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Abstract

Purpose This study correlated the heart rate (HR) dynamics and parasympathetic activity at rest, during and after a resist-
ance exercise (RE) session with resting heart rate (RHR) in young men.

Methods The RR-interval series was recorded at rest in the supine (sup) and following the postural change (from supine to
orthostatic position) in the orthostatic (ort), as well as during and after 15 min of a RE session in 14 young men. We used
RHR value in the supine position and the square root of the mean of the square of successive adjacent R-R intervals differ-
ence (rMSSD) as the parasympathetic indexes. The statistical analysis employed Pearson and Spearman correlation tests
with a two-tailed p value <0.05.

Results We observed that HR ,, relative variation (A%) of RHR, and HR and relative (%) heart rate recovery (HRR) at
five, ten, and fifteen minutes were correlated with RHR (r=from —0.80 to 0.89, p <0.02). At rest, rMSSDsup, rMSSD,,
and absolute variation (A) tMSSD were correlated with RHR (r,=from —0.53 to —0.82, p <0.049); during RE session, we
observed a correlation between ArMSSD and A%rMSSD with RHR (r,= —0.82 to —0.68, p <0.01) and after a RE session,
rMSSDs_;5 i, Were correlated with RHR (ry=from —0.75 to —0.86, p <0.01).

Conclusion We concluded that young men with lower RHR showed higher HR dynamics and parasympathetic reactivity
at rest, higher parasympathetic withdrawal during the RE session, and higher HRR and parasympathetic reactivation after
a RE session.

Keywords Recovery - Strength training - Parasympathetic activity - Vagal modulation - Stress management

Introduction

The resting heart rate (RHR), evaluated in the supine posi-
tion, is a low-cost, noninvasive measure, and its recording
feasibility across a large range of settings, with the technique
offering a way to individually screen for risk factors with
unfavorable prognoses, such as increased cardiovascular
morbimortality and sudden death [1]. In addition, RHR is
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also often used in the clinical setting to assess the relative
strength of parasympathetic activity on sympathovagal bal-
ance in the heart [2].

Traditionally, resistance exercise (RE) session consists
of movements being performed against a load, ranging from
body weight to external weighted equipment, comprising
repetitions before muscle exhaustion [3]. In this scenario,
during the RE session, the heart rate (HR) increases due to
parasympathetic withdrawal and sympathetic activation [4].
However, following the exercise in the first five minutes (the
fast phase), the short-term HR adjustment responds to rapid
parasympathetic reactivation; from the five minutes onwards
(the slow phase), it is more dependent on parasympathetic
reactivation with simultaneous sympathetic deactivation [4].
Thus, an increase the HR and heart rate recovery (HRR)
have been proposed as prognostic measures of cardiovascu-
lar morbimortality in individuals with distinct clinical and
functional conditions [5].
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Hence, considering a high RHR, a delayed increase in
HR and a slow HRR are associated with reduced parasym-
pathetic activity, withdrawal impairment, and parasympa-
thetic reactivation, respectively [1, 5]. So, it is reasonable to
expect that these chronotropic and parasympathetic adjust-
ments during, and after exercise may be interrelated with a
RHR measure.

Studies have investigated the association between resting
parasympathetic activity by heart rate variability (HRV) with
HRR [6-17]. Some studies have shown a significant asso-
ciation between resting parasympathetic activity with HRR
after a maximal (MET) or submaximal exercise test (SET)
[8, 10, 14-16, 18] and after aerobic exercise (AE) [7, 17].
Only one study showed an association between RHR with
HRR after the SET [11]. On the other hand, other studies
have shown no significant correlation between resting para-
sympathetic activity with HRR and parasympathetic activity
after MET or AE [6, 9, 12, 13].

Indeed, due to the different approaches used in those
studies above to evaluate resting status, inconsistent results
may be produced because the chronotropic response and
parasympathetic modulation are adaptative phenomena that
are affected by body positions (supine, sitting, or standing),
types of exercise (exercise test or aerobic exercise), exercise
test protocols (maximal or submaximal), types of ergometer
(bicycle, arm, or treadmill) and types of recovery protocols
(active or passive) [4, 19].

So, the inconclusive results regarding the interaction
between resting parasympathetic activity measurements
and the chronotropic and parasympathetic responses during
and after exercise remain, and new approaches are needed
to expand prior investigations. To our knowledge, no stud-
ies have shown a relationship between HR dynamics and
parasympathetic activity during, and after a RE session with
RHR.

Furthermore, the hypothesis that RHR is correlated with
HR dynamics and parasympathetic activity during and after
a RE session opens the possibility of a new approach (or
analysis) using RHR values, which may add helpful infor-
mation as a preliminary tool for decision-making (i.e., stress
management) for healthcare professionals bringing essen-
tial and complementary information related to individuals
cardiac autonomic capacity without the expense of clinical
exercise tests or maximal/near the maximal effort required
for exercise and recovery analysis and to the adequate pre-
scription of RE session for individuals with or without risk
of cardiovascular disease.

