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Abstract The absence or decrease in sleep time can affect different mechanisms associated with
changes in body composition and physical exercise performance. However, it is unclear
in the literature how chronically sleep-restricted individuals respond to strength
training. Thus, this study aimed to evaluate the effects of reducing between one
and two hours of recommended sleep time (7 hours) on the response to resistance
training. The study included 12 subjects who slept on average 2 hours less than the
recommended 7 hours per day (42�8 years; 84.9�11.6 kg; 27.9�3.5 kg/m2;
6:17�22 total sleep time/day and 5: 47�29 sleep time/night) and 12 subjects
with recommended sleep time (38�11 years; 78.3�9.5 kg; 25.1� 3.5 kg/m2;
7:47�38 total sleep time/day and 7:16�54 sleep time/night) and a control group
(42� 7 years; 81�12.2 kg; 26.2�4.0 kg/m2; 7:30�40 total sleep time/day and 7:
17� 51 sleep time/night) that did not perform resistance training. A total of 16
resistance training sessions were performed, 3 times a week (Sessions¼ 4 exercises; 2
sets; maximum repetitions to failure). The maximum number of repetitions, arm
circumference, and arm muscle area increased, while triceps skinfold decreased after
training in the experimental groups (p< 0.05), with no changes for the control group.
There was no difference in muscle mass, body mass index, or sleep variables (sleep
time, latency, efficiency) after the training period in either group (p> 0.05). Thus, the
chronic 1–2-hour reduction in average recommended sleep time was not able to affect
the positive effects of resistance training.
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Introduction

It is already well established in the literature that resistance
training increases muscle strength, lean body mass, and other
adaptations in body composition.1 There are different means
of resistance training, but the most used include specific
equipment (i.e., gymmachines), freeweights (barbells, weight
plates, and dumbbells), and elastic bands that generate resis-
tance against movement when extended. Although the effects
on strength and body composition are similar,2,3 elastic bands
have the advantage of being easily transported and used in
different places (e.g., school, home, or work), and at a lower
cost.

On the other hand, a decrease in sleep time can nega-
tively interfere with adaptations to physical training.
There are currently many individuals with sleep restric-
tions, especially among workers in urban areas.4,5 Research
has indicated that a large part of the population (�30%)
sleeps less than 6hours a day and that the total sleep time
has decreased over the decades.6,7 Decreases in sleep time
over the years seem to be a reality in modern society. For
example, previous research has shown that there has been a
decline of between 1.5 and 2hours of sleep time in the U.S
over the past 50 years.7 Data from 690,747 young people
aged 5–18 from 20 countries indicated a reduction of more
than 1hour of sleep per night between the period 1905–
2008.8 A study performed with residents of a large Brazilian
city showed that 28% of the 2618 respondents slept less
than 6hours or less a day.9

Studies have shown that a long sleep deprivation period
can affect the neuroendocrine system and muscle tissue.
Dattilo et al. (2012)10 found a reduction in mass and cross-
sectional area of the tibialis anterior muscle, a reduction in
testosterone, and an increase in corticosterone in rats after
96 hours of sleep deprivation. Mônico-Neto et al. (2015)11

also found a reduction in the cross-sectional area of the long
flexor finger muscles, tibialis anterior, and gastrocnemius in
rats with 96hours of sleep deprivation. Giampa et al. (2016)
12 found similar results, where there was a reduction in the
anabolic hormones IGF-1 and testosterone and an increase in
the catabolic hormone corticosterone after 96hours of sleep
deprivation in rats.

Evidence for the negative effects of sleep deprivation also
applies to humans. Dattilo et al. (2020)13 showed that
48 hours of sleep deprivation followed by 12hours of sleep
did not modify muscle recovery but modified the inflamma-
tory (IL-6) and hormonal (IGF-1 and cortisol) response after
an eccentric action resistance exercise. Nedeltcheva et al.
(2010)14 found a greater reduction in muscle mass and less
reduction in fat mass in subjects who slept 5.5 hours, com-
pared with 8.5 hours of sleep at the end of 14 days. In
addition, previous studies indicate that individuals with
changes in bedtime and restricted sleep have a higher
prevalence of overweight and obesity.15

