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Abstract: Background and Objectives: Acute resistance exercise (RE) reduces vagal modulation and
increases sympathovagal balance, which increases the risk for arrythmias. Few studies have examined
sex differences in autonomic modulation after acute RE. The purpose of this investigation was to
examine sex-specific responses to acute RE on autonomic modulation. Materials and Methods: Twenty-
one resistance-trained individuals (men n = 11, women n = 10) between the ages of 19 and 25y
were analyzed for autonomic modulation in response to acute RE and a control (CON). Measures of
autonomic modulation were collected at rest, 15 (R15), and 30 (R30) min following both conditions.
Heart rate (HR), log transformed root mean square of successive differences (INRMSSD), total power
(InTP), low-frequency power (InLF), high-frequency power (InHF), sample entropy (SampEn), and
Lempel-Ziv entropy (LZEn) were measured at all time points. A three-way repeated analysis of
variance (ANOVA) was used to analyze sex (men, women) across condition (RE, CON) and time
(Rest, R15, R30). Results: The results are similar for all heart rate variability (HRV) variables at rest
for both conditions (RE, CON). SampEn was significantly higher in men compared to women at
rest for both conditions (p = 0.03), with no differences in LZEn (p > 0.05). There were no significant
(p > 0.05) three-way interactions on any variables. Condition by time interactions demonstrated that
both sexes increase in HR (p = 0.0001) and InLF/HF ratio (p = 0.001), but decreases in INnRMSSD
(p =0.0001), InTP (p < 0.0001), InLF (p < 0.0001), InHF (p = 0.0001), and LZEn (p = 0.009) at R15 and
R30 compared to rest following acute RE and were different from CON. Condition by time interaction
(p = 0.017) demonstrated that SampEn was attenuated at R15 compared to rest, and the CON, but not
R30 following acute RE. Conclusion: Although SampEn is more complex at rest in men compared to
women, autonomic modulation responses between sexes following acute RE appear to be similar.

Keywords: vagal modulation; sympathovagal balance; autonomic modulation; maximal strength

1. Introduction

Health benefits of resistance exercise (RE) are well-known, and its use is recommended
by professional organizations in young, healthy individuals as a means to increase maximal
strength and muscle hypertrophy [1]. However, it has been suggested that an acute bout
of resistance exercise produces significant reductions in vagal modulation as measured
by heart rate variability (HRV) [2-5] and heart rate complexity (HRC) [2-6]. Heart rate
variability refers to the linear variations in the R-R interval [7]. However, within these HRV
signal spectra, not all of the data are harmonic, as randomness or irregularity inherently
exists within the system [8]. Heart rate complexity focuses on the non-linear, irregularity of
the R-R interval and thus may be used to detect changes in autonomic modulation that
were lost via HRV [8].

Reductions in both HRV and HRC are mediated primarily by vagal tone [7,8]. De-
creases in vagal modulation are associated with the onset of paroxysmal atrial fibrillation [9]
and cardiac arrhythmias. Interestingly, it has also been postulated that HRC provides a
more sensitive, robust measure of autonomic modulation compared to HRV measures in
the same time period [10].
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Specifically, an acute bout of RE reduces linear and non-linear measures of vagal mod-
ulation as well as increases sympathovagal balance for at least 30 min [3-6]. Heffernan et al.
(2006) reported that eight exercises for the whole-body using a mixture of machine and free-
weight resistance exercises reduces vagal modulation and increases sympathovagal balance
for at least 30 min as measured via HRV in young active men. Similarly, Kingsley et al.
(2014) demonstrated that four exercises for the whole-body using weight machines in
resistance-trained individuals also reduced vagal modulation as measured by HRV and
HRC, and increased sympathovagal balance for at least 30 min. Collectively, these data
demonstrate that vagal tone is reduced for at least 30 min, with increases in sympathovagal
balance, following an acute bout of RE in active individuals. However, few studies have
sought to determine if there are sex-specific autonomic responses in active individuals
following acute RE [11].

While it has been demonstrated that young, healthy, sedentary women have greater
vagal modulation [12] and reduced sympathovagal balance [13,14] at rest compared to
men [15] these comparisons in active individuals are severely limited. Kingsley et al.
(2019) and Teixeira et al. (2011) reported no significant differences at rest between sexes
when the individuals were resistance-trained, or active, respectively. To our knowledge
no studies have evaluated resting measures of autonomic modulation between the sexes
using HRC, which again may be a more sensitive measure and may provide further insight
into sex-specific autonomic modulation. It is clear that gaining more data evaluating sex
differences in active individuals at rest is both pertinent and meritorious.

