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ABSTRACT: Resistance training (RT) variables can affect sleep quality, strength recovery and performance.
The aim of this study was to examine the acute effect of RT leading to failure vs. non-failure on sleep quality (SQ),
heart rate variability (HRV) overnight and one-repetition maximum (1-RM) performance 24 hours after training.
Fifteen resistance-trained male athletes (age: 23.4 ± 2.4 years; height 178.0 ± 7.6 cm; weight: 78.2 ± 10.6 kg)
performed two training sessions in a randomized order, leading to failure (4x10) or non-failure (5x8(10) repetitions),
with 90 seconds for resting between sets at 75% 1-RM in bench press (BP) and half squat (HS). The day after,
the participants completed the predicted 1-RM test for both exercises. In addition, the subjective and actigraphic
SQ and HRV during sleep were measured after each training session. The day after the training protocol leading
to failure, the 1-RM of BP (MD = 7.24 kg; -7.2%; p < 0.001) and HS (MD = 20.20 kg; -11.1%; p < 0.001)
decreased. However, this parameter did not decrease after a non-failure RT session. No differences were observed
between failure and non-failure training sessions on SQ and HRV; therefore, both types of training sessions
similarly affected the SQ and the autonomic modulation during the night after the training session. This study
provides an insight into the influence of different training strategies on SQ, strength performance and recovery
after moderate- to high-demand training. This information could be useful especially for professional coaches,
weightlifters and bodybuilders, due to the potential influence on the programming processes.
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INTRODUCTION
Sports performance in individual and team sports is determined by

Training exercises that lead to failure have been defined as the

a high demand for maximum strength and power [1]. Hence, RT has

inability to complete a repetition in a full range of motion due to

been recommended as the main strategy to stimulate gains in mus-

fatigue during workouts [5], and recently, researchers and coaches

cle strength, power and muscle mass [2]. Thus, the optimization of

have shown an increased interest due to the greater gains in strength

strength training programmes is one of the main interests of research-

and/or power. It appears that training to repetition failure could in-

ers and coaches for the improvement of strength and power. Thus,

crease motor unit activation and mechanical stress [7]. Drinkwater

manipulation of strength training variables and, in particular, the

et al. [4] suggested that strength training that leads to repetition

intensity of the training loads within a periodized programme, is a key

failure could be more efficient than non-failure training in elite junior

factor to maximize strength training gains [3]. Several studies have

team sport athletes. However, several studies have shown that train-

investigated the effect of different training loads on the improvement

ing to failure is not critical to achieve significant neural and struc-

of strength and power in active young people and elite ath-

tural changes to skeletal muscle [5]. Martorelli et al. [6] observed

letes [2, 4, 5]. In this regard, the effect on hormonal responses,

that after 10-week RT to failure versus 10-week repetitions not to

strength, and power muscular gain of training with exercises leading

failure with equalized volume did not provide additional strength and

to failure compared to training that does not lead to failure is un-

muscle hypertrophy gains in young women. These disagreements of

clear [5, 6].

training effects on adaptations could be due to numerous factors
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related to exercise prescription and training experience Davies

of experience in strength training including CrossFit or Powerlifting

et al. [8] and Mitchell et al. [9] concluded that acute effects of

competitions in some cases. All the volunteers signed the informed

muscle protein synthetic rates with a lower load lifted to failure re-

consent form before enrolling in the study. They received full informa-

sulted in similar hypertrophy as a heavy load lifted to failure. Thus,

tion about the study purposes and possible risks associated with the

the differences in the effects of the training with or without leading

training test sessions. The study protocol was approved by the Re-

to failure with a similar volume are not clear. In addition, the effects

gional Ethical Review Board and by the University Institutional Re-

of training on recovery and sleep quality are a key factor in training

search Ethics Committee. Likewise, the research study was con-

adaptations, but to our knowledge, the acute effects of this type of

ducted in accordance with the recommendations of the Declaration

training have not been studied yet.

of Helsinki.