In addition to the worsening of some neuroendocrine
mechanisms and changes in body composition, the sleep
recovery role can be indirectly perceived by the increase in
the fatigue state, decrease in vigor and performance in

different physical exercise protocols after a reduction of 3
or more hours of sleep per night and one or more days of
sleep deprivation.16 In general, worsening in these perfor-
mance parameters would be related to greater difficulty in
accessing energy sources, vital for exercise and metabolic
balance.17 For example, Leproult and Van-Cuter (2011)18

found a reduction of around 10–15% in circulating testoster-
one after a 3-hour reduction in usual sleep time in healthy
adults, suggesting that negative effects do not only apply to
complete sleep deprivation. Therefore, despite not being a
concession, the decrease in sleep time can lead to a state of
incomplete recovery and consequently impair adaptations to
physical exercise (Fullagar et al., 2015).16

As seen, the literature is rich regarding the effects of an
acute deprivation period and on the physiological adapta-
tions to exercise, but it is scarce regarding the chronic effects
in individuals with light sleep restriction (�2hours), which
is considered a more frequent type of sleep restriction6,17 in
response to resistance training. Thus, studies regarding sleep
duration have become of great importance in public health.
Today, researchers and health professionals consider the
value of 7 hours as the lower limit for quality and restorative
sleep and healthmaintenance.19However, an important part
of the world population, probably due to their work needs,
has a total daily sleep time below the recommended value of
7 hours.5,6 Thus, it is not yet knownwhether the reduction of
close to 2hours in the recommended sleep time interferes
with the benefits of physical training. Therefore, the objec-
tive of this study is to verifywhether the chronic reduction of
around 2hours of sleep from the recommended amount of
7 hours interferes with strength and body composition
responses to resistance training.

Material and Methods

Participants
Thirty-six men were given written consent for research. The
sample size was determined a priori using the GPower
software program (version 3.1.2; Franz Faul, Universitat
Kiel, Germany), considering the following specifications:
effect size f¼0.3; α¼0.05; (1-β)¼0.8; test family¼ Anova
with repeated measures inside and outside the group and
interaction. The subjectswho accepted to be part of the study
were then considered participants if they met the following
inclusion criteria: a) have an adequate health status as
suggested by the PAR-Q questionnaire to point out possible
limitations regarding the practice of physical exercises; b)
subjects who do not practice or have regularly practiced
resistance training in the last year, or any other systematic
program of physical exercise or manual work; c) volunteers
who do not present possible sleep disorders as suggested by
the Pittsburgh questionnaire; and d) volunteers who do not
have limitations to practice the aforementioned exercises.
Participants who: a) for some reason had some difficulty
performing the exercise protocol during the intervention
period; b) did not attend at least 90% of the training sessions;
or c) maintained a frequency of two or fewer times a week
were excluded from the study.
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Experimental Design
This is an experimental and longitudinal study, in which the
volunteers were divided into three groups (12 participants
each): a group that sleeps on average less than 7hours (� -2h
less) (<7h); group that sleeps a little more than 7hours (7h);
and control (CON) that sleeps on average more than 7hours
and did not perform resistance training. The <7h and 7h
groups performed 16 elastic band (EB) resistance training
sessions, 3 times aweek. The effects of the interventionwere
evaluated through pre- and post-training measures: a) Body
mass; b) Body mass index (BMI); and c) Arm muscle area
(AMA) and maximum repetition number (MRN).

Procedures
The participants answered the Pittsburgh Sleep Quality
Questionnaire20 on the first day, and their height, body
mass, triceps skinfold, and arm circumference were esti-
mated. Then, an actigraph was placed on their non-domi-
nant arm. Next, they were familiarized with the elastic band
exercises. After familiarization, the exercise protocol was
performed to determine the pre-training MRN, which con-
sisted of selecting the number and color of the bands that
would be used during training for each of the following
exercises: a) shoulder abduction, b) seated rowing, and c)
bicep curls. In addition to the exercises using the elastic
bands, push-ups were added without using elastic bands, in
which the participant should perform as many repetitions
as possible. Two days later, participants in the <7h and 7h
group started training sessions with a frequency of 3 times
a week and 48hours of rest between sessions. The pre-
training measurements were performed again by the
same evaluator two days after the last session and at
the same time as the pre-training assessment. Participants
were instructed to maintain their eating and sleeping habits
throughout the intervention period. The interventions were
performed in the afternoon (2:00–4:00 PM). The ethics
committee on research involving humans, Universidade
Federal de Minas Gerais, approved the study (Approval
number 1.305.678).

