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INTRODUCTION

Cardiovascular diseases (CVD) are a major public health problem. Ac-
cording to recent data from the World Health Organization', CVD is the
leading cause of death in the world. One of the main risk factors associated
with the development of CVD is arterial hypertension, which increased
prevalence in the past few years®. Arterial hypertension affects more than
32% of Brazilian adults*with high prevalence in the elderly and women®*.

Currently, arterial hypertension is characterized by a sustained eleva-
tion in blood pressure (i.e., systolic blood pressure > 140 mmHg and/or
diastolic blood pressure > 90 mmHg)?. Arterial hypertension is consid-
ered the most treatable and preventable morbidity among risk factors for
developing CVD. However, the arterial hypertension treatment costs
generate a high impact on the loss of labor productivity and family income,
estimated in Brazil at more than R$ 12 billion between 2006 and 2015°.
'Thus, preventing arterial hypertension is an important and urgent priority
of public health.

Lifestyle changes (i.e., including a lower intake of sodium, alcohol and
fat, smoke cessation, and physical activity) are the main strategy for the
control and prevention of arterial hypertension?. Among the behavioral
factors, physical activity has been widely investigated in arterial hyperten-
sion management. Both aerobic training®'° and strength training'''*are
able to reduce blood pressure chronically, as well as acute effect know as
post-exercise hypotension (PEH)". Although the literature addressed the
efficacy of aerobic and strength training on hypertension treatment, the
concurrent training (a combination of aerobic and strength training within
the same session or in separate sessions) must be equally investigated.

Thus, it is necessary to summarize the existing literature that inves-
tigated the acute effects of concurrent training on blood pressure meas-
urements. Also, it is important to explore whether aspects of concurrent
training promote major PEH in comparison with other training models.
Such information will help to provide an evidence-based for public health
policy in order to recommend the concurrent training for prevention and
treatment for arterial hypertension. The purpose of the present study was
to review and synthesize the acute effects of concurrent on PEH in hy-

pertensive and normotensive adults.

METHOD

Design and search strategy

'This review follows the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) statement'. The search was performed
in the following electronic databases: PubMed, Scielo, and Lilacs. We
restricted to publications in English or Portuguese language until June
2019. The search strategy included a combination of keywords: post-exercise
hypotension, post-exercise hypotensive response, blood pressure lowering,
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concurrent training, exercise training, exercise, as follows:

“Post-exercise hypotension” AND “Concurrent training” AND “Ex-
ercise training” AND “exercise™ “Post-exercise hypotensive response”
AND “Concurrent training” AND “Exercise training” AND “exercise’-
“Blood pressure-lowering” AND “Concurrent training” AND “Exercise
training” AND “exercise” “Post-exercise hypotension” OR “Post-exercise
hypotensive response” OR blood pressure lowering.

Eligibility criteria

We included randomized clinical trials. Studies with human subjects over
18-yrs from both males and females were considered eligible. Studies that
analyzed the acute effects of concurrent training compared to other training
models on the blood pressure of hypertensive and normotensive subjects were
also considered eligible. However, studies that did not present blood pressure
measures before and after training for at least 30 minutes were excluded.

Data extraction

The screening in titles and abstracts was performed by one reviewer (DM)
in order to identify potentially eligible studies. The full-texts were also
assessed and considered according to the inclusion and exclusion criteria
of this review. Then, the reviewer extracted data from included studies.
Another reviewer (TLVPO) checked the information for completion and
accuracy. The following information was extracted from the studies: sample
size, mean age, rest blood pressure, training protocol, and main results.

Appraisal of study quality

Two independent reviewers (DM and TLVPO) assessed the methodologi-
cal quality of the included studies by using the risk of bias Physiotherapy
Evidence Database (PEDro) scale?.

RESULTS

Initially, the search identified 3806 potential citations (Figure 1). After
removing the duplicates, 2587 articles remained for analysis. Then, 2545
were excluded based on titles and abstracts. Another 28 citations were
excluded, respectively 20 article reviews, 04 studies that did not evaluate
acute effect on blood pressure, and other 04 that did not compare concur-
rent training with other training models.

'Thus, fourteen studies met the inclusion criteria and were included
in this review.

