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A B S T R A C T

Background and objective: Inadequate sleep patterns may be considered a trigger to development of several
metabolic diseases. Additionally, sleep deprivation and poor sleep quality can negatively impact performance in
exercise training. However, the impact of sleep duration and sleep quality on performance during incremental
maximal test performed by healthy men is unclear. Therefore, the purpose of the study was to analyze the
association between sleep pattern (duration and quality) and performance during maximal incremental test in
healthy male individuals.
Methods: A total of 28 healthy males volunteered to take part in the study. Sleep quality, sleep duration and
physical activity were subjectively assessed by questionnaires. Sleep pattern was classified by sleep duration
(> 7 h or< 7 h of sleep per night) and sleep quality according to the sum of measured points and/or scores by
the Pittsburgh Sleep Quality Index (PSQI). Incremental exercise test was performed at 35 watts for untrained
subjects, 70 watts for physically active subjects and 105 watts for well-trained subjects.
Results: HRmax was correlated with sleep quality (r = 0.411, p = 0.030) and sleep duration (r = −0.430,
p = 0.022). Participants reporting good sleep quality presented higher values of Wmax, VO2max and lower values
of HRmax when compared to participants with altered sleep. Regarding sleep duration, only Wmax was influenced
by the amount of sleeping hours per night and this association remained significant even after adjustment by
VO2max.
Conclusion: Sleep duration and quality are associated, at least in part, with performance during maximal
incremental test among healthy men, with losses in Wmax and HRmax. In addition, our results suggest that the
relationship between sleep patterns and performance, mainly in Wmax, is independent of fitness condition.

1. Introduction

Poor sleep quality and sleep deprivation are associated with several
metabolic dysfunctions. Inadequate sleep patterns may be considered a
trigger to the development of diabetes mellitus [1], insulin resistance,
hypertension and increased mortality [2]. Additionally, alteration in
sleep patterns can influence other parameters associated with nutri-
tional balance, such as food intake [3] body composition, and increased
adiposity [4].

Regular exercise can modify several factors related to sleep patterns
[5], improving sleep quality [6], duration and sleep latency [7], and
promoting improvements upon falling asleep and staying asleep [8]. On
the other hand, studies [9,10] have shown that sleep deprivation and

poor sleep quality can negatively affect performance during maximal
incremental test and, consequently, impair exercise.

In a study conducted by Abedelmalek and colleagues [9], they
observed that peak and mean power during 30-s Wingate test was
affected by sleep deprivation in trained subjects. Moreover, Souissi and
colleagues [10] verified that sleep deprivation at the end of the night
decreases muscle strength and power when compared with sleep
deprivation at the beginning of night among judoists.

In this context, studies have typically focused on the association
between sleep quality and athletic performance or the relationship
between sleep patterns and development of diseases and/or its progres-
sion [11–13]. However, few studies still seek to understand the impact
of sleep patterns (duration and quality) on the parameters of perfor-
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mance during different incremental protocols among healthy subjects,
as well as how fitness condition may influence sleep pattern [14–16].
Therefore, the aim of the present investigation was to test the following
hypothesis: (i) performance during maximal incremental test is asso-
ciated with sleep patterns, as well as sleep quality and duration, and (ii)
these alterations may be fitness-independent.

2. Methods

2.1. Participants and procedures

A sample of 28 healthy male volunteers was recruited to participate
in this study and the characteristics of the subjects are presented in
Table 1. The inclusion criteria for the study were: I) Body Mass Index
(BMI) ≤ 25 kg/m2, II) no health problems preventing high-intensity
efforts, and III) no smoking, no alcohol intake or illicit drugs. All
volunteers were informed about the study procedures and signed a
consent form. All procedures were approved by the University Ethics
Committee (CAAE: 31168714.6.0000.5402).

2.2. Experimental protocol

All tests were performed in the same laboratory, by specialized
professionals, between 8:00 am and 12:00 pm. Participants visited the
laboratory once for anthropometric and body composition measure-
ments, as well as to complete the questionnaires about sleep quality
(short version of Pittsburgh Sleep Quality Index - PSQI) and physical
activity (International Physical Activity Questionnaire - IPAQ).

All participants performed the graded exercise test to exhaustion.
They were instructed not to consume alcohol, caffeine and/or stimu-
lants of any kind during the 24 h prior to the test. Additionally, they
were also instructed not to eat a meal less than two hours before the
test. The tests were performed under controlled conditions (mean
temperature = 22.1 °C; mean relative humidity: 55%; mean barometric
pressure: 731.3 mmHg).

2.3. Maximal incremental test

Participants took part in a maximal incremental test in cycle
ergometer (Inbrasport CG-04, Embramed, Porto Alegre, Brasil) consist-
ing of 3-min stages until voluntary exhaustion to determine perfor-
mance and physical fitness parameters, by measurements of maximum
power output, oxygen uptake, resting and maximal heart rate, respec-
tively.

