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Postexercise hypotension and autonomic modulation
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Toinvestigate the effects of full versus split body resistance exercise on
postexercise hypotension and autonomic modulation in trained men.
Sixteen resistance recreationally trained males (age, 24.9+5.3 years)
performed three randomized trials: upper body (UB), lower body (LB),
and full body (FB) conditions. Blood pressure and heart rate variability
were collected at rest, immediately postexercise, post-10, and post-30
min during recovery. For systolic blood pressure, delta (30 min minus
rest) was lower for the FB condition compared to the UB (-10.1+7.4
mmHg [FB] vs. -3.3+12.6 mmHg [LB] vs. -1.9+8.1 mmHg [UB], P=0.004).
For diastolic blood pressure (-8.2+10.9 mmHg [FB] vs. -1.5+9.8 mmHg
[LB] vs. -8.7+ 11.4 mmHg [UB], P=0.038) and mean blood pressure delta
during recovery (-11.7+14 mmHg [FB] vs. -2.2+10.6 mmHg [LB] vs.
-5.2+6.8 mmHg [UB], P=0.045), there were statistically significant lower
values in the FB condition in relation to the LB condition. Regarding

INTRODUCTION

Resistance exercise (RE) is often used as a nonpharmacological
tool for treatment and prevention of cardiovascular diseases (Pes-
catello et al., 2004), leading to improvements in musculoskeletal,
metabolic, and cardiovascular systems (Hurley and Roth, 2000).
It has been reported that acute RE can reduce blood pressure (Pes-
catello et al., 2004), a condition denominated post-exercise hypo-
tension (PEH), and has an essential contribution in controlling
high blood pressure (Gomes Anunciacdo and Doederlein Polito,

heart rate variability, there were no significant differences between
conditions, however, the square root of the mean squared difference
between adjacent RR intervals presented an increase until post-30
during recovery (P<0.001), and there was a higher values of low fre-
quency and lower values of high frequency across time (P<0.001).
Postexercise hypotension was influenced by the amount of muscle
mass involved in a bout of resistance exercise, with the FB condition in-
ducing lower systolic blood pressure in relation to the UB after exer-
cise, as well as a great decrease in postexercise diastolic and mean
blood pressure compared with the LB. The autonomic modulation re-
sponse was similar between conditions during recovery.

Keywords: Strength exercise, Blood pressure, Autonomic nervous
system

2011). Previous studies have investigated the effects of an acute
RE program on blood pressure response, showing that intensity,
volume, rest interval between sets, and amount of active muscle
mass in RE can influence the magnitude or duration of PEH (de
Salles et al., 2010; Figueiredo et al., 2015; Polito and Farinatti,
2009; Simdo et al., 2005). Besides this, blood pressure responses
are modulated by the autonomic nervous system (Joyner and Ca-
sey, 2015; Kulics et al., 1999).

The autonomic nervous system can be evaluated using heart
rate variability, an accepted method to analyze changes which in-
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fluence the cardiovascular system (Borresen and Lambert, 2008).
Previous studies have demonstrated that heart rate variability can
be used to evaluate cardiovascular overload and stress induced by
exercise (Al Haddad et al., 2011; Stanley et al., 2013). Heart rate
variability indices can also be applied to measure autonomic mod-
ulation during recovery as well as parasympathetic reactivation af-
ter a bout of exercise (Kiviniemi et al., 2010; Stanley et al., 2013).
It has been reported that RE can drastically reduce parasympa-
thetic modulation (Heffernan et al., 2006; Heffernan et al., 2008)
and reductions in heart rate variability are related with cardiovas-
cular events such as ventricular arrhythmias and sudden cardiac
death as well as increased mortality risk (Pokorny et al., 2011;
Vinik et al., 2011; Volders, 2010). In this sense, evaluation of au-
tonomic modulation after acute bouts of RE with different pro-
gram structures may have great clinical implications on RE pre-
scription for healthy and cardiac patients.