The articles included were published from 2011 to 2017. Ten studies
were conducted with normotensive subjects. Also, four studies presented
hypertensive subjects. The age group ranged from 20 to 65 years, 286 sub-
jects participated in the studies, 122 men and 164 women, 177 normoten-
sive, and 109 hypertensive subjects. All studies are randomized controlled
trials that observed the acute effect of a single exercise session. Training

Rev Bras Cineantropom Desempenho Hum 2020, 22:e72211

De Melo & Ostolin




Post-exercise hypotension and concurrent training

Records identified through
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synthesis
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=
53
=
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o
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Figure 1. Flowchart of the systematic review.

protocol presented duration from 45 to 60 minutes. The aerobic training was
performed at 40-80% of peak VO,, 50-70% of heart rate reserve, 40-75%
of maximal heart rate. The strength training was performed at 40-80% of
1 repetition maximum.

'The blood pressure was measured after 30, 60, and 120 minutes of the
end of the training, as well as 6 hours and 24 hours later. Systolic blood
pressure ranged from 111 to 162 mmHg and diastolic blood pressure ranged
from 68 to 95 mmHg.

'The main characteristics of the studies included are available in Table 1.

'The studies showed higher PEH when aerobic training was performed
before strength training compared to the opposite'*°. However, the other
four studies did not find differences regarding the order of execution of
concurrent training??*. When high intensity, great PEH*-%¢.

'The duration of PEH was longer after concurrent training in compari-
son to other training models?”?. Greater magnitude PEH was observed
for aerobic training compared to concurrent training® and for concurrent
training in comparison to strength training''. Saccomani et al.** found
higher and longer PEH for concurrent training compared to aerobic and
strength training. However, Ruiz et al.*® did not observed any difference
between groups (e.g., aerobic, strength, and concurrent). Results from
Santos et al.’! showed greater PEH when performed eccentric strength
training prior to aerobic training in comparison to traditional strength
training prior to aerobic training.
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Table 1. Description of the selected studies on participants’ characteristics, training protocol and post-exercise hypotension.

Rest Blood Pressure

Study Participants Training protocol Duration Results
SBP DBP
CG: 60 min rest Magnitude reduc-
AG: 60 min cycle ergometer at tion BP similar to
21 normo- 65% VO AG, ST, CTG
) 111.52 + 2.56 . 2 peak - o
Keese et tensive men mm H 73.86 + ST: 8 strength exercises in 3 sets BP monitoring  Longer PEH dura-
al. % (20.7£0.7 g 3.62mm Hg of 6-8 rep at 80% 1RM for 120 min tion in SBP for AG,
yr) CTG: 6 strength exercises in 2 CTG.
sets at 80% 1RM + 30 min cycle Longer PEH dura-
ergometer at 65% VO tion in DBP for AG.

2 peak
CG: 45 min rest

AG: 45 min treadmill at 65-70%  BP monitoring “agnitude reduc-

20 hyper- 120 £13 mm tion BP similar for

Ferrariet e men H 71+10mm VO, CTG: for60minand -~ ~re
Al 2 g Hg 4 strength exercises in 4 sets 24-hour ambula-

(65.3+ 3.3 yr) o . P Longer PEH dura-
of 8 rep at 70% 1RM+ 25min tory monitoring tion in DPB for AG
treadmill at 65-70% VO, ..

SAG: 4 strength exercises in the
water in 3 sets of 20s each + 18
30 normoten- 1103482 min of aerobic exercises in the Similar reduction
Pinto et sive women .H_ ’ 69.2+7.0 HR from LT BP monitoring BP for GSA and
al. 2 (232+46 MMAY mm Hg ASG: 18 min of aerobic exercises  for 120 min GAS in 10 min for
yr) in the HR from LT + 4 strength DBP and MBP
exercises in the water in 3 sets of
20s each

CG: 60 min rest
SG: 6 strength exercises in 3 sets

Tibanaet 30 normoten- 122.7 +9.2 of 8212 rep at 80% 1RM o .
77.8+9.6 CTG: 30 min of treadmill at 65- BP monitoring  Greater magnitude