There is evidence that exercise plays a crucial role as a nonpharmacological alternative to sleep disorders [10]. Adequate sleep

Experimental approach

duration and quality are important because they provide a recovery

A comparative and randomized cross-over experimental design was

period where metabolic, hormonal and neural adaptations occur [11].

used to identify the acute effects of two different resistance-training

Several studies have shown that chronic sleep deprivation can lead

strategies on the post-24 h 1-RM, actigraphic sleep quality, subjec-

to a reduction in muscle mass and thus a decrease in muscle

tive sleep quality and nocturnal cardiac autonomic activity in trained

strength [12, 13]. In this sense, inadequate sleep can lead to a de-

sports sciences students. Volunteers performed the bench press and

crease in muscle strength in the post-night session [14]. Furthermore,

squat exercises using two different training sessions based on leading

sleep, post-exercise recovery and athletic performance seem to be

or not leading to failure separated by one week, performing a total

significantly related [15] and it appears that vigorous exercise can

of 5 sessions in the laboratory. The velocity-based training (VBT)

intensify the negative relationship between sleep deprivation and

methodology was used for monitoring all training sessions and tests.

recovery [14]. In line with this, on exercise days compared to rest

In addition, the sleep quality and actigraphy were monitored and

days, acute exercise seems to cause earlier rising times and a decrease

evaluated the night after the training session. The next day after each

in the total sleep time. In addition, there is a decrease in the total

training session, a 1-RM post-test based on movement velocity was

sleep time on days when the training is more intense. However,

performed to determine the changes in that variable.

changes in rise time, sleep onset latency, sleep efficiency and sleep
quality are unclear [15].

Procedures

Previous studies focused on studying the relationship between

Subjects performed a pre-programme training session in the labora-

sleep and physical activity, suggesting that the manipulation of train-

tory to predict the 1-RM through the mean propulsive velocity (MPV)

ing variables could affect sleep quality and recovery, such as inten-

for two different exercises (bench press and half squat). During the

sity of the training or training time [16]. In this way, Roveda et al. [17]

following 2 weeks, the participants completed a total of 4 training

showed that a single strength session at high intensity is able to

sessions, one of them leading to failure (LF) and the other one not

improve the parameters related to both the quantity and the quality

leading to failure (NLF), as well as a RM predictive 24 h post-test

of sleep, particularly during the first night after exercise. Nevertheless,

for each condition. A standardized warm-up protocol was performed

other authors conclude that exercise intensity and/or duration cause

(mobility, self-load exercises and several repetitions of the specific

delayed recovery of nocturnal cardiac autonomic modulation, although

exercise with low loads). The order of the conditions (LF-NLF) for

long exercise duration was needed to induce changes in nocturnal

each training session was randomized. All sessions were monitored

heart rate variability (HRV). Increased exercise intensity or duration

and supervised by researchers specialized in strength and condition-

does not seem to disrupt sleep quality [18]. However, no studies

ing training. Every session was performed at the same time of day

comparing these two training types (to failure vs. non-failure) on

for each individual (± 1 h), under constant environmental conditions

sleep quality have been found, and the effect that it could have on

(20–22ºC and 60% humidity). In addition, the control criteria for

recovery and HRV is not clear. Therefore, the objective of the study

the participating subjects were to maintain a regular diet and hydra-

was: to examine the acute effect of RT to failure vs. non-failure on

tion and not to ingest caffeine or alcohol for at least 24 hours prior

sleep quality, heart rate variability during the first night after the

to each training session. A demanding training session during the

training and the performance at one-repetition maximum (1-RM) in

48 hours prior to each test was not allowed.

the training session the following day.

1-RM calculation based on movement velocity
MATERIALS AND METHODS

For the predictive RM session, each subject performed a standardized

Subjects

warm-up consisting of joint mobilization and self-load exercises for

Fifteen male strength-trained athletes participated in this study

upper and lower body, with 2 sets of 5 repetitions per exercise (bench

(23.4 ± 2.4 years; 178.0 ± 7.6 cm; 78.2 ± 10.6 kg). Participants

press and half squat) performed in the same way with 25–35 kg.

trained between 8.5 and 12 hours per week, with 4.3 ± 2.6 years

Next, the measurements corresponding to load, MPV, calculated%
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FIG. 1. Experimental design and testing procedures.