Regarding investigation of the effects of RE with different
limbs on PEH. Polito and Farinatti (2009) demonstrated that sig-
nificant reductions in systolic blood pressure (SBP) and mean
blood pressure (MBP) only occur in lower body RE (leg extension,
10 sets with 10 repetitions), without significant results in upper
body RE (biceps curl, 10 sets with 10 repetitions), suggesting the
amount of active muscle mass during RE has an influence on
PEH. To our knowledge, only one study compared the influence
of acute full versus upper and lower body routines on heart rate
variability in trained men and woman. Kingsley et al. (2014) ob-
served that postexercise autonomic modulation was similar be-
tween conditions, while 25 min after exercise parasympathetic
modulation was lower compared with rest. However, the study
conducted by Kingsley et al. (2014) did not investigate blood
pressure response, as the comparison between full versus split
body routines on PEH is less explored in the literature.

From a practical point of view, it is necessary to understand the
influence of RE with different routines (full or split body) on PEH
and heart rate variability, since the results of this study could be
used to direct the prescription of RE for blood pressure control.
Thus, the purposes of this study were to investigate the effects of
full versus split body RE on PEH and autonomic modulation in
resistance-trained men.

MATERIALS AND METHODS

Participants
Sixteen recreationally resistance trained males (age, 24.9+5.3
years; body weight, 78.5+11.9 kg; height, 179.0+8.7 cm) with

400 http://www.e-jer.org

a minimal 6 months of resistance training experience (experience,
4.5 +2.8 years; weekly frequency training, 4.1+ 0.8 days) were re-
cruited for this study. The inclusion criteria were: (a) aged between
20 and 30 years; (b) participates in regimented strength training
>6 months (American College of Sports Medicine, 2006); (c) had
not used any ergogenic substance or medicine for at least 6 mo
Lichtenstein et al. (2006) nths prior to the study; (d) no smoking
or alcohol use; (e) no contraindications involving the cardiovascu-
lar system. The study was approved by the Ethics in Research
Group of the University of Sio Judas, Sdo Paulo-SP, Brazil (proto-
col number: 66523717. 2.0000.0089) and the research was con-
ducted according to the 2008 Revision of the Declaration of Hel-
sinki. All participants signed a consent form and were informed
about the purpose of the study and the possible risks.

Experimental design

This study used a randomized and cross-over design. Subjects
completed six experimental trials. The first visit was used to de-
termine anthropometric measurements to characterize the sample.
In the following two visits, one maximum repetition (IRM) test
was petformed for upper or lower body separated by 72 hr. In the
fourth, fifth, and sixth visits, the participants randomly complet-
ed three experimental trials (full, upper, or lower body RE) sepa-
rated by one week. All trials were performed at the same time
(6:30 a.m. to 9:30 a.m.) to ensure chronobiological control. Heart
rate variability and blood pressure were analyzed at rest in the su-
pine position, immediately after the acute bout of RE, according
to the experimental design shown in Fig. 1.

Anthropometric measurements and dietary intake
assessment

Electronic scale (Filizola PL 50, Filizzola Ltda., Sio Paulo, Bra-
zil) with a precision of 0.1 kg was used to determine body weight
and a fixed stadiometer of the Sanny brand, (Sanny brand, Ameri-
can Medical of Brazil Ltda, Sio Paulo, Brazil) with an accuracy of
0.1 cm and length of 2.20 m was used to measured height of the

Pre »
exercise 3conditions Post Post-10 Post-30
| FB or LB or UB exercise | | |
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HRV HRV HRV HRV

Fig. 1. Experimental design. BP, blood pressure; HRV, heart rate variability; FB,
full body condition, 18 sets at 65% of 1RM, 90 sec of rest; LB, lower body con-
dition, 18 sets at 65% of 1RM, 90 sec of rest; UB, upper body condition, 18
sets at 65% of 1RM, 90 sec of rest.
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participants. The participants were positioning with their backs,
shoulder blades, buttocks, and heels touching the stadiometer and
they were wearing light clothing during assessment.