11 .
. NG WATTEW a0 Y mm Hg for 60min of BP for GCT

(331 5.0 yr) 70% HRR + 6 strength exercises
in 3 sets of 8a 12 rep at 80%
1RM
SAG: 8 strength exercises in 3
sets of 10 a 15 rep at 60% 1RM + Magnitude reduc-
) 50 min cycle ergometer at 60% tion BP and PEH
Lovato et 9 normo 119+ 3.8 mm 70.4+265 VO BP monitoring  duration equal
21 tensive men  Hg 2peak )
al. (24.8 + 1.1yr) mm Hg ASG: 50 min cycle ergometer for 60min between groups
R at60% Vo, + 8 strength
exercises in 3 setsof 10a 15 rep
at 60% 1RM
CG: 50 min rest
SAG: 7 strength exercises in 3
) sets of 10 rep at 50 % 1RM + 30 Magnitude reduc-
Mengzes 1o 1VPerten- 130 =33MM 6g . 5y min treadrmil at 50-60% HRR  BP monitoring tion BP and PEH
etal.® (57+2yn) g Hg ASG: 30 min treadmill at 50-60% for 30 min duration equal
ey HRR + 7 strength exercises in 3 between groups
sets of 10 rep at 50% 1RM
CG: 60 min rest
AG: 50 min cycle ergometer at
60% VO, .,
SG: 8 strength exercises in 3 sets Greater magnitude
) ) of 12 rep at 60% 1RM reduction BP and
Sgrcnani et :gngﬁ/remmoen Hr?]ili 17 70.8+2.1 ASG: 50 min cycle ergometerat  BP monitoring  duration da PEH for
al.22 (24.5 + 11yr) g mm Hg 60% vozpm+ 8 strength exercis- for 60 min GSA e GAS
: =Ll es in 3 sets of 12 rep at 60% 1RM No differences in
SAG: 8 strength exercises in 3 execution order
sets of 12 rep at 60% 1RM +
50 min cycle ergometer at 60%
VOZ peak
Continue...
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Rest Blood Pressure

Study Participants SBp 5P Training protocol Duration Results
SG: 8 strength exer-
1 normo- 405 4 4 g mm /Té?ful)nn?irs]ect;c}éz o Magnitude
Ruiz et tensive men H T 76.5+£84 ofneter at 60-70% HHR BP monitoring  reduction BP and
al 3 (268+29 9 mmHg  0oRC S ° for 60 min duration PEH equal
) : 40 min cycle ergometer between groups
y at 60-70% HRR + 8 strength
exercises in 3 sets 12RM
ASG: 30 min treadmill at 80%
15 normoten- 1175 5 11 HHR + 8 strength exercises in 3 Greater maanitude
Santiago  sive male and mm‘ H_ 68.3+7.7  setsof8repat75% 1RM BP monitoring reduction BgP for
etal.’® female (29.4 g mm Hg SAG: 8 8 strength exercises in 3 for 60 min GAS
+7.3yr) sets of 8 rep at 75% 1RM + 30
min treadmill at 80% HHR
CG: 60 min rest
AG: 30 min cycle ergometer at
75% V0, .. .
o 2.0 WETTOE: 1112 mm SG: 6 stﬁgnath exercises in 3 sets - Greate_r magnitude
Teixeira et sive male and 74 £1 mm o BP monitoring  reduction BP and
27 Hg of 20 rep at 50% 1RM ) ;
al. female (26.1 Hg ASG- 30 mi | for 120min duration PEH for
£ 1yr) 30 min cycle ergom- AG
N eterat75% VO, . + 6 strength
exercises in 3 sets of 20 rep at
50% 1RM
CG: 60 min rest
SAG: 6 strength exercises at )
90% 12 RM + 15 min treadmill at Greater magnitude
M 10 normo- N reduction BP for
azzoc- tensive men 120 £ 4,5 mm 685463 90% LT GSA
cante et Hg o ASG: 15 min treadmill at 90% LT )
20 (22.6 3.7 mm Hg . Greater duration
al. + 6 strength exercises at 90% .
yr) of 12RM of PEH for GSA in
CTAG: Alternate strength and comparison to GCT
aerobic exercises in sequence
Magnitude equal BP
91 normo- CG: 60 min rest reduction between
) 111.5+2.6 SAG: 6 strength exercises in 2 . groups regardless
aKIezesse e EZES;VE (r)n;zn mm Hg ﬁﬁgl—? i sets of 6 to 8 rep at 80% 1RM E’OF; goorrmr(])rlng of intensity
’ ) o g +30 min cycle ergometer at Longer duration
() n 0 an
y 50/65/80% VOZWk PEH in 65% and
80% VOzpeak
CG: 60 min rest
SEAG: 7 strength exercises in 3
60 hyperten- 16215+ 712 ?gtos‘%?zEJOReI\(;Icfgt(;I?nzgptritali%)i-ll Greater magnitude
Santos et sive women I 88.05 + o BP monitoring .
al 3 (63.3 6.2 mm Hg 499 mm H at 65-75% HHR for 60 min BP reduction for
' ) R ' 9 sTAG: 7 strength exercises in 3 GSEA
y sets of 10 rep at 70-90% 10 RM
+20 min treadmill at 65-75%
HRR
CG: 6 hours in rest
10 pre CMEG: 22 min treadmill at 65%
Fa.”a“ an hypertensive T T 85-95 mm AR & SN ixermses " gp monitoring  Longer duration
Nikookhe- - omen (376 19 H dsetsof 12repatB5% 1M~ i ehours  PEH for GCMI
slat® VTR " g CLEG: 22 min treadmill at 40% g