Data on autonomic modulation in response to acute RE between the sexes is very
limited. Following a bout of free-weight RE, Kingsley et al. (2019) reported no differences
between the resistance-trained sexes for vagal modulation or sympathovagal balance
measured via HRV up to 30 min. In addition, we are unaware of any studies that have
examined HRV and HRC in response to acute weight-machine RE between the sexes.
Therefore, this study sought to examine differences between the sexes on autonomic
modulation using HRV and HRC at rest, and up to 30 min during recovery from an acute
bout of whole-body RE using weight-machines in active men and women. We hypothesized
that there would be no differences in resting measures of autonomic modulation between
the sexes as measured using HRV and HRC. We further hypothesized that an acute bout of
weight-machine RE would reduce vagal modulation and increase sympathovagal balance
as measured by HRV and reduce vagal modulation as measured by HRC for at least 30 min.
Lastly, we hypothesized that women would have attenuated measures of autonomic
modulation measured via HRC in response to the acute RE compared to men.

2. Materials and Methods
2.1. Participants

Eleven men and 10 women participated in the study. Participants were recruited by
flyers placed around campus and by word of mouth. Participants were excluded if they
had any cardiovascular, respiratory, renal, musculoskeletal, or metabolic diagnoses, as well
as uncontrolled hypertension (SBP > 140 mmHg, DBP > 90 mmHg) and obesity (Body
mass index > 30 kg/m?). All participants were free from medications or supplements that
may alter HR or blood pressure (BP) as assessed via a Health History Questionnaire [16].
Based on the Lipids Research Questionnaire [17] all participants were classified as moder-
ately active. Estradiol concentrations are lowest during the first nine days of a woman’s
menstrual cycle. Thus, to control for any effects of estrogen on autonomic modulation, all
women were tested during the early-to-mid follicular phase (days 1-9) of their menstrual
cycle based on their last menses [18]. Informed consent was signed by all participants, and
all procedures utilized were approved by Kent State University and were in accordance
with the Declaration of Helsinki: (IRB: 13-513; 18 December 2016).
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2.2. Study Design

The present study utilized a randomized, cross-over design in which each participant
underwent two days of maximal strength testing and verification, followed by two test
days, an experimental protocol and a control (CON) (Figure 1). On those test days the
participants arrived at the laboratory after a 3 h fast, having abstained from caffeine and
alcohol ingestion as well as strenuous exercise for at least 24 h. All participants were tested
between 6 a.m. and noon to control for diurnal variation. The second visit was 1 h of the
first visit.

Session 1: Anthropomorphic
Measurements and 1RM

N =26

‘ At least 96 hours between

Session 2: Verification of 1RM

N =26
At least 96 hours between
Acute Resistance Exercise Control
N=21 N=21
— Sessions 3 & 4: —

Randomly Assigned

Figure 1. Flowchart of study design. IRM—one-repetition maximum.

2.3. Anthropometrics

Height and weight were measured using a calibrated balance beam scale (Detecto 448;
Cardinal Scale Manufacturing, Web City, MO, USA) to the nearest mm and Ib., respectively.
Weight was converted into kg for quantification of BMI (kg/m?).

2.4. Maximal Strength

Maximal strength was assessed using the one-repetition maximum (1RM) as outlined
by the National Strength and Conditioning Association (NSCA) [19] using Cybex (Medway,
MA, USA) sectorized chest press, leg press, lat pulldown, leg curl, and leg extension. In
short, each participant underwent a warmup on a cycle ergometer at 50W for five min
prior to performing 6-8 repetitions at 50-70% of the body weight. Weight on the machines
was increased by 5% for upper-, and 10% for lower-body until a weight could be moved
only one time. A total of five attempts was allowed, with 3 min of rest between attempts
and exercises. Verification of the 1IRM was accomplished at least 96 h later, and no more
than 1 week.

2.5. Autonomic Modulation

After a minimum of 96 h from the 1RM verification participants returned to the labo-
ratory for their first condition. After a 10 min rest period in the supine position, autonomic
modulation was measured for five min using a modified CM5 3-lead electrocardiogram
(ECG) (ADInstruments, Powerlab, Colorado Springs, CO, USA) sampling at 1000 Hz. Im-
mediately after resistance exercise, participants returned to the supine position. At both
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15 min post exercise (R15) and 30 min post exercise (R30), autonomic modulation was
quantified. Autonomic modulation was assessed with the use of HRV and HRC using
an ECG configuration (WinCPRS, Absolute Aliens, Turku, Finland) at a rate of 1000 Hz.
Before importing to WinCPRS, the ECGs were inspected for artifact and ectopic beats.
Ectopic beats were then removed and interpolated. A metronome was set to regulate the
participant’s breathing at 12 breaths /min while obtaining the ECG.

Heart rate variability is an analysis of the variations in the intervals between suc-
cessive R waves on the ECG and is an estimation of the global activity of the autonomic
nervous system [7]. For the frequency domain, total power (TP) of HRV was used as an
index for overall autonomic modulation [7]. Low-frequency power (LF) was between
0.04-0.15 Hz and was mediated by both sympathetic and parasympathetic branches of the
autonomic nervous system [7]. High-frequency power (HF) was between 0.15 and 0.4 Hz
and was indicative of parasympathetic modulation and was used as a measurement of
vagal modulation [7]. For the time domain, root mean square of successive differences of
normal to normal intervals (RMSSD) and the number of normal to normal intervals which
differed by >50 ms from adjacent intervals divided by the total number of all normal to
normal intervals were used as a measure of vagal modulation [7]. The LF/HF ratio was
used to measure sympathovagal balance [7].