1-RM, estimated 1-RM, and training load were obtained for each

1-RM in two different exercises (bench press, monitoring MVP at

subject for the subsequent training sessions. Participants completed

0.53–0.55 m/s; and half squat at 0.75–0.76 m/s); b) routine not

an incremental loading test with the first load set at 18.5 kg (the bar

leading to failure composed of 5x8(10) – 2 repetitions in reserve,

without weights) and, from those starting loads, additional loads

90 s for resting between sets at 75% 1-RM in the same exercises

were set by adding 10–20 kg increments in each new repetition,

(bench press and half squat) [23]. (2) The day after, the participants

with a complete resting time between repetitions. A consensus con-

completed the predicted 1-RM test using the two-point method for

cerning the loads was agreed between the main researcher and the

both exercises. (3) One week later, the participants performed

subject. The bar movement velocity was calculated using a linear

a strength training session predicting the 1-RM using the two-point

encoder (Chronojump, Barcelona, Spain). The squat exercise was

method for both exercises, followed by the opposite routine of the

performed in a Smith machine (Technogym, Cesena, Italy). The

one performed the previous week (4). The next day, the participants

calculated%1-RM and the estimated 1-RM in kg were calculated

completed the predicted 1-RM test measured by the two-point

following the formulas by Loturco et al. [19] for the squat exercise

method for both exercises (Figure 1). All the tests and training ses-

and Jidovtseff et al. [20] for the bench press. The full repetition for

sions (routines focused on sets and repetitions) were monitored

achieving the nearest value to the 100% 1-RM with proper lifting

through the bar movement velocity using a linear encoder.

by the subject was selected in order to establish the training load for
(pre and 24 h post) were calculated using a two-point method as

Actigraphic sleep quality, subjective sleep quality and nocturnal
cardiac autonomic activity

described in previous investigations [21, 22].

The actigraphic sleep quality and nocturnal cardiac autonomic activ-

the following sessions. In addition, both the 1-RM predictive tests

ity (HRV) during sleep were measured after each training day (ses-

Training sessions

sions 1 and 3), with a previous period of instruction to the participants.

After the 1-RM testing session, the participants performed four dif-

The actigraphic sleep quality was recorded using an Actiwatch activ-

ferent sessions divided into two different blocks and in a randomized

ity monitoring system (Cambridge Neurotechnology, Cambridge, UK)

order, separated by a minimum of 72 h during the following weeks.

which measures activity through a piezo-electric accelerometer. Each

(1) Strength training session predicting the 1-RM through the two-

participant’s non-dominant wrist movement was monitored. A low

point method (50–80%) in both exercises, followed by one of the

threshold of actigraphic sensitivity was selected (80 counts per time

following routines: a) routine leading to failure in the last repetition

period) and the data recorded by the actigraph were analysed with

composed of 4x10 repetitions, 90 s for resting between sets at 75%

the Actiwatch sleep analysis software.
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Data analysis started with the onset of nocturnal rest (bedtime)

Shapiro–Wilk W-test was performed to establish the normality of the

and ended with the onset of daytime activity (wake time). The fol-

sampling distribution, and Mauchly’s W-test analysed the sphericity

lowing sleep parameters were measured: (I) sleep efficiency (%):

between measurements. Moreover, analysis of variance for repeated

percentage of time spent asleep; (II) time in bed (min); (III) actual

measures (ANOVA) was calculated (general linear model) to analyse

sleep time (min); (IV) actual wake time (min); (V) number of awak-

the effects of load training (failure versus not to failure) as well as

enings; and (VI) average time of each awakening (min).

Bonferroni-adjusted pairwise comparisons on 1-RM test. In addition,

Along with the actigraph, during the night each subject wore an

a t-test or the nonparametric equivalent (Wilcoxon test) was performed

H7 strap Heart Monitor (Polar Electro, Kempele, Finland) to assess

to analyse the effect of the session training on HRV and sleep quality.

HRV. Variables of cardiac autonomic activity were analysed during

The effect size was calculated using partial eta-squared (η2p) for

the 4-hour sleep period that began 30 minutes after bedtime [18].

variance analysis. Values of 0.01, 0.06, and above 0.14 were

The R-R series were analysed using Kubios HRV software (version
2.0, Biosignal Analysis and Medical Imaging Group, University of
Kuopio, Finland).
The following HRV variables were evaluated: (I) ratio of low frequency (LF) to high frequency (HF) band; (II) total power (TP); (III)
percentage of differences between adjacent normal R-R intervals > 50 ms (pNN50); (IV) square root of the mean of the sum of
the squared differences between adjacent normal R-R intervals
(RMSSD); (V) standard deviation of all NN normal intervals (SDNN);

TABLE 1. Main effects of ANOVA analysis for 1RM test
Variable

Sum of
Squares

F

BP

220.018

13.477

0.003

0.509

0.923

HS

1390.018

10.479

0.007

0.446

0.848

0.398

0.539

0.03

0.09

0.36

0.559

0.027

0.086

(VI) mean heart rate; and (VII) R-R mean intervals.

p

η²

β

p

Time

In addition, the participants were instructed to assess the subjective sleep quality in the morning after waking up using the Karolinska Sleep Diary (KSD) [24], which addresses the following points:

Training

(I) sleep quality; (II) sleep comfort; (III) ease of falling asleep; (IV)

BP

4.018

have enough sleep?