Therefore, we hypothesized that physically active young
men correlate RHR values in the supine position with HR
dynamics and parasympathetic activity at rest, during, and
after a RE session.

Accordingly, our objectives were: (a) to explore the cor-
relation between HR dynamics and parasympathetic activity
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at rest, during and after a RE session with RHR in physically
active young men; (b) to develop an explication regression
based on the effect of RHR values on the HR dynamics at
rest, during and after RE session in physically active young
men; (c) to compare HR dynamics and parasympathetic
activity at rest, during, and after a RE session.

Methods
Participants

Participants were eligible for inclusion if they were men,
physically active (=150 min of moderate-vigorous physi-
cal activity per week, International Physical Activity
Questionnaire—IPAQ) [20], non-athletes, body mass
index>18.5<29.9 kg/mz, healthy (no medical restrictions
nor known disease), not performing resistance training in the
last 3 months, and aged between 19 and 40 years old. Thus,
we conducted a cross-sectional study, enrolling 14 young,
healthy, non-obese, untrained in RE session, non-athletes,
and physically active males with a median (minimum—maxi-
mum) age of 26.5 (19.0-40.0) years with a normal electro-
cardiogram (ECG) and sinus rhythm. At all visits, volunteers
underwent exercise two hours after breakfast, between 8:00
and 10:00 a.m., and were previously instructed to abstain
from stimulants and alcoholic beverages and physical activ-
ity for at least 24 h before evaluation.

Study design

The participants performed three visits to the laboratory with
48 h intervals between visits. During the first visit, we col-
lected anthropometrical measurements, a resting ECG, and
information on lifestyle habits. Afterward, all participants
first familiarized the leg press exercise to learn its purpose.
After 48 h of the interval, in the second visit, the second
familiarization in the leg press exercise was performed, and
the participants performed one set for warm-up, then 60 s
of the rest interval, and up to three attempts from 8§ to 12
repetition maximum (RM) to find the weight for the resist-
ance exercise session.

After 48 h of the interval, basic physiological data (RHR)
were recorded in the third visit, and an RE session was per-
formed. In a quiet exercise physiology laboratory room, at
a temperature between 22 and 24 °C and relative humid-
ity of 50-60%, continuous HR was recorded according to
a standardized protocol previously described to obtain the
R-R interval series [21, 22]. In summary, a valid five-minute
R-R series of HR was first obtained following 10 min of
rest in the supine position. After, participants were asked
to actively adopt the orthostatic posture at the bedside. Two
minutes after this postural change, the blood pressure was
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measured to verify the absence of significant postural hypo-
tension, and an additional five minutes of RR series of HR
was then recorded. Blood pressure was measured by using
the auscultatory method [23] via a sphygmomanometer and
stethoscope (Preminum®, Brazil).

The RE session was applied after the two 5-min R-R
series of HR (at supine and orthostatic postures) had been
recorded. The R-R series of HR was recorded during and
after a RE session. So, participants completed three sets of
8—12 RM with 60 s of rest interval between sets. Soon after
the interruption of the RE session, participants proceeded to
a passive recovery period with the participants in the supine
position on a padded stretcher for 15 min.

Heart rate and heart rate variability analysis

The HR and R-R interval series were recorded using a valid
and reliable heart rate monitor Polar® (model, RS800CX,
Polar™, Kempele, Finland) with a sample rate of 1000 Hz
[24, 25]. Then, each R-R interval series file was transferred
to a computer for offline data processing and analysis of HR
and HRV of the R-R interval utilizing the Polar Pro Trainer 5
software and the Kubios HRV software (version 2.2, Kuopio,
Finland), respectively [26].

All R-R segments were visually analyzed, and occasional
artifacts were manually or automatically removed (< 1% of
recording) [27]. The automated artifact identification and
removal were performed using the threshold method, which
consists of selecting R-R intervals that were larger or smaller
than 0.45 s (very low), 0.35 s (low), 0.25 s (medium), 0.15 s
(strong), or 0.05 s (very strong) compared to average R-R
intervals [26]. We used the medium threshold that only
removed the visually observed ectopic points if the tracing
did not lose the physiological pattern and the removal did
not exceed 1% of the recording.

The parasympathetic activity was evaluated by the square
root of the mean of the square of successive adjacent R-R
intervals difference (rMSSD), a time-domain index asso-
ciated with respiratory sinus arrhythmia [28]. For better
comprehension and visualization of parasympathetic activ-
ity magnitude, rMSSD was analyzed without logarithmic
modification or corrections [29, 30].

At rest, during, and after the RE session, rtMSSD was
assessed using two different metrics: the short-term HRV
measurement, i.e., 5 min, and the ultra-short-term HRV
measurement, i.e., <1 min, which was analyzed at peak
effort (30 s final). These quantitative analysis methods are
because they do not require the stationarity of the HR series,
allowing the analysis during and after the exercise [28, 31].