Measurements
Sleep quality was assessed using the Pittsburgh question-
naire, which allows for classifying the individual as having
good or poor sleep quality.20 The sleep time, sleep latency,
and sleep efficiency were evaluated using the actigraphy
technique.21 The actigraph remained on the participant’s
arm during the first and last week of intervention.

Total body mass (kg) was measured with the volunteer
wearing light clothes and barefoot (Serene® digital scale,
Brazil). Height was measured by attaching a measuring tape
to the wall from the floor to the ceiling. The barefoot
participant stood with their back to the wall so that the
tape was along their spine. Body mass index (BMI) was
calculated by dividing body mass in kg by height in meters
squared.

The arm muscle area (AMA) was estimated according to
the protocol by Frisancho (1981)22 in which the arm circum-
ference and the triceps skinfold are the measurements used

in the equation: AMA¼ (c-πT)2/4π; In which: c is the arm
circumference inmm and T is the triceps skinfold inmm. The
triceps skinfold was measured using a digital adipometer
(Cescorf®, USA).22 The arm circumference was measured
with a measuring tape. All procedures were performed by
a single researcher.

Familiarization with Elastic Band Exercises
To familiarize and correct failures in the execution of the
exercises by the participants before the exercises to determine
the initial training intensity, each exercisewas preceded by 10
repetitions with a low-tension elastic band (red color). The
purpose of using a “lightweight” elastic band was to avoid a
possible fatigue effect and to facilitate the movement.

Maximum Number of Repetitions Pre and Post Training
For the initial training load to be equalized among the
participants, the maximum number of target repetitions
reached at the point of voluntary failure was determined
by combining the amount and color of the elastic bands. The
participants performed 10maximum repetitions (acceptable
range of 9–11 repetitions) for the shoulder abduction and
elbow flexion exercise, and 20 maximum repetitions (ac-
ceptable range of 18 to 22 repetitions) for the seated row
exercise. If the participant did not reach the lower limit or
exceeded the upper limit of repetitions, the researcher
modified the number or changed the color of the elastic
band so that the participant reached failure within the
accepted repetition range. The push-up exercise was per-
formed without an elastic band and a predetermined maxi-
mum number of repetitions until failure due to the load of
their body weight. The interval between each attempt per
exercise and between exercises was 4minutes. The exercises
were performed lasting 1 second for the concentric phase
and 2 seconds for the eccentric phase. The order of the
exercises was: 1st shoulder abduction; 2nd arm flexion;
3rd seated row; 4th elbow flexion. More details of the
exercises can be seen in ►Figure 1A-D.

The maximum number of post-training repetitions fol-
lowed the same protocol and elastic bands used pre-training.
Participants were instructed and verbally encouraged to
perform as many repetitions as possible. All exercises were
performed with TheraBand® (USA) elastic bands in gold,
silver, and black colors. According to the manufacturer, the
values at 100% (maximum) stretching are 6.5 kg, 4.6 kg, and
3.3 kg for the gold, silver, and black colors, respectively.

Training Protocol
The training sessions consisted of the same exercises in the
same order and execution time as the MRN tests, however,
with 2 sets for each exercise with a one-minute rest between
sets and a two-minute interval between exercises. Partic-
ipants were encouraged to perform as many repetitions as
possible during and with each new session. The exercise was
interrupted when: a) the participants themselves inter-
rupted the execution; or b) when they could not maintain
the exception time/or the range of motion for more than
three repetitions. Training sessions lasted 20 to 24minutes.
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Statistical Analysis
Data were expressed as mean� standard deviation. Data nor-
mality was analyzed using the Shapiro-Wilk test. One-way
ANOVAwas used to characterize the sample by group in terms
of body composition variables, maximum number of repeti-
tions, pre-training sleep variables, and total load (kg) imposed
by the elastic bands used. Possible differences were identified
using theBonferroni posthoc. TheChi-squared testwasused to
compare the frequency of sleep quality distribution using the
Pittsburgh questionnaire between groups and time (3�2).
Mixed-model ANOVAwas used to compare variables between
pre- and post-training groups. If a difference was found, the
Bonferroni post hoc was used. The significance level adopted
was p<0.05. The analyses were performed using the SPSS 2.0
program. In addition, the sizeof Cohen’s d effectwas calculated
by the difference between the pre-and post-training mean
values, divided by the pooled standard deviation. The values
found were defined as trivial (d< 0.19), small (0.2<d<0.49),
medium (0.5<d<0.79), large (0.8<d<1 0.29), or very large
(>1.3).23