The initial workload was defined according to the reported fitness
condition assessed via IPAQ and subsequently confirmed by maximal
oxygen uptake, as follows: 35 W for the untrained subjects, 70 W for

physically active subjects, and 105 W for the well-trained subjects. In
all cases, a 25 W increment at each stage, and cycling frequency
between 70 and 90 rpm was used [17,18]. The oxygen uptake (VO2)
was assessed by a breath-by-breath respiratory gas analyzer (Quark
PFT, Cosmed®, Rome, Italy). The variables measured during the test
were: maximal oxygen uptake (VO2max), assumed as the highest 30-s
mean observed during the incremental test; maximal heart rate (HRmax)
(Polar S810i, Polar Electro Oy®, Kempele, Finland); and maximum
power output (Wmax). The exhaustion criteria were confirmed by the
following variables: gas exchange ratio > 1.1, HRmax > 90% of the
maximum expected for the age and rating of perceived exertion
(RPE)> 18. All performance variables were classified and divided in
groups according to the 50th and 75th percentiles.

2.4. Body composition

Body mass (BM) was measured with an electronic scale (precision
0.1 kg [Filizzola PL 150, Filizzola® Ltda]) and height with a wall-
mounted stadiometer (precision 0.1 cm [Sanny®, São Paulo, Brazil]),
with the subjects wearing light clothing and no shoes. BMI was
calculated through weight and height measurements. To estimate body
density we used the equation developed by Jackson and Pollock [19],
which considered seven skinfold measurements. Skinfold caliper [pre-
cision 1 mm (Lange Beta Technology Incorpored, Cambridge, Mary-
land)] was used to measure skinfold thickness. To calculate body fat
percentage, we used the Siri equation [20]. All anthropometric
measurements were performed by a trained researcher, using standar-
dized techniques.

2.5. Self-reported sleep quality

Sleep quality was assessed by personal interview using the short
version of the Pittsburgh Sleep Quality Index (PSQI), which was
validated for the Brazilian population by Falavigna [21]. The ques-
tionnaire obtains information about sleep difficulty, overnight sleep
disruption, perception of sleep quality and daily amount of hours
dedicated to sleep per night [22–24].

Participants were asked to answer the 10 questions of the self-rated
questionnaire to determine sleep quality during the week prior to the
incremental test. Sleep duration was divided into two categories: > 7 h
of sleep per night (scale 0) and< 7 h (scale 1); additionality, sleep
quality was classified according to the sum of points (< 24 points = -
good sleep quality; > 25 points = altered sleep quality); and using
scores (0 = highly altered sleep; 1 = moderately altered sleep;
2 = slightly altered sleep; 3 = good sleep).

2.6. Data analysis

Kolmogorov-Smirnov test analyzed normality of data. Descriptive
statistics were expressed as median and interquartile range (IQR).
Correlations between performance and sleep quality were calculated
using Spearman correlation, and associations were identified by Chi-
Square test. For Chi-square association analyses, the sample was
divided into groups according to sleep quality (good sleep ≤24 points
or sleep disorder≥24 points in PSQI), sleep duration (> or< 7 h), and
performance during maximal incremental test according to percentiles
(> p50 or< p50;> p75 or< p75). As subjects with different training
status present different power-oxygen consumption relationship (i.e.
more aerobic trained individuals have lower oxygen uptake for given
absolute exercise intensity) we tested the association between Wmax and
sleep patterns controlling by VO2max. For this, the Chi-Square associa-
tion analyses were carried out according to maximal oxygen uptake
percentiles (> p75 and< p75). All statistical analyses were performed
in the software SPSS (release 12.0) and statistical significance (p-value)
was set at 0.05.

Table 1
Median values and interquartile ranges of body composition and performance parameters
in healthy men. Presidente Prudente/São Paulo, 2017.

Median IQR (25th to 75th)

Characteristics Age (years) 29 24–33
Body mass (kg) 75.5 70.6–78.9
Height (cm) 178 171–182
BMI (kg/m2) 23.9 22.9–24.4
BF (%) 16.2 13.6–20.5
FM (kg) 11.9 9.8–15.3
LM (kg) 62.0 58.1–66.1

Performance WMax (watts) 202 172–270
HRres (bpm) 72 66–79
HRmax (bpm) 189 184–195
VO2max (mL·kg−1·min−1) 53 44–59

IQR = interquartile range; BMI = body mass index; BF = body fat; FM = fat mass;
LM = lean mass; Wmax = maximum power output; HRres = resting heart rate;
HRmax = maximal heart rate; VO2max = maximal oxygen uptake.
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3. Results

Descriptive results are shown in Table 1 according to percentiles of
performance and body composition parameters obtained by maximal
incremental test.