of HRmax + 5 strength exercises
in3 sets of 12 rep at 40% 1RM

Note. CG: Control Group, AG: Aerobic group, ST: Strength group, CTG: Concurrent training group, SAG: Strength aerobic group, ASG:
Aerobic-strength group, SEAG: Strength eccentric-aerobic group, STAG: Strength traditional-aerobic group, CTAG: Concurrent training
alternate group, CMEG: concurrent moderate exercise group, CLEG=Concurrent light exercise group. PEH=Post exercise hypotension.
HR=Heart rate. LT= lactate threshold. HRR=Heart rate reserve. HRmax=Heart rate maximum. BP: Blood pressure, 1RM: 1 repetition
maximum, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MBP: Mean blood pressure.
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Table 2. PEDro scale quality assessment of the included randomized clinical trials.

Study i 2 3 4 5 6 7 8 9 10 11 Score
Tibana et al." i 1 0 1 0 O 0 1 1 1 1 6/10
Santiago et al.'® i 1+ 0 1 0 0 0 1 1 1 1 6/10
Keese et al.?8 i 1 0 1t 0 O O 1 1 1 1 6/10
Ferrari et al.2° i1 1 1 1 1 1 1 1 1 1 1010
Pinto et al.?® i 1.0 1 0 o0 0o 1 1 1 1 610
Lovato et al.%! i 1 0 1 0 O 0 1 1 1 1 6/10
Menézes et al.* i 1+ 1 1 1 0 0 1 1 1 1 810
Saccomani et al.?? i 1 0 1 0 0 0 1 1 1 1 6/10
Ruiz et al.30 i1 0 1t 0 0 0o 1 1 1 1 610
Teixeira et al.?’ i 1 0 1 0 O 0 1 1 1 1 6/10
Mazzoccante et al.?0 i 0 0 1 0 0 o0 1t 1 1 1 510
Keese et al.?6 i 1 0 1 0 O 0 1 1 1 1 6/10
Santos et al.%! i 1 1 1 0 0 0 1 1 1 1 7710
Faraji and Nikookheslat?® i 1.0 1 0 0 0o 1 1 1 1 610

DISCUSSION

'The aim of this review was to summarize the acute effects of concurrent on
PEH in hypertensive and normotensive adults. Our main results suggest
that concurrent training is capable to induce PEH regardless of intensity
and volume, as well as the order of execution of strength or aerobic training
prior. The evidence pointed to a greater duration of hypotensive response
induced by aerobic training when compared to concurrent and strength
training. In comparison with strength training, the concurrent training
led to greater duration and magnitude of the hypotensive response.

'The effect of the order of execution, for example, aerobic training prior
to strength training and vice versa was investigated by %%, Santiago et
al.” evaluated normotensive men after acrobic training (treadmill for 30
minutes at 80% of heart rate reserve) follow by strength training (3 sets of
8 repetitions of 8 exercises at 75% of 1RM. The PEH was greater when
aerobic training was performed prior to strength training®.