Results

►Table 1 shows the baseline characteristics of each group
regarding body composition, sleep variables, and muscle
strength. The values related to sleep refer to the average of
the seven initial days of recording by the actigraph. Total
sleep time (TST) and mean nighttime sleep time (NS) per
week were higher in the 7h and CON groups compared with
the <7h group (p> 0.05). The awakening time was longer in
the 7h group compared with the <7h group. There was no
statistical difference for the other variables.

►Table 2 shows the distribution of colors and amount of
pre-training elastic bands per participant, per exercise, and
group. Although the present study does not have data on
the degree of elastic band stretching imposed by the partic-
ipants and that this degree of stretching depends on the
participant’s limb length, estimated load values will be
presented, taking the values at 100% of elastic band stretch-
ing presented by the manufacturer as parameters. The aim is
to identify the possible differences in the external resistance
(in kg) between the groups for the same training load
equalized by the maximum number of repetitions. Despite
the variations in the amount and color combinations of the
elastic bands used, there was no difference in the initial
training load between the groups (F¼ 2.8; p¼0.07).

►Fig. 2 shows theMRN for each exercise between the pre-
and post-training groups. The MRN was higher post com-
pared with pre-training for the <7h and 7h groups in the
shoulder abduction, biceps curl, push-up, and seated row
exercises. At the post-training moment, the MRN in the
groups 7h and <7h was higher than CON for the shoulder
abduction and biceps curl exercise. There was no difference
between the 7h and<7h groups at post-training time. The 7h
group had higher MRN in the seated rowing exercise com-
paredwith the CONand<7h groups.Moreover, theMRNwas
higher in the push-up exercise than the CON only for the 7h
group.

►Fig. 3 shows the effects of the training period on the
body composition according to the group. There was no
training or group effect for body mass and BMI variables.
Arm circumference and AMA were higher posts compared
with pre-training in the <7h and 7h groups. Triceps skinfold
was lower post compared with pre-training in the <7h

Fig. 1 (A) Shoulder abduction; (B) Push-Up; (C) Seat rowing; (D) Biceps curl.
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and 7h groups andwas higher in the<7h compared with the
7h group. However, there was an interaction between the
factors (group x moment) for the arm circumference, triceps
skinfold thickness, and AMA variables (p<0.05). The arm
circumference was greater post compared with pre-training
in the groups 7h (Pre¼ 32.2�3.8 versus Post¼ 33.4�3.7;
p<0.001) and <7h (Pre¼ 33, 0�4.0 vs Post¼ 33.7�3.7;
p<0.001). The triceps skinfold thickness was lower post
compared to pre-training in the groups 7h (Pre¼ 10.8�4.8
versus Post¼ 9.5,�3.8; p¼0.006) and <7h (Pre¼ 10.5�3.5
versus Post¼ 8.8�3.1; p<0.001). AMA was higher post
compared to pre-training in the groups 7h (Pre¼
6708�782).

►Table 3 shows the training effect size values for the
variables which showed a statistical difference. Training had
a small effect on body composition variables and a very large
effect on MRN.

Discussion

The objective of the present study was to verify if the
reduction of up to 2hours of the recommended period of
sleep interferes with the effects of resistance training. The
question of the present study was based on evidence that
decreased sleep time can affect the ability to perform
physical exercise through different mechanisms13,24 and

impair some organ systems associated with adaptation to
physical training.25

It was expected that the<7h groupwould present a lower
adaptive response to the resistance training used, but the
results of the present study did not confirm this hypothesis.
Some studies point out that sleep is essential for daily
physical recovery, and its restriction would be associated
with a decrease in the state of recovery.24 Experiments with
an animal model have shown that consecutive days of sleep
deprivation are capable of inhibiting neuroendocrine mech-
anisms associated with adaptation to physical exercise.12,13

