International Journal of Kinesiology & Sports Science
ISSN: 2202-946X
www.ijkss.aiac.org.au

AL

Flourishing Creativity & Literacy

in Health

Awareness

Changes in Heart Rate Variability and Post Exercise Blood Pressure from Manipulating Load
Intensities of Resistance-Training

Behzad Alemi'*, Lian-Yee Kok', Hui-Yin Ler?, Chen-Soon Chee'
!Faculty of Educational Studies, Universiti Putra Malaysia, 43400 UPM Serdang , Selangor Darul Ehsan
’Department of Sport Science, Faculty of Applied Sciences, Kolej Universiti Tunku Abdul Rahman, 53300 Kuala Lumpur

Corresponding Author: Behzad Alemi, E-mail: Behzad alemi@yahoo.com

ARTICLE INFO ABSTRACT

Article history

Received: December 15, 2020
Accepted: February 21, 2020
Published: April 31, 2020
Volume: 8

Background: The isolated effect of resistance training (RT) on heart rate variability (HRV)
and blood pressure (BP) is crucial when prescribing suitable training programmes for healthy
individuals. Objective: The purpose of this study was to compare BP and HRV responses in
physically active men after an acute RT session with loads of 5-, 10- or 15-repetition maximums
(5RM, 10RM and 15RM). Method: Eighty-one men (age: 21.6+1.1yr; body mass: 74.1+5.8
kg; height: 175.3 +7.1cm) who performed moderate to vigorous physical activities for at least
30 min a day on most days of the week participated in this study. After the of SRM loads for
the bent-over row (BR), bench press (BEP), Dead-lift (DL) and squats (SQ), participants were
divided into three training load groups (15RM = GrpL, 10RM = GrpM or SRM = GrpH). During
the experimental session, each group (n=27) performed 3 sets for each of the four exercise,
with 2-min rest intervals between sets and exercises with their assigned training load. BP and
HRYV were measured prior to, immediately after, and at 15-min intervals until two hours post-
experiment. Results: All three groups attained improved BP (p =.001) reductions and longer HRV
(p =.0001) changes after an acute exercise session but the GrpM (10RM) and and GrpL (15RM)
performed better than GrpH (5RM). Conclusion: Strength and conditioning professionals may
prescribe exercises with 10-15RM loads if the aim is to obtain an acute reduction in BP after an
RT session.
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INTRODUCTION variation of heart rate intervals, with fewer HRV indicating
higher risk (Dekker et al., 2000). Moreover, a meta-analysis
found positive and significant effects of energy system train-
ing on resting parasympathetic outflow as measured through
high- (HFnu) and low-frequency (LFnu) power of the HRV
analysis and post-exercise BP reduction with the greatest
effect reported with longer interventions and younger par-
ticipants (Hagerman et al., 2000; MacDonald, 2002; Sand-
ercock, Bromley, & Brodie, 2005). Researchers have also
found that the HFnu component of HRV and BP remained
more depressed while LFnu component rises after RT by
comparing the autonomic activity after exercise (Figueiredo
et al., 2015; Figueiredo, et al., 2016; Heffernan, Fahs, Shin-
sako, Jae, & Fernhall, 2007).

Early investigations into HRV during RT compared 25
min of RT using 10RM for eight RT exercises performed for

Resistance training (RT) has been suggested as a mode of
training for reducing cardiovascular risks (Pescatello et al.,
2004). In healthy participants, RT has induced improvement
in vagal control of the heart and bradycardia (Gregoire al.,
1996) in addition to reducing blood pressure (BP) via de-
creases in both systolic and diastolic blood pressure (Collier
et al., 2009). It has been reported that small reductions in
blood pressure can lower the risks of strokes in both healthy
and morbid subjects (ACSM, 2013). The possible mecha-
nism responsible for BP changes after exercise is the activa-
tion of the parasympathetic (PNS) and sympathetic (SNS)
nervous system. SNS and PNS are part of the autonomic
nervous system which controls the body’s involuntary inter-
nal functions. The autonomic nervous system reactions are

