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Abstract - Aims: The purpose of this study was to evaluate the acute effects of different resistance exercise (RE) 
volumes on postexercise cardiac autonomic modulation in men. Methods: Ten young men (25.5 ± 4.9 years, 24.8 
± 2.1 kg/m2) performed 3 trials of RE with 1, 2 or 3 sets (48-72 h between each trial) of 10-12 repetitions (70% of 
the one-maximum repetition) of bench press, leg press, and barbell row. Heart rate variability (HRV) was assessed 
at the 1st and 5th minutes of recovery (fast phase) and 3 consecutive 5-minute intervals from the 5th to 20th minute 
of recovery (slow phase). Parasympathetic and global modulations were assessed using the SD1 and SD2 indices 
of HRV, respectively. The comparison of the interventions was performed using the Friedman and Wilcoxon tests 
(p<0.05). Results: Lower parasympathetic modulation was identified after 2 and 3 sets compared to 1 set in both 
the fast and slow recovery phases (p= 0.004-0.05). Lower global modulation was identified after 3 sets compared 
to 1 set in both fast and slow recovery phases (p= 0.005-0.01). No differences in post-exercise parasympathetic and 
global modulation were observed between 2 and 3 sets. Conclusion: We concluded that 2 and 3 sets of RE compared 
to 1 set promoted higher autonomic reduction on the post-exercise phase, which should be considered by coaches 
when prescribing an RE program for untrained participants or intend to manipulate the postexercise organic recovery.
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Introduction

During exercise, an increase in cardiac sympathetic activity and a 
decrease in cardiac parasympathetic modulation occurs to increase 
blood pressure and cardiac output according to the peripheral 
metabolic demand1. Conversely, the postexercise recovery period 
is characterized by sympathetic withdrawal with simultaneous 
cardiac parasympathetic reactivation (PR), which returns the heart 
rate (HR) and blood pressure to resting levels2. In the exercise 
field, postexercise PR has been used to identify acute and chronic 
adjustments/adaptations in the cardiac autonomic function that 
are related to different modalities of exercise training3-5.

In this scenario, the use of heart rate variability (HRV), a 
proxy measure of cardiac autonomic modulation, to monitoring 
PR has gained attention in the scientific literature as a low cost 
and non-invasive alternative to manage the exercise-induced 
internal overload6,7. Specifically, it has been proposed that the 
adjustment of the training load according to cardiac autonomic 
recovery (AR) allows to manage the balance between stimulus 
and recovery, can contribute to increased physical performance8, 
and reducing the risk of nonfunctional overreaching9. Thus, a 
better knowledge concerning the acute effects of different re-
sistance exercise (RE) training programs on cardiac autonomic 
modulation capacity can improve exercise protocols that take into 
account the cardiac autonomic status, contributing to minimize 
the risk of exercise-induced negative response. 

Although previous studies report a negative association 
between aerobic exercise volume/intensity and cardiac PR10–15, 
little scientific evidence about the acute effects of different 
RE program protocols on PR has been published16–19. In this 
scenario, a significant contribution was provided by Figueiredo 
et al.19, demonstrating a dose-dependent suppressive effect of 
RE volume on postexercise cardiac autonomic modulation. In 
the aforementioned study, experienced resistance training par-
ticipants underwent 8 different RE performing 1, 3, and 5 sets 
per exercise. Thus, despite relevant contributions provided by 
Figueiredo et al.19, it is necessary to investigate the autonomic 
impact of the different number of sets and exercises in a RE 
session performed by untrained or inexperienced participants 
on resistance training. 