Sample entropy (SampEn) and Lempel-Ziv entropy (LZEn) were used to evaluate the
R waves following removal of the linear trend [8]. Specifically, it has been shown that the
more predictive the ECG signal, the closer the value of SampEn is to 0, while a more chaotic
signal is closer to 2. Thus, the fewer matches or sequences there are, the more chaotic the
signal, which is indicative of a vagal tone [8].

Lempel-Ziv entropy is calculated using the same data points on the Poincare plot
as SampkEn [8]. This variable, using Kolmogorov estimates, evaluates the differing and
repeating patterns, from long to short, to produce binary code in which ‘1" is value above
the mean, or ‘0’ when it is below the mean. From this binary code, LZEn can be obtained
and its interpretation is similar to that of SampEn in that lower values are fixed, while
higher values are more chaotic [8].

2.6. Acute Resistance Exercise

The present study had participants complete three sets of 10 repetitions at 70% 1RM
for the five resistance exercises. Rest breaks between sets were two min, with three min of
rest between exercises. If participants were unable to complete the 10 repetitions, then the
weight was reduced on the subsequent set.

2.7. Statistics

Sex differences for descriptive data and baseline characteristics were evaluated with
independent samples t-tests. A2 X 2 X 3 three-way analysis of variance (ANOVA) was used
to examine differences between men and women during two randomized conditions (acute
resistance exercise, CON) with a repeated measure of time (Rest, R15, R30). If the ANOVA
was significant post hoc testing utilized t-tests with a Fisher LSD correction factor. All
analyses were done using SPSS v.26 (Armonk, NY, USA). Alpha was set apriori at p < 0.05.
Partial eta squared (n?) was reported as a measurement of effect size for the repeated
measures ANOVA and 95% confidence intervals (CI) were used for the independent and
paired samples t-tests. All data are reported as mean + SD. Data were evaluated for
normality using a Shapiro-Wilk analysis. The data that were not normally distributed
included RMSSD, TP, LF, HE and the LF/HF ratio. Accordingly, they were log transformed
(In). If sphericity was not met, then a Greenhouse-Geiser adjustment was utilized. Based
on previous data reported on the effects of resistance exercise on vagal modulation using
HF power [3] with an alpha of 0.05, and a power of 80%, we determined a Cohen’s d of 1.22.
This required a minimum of 10 participants per sex. Thirteen participants per sex were
recruited; however, five subjects (2-men, 3-women) were unable to complete the protocol,
leaving us with n = 21.
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3. Results

Participant characteristics are presented in Table 1. Men (n = 11) had significantly
(p < 0.05) greater height and weight than women (n = 10), and greater 1RM on all resistance
exercises (Table 2). They were similar (p > 0.05) for age and BML

Table 1. Descriptive characteristics of participants gathered during initial testing for both active men
and women (n = 21).

Men (n =11) Women (n = 10)
Height (m) 1.8+0.1* 1.6 £0.1
Weight (kg) 79 +14* 60 + 7
Age (years) 23+3 22+3
BMI (kg-m?) 253 +25 23.1+14
Years Training (years) 3+2 2+2

Data are mean = standard deviation; * significantly different than women (p < 0.05). BMI = body mass index.

Table 2. One-repetition maximum (1RM) for all resistance exercises utilized for both active men and

women (n = 21).

Men (n =11) Women (n = 10)
Leg Press (kg) 169 £ 34 * 106 + 17
Lat Pulldown (kg) 140 £ 23 * 79+ 13
Chest Press (kg) 145 £ 26 * 64 £ 20
Leg Curl (kg) 88 £21* 47 +£10
Leg Extension (kg) 110 £ 73 * 72 £ 22

Data are mean = standard deviation; * significantly different than women (p < 0.05).

