118 + 12 mmHg).
There was no pressure decline in the C session. Among the
sessions, significantly lower values were observed in exer-
cise sessions compared to the control session at moments
30’ (AR: 110 + 13 mmHg; RA: 110 + 14 mmHg; C: 121
+ 11 mmHg), 45’ (AR: 112 + 12 mmHg; RA: 111 +
11 mmHg; C: 123 + 11 mmHg) and 90’ (AR: 113 +
13 mmHg; RA: 114 + 11 mmHg; C: 124 + 11 mmHg). A
pressure drop was observed in the RA session in relation
to the control session 60 min after the session (RA: 111 +
14 mmHg; C: 122 + 11 mmHg; p = 0.047). In the AUC
results of ASBP we found significant differences between
the AR (—441 + 976 mmHg.24 h) and RA (614 +
730 mmHg.24 h) sessions in relation to the C session (461
+ 847 mmHg.24 h; p = 0.049 and p = 0.003, respectively)
without statistical differences among exercise sessions
(p > 0.999).

In MBP, we did not find significant differences
among sessions (p = 0.154), but in time (p < 0.001) and
interaction (p < 0.001). In the AR session, there was a
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Figure 1 - Study flow diagram.

pressure drop in relation to rest in the 30th minute after
exercise (REP: 87 + 10 mmHg; 30’: 81 + 10 mmHg;
p = 0.005) with subsequent normalization. In the RA ses-
sion, we found no difference in the post-exercise moments
regarding rest. In the C session, there was an increase in
MBP 90 min compared to the rest (REP: 87 + 9 mmHg;
90°: 93 + 10 mmHg; p = 0.042). Among sessions, a statis-
tical difference was found between the 30 min (AR: 81 +
10 mmHg; C: 90 + 11 mmHg; p = 0.034) and 45 min
(AR: 82 + 10 mmHg; C: 91 + 10 mmHg; p = 0.039). In

the AUC data for AMBP, we found significant differences
between the AR (—320 + 661 mmHg.24 h) and RA (—406
+ 705 mmHg.24 h) sessions compared to the C session
(431 + 593 mmHg.24 h; p = 0.016 and p = 0.004, respec-
tively) with no statistical differences among exercise ses-
sions (p > 0.999).

In DPB, we found no statistical differences among
the sessions (p = 0.267), only in time (p < 0.001) and
interaction (p < 0.001). There was a pressure drop in the
30th minute after the AR session (REP: 72 + 10; 30”: 67 +
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Table 1 - General characteristics of the participants.

Variables n=15
Anthropometry Mean + SD
Age (years) 64+ 5
Body mass (kg) 792+ 11.5
Height (m) 1.70 + 0.05
Body mass index (kg.m™?) 273+39
Waist circumference (cm) 99 +13
Fat mass (%) 279 +7
Lean mass (%) 374+ 11
Physical activity level n (%)
Very active 1(7)
Active 9 (60)
Irregularly active 4 (26)
Sedentary 1(7)
Type of antihypertensive therapy n (%)
None 1(7)
One 5(33)
Two or more 9 (60)
Maximum strength Mean + SD
IRM bench press (kg) 53+13
IRM lat pulldown (kg) 54+ 10
IRM shoulder press (kg) 49 + 15
IRM squat (kg) 78 + 21
IRM leg press (kg) 265 +79

SBP: systolic blood pressure; MBP: mean blood pressure; DBP: diastolic
blood pressure; 1RM: one repetition maximum.

10 mmHg; p = 0.041) followed by normalization of DPB.
In the RA session, we found no significant difference
without regard to rest. Finally, in the C session there was
an increase in DPB at moments 75 (REP: 71 + 10; 75°: 76
+ 9 mmHg; p = 0.043) and 90’ (77 + 10 mmHg;
p = 0.024). No statistical difference was found among ses-
sions. In the AUC data of ADBP we found significant dif-
ferences between the AR (—268 + 577 mmHg.24 h) and
RA (—304 + 760 mmHg.24 h) sessions in relation to the C
session (411 + 544 mmHg.24 h; p = 0.009 and p = 0.010,
respectively) without statistical differences among exer-
cise sessions (p > 0.999).