At rest, the rMSSD at supine (rMSSDsup) and orthos-
tatic (rtMSSD,,,) positions were recorded, and the abso-
lute (A, MSSD,.,) and the relative (A¢4rMSSD,.,) val-
ues of rMSSD were calculated by subtracting rMSSD_,

from rtMSSD,,. During the RE session, the rMSSD was
recorded when participants reached voluntary movement
failure in the last repetition of the last set in the peak of
exercise (rMSSD,.,,) utilized a window of 30 s, and the
absolute (A, rMSSD,,..) and the relative (A¢rMSSD,,..)
values of IMSSD were calculated by subtracting rMSSD .
from rMSSDy,,, [21]. After the RE session, the rMSSD was
obtained at five, ten, and fifteen minutes over the passive
recovery phase.

The HR at supine (RHR) and orthostatic (HR ) positions
were recorded as previously described at resting conditions,
and absolute (A, RHR) and relative (ARHR) variations
were calculated by subtracting HR , from RHR. During the
RE session, HR was recorded when participants reached
voluntary movement failure in the last repetition of the last
set at the peak of the exercise (HR,,). The chronotropic
reserve (A,,CR) was calculated by subtracting HR ., from
RHR [32]. After the RE session, HR was recorded at five,
ten, and fifteen minutes during the passive recovery phase,
and the absolute (HRR) and relative (%HRR) values of HRR
were calculated by subtracting HR at 5, 10, and 15 min dur-
ing the recovery phase from the HR ;.

Resistance exercise session

All participants performed the two familiarization and one
session of RE in the leg press exercise (Rotech® Fitness,
Goiania, GO, Brazil). This exercise was chosen due to safety,
easy movement learning, and significant muscular involve-
ment, and this exercise could reduce parasympathetic activ-
ity for 25 min after an acute RE [33].

In the first familiarization, all participants had familiarity
with the leg press exercise. So, the range of motion and time
under tension 1-2 s was standardized as the concentric and
the eccentric phase, and the participants performed one set
of 12 repetitions with 20 kg to learn the purpose.

After 48 h of rest, in the second familiarization, partici-
pants performed one set for warm-up, then 60 s of the rest
interval, and up to three attempts were performed to find the
weight for the RE session. Afterward, the participants were
encouraged to perform one set of 8—12 RM without know-
ing the exercise load to avoid psychological influences on
weight. If participants could not complete 8—12 RM, then
the weight was adjusted on the next set with 60 s of the rest
interval. The weight at the beginning of the RE session was
when participants reached 8—12 RM in one of three attempts.

After 48 h of rest, participants performed one set for
warm-up of 12 repetitions with 20 kg, then 60 s of the rest
interval. After the 60 s of the rest interval, the participants
completed three sets of 8—12 RM with 60 s rest interval
between sets. If participants completed 8 RM, weight was
reduced on the next set. When participants reached volun-
tary movement failure in the last repetition of the last set, a
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15-min passive recovery period was immediately initiated
with the participants in the supine position on a padded
stretcher. We adopted this protocol to avoid the potential
influence of movement on parasympathetic reactivation [19].

Statistical analysis

Statistical analysis employed the IBM SPSS Statistics 23
(SPSS Software, Inc., USA, 2015), and Prism® 8 for Win-
dows software (GraphPad Software, Inc., USA, 2019) was
used in the construction of the graphics.

The normality of the distribution of the variables was
verified by the Shapiro—Wilk test, visual Q-Q plot analysis,
frequency distribution histogram, and by Z-score of skew-
ness and kurtosis if a value does not exceed + 1.96 (a signifi-
cance level of 0.05). So, the Z-score was obtained by divid-
ing the skewness and kurtosis values by their standard errors
(standard error of skewness and standard error of kurtosis).
Also, scores greater than 1.5 times the interquartile range out
of the box plot were considered outliers [34, 35]. We veri-
fied linearity by a scatter plot and homoscedasticity by plots
of standardized residuals against predicted values. We used
mean and standard deviation (SD) as descriptive statistics to
present compliance with normality assumptions. Otherwise,
data are presented as median and quartiles (25% and 75%).

Depending on the data distribution, inferential analyses
were run either with the paired sample t-test or the Wil-
coxon test in the paired comparative analysis. In the com-
parative analysis repeated, we used the one-way repeated
measures ANOVA test in the variables that presented normal-
ity assumptions, homoscedasticity by Hartley's FMAX test,
and sphericity by Mauchly's test. Analyses with significant
main effects were followed up with the post hoc Bonferroni-
adjusted pairwise comparisons, and Greenhouse—Geisser
corrections were used when the assumption of spheric-
ity was not met based on Mauchly's test. The Friedman’s
ANOVA test was conducted when normality assumptions
were not met, and the analyses with significant main effects
were followed up with the post-hoc Dunn’s test with Bonfer-
roni adjustment pairwise comparisons.