Moreover, sleep-restricted individuals present increased
fatigue, decreased vigor and physical performance before
and during physical exercise after one or more nights of
reduced sleep time.16 In addition, a study with an increase in
habitual sleep time found an improvement in the perfor-
mance of some sports motor tasks.26 It should be noted that
the cited studies are based on the researcher’s manipulation
of 3 or more hours of sleep per night and/or more full days of
sleep deprivation, and not on the effects of day-to-day and
long-term reduction in recommended sleep time on adapta-
tion to physical training. A possible explanation for the no
difference between the experimental groups is the fact that
the individuals already experienced reduced periods of sleep
for a long period. Thus, it can be speculated that the subjects
adapted to the present routine, with no abrupt change in

Table 1 Baseline characteristics of participants according to the group

Variables Groups

Control (n¼ 12) 7h (n¼ 12) <7h (n¼12) F p

Age (years) 42� 7 38�11 42�8 1.4 0.25

Height (m) 1.75� 0.05 1.78� 0.05 1.74� 0.04 0.89 0.40

Body mass (kg) 81� 12.2 78.3� 9.5 84.9� 11.6 1.0 0.38

BMI (kg/h2) 26.2� 4.0 25.1� 3.5 27.9� 3.5 1.70 0.20

Arm circumference (cm) 33.4� 2.6 32.2� 3.8 33.0� 4.0 0.40 0.70

Triceps skinfold (mm) 11.5� 5.3 9.8� 4.1 11.7� 4.1 1.50 0.25

Arm muscle area 6826�1160 6738� 1768 6985� 1878 0.07 0.93

Actigraphy analyses

TST (h: min) 7: 30� 40� 7: 47� 38� 6: 17� 22 17.20 <0.001

NS (h: min) 7: 17� 51� 7: 16� 54� 5: 47� 29 15.45 <0.001

Latency (min) 12.2� 3.6’ 12.0� 3.7 19.� 15.9 2.1 0.15

Efficiency (%) 83.46� 4.6 84.0� 5.8 88.1� 5.5 1.7 0.2

Pittsburgh

Good sleepers 5 (42%) 9 (75%) 5 (42%) χ2

Poor sleepers 7 (58%) 3 (25%) 7 (58%) 2.92 0.23

Strength

Shoulder abduction (rep. no) 10.7� 0.5 10.1� 0.8 10.4� 0.5 0.67 0.51

Push-up (rep. no) 15.9� 6.9 13.4� 4.0 11.2� 3.5 2.88 0.07

Seated rowing (rep. no) 20.2� 1.7 20.0� 1.4 20.1� 1.0 0.49 0.61

Biceps curl (rep. no) 10.6� 0.7 10.4� 0.7 10.2� 0.6 1.41 0.25

Abbreviations: BMI, Body mass index; NS, Night sleep; TST, Total sleep time.
(�) Height than <7h. χ2¼ Teste Chi-square. 7h¼ Group 7 sleep hours. <7h¼ Group than sleep less 7 hours.

Sleep Science © 2024. Brazilian Sleep Association. All rights reserved.

Benefits of Resistance Training Borba et al.



Table 2 Elastic bands used in training by group

Exercise

Shoulder abduction
(10RM)

Seated rowing
(20RM)

Biceps curl
(10RM)

Band elastic colour

Group Vol. Gold
(no)

Silver
(no)

Black
(no)

Gold
(no)

Silver
(no)

Black
(no)

Gold
(no)

Silver
(no)

Black
(no)

Carga
total (kg)