Heart rate and autonomic data are presented in Table 3 and vagal modulation data
are presented in Figure 2. The sexes were similar on all HRV variables at rest for both
conditions (p > 0.05). SampEn was augmented in the men compared to the women at rest
for both conditions (p = 0.03) and with no differences in LZEn. There were no significant
(p > 0.05) three-way interactions on HR or measures of autonomic modulation as measured
via HRV or HRC. As there were no significant main effects of sex, the sexes were combined
for the presentation of the analysis. There was a significant condition—time interaction for
HR (F 38 = 130.50, p = 0.0001, n? = 0.89), such that it was increased following the resistance
exercise condition at R15 and R30 compared to Rest, and R15 was higher compared to
R30 with no change across time during the CON. In regard to HRV variables there were
significant condition x time interactions for INRMSSD (F; 33 = 51.36 p = 0.0001, n? =0.73),
InTP (Fp1 = 47.48, p < 0.0001, n? = 0.94), InLF (F 35 = 20.11, p < 0.0001, n? = 0.51), InHF
(Fp38 = 93.17, p = 0.0001, n? = 0.83), and InLF/HF (Fy 35 = 8.20, p = 0.001, 12 = 0.30). Natural
log RMSSD, InTP, InLF, and InHF were significantly lower at R15 compared to rest and
CON following acute RE compared to rest and CON. Recovery at thirty minutes (R30) after
acute RE was also different than rest for InRMSSD, InTP, InLF, and InHF and compared to
the CON. There was also a significant increase in InTP and InLF from R15 to R30, such that
although they increased, they did not statistically return to rest. Natural log LF/HF was
significantly greater at R15 and R30 following acute RE compared to rest and CON. The
HRC data demonstrated significant condition by time interactions for SampEn (F; 33 = 4.57,
p = 0.017, 1> = 0.19) and LZEn (F;35 = 6.38, p = 0.009, n?> = 0.44). Following acute RE,
SampEn was significantly reduced at R15 compared to rest and R30, with no changes
following CON. LZEn was reduced at R15 and R30 compared to rest following the acute
RE but not the CON. In addition, LZEn was statistically increased at R30 compared to R15.
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Table 3. Heart rate and autonomic modulation at rest and during recovery from a control and an acute bout of resistance
exercise at 15 min (R15) and 30 min (R30) in active men and women (n = 21).

Control Acute Resistance Exercise
Rest R15 R30 Rest R15 R30

Heart rate (beats-min—1)

Men 60 =12 59 + 13 58 + 12 62 £ 11 92 £11¥% 86+ 12¥%
Women 66 + 8 62 + 8 62+7 70+7 ND+10¥ 85+ 8¥
95% CI (59, 68) (57, 66) (57, 66) (61,71) (85, 96) (80, 90)

InTotal Power (ms?)

Men 82+08 84+1.0 82+08 83+09 59+ 1.0¥u 6.5+ 08¥u
Women 82+1.1 85+1.3 81+1.6 83 +0.8 6.4+ 0.7 ¥u 6.7 + 0.6 ¥u
95% CI (7.8,8.7) (7.8, 8.8) (7.4, 8.6) (7.8, 8.6) (5.6, 6.6) (6.2,7.0)

InLF (ms?)

Men 69 +0.8 6.9 £0.7 6.5+0.7 6.7 £0.8 49+ 1.0¥%u 5.5+ 0.9 ¥u£
Women 6.1+21 7.0+0.0 62+12 62+24 53+ 0.8 ¥u 5.7 £ 0.5 ¥u£
95% CI (5.9,7.1) (5.8,7.3) (5.2,7.3) (6.1,7.5) (4.2,5.7) (5.2,6.3)

InLF/HF (ratio)

Men 3.7+20 39+17 41+0.8 35+14 48+ 19Y¥f 51+ 20¥f
Women 34+£07 32+18 32+1.1 37+£06 50+ 1.5¥f 56 £ 1.1Y¥f
95% CI (3.3,4.5) (3.1,4.7) (29,4.2) (34,4.7) (44, 6.5) (5.0,6.3)

LZEntropy

Men 0.8 +£0.0 0.8 £0.1 0.7 +0.1 0.8 £0.0 05+01¥% 0.6 £0.1£
Women 09+0.3 09+03 1.0+ 0.3 1.0+04 0.7+02¥% 09+03£
95% CI (0.7,0.8) (0.7,1.0) 0.7,1.1) 0.7,1.1) (0.5,0.8) (0.5,1.0)

InLF = natural logarithm low-frequency power; LZEntropy = Lempel-Ziv entropy; Values are mean =+ SD; ¥ significantly different from rest
(p = 0.0001); f significantly different from CON (p = 0.001); u significantly different from CON (p = 0.0001); £ significantly different from
R15 (p = 0.0001).

A Men Women
[ . )
B Control
= T - Fesistance Exercise
E 44 ¥ ¥
m .
1] ¥ I
=
o 2-
E T
,u,_

Rest R15 R30 Rest R15 R30

Figure 2. Cont.
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Figure 2. Alterations in vagal modulation (mean + 95% confidence intervals) measured via (A) In
root means square of successive differences (INRMSSD), (B), In high-frequency power (InHF), and
(C) sample entropy at rest, as well as 15 (R15), and 30 min following a control and an acute bout of

resistance exercise in resistance-trained men (n = 11) and women (n = 10). Values are mean =+ SD.
¥ significantly different from rest (p = 0.0001), § significantly different from men (p = 0.03).

4. Discussion

The major findings of this study are that (a) there no sex-specific differences for resting
values of autonomic modulation when using HRV, but HRC using SampEn demonstrated
that men were more complex compared to women at rest, (b) there were significant re-
ductions in vagal tone that were similar between the sexes following the acute bout of
resistance exercise, (c) significant increases in sympathovagal balance were also similar be-
tween sexes after the acute bout of resistance exercise. Collectively, these data demonstrate
that even though SampEn was different at rest between the sexes, suggesting augmented
vagal tone in men, autonomic modulation responded similarly between the sexes to the
acute bout of resistance exercise.