To guarantee participants presented equivalent conditions re-
garding energy, food questionnaires were distributed to all partic-
ipants to record food intake for 3 days prior to each trial and a
breakfast was provided to participants every day before the work-
out (1 hr 30 min), consisting of 15%-20% protein, 50%—60%
carbohydrates, and 25%-30% fat, according to the American
Heart Association (Lichtenstein et al., 2006). Participants were
instructed by a nutritionist as to how to complete the dietary
questionnaires. All questionnaires were analyzed for total kilocalo-
rie and macronutrient intake, averaged for the three days of trials
to ensure that dietary intake was similar between experimental
trials. The software (Software - Dietpro version 5.8, Nutrition
Software, Vicosa, Brazil) utilized the database of Brazilian food
composition table (TACO) to calculate dietary intake.

Strength test and RE protocol

Initially, the participants completed two sessions to become ac-
quainted with the equipment and perform strength test proce-
dures. A warm-up was performed prior to 1RM testing, which
consisted of 5 min of walking and 1 set of 10 repetitions at ap-
proximately 50% of the 1RM. The load was increased gradually
(10%—-15%) during the test until the participants were no longer
able to perform the entire movement, and 35 attempts were al-
lowed as previously described (Rossi et al., 2016). In a random-
ized manner, the subjects performed two 1RM tests separated by
72 hr: lower body (45° leg press, leg extension, and leg curl) or
upper body (bench press, T-bar row and elbow curl), respectively.

The subjects performed three randomized exercise sessions one
week after the 1RM test. For the lower body, participants per-
formed 6 sets at 65% of 1RM in the 45° leg press, leg extension,
and leg curl, respectively, for the upper body condition, they per-
formed 6 sets at 65% of 1RM in the bench press, T-bar row, and
elbow cutl, respectively, and for the full body condition, the sub-
jects performed 3 sets at 65% of 1RM in both lower and upper
body routines, in this sequence. For all sequences, 90 sec of rest
was allowed between trials and exercises and all routines were di-
rectly supervised by the research team to ensure proper petfor-
mance of the respective routines.

Autonomic modulation and blood pressure measurements
Autonomic modulation was recorded at rest and during recov-
ery (30 min), through heart rate variability expressed by calculat-
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ed indices in the time and frequency domains. Subjects were in-
structed to remain in silence, awake, at rest, breathing sponta-
neously in the supine position before and after the exercise rou-
tines, according with Kingsley et al. (2014). After the procedures
had been explained, an elastic strap was placed on the subject at
the height of the xiphoid process and a heart rate receptor on the
wrist (Polar Electro, model RS800, from Polar Electro Oy, Kem-
pele, Finland). This equipment has been previously validated to
record beat-to-beat heart rate and heart rate variability analysis
(Barbosa et al., 2016).

The temporal recording of the interval between consecutive
cardiac beats (interval RR) was submitted to digital filtering us-
ing Polar software complemented by manual filtering. Only sets
with more than 95% sinoatrial node beats were included in this
study (Vanderlei et al., 2009). Next, intervals of five minutes with
a minimum of 256 RR intervals were analyzed and selected in
Kubios software (Biosignal Analysis and Medical Image Group,
Department of Physics, University of Kuopio, Kuopio, Finland)
(Vanderlei et al., 2009).

For the time domain, the analysis included the square root of
the mean squared difference between adjacent RR intervals
(RMSSD) and standard deviation of all normal RR intervals
(SDNN). For the frequency domain, the analysis included spectral
components of low frequency (LF: frequency between 0.04 and
0.15 Hz) and high frequency (HF: frequency between 0.15 to 0.4
Hz) expressed in normalized units (nu). Spectral analysis was cal-
culated using Fast Fourier Transform (Vanderlei et al., 2008).

Physiologically, RMSSD and HF represents the parasympathet-
ic component of the autonomic nervous system in the time and
frequency domain respectively (Vanderlei et al., 2008). The
SDNN, as a temporal index, represents global variability while LF
index, from the frequency domain, represents the action of both
components parasympathetic but with predominance of sympa-
thetic branch (Vanderlei et al., 2008).