Because of the functional and practical relevance and 
the relation to exercise prescription and recovery plans, it 
is crucial to better understand how different RE volumes 
can influence cardiac parasympathetic and global modu-
lation throughout the post-exercise recovery phase. Thus, 
the present study aimed to investigate the acute effects of 
different RE volumes (1, 2, or 3 sets per exercise) on the fast 
and slow phases of postexercise parasympathetic and global 
reactivation, assessed by HRV, in a sample of untrained men. 
In addition, the study evaluated the correlation between 
RE volume and different markers of postexercise cardiac 
autonomic modulation.
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Methods

Study Design, Sample and Ethical Issues

This quasi-experimental study was conducted with a sample 
composed of 10 young men (25.5 ± 4.9 years, 24.8 ± 2.1 kg/
m2) with no or little experience in RE programs (< 6 months). 
The following inclusion criteria were used: i) men with RE 
experience between 0 and 6 months, ii) no involvement in 
exercise training programs at least 6 months before the start 
of resistance training, iii) without any self-reported chronic 
diseases, iv) nonsmokers and v) no previous experience in 
sports competitions. The volunteers were advised to abstain 
from stimulants, alcoholic beverages, and physical activity 
for at least 48 h prior to the test and to have their last meal 
2-3 h before the intervention. Subjects who did not follow the 
aforementioned criteria or who started drug treatment during 
the data collection period were excluded (2 participants).

All participants were informed about the risks and benefits 
of the investigation before beginning the test, and all signed 
informed consent to participate. The study protocol was 
approved by the Institutional Ethical Committee on Human 
Research (protocol number: 306.359) in compliance with 
the National Research Ethics System Guidelines and the 
Declaration of Helsinki.

Experimental protocol

All participants underwent a total of six visits to the 
laboratory between 2:00 and 5:00 p.m. In the first visit, 
anthropometric variables (body mass and height) were mea-
sured, and participants were submitted to a familiarization 
procedure with the RE adopted in this study. In the second 
visit, maximum strength (one repetition maximum - 1RM) 
on the bench press (free weight), leg press (45°), and barbell 
row (free weight) were measured. In the subsequent visit, the 
1RM retest was performed, as detailed below. Afterward, 
the sample population randomly underwent 3 RE protocols, 
consisting of 1, 2, or 3 sets per exercise with an interval of 
48-72 h between each trial.

One repetition maximum (1RM) test

The 1RM tests were performed by two experienced in-
vestigators on nonconsecutive days (48-72 h of the interval) 
according to previous recommendations20. Initially, sets of 8, 
3, and 1 repetition were executed with loads corresponding 
to 30, 75, and 100% of the predicted 1RM (according to the 
previous experience of the participants) in each exercise. 
Subsequently, load increments of 5% were added for each 
attempt to perform one complete repetition, with 5-minute 
inter-set resting intervals, until concentric failure was reached. 
At failure, an additional attempt with a weight approximately 

midway between the last successful and the last failed lift was 
executed. The maximal amount of weight lifted in one com-
plete repetition in each exercise was considered the 1RM load.

The 1 RM retest was performed 48-72 h after the first 
assessment to confirm the maximum strength for each ex-
ercise. If a difference > 5% was observed between the first 
and second measures, a third 1RM test was performed, and 
the higher load was used for the exercise prescription (n=1). 
Finally, if the 1RM loads were not reached after 5 attempts, 
a new test was performed after 48-72 h to minimize fatigue 
effects and increase the accuracy of the 1RM (n=2).

Resistance exercise sessions

The RE sessions consisted of the execution of 1, 2 or 3 sets 
of 10-12 repetitions on the bench press (free weight), leg press 
(45°) and barbell row (free weight) with a load corresponding 
to 70% of the 1RM (1-minute rest interval between sets). 
The volume and intensity of training sessions were adopted 
in accordance with the recommendations of the American 
College of Sports Medicine to improve muscular strength 
and hypertrophy in novice individuals21when appropriately 
evaluated and advised by a health professional. 