Fig. 1 shows the relationship between sleep quality and perfor-
mance parameters obtained during the incremental test. Positive
correlation was observed only between maximal heart rate and sleep
quality.

Table 2 shows the association between sleep quality and perfor-
mance parameters. Individuals with good sleep quality presented better
performance during the incremental test with higher values of Wmax

and VO2max and lower values of HRmax. Furthermore, 58.3% of the
individuals with sleep disorders were above the average for hemody-
namic variables when submitted to the incremental test.

Correlation analyses between sleep duration and sleep quality
scores (good sleep ≤24 points or sleep disorder ≥24 points) are
presented in Fig. 2. The results suggest that individuals with higher
sleep hours had better sleep quality.

Establishing the cutoff point in seven hours, we observed that 57.1%
of the sample slept less than seven hours per night and achieved lower
Wmax during maximal incremental test (Table 3). On the other hand,
85.7% of the individuals reporting more than seven hours of sleep
presented better performance, reaching higher Wmax.

Significant association between sleep duration and Wmax remained
significant even after adjustment, showing that 58.8% of the partici-
pants who slept less than seven hours reached maximum power below
the 75th percentile, and the maximum consumption of oxygen below

the 75th percentile. On the other hand, 100% of the participants who
slept more than seven hours reached higher maximal aerobic power
during the incremental test (> p75) (χ2 = 4.492; p = 0.034).

4. Discussion

The aim of the present study was to evaluate the influence of sleep

Fig. 1. Correlations between performance variables and sleep quality in health men.Wmax = maximum power output; HRres = resting heart rate; HRmax = maximal heart rate;
VO2max = maximal oxygen uptake.

Table 2
Associations between sleep quality and performance parameters in the maximal incre-
mental test. Presidente Prudente/São Paulo, 2017.

Good sleep Altered sleep Chi-square test

n % n % χ2 p

Wmax (watts)
< p50 7 50.0 7 50.0 4.094 0.043⁎

> p50 12 85.7 2 14.3
HRres (bpm)

< p50 11 78.6 3 21.4 1.474 0.225
> p50 8 57.1 6 42.9

HRmax (bpm)
< p50 14 87.5 2 12.5 6.604 0.010⁎

> p50 5 41.7 7 58.3
VO2max (mL·kg·min−1)

< p50 7 50.0 7 50.0 4.094 0.043⁎

> p50 12 85.7 2 14.3

Wmax = maximum power output; HRres = resting heart rate; HRmax = maximal heart
rate; VO2max = maximal oxygen uptake.

⁎ Chi-square < 0.05.
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patterns on the performance during incremental test and, additionally,
to investigate if sleep quality alterations is fitness-dependent. According
to our initial hypothesis, participants with greater physical fitness –
assessed by performance in the incremental maximal test – presented
better sleep quality than participants with lower physical fitness.
Furthermore, our results showed that, after adjustment, Wmax was the
main performance parameter affected by sleep patterns and appear to
be independent of VO2max (i.e., it seems to be fitness-independent.)
These findings elucidate the importance of adopting and maintaining a
healthy lifestyle, independently of the physical fitness level, evidencing
that not only nutritional and daily habits, but also the nocturnal habits
are determinant factors to have a good performance in the practice of
physical exercise as well as to benefit from the positive aspects
associated with exercise training.

It is important to highlight in our findings that sleep patterns had
impact mainly in measures of Wmax, VO2max and HRmax, revealing the
harmful outcomes of poor sleep quality in exercise among healthy men.
Therefore, sleep patterns seems to be an important variable that affects
regular exercise, and is determinant to achieve good performance in
exercise. Previous studies have shown associations between perfor-
mance impairment in incremental test and sleep quality [9,10].

In a study conducted by Souissi and colleagues [16], aimed to
analyze the effects of four hours of sleep deprivation (beginning or end

of the night) on anaerobic performance using Wingate test, it was
observed that peak power and mean power were affected by sleep
deprivation mainly by reduction of sleep time in the end of the night.
Although we did not evaluate sleep deprivation, our results are in
accordance with the scientific literature, showing impairments and/or
low indices of power in subjects who sleep less than seven hours per
night and have poor sleep quality.

In this context, the maximal oxygen uptake is also affected and
altered by sleep quality in healthy men. Alterations in this cardiopul-
monary parameter have also been observed in athletes, observing
relationship between training conditions, sleep duration and sleep
efficiency. Additionally, in the group characterized as “functionally
overreached”, there was a higher prevalence of upper respiratory tract
infections, suggesting that sleep quality and incidence of illness are
symptoms of short-term “overreaching” [14].