HS

297.161

Statistical analysis

BP

212.16

9.508

0.009

0.422

0.813

Statistical data analysis was performed with SPSS software (SPSS

HS

1450.446

11.467

0.005

0.469

0.879

awakening; (V) ease of waking up; (VI) feeling of rest; (VII) Did you

Time * training

21.0, IBM Corp.) for Windows. For inferential analysis, the

Note: BP: bench press; HS: Half-Squat

TABLE 2. Pair comparation on performance after Failure and Non-Failure sessions
95% CI for
Effect Size
SD

Post
24 h

SD

Statistic

p

d

100.30 19.42 93.06 19.15 120.00 < .001 1.00

Lower Upper
1.00

Δ

SD

Statistic

p

d

Lower Upper

1.00 -0.077 0.063

BP

Failure

Pre
training

95% CI for
Effect Size

97.72 18.36 97.16 20.32

0.38

Failure

182.66 44.92 162.46 40.03

5.36

0.71

0.10 -0.41 0.60

< .001 1.43

0.66

0.004 0.059

2.18 -0.109 0.069

HS

NonFailure

4.00 < .001 -0.92 -0.98 -0.77

NonFailure

18.00
167.71 34.25 168.06 29.19 -0.07

0.94

0.03

-0.66 -0.88 -0.19

-0.02 -0.54 0.51 -0.009 0.095

Note: For the Student t-test, effect size is given by Cohen’s d; for the Wilcoxon test, effect size is given by the matched rank biserial
correlation; BP: bench press; HS: half-squat; SD: standard deviation; CI: confident interval.
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TABLE 3. Heart rate variability results
Non-Failure
Mean

SD

Mean

SD

Statistic

p

Location
Parameter

1074.9

153.4

1013.4

280.1

50.0

0.787

12.5

Variable HRV
Mean R-R (ms)

Failure

95% CI

Effect
Size

Lower

Upper

0.099

-0.476

0.614

SDNN (ms)

41.1

6.8

39.6

5.0

1.1

0.312

1.6

0.293

-0.269

0.843

HR (bpm)

57.1

10.2

66.6

30.0

39.0

0.675

-1.0

-0.143

-0.641

0.440

RMSSD (ms)

23.3

3.6

23.6

6.2

-0.1

0.938

-0.1

-0.022

-0.565

0.522

pNN50 (%)

5.0

2.3

5.0

2.5

0.3

0.768

0.2

0.084

-0.463

0.626

AR LF (ms2)

1066.9

777.3

883.4

185.6

43.0

0.893

-4.5

-0.055

-0.586

0.509

AR HF (ms2)

153.7

95.0

147.8

36.3

33.0

0.414

-7.5

-0.275

-0.715

0.322

AR TOTAL (ms)

1810.4

1399.3

1464.1

310.9

45.0

1.000

-13.5

-0.011

-0.556

0.541

AR LF/HF (ms2)

7.5

2.9

6.3

2.0

1.3

0.219

0.8

0.360

-0.209

0.915

Note: SDNN: standard deviation of all normal NN intervals; HR: mean heart rate; RMSSD: square root of the mean of the sum of
the squared differences between adjacent normal R-R intervals; pNN50: percentage of differences between adjacent normal R-R
intervals > 50 ms; AR: autoregressive; LF: low-frequency; HF: high-frequency; SD: Standard Deviation; CI: Confident Interval

TABLE 4. Sleep quality results after each session
Non-Failure
Mean

SD

Failure
Mean

95% CI for ES
Statistic

p

Effect
Size

Lower

Upper

4.5

-0.495

0.63

-0.137

-0.681

0.412

SD

Actigraphic sleep quality
Latency (min)

5.3

3.1

6.3

Sleep Efficiency (%)

89.4

7.4

89.1

9.3

0.096

0.925

0.025

-0.482

0.531

Time in bed (min)

461.9

73.9

460.7

82.5

0.050

0.961

0.013

-0.493

0.519

Actual sleep time (min)