measured via the autonomic control of blood circulation and
heart rate variability, or HRV (Sztajzel, 2004). HRV has been
suggested to be an important indicator of mortality (Kors,
et al., 2007). Studies on HRV revealed that coronary heart
disease and mortality could be predicted by the amount of
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three sets with 90s rest between exercise and sets to ener-
gy system training (Heffernan et al., 2006). Results showed
a decrease in HFnu power after RT training. Another study
(Heffernan et al., 2007) examined heart rate complexity and
heart rate recovery to measure the influence of detraining
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and resistance training on cardiac autonomic modulation
in healthy young men. They reported that RT have boost-
ed heart rate complexities and heart rate recovery but had
no effects on spectral measures of HRV. Furthermore, they
noticed that autonomic changes depressed shortly after ces-
sation of training. More recent studies (Figueiredo et al.,
2015) examined the effect of three different load intensities
(80%, 70% and 60% of 1RM with 8-10 repetitions per set)
on BP responses in prehypertensive trained men, and the re-
sults revealed significant differences in the duration of the
BP reduction when the 70% of 1RM loads were used in a
RT session, independent of the total volume. These results
demonstrated that moderate to high intensities could result
in a longer BP response in trained men. Another study by
Figueiredo et al., (2016) recruited a sample of prehyperten-
sive men with 6-month RT experience to perform RT with a
rest interval of 1 or 2 min between sets of exercise found that
DBP was reduced after performing RT, but there were no
SBP changes. Additionally, there were significant changes in
HFnu 10 min post exercise for the 1-min rest interval group
but no significant difference in LFnu changes after perform-
ing three sets of RT with 70% of 1RM. There were also no
differences in HRV between the two exercise protocols.

However, since different researchers utilized different
load intensities (LI), it is not possible to establish clearly
the isolated effects of RT on cardiac autonomic modulation
and BP (Chen et al., 2011; Teixeira et al., 2011; Wanderley
et al., 2013). In RT, the rest length between each set has a
major impact on the metabolic and mechanical responses
of the vasculature. This variable also influence the response
mechanisms of cardiovascular control that in turn, can af-
fect baroreceptors (Piras, Persiani, Damiani, Perazzolo, &
Raffi, 2015). This study attempted to compare BP and HRV
responses in trained man with combination of different L1. It
was hypothesized that as LI increases a progressive longer
BP reduction would ensure in conjunction with reduction in
HRV.

METHODOLOGY

Participants and Design

The present study used an experimental design with random-
ized groups. A priori power analysis (G*power) was per-
formed with power set at .90 and o = .05 and determined
that 81 participants (age: 21.6+1.1yr; body mass: 74.1+5.8kg;
height: 175.3 +7.1cm) were adequate. Inclusion criteria were
that they performed moderate to vigorous aerobic exercises
or RT according to the physical activity recommendations of
the ACSM (2013), and were free from cardiovascular diseas-
es, did not have any physical injuries or acute illnesses and
did not take any medication nor smoked six months prior to
the study (Nekooei et al., 2019). All participants were vol-
unteers and gave written informed consent before they were
tested for SRM squat (SQ), bench press (BEP), barbell bent-
over row (BR) and deadlift (DL). Based on the ranking of
their SQ and BEP scores, each participant was then put into
one of three groups using the A-B-B-A technique. Each group
(n=27) was then randomly assigned a training intensity load

to be performed during one experimental training session. All
participants completed the experiment and institutional ap-
proval was obtained prior to the commencement of the study.

Procedures

All participants attended one familiarisation session, fol-
lowed by 5RM testing for each of the four exercises
(SQ, BEP, BR, & DL), with one exercise tested a day and
a rest period of at least 48h between each testing session.
Following this, the participants were put into one of three
groups with a randomly assigned a training intensity load.
The group training with 15RM loads was named GrpL,
while the groups training with 10RM and 5RM loads was
designated GrpM and GrpH respectively. At least 72h after
the final testing session, the participants completed an acute
experimental training session that incorporated three sets of
SQ, BEP, BR and DL in sequential order, using their desig-
nated training loads, with 2-min rest intervals between sets.
All exercises were performed using free weights and the
mass of all weights and barbells used was confirmed using
a precision scale (Column Scale Model No. 769, Seca, Ger-
many). The experimental session was preceded by a 10-min
warm-up, beginning with a slow jog to raise body tempera-
ture, followed by performing light loads of each exercise
(10-20% of SRM load) for 15-20 repetitions. For each load
intensity, each participant performed maximal repetitions to
concentric failure. No pause was permitted between concen-
tric and eccentric phases of each repetition, and velocity was
volitionally controlled. BP (SBP and DBP) and HRV (HFnu
and LFnu) were measured after a 10-min passive rest period
was enforced upon arrival at the laboratory, and for 120min
post-exercise at 15-min intervals.