There is a dearth of knowledge on the differences in HRV at rest in young, healthy
active men and women [5,11,20]. In agreement with our hypothesis our data suggest that in
active individuals there is no difference in resting autonomic modulation between the sexes
assessed via HRV. Voss et al. [12] reported that at rest young women had greater HF, as well
as a lower LF/HF ratio, compared to young men. However, the work by Voss et al. (2015)
did not include the activity level of their participants, whereas in the present study our
participants were characterized as being active. Mendonca et al. (2010) also demonstrated
that healthy sedentary women in the follicular phase had a greater HF and lower LF at
rest compared to healthy sedentary men. Similar to the present study, Kingsley et al. (2019)
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also reported no differences at rest between sexes using resistance-trained participants.
Teixeira et al. (2011) also reported no differences in measures of autonomic modulation in
active men and women, matching the findings of the present study. Unlike the present
student, a previous investigation demonstrated young women demonstrated a lower
LF/HF ratio than young men at rest [21]. The present investigation suggests that there
are no sex-specific differences in resting measures of HRV between active men or women
which is supported by previous work but presents a very different perspective compared
to those studies using sedentary research participants.

The present sought to compare sex differences on vagal modulation and sympathova-
gal balance during recovery from resistance exercise measured via HRV in active men and
women. Our study is supported by previous work by Kingsley et al. (2019) that indicated
resistance-trained women and men had similar reductions in InRMSSD and InHF, with
concomitant increases in the InLF/HF ratio, during recovery from free-weight resistance
exercise. In this particular study, resistance-trained men and women underwent three
sets of 10 repetitions at 75% 1RM on the bench press, squat, and deadlift with autonomic
measurements taken at 15-20 m and 25-30 m, similar data collection times as the present
study. While it is difficult to directly compare the results of the present study to Kingsley
et al. (2019), as free weights and weight machines are two different stimuli, the data closely
correspond for the men but not for the women. In men, the differences at R15 and R30
in the present study differed from Kingsley et al. [5] for InRMSSD by 26.3% and 14.1%,
respectively. For the women, the differences compared to the present study were 64%
at R15 and a difference of 77.8% at R30. Similarly, for InHF, the differences at R15 and
R30 between the two studies were 24.5% and 10.1% for the men, respectively, while the
women’s differences were 31.2% and 73.5%. Collectively, these data demonstrate that an
acute bout of RE reduces vagal tone, be it weight machines or free weights. It is clear that
more data are needed to investigate not only sex differences in vagal responses to acute
resistance exercise but also modalities.

Additional work by Kingsley et al. (2014) also demonstrated alterations in autonomic
modulation in response to weight machines in resistance-trained individuals (nine women,
eight men) up to 30 min. In that particular study, there were no alterations in InTP, unlike
the present study, which showed a significant decrease in InTP after the acute RE that did
recover from 15 to 30 min, but not completely to rest. Interestingly, the findings of the
present study regarding InTP do correspond with those from Heffernan et al. [6], which
further highlights how more data are needed. With regard to the reductions in InRMSSD
in Kingsley et al. (2014), these were more closely matched with those of the present study
in that from 25 to 30 m following the resistance exercise there were reductions of 52.4% and
33.3% for Kingsley et al. (2014) and the present study, respectively. For InHF, Kingsley et al.
(2014) reported a 19% decrease, while the present study demonstrated a 37.0% decrease.
The differences in InHF between these two studies may be driven by differences in the
number of exercises (load), exercise order, as well as the research participants utilized. The
present study utilized five resistance exercises compared to four in Kingsley et al. (2014).
In addition, the last resistance exercise in the present study was the leg extension, whereas
Kingsley et al. (2014) finished with the chest press, which may have differing responses [3],
but this is inconclusive [22]. Kingsley et al. (2014) demonstrated reductions InHF following
acute upper- and lower-body RE. However, the larger decrease in InHF was associated
with the acute lower-body resistance exercise condition, which supports the findings of the
present study. Future research may benefit from exploring the responses between those
that are active versus those that are specifically resistance trained.

While the current study did not note any sex differences in LF/HF ratio, previous
work by Mendonca et al. [14] demonstrated that women experienced a greater change in
LF/HF between rest and recovery after supramaximal exercise compared to the responses
of men. For InLF/HF, men had differences of 34.2% and 60.0% at R15 and R30, while the
women had differences of 32.4% and 51.3% at the same periods. Sympathovagal balance
was augmented in Kingsley et al. (2014) and in the present study. Collectively, these data



Medicina 2021, 57, 307

90f11

demonstrate that acute RE increases sympathovagal balance for at least 30 min, regardless
of sex or modality.