The effect size (ES) used for the one-way repeated
measures ANOVA test was omega-squared (o?), adopting
the following parameters: > < 0.02: no effect; »>>0.02
and <0.13: small effect; ®>>0.13 and < 0.26: medium effect
and 0?>0.26: large effect (Cohen, 1992; Tomczak & Tom-
czak, 2014). ES used for the Friedman’s ANOVA test was
Kendall’s W coefficient (W), and we adopted the following
criteria for interpreting: <0.3: weak agreement; > 0.3 <0.5:
moderate agreement; > 0.5 <0.7: good agreement and > 0.7:
strong agreement [36, 37].

The correlation analysis was performed using the Pear-
son correlation test when compliance with normality, linear-
ity, homoscedasticity, and absence of outlier assumptions
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was verified. The Spearman correlation test was conducted
when normality assumptions were not met. We calculated
the determination coefficient for Pearson's r (R?) and the
determination coefficient for Spearman's rho (Rsz) [38].

We adopted the following criteria for interpret-
ing the correlation coefficient: <0.1: trivial; > 0.1 <0.3:
poor; > 0.3 <0.6: fair; > 0.6 < 0.8: moderate; >0.8 <0.9: very
strong; and = 1.0: perfect [39]. Pearson's coefficient's 95%
confidence interval was calculated, while Spearman's one
was estimated by approximation due to a sample size > 10
[40].

A simple linear regression was also performed on data
that met the assumptions of normality, linearity of param-
eters, normality of residuals, independent values, homosce-
dasticity, and absence of autocorrelation of residuals (Dur-
bin-Watson test), absence of multicollinearity, and absence
of outliers. The two-tailed level of statistical significance
was set at a p <0.05.

Results

The basic physiological data variables were within the
normal range for all subjects. Medians and extreme (mini-
mum—maximum) values of arterial blood pressure systolic
and diastolic were 108.0/62.0 (100.0/58.0-128/74) mmHg
in the supine position and 107.0/78.0 (90.0/60.0-132.0/90.0)
mmHg in a standing position (p <0.01) and body mass index
was 24.9 (21.6-29.7) kg/mz. We observed an increase in HR
and a decrease in rMSSD after changing posture (supine to
orthostatic) at rest (p <0.01), as shown in Table 1.

Table 1 shows sample values of HR response and para-
sympathetic activity at rest, during, and after the RE ses-
sion. The one-way repeated measures ANOVA test showed
there is a factor effect of RE session on HR. Mauchly’s test
indicated that the assumption of sphericity had been vio-
lated, X2(9) =33.09, p <0.01, therefore Greenhouse—Geis-
ser corrected tests are reported (¢ =0.47). The results show
that the HR was significantly affected by the condition,
[F(44,965.67, 104.89) =428.66, p <0.01] with a large effect
(@*=0.31). The post hoc Bonferroni showed the differences
in RHR with HR ¢, HRsi, HR o5, and HR 5,5, and dif-
ferences between HR ., with HRs, ;. HR o, and HR 5,5,

Friedman’s ANOVA test showed that tMSSD values are
different during and after the RE session [X2(4)=34.91;
p<0.01], and a good agreement (W =0.62). The post-
hoc Dunn’s test with Bonferroni adjustment showed the
differences in tMSSD,, with tMSSD ., tMSSDy, .,
tMSSDgyin, and rMSSDy5,;, and no significance in
IMSSD,, With IMSSDs, ;... IMSSD i, and tMSSD 5.5,
as shown in Table 1.

Figure 1 shows sample values of the median and extremes
(minimum-maximum) of comparative values between
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Table 1 Median (min; max)
sample values of chronotropic
response and parasympathetic
activity before, during, and after
a resistance exercise session
(n=14)

Variables

Heart rate (bpm)

rMSSD (ms)

Rest period
Supine
Orthostatic
Aabs

A%

Exercise period

Peak
Aabs
A%

Recovery period

5 min
10 min

15 min

57.5 (43.0; 77.0)F e b edrd ke
85.0 (65.0; 97.0)
25.5 (65.0; 97.0)
39.3 (20.0; 68.4)

163.5 (136.0; 201.0)% & g:&h*
103.0 (73.0; 128.0)
169.0 (112.3; 253.4)

86.5 (71.0; 126.0)
81.5 (66.0; 123.0)
80.5 (64.0; 115.0)

61.8 (21.3;149.7) o breirdtive
22.6 (7.2;79.7)

-36.5(-4.7;-1122)

—62.0 (- 18.9; —90.0)

42 (3.1;9.0)
—58.3(=17.3; —146.0)
-94.1(=79.7, =917.5)

14.5 (2.8; 57.1)
17.3 (3.4; 49.5)
18.8 (3.4; 60.7)