CON 1 1 3 2 1 – 2 1 51

2 1 3 3 1 2 56.1

3 1 3 2 2 1 51.5

4 1 3 3 1 2 56.1

5 1 3 3 2 1 57.4

6 1 3 2 2 44.4

7 1 3 1 1 40.4

8 1 3 2 2 57.4

9 1 3 4 2 57.4

10 1 1 3 4 2 58.8

11 1 3 2 1 1 1 49.3

12 1 3 3 1 1 1 54.3

Total 11 1 1 36 30 5 16 8 3 52.8�5.7

7h 1 1 3 2 2 44.5

2 1 1 3 4 2 58.8

3 1 3 3 2 62

4 1 3 3 2 62

5 1 3 2 2 57.6

6 1 1 3 3 1 2 1 – 62.1

7 1 3 2 1 2 1 41.8

8 1 3 3 1 2 1 59.4

9 1 3 3 2 52.8

10 1 3 1 1 33.9

11 1 3 2 2 48.2

12 1 3 3 2 52.8

Total 10 2 2 36 23 3 18 6 3 52.9�9.2

<7h 1 1 2 2 1 1 39.8

2 1 2 2 1 1 39.8

3 1 2 2 1 1 38.5

4 1 1 3 3 2 56.1

5 1 1 3 3 1 2 1 60.8

6 1 1 2 2 1 1 1 33.4

7 1 3 3 2 1 56.1

8 1 3 1 1 1 1 43.7

9 1 3 1 1 1 1 43.7

10 1 3 2 1 1 1 49.6

11 1 3 2 2 46.3

12 1 3 2 2 48.2

Total 9 3 3 32 23 5 17 3 6 46.3�8.2

Abbreviation: CON, control group.
�According to the manufacturer, the values at 100% stretch are 6.5 kg, 4.6 kg and 3.3 kg for the gold, silver and black colors, respectively. 7h¼ Group
7 sleep hours. <7h¼ Group than sleep less 7 hours.
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sleep time, and consequently little effect on performance and
adaptation to physical exercise.

The training protocol proposed in the present study was
able to improve strength and triggered positive adaptations
in the participants’ body composition. According to Watson
et al. (2015)19 and Ohayon et al. (2017),27 theminimum time
for restorative sleep-in adults is 7 hours per night. Although
the groupswere different in terms of this reference value, the
difference in sleep time between the groups was close to 19%
(1h 5min) for total sleep time and 22% (1h31min) for night
sleep time. Therefore, it can be concluded that the reduction
between 1 and 2hours of recommended sleep time was not
able to impair physical performance and adaptations to the
training protocol used. In addition, the results of the present
study suggest that the value of 7 hours as a minimum night
sleeping time can be relaxedwhen it comes to a recuperative
state related to muscle strength performance.

Previous studies that approached the sleep restriction
protocol presented in the present study can be found in the
literature. Bougard et al. (2009)28 found no effects on maxi-
mal isometric and isokinetic strength of the knee extensor
muscles after a night with sleep restriction of 1.5 hours in
adults who usually woke up between 6:30 and 7:30 AM,

totaling 5 and 6hours of sleep, respectively. HajSalem et al.
(2013)29 also found no effects on handgrip muscle strength
in adult judo athletes after a night with 5hours of sleep,
which corresponded to a sleep restriction of 1.5 to 2hours
less in the usual sleep time. Despite being studies with acute
effects, the results are similar to those found in the present
study.

The strength level that a subject can achieve and maintain
depends on the degree of activation of the central nervous
system, the conductionof thenerve impulse tothemuscle, and
other structures of themuscle itself.30 Thus, two studies were
found in the literature to understand the relationship between
sleep deprivation and strength control. They investigated
the degree of brain activation and the ability of muscle
activation by the brain.Manganotti et al. (2001)31 investigated
cortical activation during thenar muscle activation during
24hours of sleep deprivation. Data were collected at 9:00,
14:00, 21:00, 00:00, 3:00, 6:00, and9:00hoursof the following
day. The authors found a decrease in cortical activity, an
increase in the motor threshold in measurements performed
at 3:00 and 6:00 AM, and a tendency to decrease peripheral
nerve activation, which indicates a depressant effect on corti-
cal activity and difficulty in peripheral neural activation in at

Fig. 2 Mean and standard deviation of maximal repetition number. (A) Shoulder abduction pre- and post-training among groups (CON¼ control
group; 7h¼ Group that sleeps 7 hours; <7h¼ Group that sleeps less than 7 hours). ANOVA. Interaction: F¼ 19.6; p< 0.001; 1-β¼ 1.0. (�)
higher than pre-training. (#) less than<7h and 7h post-training. (B) Push-Up pre- and post-training among groups. ANOVA. Interaction: F¼ 19.4;
p< 0.001; 1-β¼ 1.0. (�) higher than pre-training. (#) less than 7 hours post-training. (C) Seated low-row pre- and post-training among
groups. ANOVA. Interaction: F¼ 28.4; p< 0.001; 1-β¼ 1.0. (�) higher than pre-training. (#) less than <7h and 7h post-training. (D) Biceps curl
pre- and post-training among groups. ANOVA. Interaction: F¼ 24.8; p< 0.001; 1-β¼ 1.0. (�) higher than pre-training. (#) less than <7h and 7h
post-training.
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least one period of sleep deprivation. On the other hand,
the second study by Temesi et al. (2013)32 found no difference
in voluntary cortical activation and voluntary peripheral acti-
vation after 40-minute submaximal exercise followed by
progressive fatigue testing between groups with and without
24-hour sleep deprivation. These results suggest that the
effects of sleep deprivation depend on the characteristics of
the physical exercise used and that its effects on the neural
mechanisms of muscle contraction control are controversial.