Resting hemodynamic and respiratory variables

After 10 minutes in the supine position, HR, systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) were 
assessed. The HR and blood pressure were assessed using 
a v800 Polar® HR monitor22 and the auscultatory method 
(Premium®, Brazil), respectively. Two measurements of 
blood pressure were performed in the right arm of partic-
ipants, and the average of measurements was calculated. 
If the difference between measurements was greater than 
5mmHg, a new measurement was performed, and the two 
measurements with a difference < 5 mmHg were considered 
for analysis. In addition, the subjects remained to breathe 
spontaneously and had their respiratory rate (RR) visually 
monitored and counted from the number of chest expansion 
and retraction for 1 minute. All physiological and functional 
measurements were performed by the same researcher in all 
participants of this study.

Resting and post-exercise cardiac autonomic evaluation

After 15 minutes of resting in the supine position, a 
five-minute iRR segment was recorded to obtain a resting 
autonomic characterization of the participants before each 
exercise session. After the last set was performed in each RE 
trial, the participants were instructed to adopt the supine posi-
tion on a stretcher within 60 s. The fast and slow postexercise 
phases of cardiac AR2 were evaluated by HRV analysis in the 
supine position. The fast component of AR was assessed at 
the 1st (AR1min) and 5th (AR5min) minutes of the post-exercise 
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HRV analysis, and the slow phase was assessed at 3 consec-
utive 5-minute R-R intervals (iRR) segments obtained from 
the 5th to 20th minute of passive recovery (AR10min, AR15min, 
and AR20min).

The time-series of iRR segments was obtained using a 
v800 Polar® cardiac monitor22,23. After data collection, the 
iRR segments were visually inspected and analyzed using 
Kubios HRV software, version 2.024. The software computes 
all the commonly used time-domain and frequency-domain 
HRV parameters and several nonlinear parameters. There 
are several adjustable analysis settings through which the 
analysis methods can be optimized for different data. The 
analysis results can be saved as an ASCII text file (easy to 
import into MS Excel or SPSS). Eventual artifacts were 
removed without adding a new iRR to the temporal series. 
However, when artifacts reached more than 1% of the total 
iRR segment, the participant’s data were excluded from the 
analysis (n=1)25.

Following artifact adjustments, the standard deviation 
of the instantaneous beat-to-beat variability (SD1) and the 
standard deviation of the long-term continuous iRR (SD2) 
of the Poincaré scatterplot map was used to assess para-
sympathetic and global (sympathetic + parasympathetic) 
modulation, respectively26. The Poincaré method allows for 
a valid26and reliable27 measurement of cardiac autonomic 
modulation during nonstationary conditions (i.e., during and 
after exercise training and testing) and was used to assess 
the cardiac autonomic modulation at resting supine position 
(SD1resting and SD2resting) and in the fast (SD11min, SD21min, 
SD15min, and SD25min) and slow (SD110min, SD210min, SD115min, 
SD215min, SD120min, SD220min)  postexercise recovery phases.

Statistical analyses

The normality hypothesis was rejected by the Shapiro-
Wilk test for some variables. Thus, a nonparametric approach 
was adopted for descriptive and inferential statistics. Data 
are shown as medians and interquartile ranges, and Friedman 
or Wilcoxon tests were used when appropriate. Additionally, 
Spearman’s correlation coefficient was used to evaluate the 
correlation between the total RE volume of each training 
session and postexercise cardiac autonomic modulation. To 
verify the relative reliability between the two valid 1RM 
strength tests, intraclass correlation coefficients (ICC) and their 
respective confidence intervals (95% CIs) were calculated.

Differences and correlations were considered statisti-
cally significant when the type I error probabilities were 
less than or equal to 5% (p <0.05). Whenever differences 
were identified by a Bonferroni post hoc test, the effect 
size (ES) was calculated by the formula: ES=Z/√N. Since 
the effect size was calculated from paired data, its analysis 
was restricted to the differences observed to avoid excessive 
data presentation (i.e., 1 vs. 2 sets, 1 vs. 3 sets and 2 vs. 3 
sets for 18 dependent variables). Considering an alpha error 
of 0.05 and a moderate ES (0.5), the statistical power of 
this study was 0.56. The statistical power calculation and 

statistical analysis were performed using GPower software 
(v.3.7.1) and the Statistical Package for the Social Sciences 
(SPSS-v.21), respectively. Figure composition was performed 
using Graphpad Prism (v.7).