Aabs: absolute variation; A%: relative variation; #: The paired sample t-test; &: ANOVA repeated measure
with the post hoc Bonferroni s; T: Wilcoxon test; % Friedman test with Dunn’s post hoc test;*: p<0.01; a:
supine versus orthostatic; b: supine versus peak; c: supine versus 5 min; d: supine versus 10 min; e: supine
versus 15 min; f: peak versus 5 min; g: peak versus 10 min; h: peak versus 15 min

Fig. 1 Mean (min; max) of p<0.01
comparative values between ool p<0.01 p=0.20
variables the overload control 100+ p= 134 p=0.13 p =100
during a resistance exercise ses- 90 _5 124
sion (n=14) ] -g
580 211
~— 1 -
—g 70i c.a 104
S 607 5 o
] E
50 5 g
] Z
401 71
40 7
oL \ \ \ oL \ T T
1%'set 2" get 3" get 1%'set 2" get 3 get
p=0.45
=1.00
p=039 P
40+ T 1200+
% | |
g 367 1000
2 o |
172}
g 324 = 800
2 o
5. ] g
S 28 = 600
= 1 > ]
g 24 1 400
20—+ 200--
20 200
oL \ \ \ 0t \ T T
15%get 2" get 31 get 1%tset oM get 3" get

variables the overload control during the RE session. The
one-way repeated measures ANOVA test showed there is a
factor effect set on load. Mauchly’s test indicated that the
assumption of sphericity had been violated, X2(2) =25.17,
p <0.01, therefore Greenhouse—Geisser corrected tests
are reported (€ =0.53). The results show that the load was
significantly affected by the set, [F(376.57, 9.54) =39.46,

p<0.01] with a medium effect (0*>=0.13) and the post hoc
Bonferroni showed differences in load between sets. The
Friedman’s ANOVA test showed that the number of repeti-
tions did not significantly change between sets [X2(2) =1.47;
p=0.47] with a weak agreement (W =0.05).

The one-way repeated measures ANOVA test showed
there is no factor effect set on the time under tension.
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Mauchly’s test indicated that the assumption of sphericity
had not been violated, X2(2) =0.26, p=0.87. The results

Table 2 Correlation between resting heart rate in the supine position
and chronotropic response before, during, and after a resistance exer-
cise session (n=14)

Correlated variables  Resting heart rate in the supine position

(bpm)

r (95%CTI) R? p
HR,,, (bpm) 0.75 (0.30-0.90) 056  <0.01
A, RHR (bpm) —0.20 (- 0.66-0.36) 004 047
A,RHR (%) —0.55(=0.84t0 —0.03) 030 0.2
HR ., (bpm) 048 (=0.06t0 0.81) 023  0.08
A,CR (bpm) —0.07 (-=0.58t0 0.47)  0.004  0.79
HR,,;, (bpm) 0.78 (0.44-0.93) 060  <0.01
HR ,g,,;, (bpm) 0.83 (0.54-0.94) 068  <0.01
HR ,,,;, (bpm) 0.89 (0.68-0.97) 079 <001
%HRRs,, (bpm) —0.80 (=093 t0 —0.47) 0.64  <0.01
%HRR,,;, (bpm) —0.70(=0.90t0 —0.28) 049  <0.01
%HRR 5, ;. (bpm) —0.76 (=0.92t0 —0.39) 057  <0.01

HR: heart rate; ort: orthostatic position; bpm: beats per minute; Aabs:
absolute variation; RHR: resting heart rate; A%: relative variation;
CR: chronotropic reserve; min: minute; %HRR: relative heart rate
recovery; r: Pearson's r; CI: confidence interval; R2: determination
coefficient; p <0.05

100~ 100
E 80 E 80
o 1 a A
e 4 s} 4
< )
8 404 2 604
&7 8]
5 ER
(] (o]
< 40| < 40
en A en A
g £
g i)
v A 2] A
&20* c'zzoA
O0—rrrrd 0
0 505 6 70 8 9 100 110 120 130 0 505 6 70

Heart rates,;, (bpm)

100 100

%
S
P B

=N
S
P B

Resting heart rate (bpm)
=
P

LT
Resting heart rate (bpm)

[
S
P B

0t 0t
0 3030 35 40 45 50 55 60 65 70 0 3030 35 40
Relative heart rate recoverys,, (bpm)

80

100
E 80
g A
o |
=
>
= 60
- 4
5]
o
< 40
o)) 4
£ A
=}
2
o 20
0—rrrrd
90 100 110 120 130 0 5050 60 70 80 90 100 110 120 130
Heart rate; g, (bpm) Heart rate; s, (bpm)
100
280
g7 (]
o
=2
>
= 60
- 4
2
S
0
< 40
on 4
£
3|
2
& 20
0+
50 55 60 65 70 0 3030 35 40 45 50 55 60 65 70

45
Relative heart rate recoveygm, (bpm)

show that the time under tension was no significant differ-
ence in the set, [F(16.73, 9.76)=1.71, p=0.20] and no effect
(©>=0.002).