Table 2 shows the SBP and DBP values in relation to
the other sessions: a comparison of the AR and control
(AR-C) sessions, RA, and control (RA-C) sessions, and
the AR and RA (AR-RA) exercise sessions. We found that
at no time were the two exercise sessions statistically dif-
ferent.

Discussion

Our findings suggest that both sessions can promote
similar reductions in SBP, DBP, and MBP regardless of
order. To our knowledge, this is the first study assessing
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Figure 2 - Behavior of Systolic, Mean, and Diastolic Blood Pressure
(BP) after a concurrent exercise session in aerobic-resistance (AR), resis-
tance-aerobic (RA), and control (C) order. * difference in the AR session
in relation to pre-exercise, # difference in the RA session in relation to
pre-exercise, § difference in the C session in relation to pre-exercise, &
difference in the C session in relation to the other sessions, $ difference
between the RA session and the C session, a difference between the AR
session and the C session.

whether there is an influence of concurrent exercise order
in the BP reduction post-exercise in older hypertensive
adults. These findings are of great importance for health
professionals as they contribute to the prescription of
exercises for the older people and hypertensive population
since training is needed to improve muscle strength, and
cardiorespiratory capacity as well as to control Arterial
Hypertension.

We found in the scientific literature few studies that
sought to analyze the effects of concurrent exercise on
PEH. Even with great importance for the older men popu-



Effect of concurrent exercise on blood pressure

Table 2 - Differences in SBP and DBP between exercise sessions in relation to the control session (AR-C and RA-C) and between exercise sessions (AR-

RA).
Variable AR-C RA-C AR-RA

Mean + SE (95% CI) p value Mean + SE (95% CI) p-value Mean + SE (95% CI) p value
SBP (mmHg)
Baseline 0.4 +3.9(-8.9;9.7) < 0.999 0.6 4.0 (-9.0; 10.2) <0.999 —0.2+4.2(-10.2;9.8) < 0.999
Post 30° —11.4 +4.1 (-21.2; -1.5) 0.018* —10.8 +4.7 (-21.5; =0.1) 0.048* —0.6 +4.7 (-12.0; 10.7) < 0.999
Post 60’ —83+4.0(-18.0; 1.4) 0.119 —10.9 + 4.5 (-21.6; -0.1) 0.047* 2.5+4.7(-8.8;13.8) < 0.999
Post 90’ —10.6 +4.2 (-20.7; -0.4) 0.038* —10.0 +£3.9(-19.3; -0.7) 0.030* —0.6 +4.3(-11.0;9.7) < 0.999
Post 120° —3.7+4.1(-13.6;6.15) < 0.999 -7.1+42(-17.1;2.9) 0.273 3.3+4.6(-7.6;143) < 0.999
Post 24 h 1.5+4.0(=8.1;11.1) < 0.999 —-1.7+4.6(-12.8;9.5) < 0.999 3.1 +3.7(-5.8;12.1) < 0.999
DBP (mmHg)
Baseline 0.3 +3.5(-8.0; 8.6) < 0.999 1.4 +3.1(-6.1;8.9) < 0.999 —-1.1+3.3(-8.9;6.7) <0.999
Post 30’ -82+3.7(-17.2;0.8) 0.087 —6.6 +3.9(-16.0;2.7) 0.267 —-1.5+3.6(-10.1;7.2) <0.999
Post 60° -5.1+3.3(-13.0;2.9) 0.383 —4.6 +3.4(-12.8;3.6) 0.536 —0.5+3.5(-8.8;7.8) <0.999
Post 90’ -7.6 +3.5(-16.1;0.9) 0.095 —6.2+3.6(-14.7;2.3) 0.246 —1.4+3.4(-9.6;6.8) <0.999
Post 120° —-2.4+3.2(-10.0;5.2) < 0.999 —4.0 +3.3(-12.0; 4.0) 0.688 1.6 +3.4(-6.5;9.7) <0.999
Post 24 h —0.4 +3.4(-84;7.6) < 0.999 —-1.5+3.7(-10.4;7.3) < 0.999 1.1 +3.2(-6.5;8.8) <0.999