415.0

81.1

420.0

83.3

-0.206

0.839

-0.053

-0.559

0.454

Actual Wake Time (min)

45.6

26.1

37.4

19.5

1.123

0.284

0.311

-0.252

0.863

Number of awakenings

17.14

9.24

15.71

7.80

0.083

0.936

0.023

-0.521

0.566

Average time of each awakening (min)

2.75

1.30

2.49

0.80

0.601

0.559

0.167

-0.384

0.711

Sleep quality (item 1)

3.87

0.92

3.60

0.74

23.000

0.518

-0.617

-0.860

-0.143

Calm sleep (item 2)

3.93

1.03

3.53

1.25

1.309

0.212

0.338

-0.189

0.853

Ease of falling asleep (item 3)

3.27

1.22

3.40

1.06

-0.397

0.698

-0.102

-0.608

0.407

Amount of dreaming (item 4)

2.07

0.70

2.00

0.66

16.000

0.777

-0.733

-0.907

-0.346

Ease of waking up (item 5)

3.80

0.86

3.87

0.92

4.000

0.850

-0.933

-0.978

-0.804

Feeling refreshed after awakening (item 6)

2.33

0.49

2.27

0.46

4.000

0.773

-0.933

-0.978

-0.804

Slept throughout the time allotted (item 7)

3.33

1.11

3.53

0.99

15.500

0.774

-0.742

-0.910

-0.362

Karolinska Sleep Questionnaire

Note: SD: standard deviation; CI: confident interval; ES: effect size.
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considered as small, medium, and large, respectively. Cohen’s d was

by the levels of biochemical and hormonal markers (ammonia, GH,

used to show the standardized difference between two means. Thresh-

testosterone, cortisol, etc) and higher levels of muscle damage mark-

old values for ES were ≥ 0.1 (small), ≥ 0.3 (moderate), ≥ 1.2 (large),

ers (creatine kinase – CK) after RT to failure. Consequently, RT to

and ≥ 2.0 (very large) [25]. The level of significance was set at

failure increases the amount of time needed for recovery and it could

p ≤ 0.05.

affect the volume of training, which is the most important factor to
develop muscle mass [29]. In addition, non-failure training would

RESULTS

be an especially interesting method in sport modalities in which there

Table 1 provides the main effects obtained from the ANOVA analysis

is a necessity to develop simultaneously strength, endurance and

for 1-RM test performance. Main effects significant on Time and

technical capacities due to its faster time course of recovery [30].

Time*Group were observed on 1-RM of BP and HS test.

Sleep is considered the most important method for recovery from

The analysis of the pair comparison (Table 2) showed a significant

daily load [31] assisting in the recovery of the nervous and meta-

decrease after the session to failure in the 1-RM test of the exer-

bolic cost imposed by the waking state [32]. A good sleep is vital in

cises of BP (mean difference = 7.24 kg; p < 0.001; d = 1.00) and

the regulation of hormone secretion and in the restoration of meta-

HS (mean difference = 20.20 kg; p < 0.001; d = 1.43). In addi-

bolic processes in athletes [33]. Therefore, sleep problems can affect

tion, differences between sessions were observed in 1-RM of BP

the recovery process and future physiological adaptations in the

(p < 0.001; d = 0.92) and HS (p = 0.03; d = 0.66).

training process. In this way, sleep disturbance in athletes can impair

Table 3 shows the summary statistics for heart rate variability

glycogen re-synthesis and muscle damage repair, and it can also

during the night and Table 4 compares the effects of sessions on

increase the mental fatigue and produce cognitive function impair-

sleep quality. No significant differences were observed between fail-

ment [16]. Specifically, some studies found that vigorous exercise,

ure and non-failure sessions in any variable analysed in Tables 3 and 4.

especially when performed close to bedtime, may impair sleep behaviour [34]. However, other studies reported that high-intensity