The one-way repeated measures ANOVA test showed
there is a factor effect set on volume. Mauchly’s test indi-
cated that the assumption of sphericity had been violated,
X2(2) =9.75, p<0.01, therefore Greenhouse—Geisser cor-
rected tests are reported (e =0.64). The results show that the
volume was significantly affected by the set, [F(149,240.43,
10,765.68)=13.86, p <0.01] with a small effect (0>=0.028)
and the post hoc Bonferroni showed differences in volume
between sets.

Table 2 describes the correlation coefficient and 95% con-
fidence interval (95% CI) between RHR and HR dynamics
at rest, during, and after the RE session and Fig. 2 shows the
regression line with confidence lines (95% confidence inter-
val to slope) and correlations between RHR in the supine
position and chronotropic response after a RE session. The
A,psRHR, HR .. CR, and all HRR (five, ten, and fifteen
minutes) showed no correlation with RHR (p > 0.05). How-
ever, HR , and HR at five, ten, and fifteen minutes were
positively correlated (moderate to very strong) with RHR
(r=0.75—0.89, p <0.01), explaining 56% to 79% of the
shared variance in HR on these conditions. We observed a
negative correlation (fair to very strong) between Ay RHR
and %HRR at five, ten, and fifteen minutes with RHR

Relative heart rate recovery sy, (bpm)

Fig.2 Regression line with confidence lines (95% confidence interval to slope) and correlations between resting heart rate in the supine position

and chronotropic response after a resistance exercise session (n=14)
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(r=-0.55to —0.80, p <0.02), which RHR explains shared
variance from 30 to 64% of the A,RHR and %HRR (five,
ten, and fifteen minutes).

Table 3 Correlation between resting heart rate in the supine position
and parasympathetic activity before, during, and after a resistance
exercise session (n=14)

Correlated variables  Resting heart rate in the supine position

(bpm)

1, (95%CI) R.2 p
tMSSD,,,, (ms) —0.82(-0.95t0 —0.51) 0.67 <0.01
tMSSD,,, (ms) —0.59 (—0.86t0 —0.07) 0.34 0.01
ArMSSD,,, (ms) —0.53(-0.83t00.01) 0.8 0.049
AgtMSSD,; (%) —0.17 (-0.66 to —0.41)  0.02 0.54
tMSSD,.,;, (ms) 0.09 (-047t00.61)  0.008  0.74
ATMSSD,., (ms) —0.82(—0.94to —0.50) 0.67 <0.01
A%rMSSD,,,, (%) —0.68(—0.89t0 —0.22) 046  <0.01
tMSSDs,,;, (ms) —0.75(-092t0 -0.36) 0.56  <0.01
tMSSD i, (MS) —0.81 (—0.94t0—0.48) 0.65 <0.01
tMSSD; 5., (M) —0.86 (-0.96to —0.61) 0.73 <0.01

Sup: supine position; ms: milliseconds; ort: orthostatic position;
ArMSSDres: absolute variation at rest; A%rMSSDres: relative
variation at rest; ArMSSD, . absolute variation during exercise;
A%MSSD,,.,. relative variation during exercise; min: minute; rs:
Spearman's rho CI: confidence interval; RSZ: determination coefficient
to Spearman's rho; p <0.05

Table 3 describes the correlation coefficient and 95%
confidence interval (95% CI) between RHR and parasym-
pathetic activity at rest, during, and after the RE session
and Fig. 3 shows correlations between RHR in the supine
position and rMSSD during, and after a RE session. The
A%rMSSD, . and rMSSD.,, showed no correlation with
RHR (p >0.54). However, at rest, rMSSD,,, IMSSD, ..
and ArMSSD, ., were negatively correlated (fair to very
strong) with RHR (ry= —0.53 to —0.82, p <0.049),
explaining 28% to 67% of the proportion of variance in
the ranks the parasympathetic activity on these condi-
tions. We observed a negative correlation (moderate to
very strong) between ArMSSD,,.. and A%rMSSD,,.,
with RHR (r;= —0.82 to —0.68, p <0.01), which RHR
explains 46 to 67% of the ArMSSD,,.. and A%rMSSD,,.,
of the proportion of variance in the ranks, during the RE
session. After the RE session, rMSSD at five, ten, and
fifteen minutes were negatively correlated (moderate to
very strong) with RHR (r,= —0.75 to —0.86, p <0.01),
explaining 56-73% of the proportion of variance in the
ranks the parasympathetic activity during recovery.