Despite the difference in study protocols and perhaps load, the results suggest that
there are no sex differences in HRV following an acute bout of resistance exercise in active
individuals. In agreement with our hypothesis, both sexes had similar reductions in
vagal modulation and concomitant increases in sympathovagal balance quantified via
HRV. Previous work reported that sympathetic drive is proportional to the active muscle
recruitment [23]. Both studies, Kingsley et al. [5] and the present study, demonstrated
significant decreases in vagal modulation with increases in sympathovagal balance that
were similar between the sexes. Based on these data, vagal modulation is reduced, while
sympathovagal modulation is increased, following an acute bout of resistance exercise in
both sexes regardless of modality, as long as intensity is similar.

Despite there being no difference between the sexes with HRC in response to acute RE,
both SampEn and LZEn were reduced at 15 min following acute RE compared to Rest, but
only LZEn remained significantly reduced at 30 min. In addition, LZEn did recover from
15 to 30 min, but it was not complete such that it did not return to Rest. This was contrary
to our hypothesis and is not supported by previous work. Kingsley et al. (2014) reported
reductions in SampEn, while Kingsley et al. (2019) reported reductions in SampEn and
LZEn, 30 min following acute RE in resistance-trained individuals. Heffernan et al. [10]
demonstrated that following 15 total sets of 10 repetitions at 75%1RM on the leg press
and leg extension SampEn was significantly reduced in active men. On the other hand,
previous work has suggested no change in SampEn regardless of set configuration if total
volume is equated in resistance-trained men and women [24]. Despite the differences in
protocols to previous work, this is the first study, to our knowledge, that demonstrated a
complete recovery in SampEn 30 min after acute RE, such that is was no longer significantly
different compared to rest. The recovery in SampEn was not matched by the recovery
in LZEn as previously published. This recovery may further support the notion that
HRC, specifically SampEn, may provide a more robust, sensitive measure of autonomic
modulation compared to HRV. Regardless, the recovery of SampEn by 30 min is both
surprising and novel. It is plausible that resistance exercise machines may provide a
faster recovery of autonomic modulation compared to free-weights when quantified using
SampEn, but that is beyond the scope of the present study.

Contrary to our hypothesis the reductions in HRC were also similar between the
sexes following the acute bout of RE. Even though HRC has been postulated to be a more
sensitive measure of autonomic modulation compared to HRV, there was no difference
between the sexes for measures of HRC during recovery from the acute RE. This is the first
study to evaluate sex-specific responses to acute RE using HRC, and one of a small group
to evaluate HRC in relation to acute RE.

This study is not without limitations. Women were testing during the early to mid-
follicular phase of their menstrual cycle, but biochemical analyses were not run on these
measurements. Future studies should consider recruiting women during alternate phases
of the menstrual cycle to examine the potential effect of estrogen fluctuation on measures of
autonomic function and vagal modulation following resistance exercise to explore the data
demonstrated in previous studies at rest [25,26]. The present study also used the LF/HF
ratio as a measure of sympathovagal balance. Previous work has suggested that the LF/HF
ratio may be a sympathovagal dominance [27]. Regardless, increases in the LF/HF ratio
are mediated by increases in sympathetic modulation [7].

5. Conclusions

In conclusion, these data demonstrate that active men and women have similar
resting measures of autonomic modulation measured via HRV, but not when quantified by
SampEn. Furthermore, our data suggest similar responses between active sexes to acute
RE quantified via HRV and HRC. These data highlight the need for monitoring reductions
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in vagal tone following resistance exercise, as there is clearly a reduction in tone which
may be associated with an increased risk for arrhythmias.

Practically, these data show that both men and women may have an increased risk for
arrythmias in the 30 min following acute RE mediated by decreases in vagal modulation and
increases in sympathovagal balance. These data demonstrate an unfavorable cardiovascular
response following an acute bout of resistance exercise using weight machines. In order
to provide a healthier cardiovascular response, it may be necessary to separate out these
exercises into multiple training days. Collectively, our data may contribute to the ability to
prescribe resistance exercise in a safe, secure and precise way.

Author Contributions: Data curation, SSM.H.; Formal analysis, SM.H., EK.E., EC.T. and ].D.K;;
Project administration, ].D.K.; Supervision, ].D.K.; Writing—original draft, SM.H., EK.E., E.C.T. and
J.D.K.; Writing—review and editing, SM.H., EK.E., E.C.T. and ].D.K. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All procedures utilized were approved by Kent State Uni-
versity and were in accordance with the Declaration of Helsinki: (IRB: 13-513; 18 December 2016).

Informed Consent Statement: Informed consent was signed by all participants.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy/ethical concerns.