DISCUSSION

training does not disrupt and may even improve subsequent noctur-

This study aimed to analyse the acute effect of RT to failure vs non-

nal sleep when it is performed in the early evening [35]. Particu-

failure on sleep quality, heart rate variability during the night and the

larly, our results showed that both types of RT sessions produce the

strength performance (1-RM) one day after the training session. The

same effect on sleep quality and quantity. These findings agreed with

results revealed that a single RT session leading to failure produces

the previous quantity range of 7–9 h of sleep per night recommend-

fatigue that decrease the 1-RM in bench press (7.2%) and half-squat

ed by the National Sleep Foundation for Healthy Sleep [36]. In ad-

(11.1%) on the following day. However, this parameter did not de-

dition, our participants reported 3.6/5 (failure session) or 3.9/5

crease after an RT session, with an intensity with two repetitions in

(non-failure session) points in the first item of the KSD, which ana-

reserve. In addition, to the best of our knowledge, this is the first

lysed the subjective sleep quality. Moreover, the sleep efficiency

study which analyses the effect of RT on sleep quality and, notably,

measured by actigraphy was 89% in both cases, leading to good

in resistance-trained athletes. The results showed that both types of

values of sleep quantity and quality. Notably, although poor recovery

training sessions (failure and non-failure) had a similar effect on the

processes that affected strength performance were reported after RT

sleep quality and quantity, perceived and measured by the question-

to failure, they did not seem to have an effect on the sleep quality.

naire and actigraphy, as well as on the autonomic modulation during
the night after the training session.

Even though a similar sleep response was found after both types
of RT session (failure vs non-failure), athletes did not obtain the same

Several studies have analysed the time course of recovery follow-

level of recovery 24 hours after the exercise, obtaining lower strength

ing RT leading or not to failure [26–28], reporting that non-failure

performance. As we explained above, these findings could be related

RT seems to speed up the recovery processes between 24 and

to higher neuromuscular fatigue and muscle damage after a failure

48 hours compared to training to failure. These findings are in ac-

session [28], indicating that participants did not obtain total recov-

cordance with the results of the present study, since we did not

ery and the same strength values as after a non-failure session. Also,

observe any changes in the values of bench press and half-squat

fatigue factors (e.g. muscle damage or biochemical markers) may

strength performance (measured by 1-RM) 24 hours after non-failure

have a greater influence on strength performance than sleep quality.

session training. On the other hand, a significant decrease of 7.2%

However, in most of the previous studies which analysed the effect

in bench press and 11.1% in half-squat was found 24 hours after

of exercise on sleep quality, endurance training [16, 31, 35] was

RT to failure and is in accordance with the results reported by Morán-

performed, or the subjects were older in those cases where they

Navarro et al. [28] in the attained velocity against the load that

studied the effect of RT [37]. Therefore, it is necessary to continue

elicited 1 ms-1 and 75% of 1-RM loads in the same exercises. One

analysing the effect of RT on sleep quality because previous studies

possible reason for these findings may be related to the slow recov-

found that lower sleep quality is related to higher prevalence of

ery of metabolic and hormonal homeostasis after training to muscle

sarcopenia [38] and inadequate sleep impairs maximal muscle

failure. Previous studies reported higher acute fatigue, determined

strength and muscle growth [14].
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Concerning HRV variables, the sleep quality results reported in

Finally, this study has some limitations, since we did not include

our study were in line with those obtained for HRV variables. Thus,

a control night in order to compare the results of sleep quality after

both types of training sessions (failure and non-failure) stimulated

training with one rest day. In addition, the sample size is limited and,

the same autonomic response during sleep. However, there are no

for this reason, our results cannot be extrapolated to other types of

previous studies in analysing the effect of RT session on HRV dur-

resistance training (circuit training, cluster, and so on); nor can our

ing night sleep. Our HRV results are in accordance with some

findings be generalised to other athlete modalities (e.g., team sport

previous studies using endurance training sessions, reporting that

athletes, endurance athletes, …) or gender (female athletes).

late night moderate or high intensity training did not disturb the
cardiac nocturnal modulation [16, 31] and that the changes in

CONCLUSIONS

HRV observed after exercise return to baseline after 5–15 min [39].

In conclusion, a single session of RT to failure produced fatigue that

In addition, it is known that the fitness status affects parasympa-

decreased the 1-RM in BP (7.2%) and HS (11.1%) on the following

thetic recovery, showing that highly trained athletes were charac-

day. However, this parameter did not decrease after a non-failure RT

terized by rapid recovery of parasympathetic balance after exer-

session. In addition, both types of acute training sessions (failure and

cise [40]. Thus, the fitness level of the sample of the current study

non-failure) seem to have affected in a similar manner the perceived

(i.e., highly trained resistance-trained athletes) may have an ad-

and measured sleep quantity and quality as well as the autonomic

ditional effect on the cardiac autonomic modulation result. From

modulation during the night after the training session.

an applied perspective and, considering that a recent study reported that RT-LF and RT-NLF are similarly effective in promoting
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