Results

The ICC values revealed high reliability between the 1RM 
strength test for the bench press (0.96, CI 95% = 0.86-0.99), 
leg press (45°) (0.98, CI 95%= 0.94-0.99) and barbell row 
(0.94, CI 95%= 0.80-0.98).

No differences were observed between the pre-exer-
cise resting HR (p=0.10), SBP (p=0.64), DBP (p=0.36) 
and RR (p=0.96) for the 3 RE trials (Table 1). Similarly, 
no differences were observed for the pre-exercise SD1 
(p=0.91) or SD2 (p=0.67) indices  for the different pro-
tocols (All exercise and postexercise HRV analysis are 
shown in Figure 1).

Compared to the resting parasympathetic measures, all RE 
protocols were characterized by low values of SD11min (p=0.005-
0.01; ES=0.78-0.88), SD15min (p=0.004-0.005, ES=0.87-0.88), 
SD110min (p=0.005-0.02, ES=0.72-0.88), SD115min (p=0.005-0.03, 
ES= 0.63-0.88) and SD120min (p=0.007-0.01, ES= 0.75-0.85) 
throughout the recovery phase.

Although low values of SD2 were observed for all RE 
protocols during the fast recovery phase compared to the 
resting measures [SD21min (p=0.004-0.005, ES= 0.87-0.88), 
SD25min (p=0.004-0.005, ES= 0.87-0.88)], only the 2- and 
3-set protocols resulted in lower values of SD210min (1 
set: p=0.33, ES= 0.31; 2 sets: p=0.005, ES= 0.88; 3 sets: 
p=0.005, ES= 0.88), SD215min (1 set: p=0.50, ES= 0.20; 2 
sets: p=0.005, ES= 0.88; 3 sets: p=0.005, ES= 0.88) and 
SD220min (1 set: p=0.24, ES= 0.37; 2 sets: p=0.005, ES= 0.88; 
3 sets: p=0.005, ES= 0.88) during the slow recovery phase.

Comparing the fast recovery phase of PR between the 
RE trials, lower values of SD1 were identified after 2 
(SD11min: p= 0.002, ES= 1.0; SD15min: p= 0.01, ES= 0.91) 
and 3 sets (SD11min: p= 0.02, ES= 0.84; SD15min: p= 0.004, 
ES= 0.91) compared to 1 set. Additionally, lower values of 
SD2 were identified after 3 sets compared to 1 set (SD21min: 
p= 0.005, ES= 0.98; SD25min: p= 0.05, ES= 0.75). No dif-
ferences were observed between 2 and 3 sets for all HRV 
indices or between 1 and 2 sets for SD2 indices (p> 0.05).

During the slow recovery phase, lower values of SD1 
and SD2 were observed after 3 sets compared to 1 set in 
the AR10min (SD110min- p= 0.005, ES= 1.0; SD210min- p= 0.01, 
ES= 0.96), AR15min (SD115min- p= 0.005, ES= 1.0; SD215min- 
p= 0.005, ES= 1.0) and AR20min (SD120- p= 0.005, ES= 1.0; 
SD220min- p= 0.005, ES= 1.0). No differences were observed 
between the postexercise values of SD2 between the 1-set 
vs 2-set (p >0.05) or between the 2-set vs 3-set (p > 0.05) 
protocols in the slow recovery phase.