Table 4 shows the simple linear regression analysis
derived from RHR in the supine position (predictor vari-
able) with the HR dynamics (outcome variable) at rest and
after the RE session and Fig. 2 shows the regression line
with confidence lines (95% confidence interval to slope) and
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Fig.3 Correlations between resting heart rate in the supine position and parasympathetic activity during, and after a resistance exercise session

(n=14)
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Table 4 Simple linear regression analysis derived resting heart rate in
a supine position at rest, during, and after a resistance exercise ses-
sion (n=14)

Predictor Dependents vari- Slope R>  95% ClI to slope p

variable ables

RHR HR_, (bpm) 0.8 051 03tol.3 <0.01
AyRHR (%) -09 030 -18t0o—0.05 0.04
HRs,,;, (bpm) 12 062 06tol.8 <0.01
HR | gmin (bpm) 1.3 069 0.7t019 <0.01
HR |5, (bpm) 1.3 079 09tol.7 <0.01
%HRR 5. (%) -04 064 -06t0—-0.2 <0.01
%HRR (gmin (%)  —0.5 0.50 —0.8t0—0.1 <0.01
%HRR (5. (%) —0.5 057 —0.7t0—-0.2 <0.01

Slope: regression coefficient; <2 determination coefficient; RHR: resting heart
rate; HR: heart rate; ort: orthostatic position; bpm: beats per minute;
A%: relative variation at rest; min: minute; %HRR: relative heart
rate recovery; R?: determination coefficient; CI: confidence interval;
p<0.05

correlations between RHR in the supine position (predic-
tor variable) and chronotropic response (outcome variable)
after a RE session. The results demonstrated that the model
significantly improves our ability to explain the behavior of
the outcome variables (p <0.04). Thus, the behavior of the
outcome variable can be explained by the predictor vari-
able. In other words, for each unit increment (1 beat/min)
in RHR, there is an increase of 0.8 bpm in HR , 1.2 bpm
in HRy ., and 1.3 bpm in HR .. and HR 5. . which the
RHR explains 51% to 79% on the variance of HR,, and HR
at five, ten and fifteen minutes after RE session. Also, for
each unit increment (1 beat/min) in RHR, there is a decrease
of 0.9% in AyRHR, 0.4% in %HRRs ., and 0.5% in
%HRR |onin and %HRR 5., in which, RHR explain from 50
to 64% of the variance of A,RHR, %HRRs,.;., Z#HRR i

and %HRR 5.

Discussion

Our study observed new and relevant findings regarding
the correlation between HR dynamics and parasympathetic
activity during, and after a RE session with RHR in young
men. We observed that HR dynamics and parasympathetic
withdrawal during the RE session, and the capacity to re-
establish HR and parasympathetic reactivation after the RE
session are correlated with the RHR.

In other words, according to the strength and direction of
correlations, physically active young men with lower RHR
showed higher HR dynamics and parasympathetic reactivity
after the postural change (from supine to orthostatic position)
at rest and higher parasympathetic withdrawal during the RE
session, and faster HRR and parasympathetic reactivation

@ Springer

after the RE session. In addition, we observed the HR
dynamics at rest and after the RE session can be explained
by the RHR, in which RHR explains 50-79% of the variance
of HR ,,, A¢,RHR, HR¢ |5 ., and %HRRs_ s ...

While evaluating HR dynamics and parasympathetic
activity at rest, during and after an exercise is practical,
straightforward, and feasible, a comprehensive under-
standing of the relationship between these measures could
provide important clinical and functional implications for
future research and exercise assessment [4, 41]. Some stud-
ies that have addressed the relationship between HR and
parasympathetic activity after incremental exercise tests or
AE with resting parasympathetic activity did not observe a
significant correlation between these measures [6, 9, 12, 13].
In opposition, other studies have shown a significant asso-
ciation between resting parasympathetic activity with HRR
after a MET or SET [8, 10, 14-16, 18], after AE [7, 17],
and one study recently showed an association between RHR
with HRR after the SET [11]. However, all the studies cited
above carried out the association analysis (rest, exercise, and
recovery) using an aerobic exercise session, submaximal, or
maximum incremental exercise test approaches.

All the studies cited above carried out the associa-
tion analysis (rest, exercise, and recovery) using an AE,
SET, or MET approach and only one study showed that
RHR < 60 bpm showed higher chronotropic and parasympa-
thetic modulation at rest, higher chronotropic reserve, para-
sympathetic withdrawal during SET, and faster HRR and
parasympathetic reactivation after effort in young physically
active men [21]. Therefore, there is a lack of information
regarding the relationship between RHR with HR dynamics
and parasympathetic activity during and after a RE session.
Thus, to our knowledge, the present study may be the first to
show these associations using a RE session approach. Thus,
our results have shown a significant correlation (from fair to
very strong) between RHR (supine) with HR dynamics and
parasympathetic activity at rest, parasympathetic withdrawal
during the RE session, and HRR and parasympathetic reac-
tivation after the RE session.

In this context, when considering the present outcomes,
the novelty of the present study is that the results may open
a new possibility to the RHR (supine) analysis which may
add helpful information as a preliminary tool for decision-
making (i.e., stress management) for healthcare profes-
sionals bringing essential and complementary information
related to an individual's cardiac autonomic capacity without
the expense of clinical exercise tests or maximal/near the
maximal effort required for exercise and recovery analy-
sis. Also, healthcare professionals may use RHR (supine)
analysis to adequately prescribe RE session for individuals
with or without risk of cardiovascular disease, highlight-
ing the importance of investigating the flexibility of each
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individual’s cardiac autonomic capacity before a RE session.
However, this should be investigated in future research.