5RM testing

Two days after the familiarization session, the participants
performed a SRM test (ACSM, 2013) for the squat. Initially,
participants performed warm up by jogging slowly for 10
min followed by lifting approximately 50% of the predict-
ed 5RM load for 10 repetitions. The testing process begun
2 min after the warm-up. Participants were asked to try to
accomplish 5 repetitions with the imposed load in three at-
tempts until the SRM load was identified. After each attempt,
there was 2-5 min rest period. The last resistance lifted five
times before failure was recorded as the participant’s SRM
load for the squat exercise. The entire process was repeated
for each of the other three exercises (BEP, BR, & DL) after
48hr respectively.

Heart rate variability measurements

HRYV was measured using portable heart rate monitors (Polar
Team S810i, Kempele, Finland) with storage capacity 30000
R-R intervals and an accuracy of 1ms against an ECG system
(Amani, Sadeghi & Afsharnezhad, 2018). The R-R intervals
were obtained at a sampling frequency of 500 Hz continuously
for 20 min and downloaded via Polar software for analysis.
The R-R intervals were then split into HF and LF components
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using Fourier transformation while noise filtering was reduced
through the Kubios HRV Analysis Software (version 2) pro-
gram (Kempele, Finland). The data were then expressed in
normalized units to represent parasympathetic (HFnu) and
sympathetic (LFnu) outflow (Tarvainen et al., 2014).

Blood pressure measurements

BP data were obtained using digital sphygmomanometers
(SunTech Medical Oscar 2, Morrisville, USA) with an ac-
curacy of approximately 2 mm Hg of reference sphygmo-
manometers during testing. Intra-subject reliability was
assessed to ensure reliability (MacDonald, 2002). For each
participant, BP data was averaged over two consecutive
measurements, with participants seated and resting for 5 min
between measurements.

Statistical Analysis

Data for all variables are displayed as mean + SD, while a
two-way mixed ANOVA was used to examine the indepen-
dent and dependent variables (SPSS version 22.0, SPSS,
Inc. USA). The between-subject factor involved the three
load intensities groups GrpL, GrpM and GrpH while the
within-subject factors (Time) were measured for nine times
repeatedly (3 groups X 9 HRV or BP measurements). Sta-
tistically significant interactions were further examined for
differences using the Tukey HSD test. The level of signifi-
cance for all measured variables was set at p <.05.

RESULTS

All tested variables were normally distributed. There was
no significant difference among all groups for characteris-
tics such as age, height and weight as well as SRM strength
(Table 1).

Blood Pressure Results

The SBP analysis showed that Box’s M statistic was not
significant (p = .060) and the assumption of homogeneity
of variance-covariance was met but the Mauchly’s test of sphe-
ricity was significant (p < .05), and the F-ratio was obtained

using the Huynh-Feldt epsilon (.936). There was a statistically
significant interaction between load intensity and time on SBP
changes [F(l 19,5831 2.562, p=.001], and a significant reduction
in SBP was found at all post-exercise time points when com-
pared to the pre-exercise scores for all three groups. In addition,
there was significant difference between GrpL and GrpM with
GrpH at 75 min post exercise (p = .025) but no difference was
observed between GrpL and GrpM. It needs to be highlighted
that SBP induced from the 10RM loads in GrpM was the lowest
compared to SBP induced on GrpL and GrpH except at 120
min post-exercise (Figure 1). The analysis for DBP was similar
to that of SBP with the test of sphericity not met (p <.05,) and
degrees of freedom calculated with the Huynh-Feldt epsilon
(.932). There was a statistically significant interaction between
load intensity and time on DBP changes [F(1 49,5818 6.287,
p = .0001]. Similarly, to SBP, significant reductions in DBP
was found at all post-exercise time points when compared to
the pre-exercise measure for all three groups. Significant differ-
ence between GrpH with GrpL (p = .020) and GrpM (p = .033)
was observed at 105 min post exercise. Unlike SBP however,
DBP induced from 15RM loads in GrpL were lowest at all time
points except at 15 and 120 min post-exercise (Figure 2).