On the other hand, the effects of training with elastic
bands in improving strength capacity were found. Calatayud
et al. (2015)2 found an increase of 13% and 17% in the 1RM
and 6RM tests, respectively, performed on the bench press
after 10 sessions of push-up training with an elastic band.
The training was performed twice a week at an intensity
equivalent to 6RM until failure. Colado and Triplett (2008)33

found a 23% increase in MRN in the squat test after 10
training sessions performed twice a week for the same

Fig. 3 Mean and standard deviation of body composition. (A) Boddy mass pre- and post-training among groups (CON¼ control group;
>7h¼ Group that sleeps 7 hours; <7h¼ Group that sleeps less than 7 hours). ANOVA. Interaction: F¼ 0.89; p¼ 0.42; 1-β¼ 0.19. Grupo: F¼ 0.44;
p¼ 0.65; 1-β¼ 0.21. Time: F¼ 0.60; p¼ 0.44; 1-β¼ 0.12. (B) BMI pre- and post-training among groups. ANOVA. Interaction: F¼ 0.53 p¼ 0.52;
1-β¼ 0.13. Group: F¼ 1.81; p¼ 0.18; 1-β¼ 0.35. Time: F¼ 0.76; p¼ 0.39; 1-β¼ 0.13. (C) Arm circumference pre- and post-training among
groups. ANOVA. Interaction: F¼ 10.26; p< 0.001; 1-β¼ 0.98. (�) higher than pre-training. (D) Triceps skinfold pre- and post-training among
groups. ANOVA. Interaction: F¼ 4.83; p¼ 0.014; 1-β¼ 0.76. (�) less than pre-training. (#) less than 7 hours post-training. (E) Arm muscle area
pre- and post-training among groups. ANOVA. Interaction: F¼ 12.38; p< 0.001; 1-β¼ 0.99. (�) higher than pre-training.
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number of target repetitions (20RM) controlled by the rating
of perceived exertion (RPE), since the load 20RM became
progressively easier, so the number and stretching degree of
the bands were modified to maintain the target RPE.

The increase in MRN is probably due to the increase in
fatigue tolerance.34 As the external load remained the same
between sessions, a greater number of repetitions was neces-
sary in each new session for fatigue to interrupt the effort. In
addition, the increase in MRN can be attributed to improved
neural control of muscle contraction such as changes in the
activation of sensory receptors (Golgi tendon organs) and
reduction inantagonistco-activation,whichenables increased
expression of agonist muscle strength.25,35 The result is less
energy expenditure and less effort time.

For themetabolic adaptations, the trainedmuscle probably
showed an improvement in its anaerobic capacity, such as the
increase in the activity of anaerobic metabolism enzymes and
glycogen concentration.36Dynamic contractions tend to inter-
mittently occlude blood flow to the exercising muscle. This
mechanism may favor adaptations in the ability to tolerate
fatigue induced by increased anaerobic energy production by
themuscle.36However, these observations are speculative and
should be interpreted with caution, as no measurements of
these mechanisms were performed. In addition, the present
study indicated gains inmusclemass at the end of the training
protocol (increase in the arm muscle area), suggesting that
increases in the repetition number for the same intensity and
5 weeks of training can generate morphological adaptation in
the tissue muscle.

Training with elastic bands causes a progressive increase
in resistance due to the band stretching, while the external
resistance remains the same when using weights.37 During
the concentric action, the tension accumulated in the band
tends to increase the resistance torque along the concentric
action while increasing the force in the opposite direction,
pulling the limb downwards (i.e., the forearm in the elbow
flexion exercise). However, when the resistance arm length
(horizontal distance from the band’s line of action to the
elbow joint) was shorter at the beginning and end of the
concentric phase (compared with the mid-concentric

phase), it created a torque curve with the elastic band,
facilitating the lifting movement, even at the end of the
concentric phase when the resistance curve of the band is
higher.37 These characteristics perhaps help to explain the
non-difference between the electromyography signals be-
tween exercises performedwithweights and elastic bands.38

Regarding the body composition variables, it was
expected that individuals with less sleep time would have
less muscle mass and greater fat mass due to an incomplete
recovery state and neuroendocrine changes associated with
body fat gain.14,17 However, the results of the present study
showed no difference in body composition between the
experimental groups. Thus, it can be concluded that despite
the chronic decrease in sleep in the <7h group, the sleep
time lost by the participants in this group was not enough to
cause negative effects on body composition compared with
the 7h group.