Last, low to moderate negative correlations were ob-
served between the RE volume and all post-exercise HRV 
indices (rs=-0.67 to -0.43, p <0.001 to 0.01; Figure 2), 
except for the SD25min (rs=-0.25, p=0.18).
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 Figure 1- Median and interquartile range of cardiac parasympathetic (SD1) and global (SD2) modulation in resting supine position (Resting) and during 1st 
(AR1min), 5th (AR5min), 10th (AR10min), 15th (AR15), and 20th (AR20min) minutes of postexercise recovery phases. 
#Significant difference compared to 3 sets (Friedman test, p < 0.05);
 Ɨ Significant difference compared to 2 sets (Friedman test, p < 0.05); 
*Significant difference between resting 1-set protocol and all intragroup postexercise analysis (Wilcoxon test, p < 0.05);
**Significant difference between resting 2-set protocol and all intragroup postexercise analysis (Wilcoxon test, p < 0.05); 
***Significant difference between resting 3-set protocol and all intragroup postexercise analysis (Wilcoxon test, p < 0.05); 
¥ Significant difference between resting 1-set protocol and intragroup postexercise AR1min and AR5min (p<0.05).

Table 1- Median (interquartile range) cardiovascular and respiratory pre-exercise measurements assessed in the three occasions.

Variables  1 Set  2 Sets  3 Sets  p

HR (bpm) 55 (52-65) 57 (56-59) 55 (54-57) 0.10

SBP (mmHg) 119 (111-124) 119 (111-120) 120 (110-121) 0.64

DBP (mmHg) 79 (80-81) 73 (70-81) 76 (70-80) 0.36

RR (Cycles/min)
 

15 (13-17)  15 (13-18)  15 (13-16)  0.96

Nonparametric Friedman test. HR= resting heart rate, SBP= systolic blood pressure, DBP= diastolic blood pressure, RR= respiratory rate.
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Discussion

This study demonstrated that, in young men, the magnitude 
of cardiac parasympathetic and the global reactivation after a 
RE session are dose-dependent. Specifically, 2 and 3 sets of 
RE resulted in lower postexercise PR during the fast and slow 
recovery phases as compared to 1 set, and 3 sets of RE resulted 
in lower global reactivation as compared to 1 set during fast 
and slow postexercise recovery phases. Moreover, a negative 
relationship was observed between RE volume and postexercise 
parasympathetic and global indices.

Corroborating our results, Figueiredo, et al.19 observed high 
parasympathetic reduction after 5 sets of RE as compared to 1 
or 3 sets, demonstrating the dose-dependent suppressive effect 
of RE volume on postexercise autonomic measures. However, 
the RE protocol adopted in the aforementioned study consisted 
of 8 RE, and participants were experienced in RT (> 6 months), 
while in the present study, inexperienced participants (< 6 months) 
performed only 3 RE for large muscle groups. Thus, our findings 

demonstrated that even a low volume of RE (3 RE) promotes 
a dose-dependent (number of sets) parasympathetic and global 
reduction during the fast and slow AR phases. 

The secondary analysis of correlation also supports the 
strength of the primary outcomes. The negative correlation 
observed between the RE volume and the postexercise para-
sympathetic/global modulation shows that the increase in RE 
volume promotes simultaneous postexercise cardiac parasym-
pathetic and global reduction. These results are in accordance 
with previous studies of cycling15 and running28, suggesting that 
increases in training volume may reduce PR regardless of the 
exercise modality.

The physiological mechanisms that might explain the 
results are beyond the purpose of the present investigation, 
but some potential mechanisms can be considered. During 
exercise, central and peripheral mechanisms promote 
sympathetic activation and parasympathetic withdrawal to 
increase cardiac output and blood pressure according to the 
metabolic demand1,29. On the other hand, in the postexercise 

Figure 2- Correlation between resistance exercise volume (load x number of sets x number of repetitions) and cardiac parasympathetic (SD1-closed circle) and 
global (SD2-open circle) modulation during the 1st (a-b), 5th (c-d) 10th (e-f), 15th (g-h), and 20th  minutes of the post-exercise recovery phase.
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recovery period, the reduction of central command and 
muscle afferent activities restores the arterial baroreflex, 
which results in a rapid PR and HR reduction (fast recovery 
phase)2. Subsequently, parasympathetic modulation remains 
temporarily depressed mainly due to thermoregulation and 
the gradual clearance of metabolites and catecholamines 
released during exercise (slow phase)2. Thus, it is plausible 
to infer that the negative correlation between RE volume and 
postexercise AR results from greater central and peripheral 
parasympathetic depression and/or sympathetic activation 
during high-volume RE. However, all of the aforemen-
tioned physiological mechanisms need to be confirmed in 
future studies.