Hence, our data preclude a causal relationship, but our
analysis demonstrated the direction and magnitude of the
relationship between these variables. It is well-established
that RHR and HRR after exercise have clear associations
with cardiovascular health [1, 5]. Studies have shown that
subtle variations in the HR, like 10 beats/min increase in
RHR and a delay in HRR after the exercise test, may reflect
a decreased parasympathetic activity [1, 5]. Therefore, this
decreased parasympathetic activity is associated with unfa-
vorable prognoses such as increased cardiovascular mor-
bimortality and diagnostics of overtraining syndrome and
impaired cardiorespiratory fitness [28, 41, 42].

In addition, our findings may add important information
based on a novel approach toward developing an explication
regression based on the effect of RHR on the HR response
during these functional conditions (rest, exercise, and recov-
ery) for a better understanding of these complex interactions.

Thus, the present study opens a new possibility to assess
HR dynamics at rest and after a RE session in young men.
Yet, the RHR could explain the response of HR dynamic at
rest and after the RE session. For each unit of increment in
RHR was observed an increase in 0.8 bpm in HR ,, 1.2 bpm
in HRs i, and 1.3 bpm in HR o ;5 ,;, and the RHR explains
51-79% of the variance of these variables. In addition, for
each unit increment in RHR, there is a decrease of 0.9% in
A¢RHR, 0.4% in %HRRs,;,, and 0.5% in %HRR |¢_;5min-
which RHR explains from 50 to 64% of the variance of these
variables.

The protocol utilized during a RE session was the range
of repetitions maximum (8-12RM) for controlling the inten-
sity, three sets, and one minute of rest interval between sets
in leg press exercise. It is expected that to maintain the same
number of repetitions between sets, there is a decrease of a
load of around 5-15% in lower limb resistance exercise with
one minute of rest interval [43, 44]. So, this study's data
agree with those presented in the literature. We observed a
mean decrease in load of 5.7% between the first and second
set, 11.4% between the first and third set, and 6.2% between
the second and third set to the same range of repetitions and
same time under tension between sets.

Thus, the choice of this number of sets, rest interval, and
exercise was due to three or more sets, and less than 2 min
of rest interval in lower limbs resistance exercise may cause
a decrease in parasympathetic activity for until 30 min con-
cerning rest [45—47]. It was not the main objective of this
study, but we observed an increase in HR with a simulta-
neous decrease in parasympathetic activity at the end of a
resistance exercise session, in which HR and parasympa-
thetic activity stayed changed compared to rest for 15 min
after a RE session. So, the protocol used in this study could

alter HR and parasympathetic activity at the end of the exer-
cise, and this disturbance remains for 15 min after a RE
session, corroborating with the literature above.
Importantly, our findings resulted from a RE session,
which has been less used in clinical practice but has impor-
tant practical implications in the sports field and research
protocols considering its safety. Nevertheless, our findings
cannot be extrapolated for other workload exercises such as
aerobic exercise or cardiopulmonary tests or protocols using
treadmill or cycle or arm ergometry or upper resistance exer-
cise limbs and analysis of HR in a sitting position during
rest. Also, the participants performed the passive recovery
phase in the supine position. Thus, the results cannot be
extrapolated for other recovery protocols like passive recov-
ery in an orthostatic or sitting position or active cool-down.
Some limitations of this study include the sample size,
which may restrict the analyses. However, the fact that
several correlations were significant with a power greater
than 80% mitigated the possibility of a type I error. Also,
the characteristics of the results cannot be extrapolated to
women, athletes, and older adults. Although our results can-
not be precisely extrapolated to men in general, we choose
to prioritize the study's internal validity, aiming to overcome
some of the common heterogeneity that may explain the
controversy in the field. Consequently, we selected a sam-
ple composed only of young, physically active, and healthy
men in a narrow range of age and BMI. So, even though this
homogeneity between individuals may represent a limita-
tion, it is, on the other side, one of our strengths since it
reinforces our findings due to its strong internal validity.

Conclusion

In conclusion, physically active young men with lower RHR
in a supine position show higher HR dynamics and para-
sympathetic activity at rest, higher parasympathetic with-
drawal during the RE session, and higher recovery of HR
and parasympathetic reactivation after the RE session. The
RHR (supine) explains around 30-79% of the variance in
the HR and around 28-73% of the proportion of variance
in the ranks of the parasympathetic activity at rest, during,
and after the RE session. Lastly, for each unit increment (1
beat/min) in RHR (supine), there is an increase in HR
HR5_;5 min- and a decrease in AyRHR, %HRR5_;5 .-
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