Both groups showed gains in muscle circumference and a
decrease in triceps skinfold regarding the response to EB
resistance training. However, there was no effect of training
on BMI or total body mass. The literature presents different
results regarding the effects of EB training onmuscle mass. A
reduction of these variableswas found byNeves et al. (2017)3

after 16 weeks of training with EB interspersedwith walking
activity in 60 postmenopausal women. In comparing the
effects of EB training and other training means, 45 middle-
aged women were divided into 3 groups: training with
elastic bands, training with machines, and a control group.
Both exercise groups trained twice a week for 10 weeks, and
the results showed that both exercise groups decreased body
fat, increased fat-free mass, and increased the number of
repetitions in the knee extension and squat tests.33

This study indicated that muscle hypertrophy can occur
with a few weeks of training and the number of repetitions
presented above is recommended.1 The reduction in muscle
mass due to a sedentary lifestyle and aging contributes to
reduced strength, balance, joint wear, and bone mineral
content.39 In the long term, these changes reduce the func-
tional capacity of individuals.39 Therefore, the present study
reinforces some positive adaptations resulting from strength
training with the use of elastic bands in the health of adult
subjects. As seen, one of the ways to minimize this muscle
loss is regular exercise with elastic bands.

In addition to the positive effects on strength capacity and
its adaptations presented above, the choice of using EB as a
training medium was due to the possibility of using it in
different places and its low cost. The authors believe that the
simplicity and lower cost provided by EB could improve
adherence to physical training on the part of populations
who cannot attend a gym, clubs, or other places traditionally
recognized as centers for performing physical exercises due
to work or economic demands.

Finally, the present study has some limitations. The
method used for muscle strength training with the use of
elastic bands does not allow the level of load control of the
exercises performed on machines. Thus, small variations in
movements by the volunteer may have occurred between
training sessions. In addition, recording the training load

Table 3 Effect size according to groups

Variables Groups

7h
Value
(d)

<7h
Value
(d)

Classification

Arm circumference (cm) 0.41 0.31 Small

Triceps skinfold 0.21 0.33 Small

Arm muscle area 0.46 0.45 Small

Shoulder abduction
(rep. no)

1.5 1.7 Large

Push-up (rep. no) 1.5 1.3 Large

Seated rowing (rep. no) 1.8 1.6 Large

Biceps curl (rep. no) 1.7 1.5 Large

�d¼ Cohen effect size.
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throughout the sessions was limited to the number of
repetitions (volume), since the elastic bands’ resistance is
difficult to record because it constantly varies throughout
the movement and is influenced by the volunteer’s limb
length. In addition, exercises for the lower limbs were not
used due to the difficulty of standardizing the execution of
the movement in the exercises. Thus, it was not possible to
assess whether the presence of larger muscle volumes could
interfere with the investigated variables. Finally, some var-
iables, such as muscle hypertrophy, were not evaluated by
the best instrument. Ultrasonography and magnetic reso-
nance are themost reliablemethods for analyzing changes in
muscle mass.

Regarding sleep characteristics, it is possible that for each
group there is any difference in the results if comparing the
data between good sleepers vs poor sleepers. It is known that
some individuals require less time of sleep than recom-
mended. So, it is expected that their sleep pattern will not
affect their performance during physical activity, which
helps to understand the non-difference in performance
and adaptation to the training presented. In addition, the
present study did not analyze the participants’ sleep quality
at the end of the training protocol, which prevents verifying
whether the training affected sleep and, consequently, the
improvement in the participants’ performance.

Conclusion

Ahabitual reduction of one to twohours in the daily period of
sleep is not able to modify the effects of resistance training
with elastic bands. In addition, 16 training sessionswere able
to increase strength and muscle mass in non-resistance-
trained adult subjects.
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