Taken together, these findings suggested that the high-
est volume (3 sets) reduces the degree of PR as well as the 
global modulation during the fast and slow recovery phases 
compared to a single-set RE session. On the other hand, com-
pared to 1 set, 2 sets reduced the fast and slow components 
of PR without changing the global modulation throughout 
the recovery phase, which may have been dependent on the 
sample size. Finally, it is important to note that 20 minutes 
of passive recovery was not enough to restore the pre-exer-
cise resting autonomic profile even in the single-set session.

The results of this study are clinically and functionally 
relevant and have important practical implications, mainly 
for trainers/coaches. Although the acute parasympathetic 
reduction observed throughout the recovery phases might be 
a physiological response to exercise training2, it is important 
to consider that a persistent parasympathetic depression is an 
indication of an imbalance between stimulus and recovery 
and can result in negative organic adaptations9. Given this, 
our results suggest that the prescription of low-volume RE 
could be an appropriate strategy to minimize the postexer-
cise cardiac autonomic reduction and its possible negative 
consequences in participants who present a pre-exercise 
autonomic depressed profile. Thus, training prescriptions 
based on cardiac autonomic status has been recommended 
as a promising tool for fine adjustment of a training pro-
gram8,30. Therefore, the current findings suggest that exercise 
professionals should consider the effects of RE volume on 
cardiac autonomic modulation in addition to the possible 
neuromuscular chronic effects31,32.

The main limitations of the present study are the sample 
size and the absence of ventilatory, sympathetic, and meta-
bolic analyses during and after exercise. All these variables 
can influence cardiac autonomic modulation2,33 and could 
contribute to understanding the physiological mechanisms 
related to the delayed postexercise PR and global modulation 
observed after 3 sets of RE. However, it is important to clar-
ify that even though the results are based on limited sample 
size, our findings are consistent among different analyses 
(comparisons and correlations) and time frames of analysis (1 
to 20 minutes). Additionally, differences between trials were 
accompanied by moderate to large effect sizes. Therefore, 
in contrast to situations in which studies with small sample 
sizes do not have enough statistical power to exclude the null 
hypothesis, the confirmation of the alternative hypothesis, 

i.e., the observation of significantly reduced PR after a low 
volume of RE trials in small sample size, reinforces the 
findings. Finally, the possible impact of muscular soreness 
on HRV analysis was not investigated in this study, but the 
similarity between pre-exercise cardiorespiratory variables 
and HRV measures in different protocols indicate a complete 
AR between trials.

Therefore, the present study investigated the effect of RE 
volumes on postexercise AR in healthy young men with little 
or no experience in RE (< 6 months). Future investigations 
should be performed to investigate the acute and chronic effects 
of different RE designs on the cardiac autonomic regulation 
of high-cardiovascular-risk patients. However, it is important 
to highlight that a) due to the expected cardiac autonomic im-
pairment among individuals with high cardiovascular risk or 
patients with cardiovascular diseases34,35, it is plausible to expect 
similar or worse results in terms of the postexercise cardiac 
autonomic regulation in those individuals as compared to the 
participants in the present study; and b) that exercise-induced 
autonomic and non-autonomic negative cardiovascular events 
are also present in asymptomatic individuals, although fewer 
frequently36,37. Thus, it is wise to adopt preventive measures to 
minimize exercise-induced cardiovascular risk, even in low-risk 
patients, especially untrained patients36.

Conclusions

We concluded that 2 and 3 sets of RE compared to 1 set 
promote higher autonomic reduction on the postexercise re-
covery phase, which should be considered by coaches when 
prescribing an RE program for untrained participants or intend 
to manipulate the postexercise organic recovery.
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