Blood pressure was recorded at rest, immediately postexercise,
post-10, and post-30 after exercise. The systolic and diastolic
blood pressure (DBP) were measured using an automatic blood
pressure monitor (Omron Healthcare brand, Inc., Intellisense,
Model HEM 742 INT, Bannockburn, IL, USA), previously vali-
dated (Coleman et al., 2005). The MBP was calculated using
(MBP=SBP+[2x DBP]/3).

Statistical analyses

A 34 (condition x time) repeated measures analysis of variance
(RMANOVA) with the Bonferroni adjustment for multiple com-
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parisons was used to compare blood pressure and heart rate vari-
ability in the three experimental conditions across time. A
RMANOVA was used to analyze the absolute differences (del-
ta=post-30 min value minus rest) for SBP, DBP, and MBP, and
indices of heart rate variability. Mauchly’s sphericity test was used
to test this assumption, and a Greenhouse—Geisser correction ap-
plied when necessary. The effect sizes were calculated as the mean
rest to postexercise change divided by the pooled rest standard de-
viation, whereby a value of >0.20 was considered small, >0.50
moderate, and >0.80 large and effect sizes for ANOVA were cal-
culated using partial eta squared (11°) for time. Statistical signifi-
cance was set at P<0.05. All analyses were performed using the
SPSS ver. 10 (SPSS Inc., Chicago, IL, USA) and data are reported
as means and standard deviation.

RESULTS

Table 1 shows the mean and standard deviation values for 24-hr
dietary intake and macronutrient intake averaged across three
days for each experimental trial as well as performance compari-
sons. There were no statistically significant differences between

Table 1. Comparison of dietary intake in the three experimental trials

any trials for dietary intake.

Table 2 shows the comparisons of blood pressure in the three
experimental conditions and Fig. 2 presents the differences in
SBP, DBP, and MBP delta during recovery.

For SBP, there was a main effect of time (F=8.055, P <0.001,
7’ =0.42), with a statistically significant interaction (F=2.213,
P <0.014). The post hoc analysis showed hypotension at post-10
and post-30 min in relation to immediately Postexercise but no
differences between conditions were verified (F=2.321, P=0.121).

Table 2. Comparison of blood pressure in the three experimental conditions

Effect

Variable Rest Post Post-10 Post-30 .
size

SBP (mmHg)
Upperbody 1273486 1376+13.1 1257+104"
Fullbody  129.3+11.8 1306+237 119.2+20.1"
Lowerbody 128.1+94 1377156 122.3+85"
DBP (mmHg)

Upperbody  69.2+9.7

1254469 025
1193+95" 094
1248+11.3" 032

6524104 5781077 606+1227 070

Full body 66.8+10.2 668+102 580+109** 578+7.6*% 101

Lowerbody 684+11.2 690+57 66.2+73 66.2+79 023
MBP (mmHg)

Upperbody 88.1+70 889+72 804+63* 822+89" 074

Full body 876+78 88.1+116 784+98" 758+12.29 118

Lowerbody 88.3+86 919+54  849+68" 85.7+7.1% 033

Dietary Intake Trial-1 Trial-2 Trial-3 Pvalue
Carbohydrate (g)  2885+1274 2756+1155  259+115.7 0.192
Protein (g) 1245+54.3 123+294  111.1£317 0431
Lipid (g) 69.6+225 713254 782+322 0479

Total intake (kcal) 2,283+578.3 2,236+5586 2,185+581.2 0.716

Values are presented as mean + standard deviation.

FB LB UB FB
0 0
2 57 2 57
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w (=]
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Values are presented as mean + standard deviation.

SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pres-
sure.

3Significant difference from rest. "Significant difference from postexercise.
*Significant difference from lower body. *Significant difference between full and
lower body.