However, Mazzoccante et al.?® analyzed normotensive young males
and found greater BP reduction and longer PEH when strength training
was executed before aerobic training. Previous studies that the order of
execution does not affect the magnitude and duration of the hypotensive

2.2 normotensive women trained in an

response in normotensive men
aquatic environment® and hypertensive women?*. The training protocols
performed in the included studies vary widely in volume and intensity
prescribed, and, hence, the literature still lacks evidence to state whether
the order of execution, as well as the volume and intensity, influence the
hypotensive response.

Faraji and Nikookheslat* submitted hypertensive women to perform
an exercise on a treadmill for 22 minutes at 65% and 40% of HRmax,

tollowed by 5 exercises in 3 sets of 12 repetitions at 65% of 1RM and the
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same exercises and sets but at 40% of 1RM. The authors observed that
when high intensity, great magnitude, and duration of PEH.

Keese et al.?®

also investigated the effect of different intensities of aero-
bic training on PEH in young normotensives males. The training protocol
consisted of 6 strength exercises performed in 2 sets of 6 to 8 repetitions
at 80% of 1RM and 30 minutes of aerobic training in cycle ergometer at
50, 65, and 80% of VO, peak. All tested intensities promoted a similar
decrease of BP, but PEH was longer when exercise prescribed at 65 and
85% of VO, .- Inarecent review, Pescatello et al.’analyzed several stud-
ies that investigate aerobic or strength training and concluded that when
higher intensity, more expressive the hypotensive response.

Teixeira et al.?” compared the hypotensive response induced by con-
current training to other training models in young normotensive men and
women. The group that performed aerobic training presented a greater
reduction of BP and duration of PEH in 120 minutes after training when
compared to strength training and concurrent training groups.

Keese et al.”® found similar results in normotensives, young males.
However, the authors observed longer duration of PEH for SBP in aerobic
and concurrent training groups in comparison to strength training, and for
DPB after aerobic training. Ferrari et al.?’ evaluated hypertensives older
males 60 minutes after training, as well as 24h later, and also found BP de-
crease. The evidence suggests a longer duration of hypotensive response after
aerobic training when compared to the strength and/or concurrent training.
Similarly, the concurrent training-induced longer duration and magnitude
of PEH in comparison to strength training. Tibana et al." also reinforces
that findings in a sample composed of women with metabolic syndrome.

In contrast, Saccomani et al.??

evaluated the effect of different training
models (i.e., strength and aerobic training and concurrent training both
aerobic follow by strength training and vice versa) on the hypotensive
response in normotensive young males. Although the concurrent training
has led to the greatest magnitude of the hypotensive response compared
to the other training models, the order of execution did not induce a long
duration of PEH neither high BP decrease. Nevertheless, Ruiz et al.*°
found no difference between groups in similar study design and sample.
Santos et al.’! enrolled and submitted hypertensive older women to
the two training protocols that are composed, respectively, by 7 strength
exercises (3 sets of 10 eccentric repetitions at 100-120% of 10 RM) plus 20
minutes of a treadmill at 65-75% of HRR, and 7 strength exercises (3 sets
of 10 repetitions at 70-90% of 10 RM) plus 20 minutes of treadmill at 65-
75% of HRR. The authors found a greater magnitude of BP reduction in the
group that performed the eccentric strength training in addition to aerobic
training. According to our strategy search, screening, and eligibility criteria,
only the study of Santos et al* investigated the effect of different combination
and methods of strength training combined with aerobic training on BP.
In addition, the studies included presented, on average, 6 points in a
maximum of 11 in the PEDro Scale. The methodological quality may not
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compromise the findings of the present study since the PEDro score above
5 is considered good to high quality’®. However, the majority of the stud-
ies included enrolled normotensives subjects and, hence, is an important
limitation of this review that should be considered. Thus, it is necessary
caution to generalize these findings in relation to hypertensive subjects.

CONCLUSION

In summary, the systematic review found that concurrent training can
promote PEH regardless of the order, volume, and intensity prescribed in
the studies. Thus, concurrent training may be an effective strategy in the
control of arterial hypertension. Although PEH presented longer duration
when performed aerobic training in comparison to strength or concurrent
training, the literature lack consensus about the best prescription strategy,
such as aerobic training prior to strength training or vice versa.
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