Heart Rate Variability Results

Box’s M statistic was not significant (p = .062) and the as-
sumption of homogeneity of variance-covariance was met.
The HFnu analysis showed that the Mauchly’s test was sig-
nificant and indicated that the assumption of sphericity has
been violated (p < .05). Thus, the F-ratio was obtained using
the Huynh-Feldt epsilon (.901). There was significant inter-
action [F,, ., = 3.630, p = .0001] between load intensity
and time on HFnu fluctuations. Post hoc analysis found sig-
nificant reduction of HFnu at all post-exercise recovery time
points when compared to the pre-exercise score for all three
groups (Figure 3). Additionally, there were a significant dif-
ference in HFnu between GrpM with GrpH (p = .003) and
GrpM with GrpL (p = .016) with no difference between GrpL
at 30min post-exercise. Also, significant difference was found
between GrpH with GrpL (p = .0001) and GrpM (p = .004) at
45 min post exercise but no difference was detected between
GrpL and GrpM. Similarly, for the LFnu analysis, Mauchly’s

Table 1. Biodata, SRM strength, HRV and BP characteristics of participants

Characteristics Groups F P
GrpL (n=27) GrpM (n=27) GrpH (n=27)
Age (yr) 21.1£ 1.1 20.1£2.3 22.1%1.2 0.54 0.82
Height (cm) 175.34£8.3 174.749.3 176.5+6.7 0.58 0.79
Weight (kg) 81.7+£5.2 75.4+4.8 82.5+3.2 0.28 0.97
Absolute SRM (kg)
SQ 84.2+4.1 91.5£3.8 87.4+4.7 1.67 0.12
BEP 56.8+1.1 55.6+0.8 59.3+1.2 1.23 0.29
BR 68.7£2.5 68.9+£4.9 69.5+3.2 1.06 0.40
DL 47.5+1.7 46.6%1.5 46.7+1.2 1.45 0.19

GrpL performed 15RM, GrpM performed 10RM, GrpH performed SRM
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Figure 1. Systolic blood pressure responses to different load intensities. *Significant difference from pre-test (p < 0.05). # Significant

differences between load intensities (p < 0.05)
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Figure 2. Diastolic blood pressure responses to different load intensities. *Significant difference from pre-test (p < 0.05). # Significant

differences between load intensities (p < 0.05)

test was also significant and the assumption of sphericity vi-
olated (Huynh-Feldt epsilon = .899). A significant interaction
[F 43,5612 = 3-254, p = .0001] was found between load intensi-
ty and time with post hoc analysis showing significant increase
in LFnu thought the first 60 min for all intensity groups when
compared to pre-test. However, the increase in LFnu was con-
tinued until 75 min for GrpM and GrpH groups (Figure 4).

DISCUSSION

The purpose of this study was to examine the effect of
three load intensities on BP and HRV changes after RT
in physically active men. The key findings of this study
indicated that post exercise SBP and DBP reductions after an

acute RT session with both 15RM and 10RM loads were lon-
ger than after training with SRM loads. Furthermore, HRV
changes were also superior with moderate (10RM) and light
(15RM) loads, but the effects lasted for a shorter duration
compared to BP hypotension.

Blood Pressure Changes

A single acute bout of RT with low (15RM), moderate
(10RM) and high (5SRM) loads intensities decreased SBP
up to 120 min post-exercise. However, SBP and DBP re-
duction were greater after training with the load intensities
of 10 and 15RM. While the SRM load approximates 85%
of 1RM, 10-15RM loads would be closer to moderate load
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Figure 4. Low frequency responses to different load intensities. *Significant difference from pre-test (p < 0.05)

intensities of 65-76%. These findings are consistent with
those of Figueiredo et al. (2015) who examined the effects
of 8-10 repetitions of 80%, 70% and 60% of 1RM on BP
responses in prehypertensive trained men and found sig-
nificant differences in the duration of BP reduction when a
load of 70% of 1RM was used, independent of the total vol-
ume. Another study (Neto et al., 2015) revealed longer SBP
and DBP hypotension with moderate rather than light loads
of RT when comparing RT training with 80% and 30% of
IRM. These results support current findings that moderate
intensity loads resulted in longer BP responses in physically