Lang and colleagues [15] investigated the relationship between
physical activity and sleep in 56 adolescents using subjective and
objective measurements. The authors verified that adolescents who
reported high physical activity levels had shorter sleep onset latencies
and longer REM latency. In addition, the longer REM latency was also
associated with physical activity by objective measurements (electro-
encephalogram assessments (EEG)). In a different perspective, these
results support in parts our findings, suggesting that fitness condition
and physical activity level can influence sleep pattern, causing a mutual
interaction between the variables. It is important to highlight that after
adjustment of performance parameters, by maximal oxygen uptake, the
maximal power remained associated with sleep duration and, conse-
quently, sleep quality. Therefore, our results suggest that the associa-
tion between performance and sleep quality is fitness condition-
independent in healthy men.

The regular practice of exercise is capable to promote benefits by
providing significant alteration in body composition, metabolism
regulation, and control of autonomic nervous system. These outcomes
occur due to the increase of vagal modulation of the heart caused by
greater heart rate variability [25,26], which are recommended for
adequate sleep [27]. However, the alterations mediated by exercise are
dependent of several daily habits, such as duration and sleep quality,
given that sleep is a crucial recovery period.

In a study conducted by Myllymäki and colleagues [28], they
investigated the effects of exercise intensity and duration, performed
at 6 p.m., on nocturnal heart rate behavior and sleep quality. It was
observed that the increase in intensity and/or duration caused delayed
recovery of nocturnal cardiac autonomic modulation. Moreover, there
was a relationship between duration and changes in nocturnal heart
rate variability. Regarding sleep quality, the authors suggested that
independently of intensity and duration, aerobic exercise is not able to
result in disturbance of sleep pattern.

Recent study performed by Castro-Diehl and colleagues [29]
verified the associations between shorter sleep duration (less than six
hours per night), poor sleep quality and markers of autonomic nervous
system, as heart rate (HR) and high-frequency HR variability (HF-HRV).
The authors observed that subjects who slept less than six hours had
higher heart rate and had lower baseline HF-HRV when compared to
subjects that slept seven hour or more, proving the relationship
between short sleep duration and autonomic markers.

The findings from Myllymäki's and Castro-Diehl's [28,29] studies
may help us to understand our results and to identify a significant
relationship between sleep quality and HRmax. These studies lead us to
understand that changes in sleep patterns cause a significant loss in the
autonomic response, which affects the behavior of these variables in
stress condition. It is important to highlight that some variables may
influence the results of hemodynamic parameters, such as age. Our
results of HRmax remained associated with sleep quality after adjust-
ment by age, but only among men ≥30 years old. In this group
(≥30 years old), 100% of the subjects who had good sleep showed
lower HRmax on the incremental test. On the other hand, 75% of the

Fig. 2. Relationship between sleep duration and sleep quality.

Table 3
Associations between sleep duration and percentiles of performance parameters during
the maximal incremental test. Presidente Prudente/São Paulo, 2017.

< 7 h > 7 h Chi-square

n % n % χ2 p

Wmax(watts)
< p50 8 57.1 6 42.9 1.292 0.256
< p75 12 57.1 9 42.9 3.877 0.049⁎

HRres (bpm)
< p50 6 42.9 8 57.1 0.144 0.705
< p75 9 40.9 13 59.1 1.257 0.262

HRmax (bpm)
< p50 7 43.8 9 56.3 0.108 0.743
< p75 8 38.1 13 61.9 2.345 0.126

VO2max (mL·kg−1·min−1)
< p50 8 57.1 6 42.9 1.292 0.256
< p75 10 47.6 11 52.4 0.048 0.827

Wmax = maximum power output; HRres = resting heart rate; HRmax = maximal heart
rate; VO2max = maximal oxygen uptake.

⁎ Chi-square < 0.05.
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individuals that had altered sleep showed higher HRmax (data not
shown).

Despite the significant results presented in this study, some limita-
tions were identified and should be considered when interpreting the
results. The main limitation is the absence of sleep quality evaluation
by objective measurements. Data obtained through subjective evalua-
tions, such as questionnaires, are relevant, have good applicability,
reproducibility and are inexpensive; however, information coming from
direct measurements is important to confirm the relationship between
the parameters analyzed. In addition, other general limitations may be
highlighted such as restricted and specific population, making neces-
sary studies with other groups (women, young, sedentary, senior
athletes), as well as the reproducibility of the results in other protocols,
such as in tests performed on a treadmill.

Our findings showed that sleep quality is associated with perfor-
mance during maximum incremental test among healthy men; how-
ever, future studies should be conducted in this population in order to
investigate the influence of performance on sleep quality. Therefore, we
conclude that duration and sleep quality (general or specific alterations
in sleep pattern) are, at least in part, associated with performance
during maximal incremental test among healthy men, especially with
lower maximal aerobic power and maximal heart rate. In addition, our
results suggested that this relationship with performance, mainly on
power, is independent on fitness condition.
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