Acknowledgments: The authors would like to thank the participants who volunteered for
this investigation.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

Pollock, M.L.; Franklin, B.A.; Balady, G.J.; Chaitman, B.L.; Fleg, J.L.; Fletcher, B.; Limacher, M.; Pifia, I.L.; Stein, R.A.; Williams,
M. Resistance exercise in individuals with and without cardiovascular disease: Benefits, rationale, safety, and prescription
an advisory from the committee on exercise, rehabilitation, and prevention, council on clinical cardiology, American Heart
Association. Circulation 2000, 101, 828-833. [CrossRef] [PubMed]

Heffernan, K.S.; Sosnoff, ].; Jae, S.; Gates, G.; Fernhall, B. Acute resistance exercise reduces heart rate complexity and increases
QTc interval. Int. ]. Sports Med. 2008, 29, 289-293. [CrossRef] [PubMed]

Kingsley, ].D.; Hochgesang, S.; Brewer, A.; Buxton, E.; Martinson, M.; Heidner, G. Autonomic modulation in resistance-trained
individuals after acute resistance exercise. Int. J. Sports Med. 2014, 35, 851-856.

Kingsley, ].D.; Figueroa, A. Acute and training effects of resistance exercise on heart rate variability. Clin. Physiol. Funct. Imaging
2016, 36, 179-187. [CrossRef] [PubMed]

Kingsley, J.D.; Tai, Y.-L.; Marshall, E.M.; Glasgow, A.; Oliveira, R.; Parks, J.C.; Mayo, X. Autonomic modulation and barore-
flex sensitivity after acute resistance exercise: Responses between sexes. ]. Sports Med. Phys. Fitness 2019, 59, 1036-1044.
[CrossRef] [PubMed]

Heffernan, K.S.; Kelly, E.E.; Collier, S.R.; Fernhall, B. Cardiac autonomic modulation during recovery from acute endurance
versus resistance exercise. Eur. ]. Cardiovasc. Prev. Rehabil. 2006, 13, 80-86. [CrossRef]

Camm, A.J.; Malik, M,; Bigger, ].T.; Breithardt, G.; Cerutti, S.; Cohen, R.J.; Coumel, P; Fallen, E.L.; Kennedy, H.L.; Kleiger, R. Heart
rate variability: Standards of measurement, physiological interpretation and clinical use. Task Force of the European Society of
Cardiology and the North American Society of Pacing and Electrophysiology. Circulation 1996, 93, 1043-1065.

Kuusela, T.A.; Jartti, T.T.; Tahvanainen, K.U.; Kaila, T.]. Nonlinear methods of biosignal analysis in assessing terbutaline-induced
heart rate and blood pressure changes. Am. J. Phys. Heart Circ. Phys. 2002, 282, H773-H781. [CrossRef]

Tuzcu, V.; Nas, S.; Borkld, T.; Ugur, A. Decrease in the heart rate complexity prior to the onset of atrial fibrillation. Europace 2006,
8,398-402. [CrossRef]

Heffernan, K.S.; Fahs, C.A.; Shinsako, K.K.; Jae, S.Y.; Fernhall, B. Heart rate recovery and heart rate complexity following
resistance exercise training and detraining in young men. Am. J. Phys. Heart Circ. Phys. 2007, 293, H3180-H3186. [CrossRef]
Teixeira, L.; Ritti-Dias, R.M.; Tinucci, T.; Junior, D.M.; de Moraes Forjaz, C.L. Post-concurrent exercise hemodynamics and cardiac
autonomic modulation. Eur. J. Appl. Phys. 2011, 111, 2069-2078. [CrossRef]

Voss, A.; Schroeder, R.; Heitmann, A.; Peters, A.; Perz, S. Short-term heart rate variability—influence of gender and age in healthy
subjects. PLoS ONE 2015, 10, e0118308. [CrossRef] [PubMed]

Gregoire, ].; Tuck, S.; Hughson, R.L.; Yamamoto, Y. Heart rate variability at rest and exercise: Influence of age, gender, and
physical training. Can. J. Appl. Phys. 1996, 21, 455-470. [CrossRef]


http://doi.org/10.1161/01.CIR.101.7.828
http://www.ncbi.nlm.nih.gov/pubmed/10683360
http://doi.org/10.1055/s-2007-965363
http://www.ncbi.nlm.nih.gov/pubmed/17990212
http://doi.org/10.1111/cpf.12223
http://www.ncbi.nlm.nih.gov/pubmed/25524332
http://doi.org/10.23736/S0022-4707.18.08864-3
http://www.ncbi.nlm.nih.gov/pubmed/30035471
http://doi.org/10.1097/01.hjr.0000197470.74070.46
http://doi.org/10.1152/ajpheart.00559.2001
http://doi.org/10.1093/europace/eul031
http://doi.org/10.1152/ajpheart.00648.2007
http://doi.org/10.1007/s00421-010-1811-1
http://doi.org/10.1371/journal.pone.0118308
http://www.ncbi.nlm.nih.gov/pubmed/25822720
http://doi.org/10.1139/h96-040

Medicina 2021, 57, 307 11 of 11

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Mendonca, G.V.; Heffernan, K.S.; Rossow, L.; Guerra, M.; Pereira, F.D.; Fernhall, B. Sex differences in linear and nonlinear heart rate
variability during early recovery from supramaximal exercise. Appl. Phys. Nutr. Metab. 2010, 35, 439-446. [CrossRef] [PubMed]
Collier, S.R. Sex differences in the effects of aerobic and anaerobic exercise on blood pressure and arterial stiffness. Gend. Med.
2008, 5, 115-123. [CrossRef] [PubMed]

American College of Sports Medicine; Riebe, D.; Ehrman, ] K.; Liguori, G.; Magal, M. ACSM’s Guidelines for Exercise Testing and
Prescription, 10th ed.; Wolters Kluwer: Philadelphia, PA, USA, 2018.