LB UuB FB LB uB

Delta MBP (mmHg)

0 al ®

Fig. 2. Comparison of systolic, diastolic, and mean blood pressure delta (post-30 minus rest) during recovery. Values are expressed as mean + standard deviation. (A)
Systolic blood pressure. (B) Diastolic blood pressure. (C) Mean blood pressure. *Statistically significant differences between full and upper body conditions. *Statisti-

cally significant differences between full and lower body conditions.
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Fig. 3. Comparison of heart rate variability in the three experimental conditions. (A) The root mean square of successive differences between normal intervals (RMSSD)
of consecutive cardiac beats, (B) the standard deviation of normal-to-normal intervals (SDNN), (C) high frequency (HF), (D) low frequency (LF), nu, normalized units. @All
condition were significantly different from rest. “All condition were significantly different from postexercise. “All condition were significantly different from post-10.

However, when analyzing the SBP delta, there was a significantly
lower SBP for the FB condition compared to the UB condition
(P =0.004). Effect sizes were large for FB (0.94) and small for LB
(0.32) and UB (0.25).

Regarding DBP, there was a main effect of time (F=3.414, P =
0.006, °=0.25) and a statistically significant difference between
conditions (F=6.121, P =0.008), but no significant interaction
(P >0.05). Delta analysis showed lower DBP in the FB condition
in relation to the LB condition (P =0.038). Effect sizes were large
for FB (1.01), ranged from moderate to large for UB (0.70), and
were small for LB (0.23).

For MBP, there was a main effect of time (F=6.965, P <0.001,
1’ =0.38) and a statistically significant difference between condi-
tions (F=7.966, P =0.002), however, no significant interaction
was observed (P >0.03). In addition, the MBP delta verified lower
values for the FB condition compared to the LB condition
(P=0.045). Effect sizes were large for FB (1.18), ranged from
moderate to large for UB (0.74), and were small for LB (0.33).

Fig. 3 shows the comparisons of heart rate variability in the
three experimental conditions. For SDNN (msec), there was a
main effect of time (F=5.796, P =0.007, °=0.345) with signifi-
cantly lower values at post-10 and immediately postexercise in re-
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lation to rest (P <0.03).

For RMSSD, there was a main effect of time (F=42.297, P<
0.001, ;12 =0.794) with lower values across time compared to rest
and increased values post-30 min of recovery in relation to imme-
diately postexercise and post-10, although maintained at lower
values than at rest (P <0.001).

For LF (nu), there was a main effect of time (F=50.969, P <
0.001, 172 =0.822) with higher values for all conditions compared
to rest (P <0.001). For HF (nu) there was a main effect of time
(F=51.074, P<0.001, °=0.823) with lower HF immediately
postexercise, post-10, and post-30 in relation to rest (P <0.001).
For all indices analyzed, there were no significant differences be-
tween conditions and no significant interaction. Furthermore,
when heart rate variability delta was verified during recovery,
there were no significant changes in the SDNN (F=3.022, P=
0.069, 7°=0.216), RMSSD (F=2.007, P=0.158, °=0.154), or
LF and HF (F=1.316, P=0.288, °=0.10).

DISCUSSION

The main findings of this study were that a bout of FB RE in-
duced greater PEH than split body RE, since SBP post-30 min of
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exercise was lower in the FB compared with UB condition and
there was a greater reduction in diastolic and MBP after exercise
for FB in relation to LB. Regarding heart rate variability, partici-
pants presented physiological responses with no differences be-
tween the conditions, and a progressive increase in parasympa-
thetic modulation during recovery was observed, in addition to
which after 30 min of exercise sympathetic predominance persist-
ed compared to rest.

Investigation into the influence of full versus split body resis-
tance training on PEH is little explored in the literature. Polito
and Farinacti (2009) analyzed the effects of upper versus lower
body RE (biceps curl vs. leg extension) with 10 repetitions on
PEH. The results showed that only lower body exercise induced
significant reductions in the systolic and MBP but no differences
were observed between upper and lower body exercise for DBP,
however, the authors did not compare the effects with the full
body condition. On the other hand, in the present study, we
showed that the FB condition induced greater PEH than both
split body conditions; thus, our results suggested that the amount
of muscle mass involved in a bout of RE can induce different PEH
responses.