active men. And results were similar regardless of whether
DBP or SBP were analyzed. A possible explanation for BP
changes may be that a larger number of motor units were
activated with 10-15RM loads which stimulated a greater
decrease in plasma volume and subsequently, a greater drop
in cardiac output and systolic volume. Additionally, when a
quick analysis of the number of repetitions was performed,
GrpH performed 60 repetitions during the exercise session
while GrpM and GrpL performed 120 and 180 repetitions
respectively. Previous research that observed similar reduc-
tions in BP after RT, had their participants performed be-
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tween 65-80 repetitions (Figueiredo et al., 2015) but these
results were not seen when repetitions or load intensities
were insufficient to trigger positive BP responses (Niemeld
et al., 2008). It may be that moderate load intensities need to
be performed for higher number of repetitions, culminating
in higher training volumes, to elicit longer hypotension after
RT exercises in men. It may also be important to consider
the position adopted for testing BP after the exercise session

HRYV Changes

HRV is an indicator of the synchronization between the car-
diovascular system and the autonomous nervous system.
Current evidence suggests that increased HRV is important
for reducing risks in both healthy and patients with heart-re-
lated problems. Of the two HRV parameters, LFnu levels and
how long the levels are prolonged are indicators about the
sympathetic nervous system, while HFnu levels give similar
information regarding the parasympathetic nervous system.
The results from this study indicated that HFnu was reduced
for GrpM and GrpL (up to 90 min) longer than that for GrpH
(up to 75 min),while the LFnu increased fir GrpM and GrpH
(up to 75 min) longer that GrpL (up to 60 min) without much
difference between LFnu and HFnu, and both the sympathet-
ic and parasympathetic systems activation lasted much lon-
ger when moderate to higher loads were used. These findings
are consistent with those of Rezk et al., (2006) who recruit-
ed 17 young healthy participants to perform RT with either
40% or 80% of maximum repetition and found an increase
in HFnu and a decrease in LFnu after an exercise session for
both groups. One other study (Heffernan et al., 2006) had de-
pressed HFnu for 30 min post-exercise using an RT program
with three sets of 10 repetitions of eight different exercises.
As with BP changes, it seems higher training volumes seem
to bring about better HRV reactions, and it seems possible
that these results are due to the longer activation of barore-
ceptors after performing RT with moderate to lighter loads.

Modification of RT Programme Variables

The results of this study have practical applications relat-
ed to the modification of training variables for RT. Based
on the results from this previous studies, moderate loads of
10-15RM with repetitions higher than 80 in total seem to
elicit better BP and HRV responses. A program that utilized
240 repetitions (Heffernan et al., 2006) was not detrimental
to HFnu responses. Moreover, this study supports the use
of 10-15RM loads as they seemed to increase sympathet-
ic activation along with reducing parasympathetic activity,
which reduces the risk for both healthy individuals and pa-
tients with cardiovascular disease (Figueiredo et al., 2016)
even with only one session of RT training. However, pre-
vious research did not establish clearly the isolated effect
of load intensities on cardiac autonomic modulation and BP
(Heffernan et al., 2006; Rezk et al., 2006; Figueiredo et al.,
2015). The results of this study could help outline the effec-
tiveness of load intensities on BP and HRV, and help indi-
viduals looking for rapid parasympathetic reactivation, and
those concerned with identifying and employing specific

load intensities to maximize the effect of the acute training
adaptations on BP and HRV for healthy, physically active
men. Future research on the influence of RT on BP and HRV
should consider examining other training variables such as
rest intervals between sets, number of sets, exercise order,
exercise tempo. The number of sets and rest intervals be-
tween sets are important as the higher or lower number of
the sets or rest interval can affect the results. Moreover, the
influence of the exercise tempo is important since during
this study the first repetitions were executed at higher tem-
po (velocity) and when muscle fatigue occurred there was a
significant reduction in repetitions velocity until the exercise
was over. This may limit methodological variables of this
experiment, since it may affect the muscle fatigue, number
of repetitions and type of strength training.

CONCLUSIONS

The findings of this study suggest strength and condition-
ing professionals to prescribe RT exercises with the load of
10RM or 15RM when the goal is to reduce BP and to im-
prove HRV effects, and these loads accumulating to at least
80 repetitions can be considered for those who are at the risk
of cardiovascular diseases. More evidence is needed to assess
if these results change with different rest intervals, exercise
order and exercise tempo utilised during a training session.
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