Ainsworth, B.E.; Jacobs, D.R,, Jr.; Leon, A.S. Validity and reliability of self-reported physical activity status: The Lipid Research
Clinics questionnaire. Med. Sci. Sports Exerc. 1993, 25, 92-98. [CrossRef] [PubMed]

Draper, C.E; Duisters, K.; Weger, B.; Chakrabarti, A.; Harms, A.C.; Brennan, L.; Hankemeier, T.; Goulet, L.; Konz, T.; Martin, EP;
et al. Menstrual cycle rhythmicity: Metabolic patterns in healthy women. Sci. Rep. 2018, 8, 14568. [CrossRef]

Haff, G.G.; Triplett, N.T. Essentials of Strength Training and Conditioning, 4th ed.; Human Kinetics: Champagne, IL, USA,
2015; ISBN 1-4925-0162-X.

Teixeira, A.L.; Ritti-Dias, R.; Antonino, D.; Bottaro, M.; Millar, PJ.; Vianna, L.C. Sex differences in cardiac baroreflex sensitivity
following isometric handgrip exercise. Med. Sci. Sports Exerc. 2018, 50, 770-777. [CrossRef]

Pal, G.K; Pal, P; Lalitha, V.; Dutta, TK.; Adithan, C.; Nanda, N. Sympathovagal imbalance in young prehypertensives: Importance
of male-female difference. Am. J. Med. Sci. 2013, 345, 10-17. [CrossRef] [PubMed]

De Freitas, M.C.; Ricci-Vitor, A.L.; Quizzini, G.H.; de Oliveira, J.V.N.; Vanderlei, L.C.M.; Lira, ES.; Rossi, FE. Postexercise
hypotension and autonomic modulation response after full versus split body resistance exercise in trained men. J. Exerc. Rehabil.
2018, 14, 399. [CrossRef]

Seals, D.; Taylor, J.; NG, A.; Esler, M. Exercise and aging: Autonomic control of the circulation. Med. Sci. Sports Exerc. 1994, 26,
568-576. [CrossRef] [PubMed]

Mayo, X.; Iglesias-Soler, E.; Farifias-Rodriguez, J.; Fernandez-del-Olmo, M.; Kingsley, ].D. Exercise type affects cardiac vagal
autonomic recovery after a resistance training session. J. Strength Cond. Res. 2016, 30, 2565-2573. [CrossRef] [PubMed]

Leicht, A.S.; Allen, G.D.; Hoey, A.]. Influence of age and moderate-intensity exercise training on heart rate variability in young
and mature adults. Can. J. Appl. Phys. 2003, 28, 446-461. [CrossRef] [PubMed]

Sookan, T.; McKune, A.]. Heart rate variability in physically active individuals: Reliability and gender characteristics. Cardiovasc.
J. Afr. 2012, 23, 67.

Billman, G.E. The LF/HF ratio does not accurately measure cardiac sympatho-vagal balance. Front. Phys. 2013, 4, 26. [CrossRef]


http://doi.org/10.1139/H10-028
http://www.ncbi.nlm.nih.gov/pubmed/20725109
http://doi.org/10.1016/j.genm.2008.06.002
http://www.ncbi.nlm.nih.gov/pubmed/18573479
http://doi.org/10.1249/00005768-199301000-00013
http://www.ncbi.nlm.nih.gov/pubmed/8423761
http://doi.org/10.1038/s41598-018-32647-0
http://doi.org/10.1249/MSS.0000000000001487
http://doi.org/10.1097/MAJ.0b013e31824ba080
http://www.ncbi.nlm.nih.gov/pubmed/22688497
http://doi.org/10.12965/jer.1836136.068
http://doi.org/10.1249/00005768-199405000-00008
http://www.ncbi.nlm.nih.gov/pubmed/8007804
http://doi.org/10.1519/JSC.0000000000001347
http://www.ncbi.nlm.nih.gov/pubmed/26817741
http://doi.org/10.1139/h03-033
http://www.ncbi.nlm.nih.gov/pubmed/12955871
http://doi.org/10.3389/fphys.2013.00026

	Introduction 
	Materials and Methods 
	Participants 
	Study Design 
	Anthropometrics 
	Maximal Strength 
	Autonomic Modulation 
	Acute Resistance Exercise 
	Statistics 

	Results 
	Discussion 
	Conclusions 
	References