Clinically, these results have an important practical application,
as they could be used to direct the prescription of RE for PEH,
using FB training. It has been reported that maintenance of vaso-
dilatation after exercise may influence, in part, PEH (Gomes
Anunciagio and Doederlein Polito, 2011; Halliwill, 2001). The
possible mechanism by which RE with larger muscle mass induced
higher PEH could be attributed to the great amount of muscle
mass in a condition of vasodilation, leading to a reduction in vas-
cular resistance (Halliwill, 2001; Mortensen and Saltin, 2014). In
support, the increased blood flow to muscle during exercise can be
potentiated by a higher amount of active muscle mass (Joyner and
Casey, 2015). We hypothesize that the FB routine created an in-
crease in the need for blood flow in the large amount of active
muscles, which led to higher vasodilatation in both upper and
lower regions, favoring the magnitude of PEH.

Furthermore, the results showed that in the sessions involving
UB exercise there was a significant reduction in DBP. Supporting
our results, Drouet et al. (2017) showed that upper (bench press,
lat pull down, and seated military press) and lower body (back
squat, knee extension, and knee curl) RE lead to a reduction in
SBP after 50 and 60 min in prehypertensive men, but a signifi-
cant reduction in DBP following exercise was observed only in
upper body exercise. Di Blasio et al. (2009) found that arm exer-
cise (arm crank ergometer) provided a higher reduction in DBP in
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sedentary males after exercise compared with leg exercise (ellipti-
cal trainer) with 35-min duration at 55%—-60% heart rate reserve.
In addition, in our study, the FB and UB routines induced a
greater decrease in DBP than the LB condition. However, further
studies are necessary to investigate the mechanism by which the
RE involving upper body region can decrease DBP.

Investigations into the influence of RE with different structures
on heart rate variability response are necessary to establish an exer-
cise program for patients at elevated cardiovascular risk. Kingsley
et al. (2014) investigated the effects of full (leg extension, leg curl,
seated row, and chest press) versus upper (seated row and chest
press) and lower (leg extension and leg curl) body routines with
three sets of 10 repetitions on heart rate variability indices in re-
sistance-trained individuals. The authors observed that postexer-
cise autonomic modulation was similar between conditions, gen-
erating a reduction in parasympathetic indices after 25 min of ex-
ercise. In accordance, our results showed a progressive decrease in
parasympathetic modulation, and a sympathetic predominance
that persisted until 30 min during recovery, with no significant
differences in the evaluated indices was observed between condi-
tions. Given that heart rate variability also can be used to evaluate
cardiovascular overload and stress induced by exercise (Borresen
and Lambert, 2008; Stanley et al., 2013) and reductions in heart
rate variability are related with cardiovascular events such as ven-
tricular arrhythmias and sudden cardiac death as well as increased
mortality risk (Pokorny et al., 2011; Vinik et al., 2011; Volders,
2010), our results demonstrated that FB routine may be used to
decrease blood pressure after exercise without elicit a higher car-
diovascular overload compared with split routine, however, cau-
tion should be taken when interpreting and applying these results
to the general public, manly in cardiac patients, once our study
was conducted in healthy trained men.

Despite the importance of our results, some limitations must be
considered. First, we evaluated one mechanism of blood pressure
control, there are other local mechanisms such as tissues releasing
vasodilator substances and vasodilator response from contracting
skeletal muscles during exercises which could be investigated.
Second, we analyzed heart rate variability and blood pressure only
during 30 min after exercise. In this way, we suggest future re-
search to analyze the comparison between acute and chronic full
versus split body routines on resting blood pressure and heart rate
variability in patients with cardiovascular diseases and which
measure other mechanisms of blood flow control.

In summary, PEH was influenced by the amount of muscle
mass involved in a bout of RE, as the FB condition induced lower
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SBP in relation to the UB after 30 min of recovery, as well as
greater postexercise reduction in diastolic and MBP compared
with the LB condition. In addition, there was a progressive in-
crease in parasympathetic modulation during recovery and a sym-
pathetic predominance that persisted until 30 min after exercise
when compared to rest in all conditions. From a practical point of
view, a full body routine could be used to potentiate blood pres-
sure reduction after a RE program without elicit a higher cardio-
vascular overload compared with split body routine in health sub-
jects.
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