Values: mean + standard error (95% confidence interval); SBP: systolic blood pressure; MBP: mean blood pressure; DBP: diastolic blood pressure;

AR: acrobic-resistance; RA: resistance-acrobic; C: control.

lation, there is a greater number of studies that sought to
assess the PEH of concurrent exercises performed in a
population of young adults'”** compared to the few arti-
cles upon the older’*?*. Regarding the order of the ses-
sions, we found only two studies with similar purpose'®*',
but both were carried out in normotensive youngsters. One
study found pressure reductions in SBP, DBP, and MBP
after AR session and minimal changes after exercise in the
RA order?', and the other study found similarity in pres-
sure responses regardless of order'®.

In older women, Anunciagdo et al.** sought to ana-
lyze the effects of concurrent exercise (AR order) on post-
exercise pressure responses and found significant reduc-
tions in SBP (30 and 60 min) and in DPB (10, 30, and 60
min) in relation to rest. This study partially agrees with our
results since we found a decrease in SBP, however, DPB
only changed 30 min after exercise in the AR session. The
study by Ferrari et al.*> also evaluated the effect of con-
current exercise (SE order) in hypertensive older adults
and found significant reductions in DPB (10 to 40 min)
and only a tendency to PEH in SBP. The authors’ justifica-
tion is that possibly aging and/or Arterial Hypertension
has reduced vascular compliance, thus affecting responses
to stimuli caused by exercise.

Regardless of the results found in relation to the pre-
exercise values, it is of great importance to highlight that
both concurrent exercise sessions resulted in PEH without
significant differences between them. These results con-
tradict the study hypothesis and suggest that resistance
exercise does not influence the vasodilator effect caused
by aerobic exercise and that the two sessions possibly pro-

vide similar post-exercise cardiovascular responses. It is
known that PEH can be caused by both a decrease in per-
ipheral vascular resistance and a decrease in cardiac out-
put. In the study by Rezk et al*> in normotensive
youngsters, it was observed that resistance exercise
reduced the cardiac output and that it was not completely
compensated by peripheral vascular resistance. In the
study by Rueckert et al.*® performed with aerobic exercise
in young hypertensive individuals, a pressure drop was
observed, determined by the decrease in peripheral vas-
cular resistance followed by the reduction in cardiac out-
put. In older adults, the mechanisms may be different
compared to those of young people. In studies carried out
with older men, the effects of exercise on peripheral vas-
cular resistance can be minimized due to the loss in arte-
rial compliance caused by aging, thus reducing its
vasodilator ~capacity'’. Therefore, the mechanisms
involved in the hypotensive effect caused by exercise in
older men are due more to the reduction in cardiac output
not compensated by peripheral vascular resistance.

Some possible limitations should be pointed out in
this article. Post-exercise BP was assessed for a short per-
iod, so our results cannot be extrapolated to more lasting
situations and we did not assess the hemodynamic
mechanisms behind BP's responses. However, to minimize
this limitation, we present the result of BP 24 h after exer-
cise. Additionally, we think that we found interesting
results even without the use of ambulatorial blood pres-
sure monitoring - ABPM. Other limitations of our study:
lack of ABPM use, and also a study carried out only with
men. Nonetheless, we emphasize some strong points of
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our study, such as we conducted a control session to iden-
tify the behavior of BP on a non-exercise day, all sessions
were held during the same period of the day, and pre-
viously trained and standardized evaluators participated in
the study, and participation only hypertensive older men.

In summary, we can conclude that both orders of
execution of a concurrent exercise session (aerobic-resis-
tance and resistance-aerobic) with aerobic exercise on a
treadmill with intensity corresponding to the first ventila-
tory threshold and resistance exercise at 70% of 1RM can
provide PEH of similar magnitude and duration in con-
trolled hypertensive older men. Our findings may have
important practical applications as they provide an ade-
quate prescription for physical exercise.
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