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A B S T RAC   T
BACKGROUND: Sleep is essential for the adolescent’s health and well-being. Despite existing evidence of the positive relationship between 
physical activity and quality of sleep, some other factors could mediate this association. The purpose of the present study was to clarify the 
interaction between the level of physical activity and sleep in adolescents depending on their gender.
METHODS: A total of 12,459 subjects 11 to 19 years old (5073 male and 5016 female) reported data regarding their quality of sleep and their 
level of physical activity.
RESULTS: Better quality of sleep was reported by males regardless of the level of physical activity (d=0.25, P<0.001). Better quality of sleep 
was reported by active subjects (P<0.05), and it improved in both sexes as the level of physical activity was higher (P<0.001).
CONCLUSIONS: Male adolescents have better sleep quality than females regardless of their competitive level. The higher the adolescents’ 
physical activity level the higher the quality of sleep.
(Cite this article as: Pano-Rodriguez A, Beltran-Garrido JV, Hernadez-Gonzalez V, Bueno-Antequera J, Oviedo-Caro MA, Mayolas-Pi C, et al. Sleep 
quality is mediated by physical activity level in adolescents. J Sports Med Phys Fitness 2023;63:000-000. DOI: 10.23736/S0022-4707.23.14494-X)
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Sleep is a physiological process of crucial importance 
in the health and adequate physical-intellectual de-

velopment of children and adolescents, widely affecting 
their quality of life/well-being.1 This is especially true for 
young athletes, as sleep is also the gold standard recovery 
strategy.2 An association has been observed between in-
adequate sleep and a wide variety of cardiometabolic dis-
eases in adolescents.3 Sleep plays an important role in the 
proper maturation of child’s brain, existing solid evidence 
of the interrelation between brain development, sleep, and 
cognition.4 Such is the importance of sleep, that research 

in sleep quality should be developed and appreciated. The 
term sleep quality is commonly used in sleep medicine 
although it represents a complex phenomenon hard to de-
fine and measure objectively. It can refer to a collection of 
quantitative aspects of sleep including Total Sleep Time, 
Sleep Onset Latency, sleep maintenance, Total Wake Time, 
Sleep Efficiency, and sometimes sleep disruptive events 
such as spontaneous arousal or apnea.5 Nevertheless, the 
variables determining the quality of sleep could vary be-
tween individuals. Surveys to analyse large-scale popula-
tions are commonly based on general questions about ha-
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season decreases sleep opportunity time and prevents elite 
adolescent rugby players from catching up on their sleep at 
weekends, resulting in a higher level of sleepiness. Along 
the same line, other researchers reported poor sleep out-
comes in young high-competition athletes.2, 17 On the other 
hand, another study found that sports practice did not alter 
sleep patterns,18 while more controversially, some studies 
have observed better sleep outcomes in adolescent athletes 
than in the general adolescent population.19-22 Taking this 
open line of research into consideration, it could be of big 
interest to analyze, in massive adolescent populations, the 
impact of gender and physical activity versus inactive life 
on sleep quality. Therefore, the objective of the present 
study was to assess the interrelation of physical activity 
and sleep quality, clarifying the interaction between the 
level of physical activity and sleep in young populations 
depending on gender, regardless of their sports discipline.

Materials and methods

Study design

This is a cross-sectional study based on self-report data 
conducted in accordance with the Declaration of Helsinki 
and approved by the committee Clinical Research Ethics of 
Aragón (PI17/0339). The results presented in this study be-
long to baseline data obtained between January and March 
2018. The project was made known by a group of voluntary 
independent evaluators formed in health sciences. All sec-
ondary education centers in three representative provinces 
of Spain with a similar number of inhabitants were invited 
to participate in the study: Zaragoza (northern Spain), Se-
ville (southern Spain), Alicante (coast of Spain). In order to 
recruit athletes who compete at the national/international 
level, all the Spanish national and autonomous sports fed-
erations, high schools sports performance, and sports tech-
nification centers were invited to participate in this study. 
There was also the participation of the 20 clubs of each 
sports discipline of the summer Olympics sports program 
with the highest level of performance, according to sex, in 
the categories corresponding to adolescence. The process 
included a brief and clear introduction to the study fol-
lowed by an exhaustive explanation of the different items 
on the questionnaires. On one side, in order to assess sleep 
quality, Pittsburgh questionnaire was used since it englobes 
adequate psychometric properties, with high internal con-
sistency and test-retest reliability, as well as convergent/
divergent validity with sleep, psychological, and sociode-
mographic variables.5 On the other side, to obtain informa-
tion about their sports practice (in the case of non-sedentary 

bitual sleep quality and types of sleep disturbances. A very 
transcendental question in what a sleep quality measure-
ment concerns, is that the rhythm of children’s biologi-
cal development is largely determined by sex differences. 
These differences trigger a complex interaction of gender 
in the subtypes of sleep problems.6 Studies from multiple 
countries indicate that the increased prevalence of insom-
nia in women compared to age-matched men is a global 
phenomenon.7 Poorer sleep in females than males could 
emerge after puberty suggesting that hormonal events un-
derlying puberty may be involved.8 The major gonadal 
steroids, testosterone in men and estrogens and progestins 
in women, could be implicated in the modulation of sleep 
behaviors.9 Thus, studies analyzing sleep quality during 
youth should take into consideration this relevant biologi-
cal parameter. Among the large number of interventions 
that have been proposed in the bibliography to optimize 
children’s health, physical activity and sleep quality seem 
to be elements that are frequently taken into consideration. 
The unanimity on the results regarding the beneficial im-
pact of both on youth health is eloquent.10, 11 There is also 
evidence of the positive interrelation between these two 
important elements of children’s growth and development, 
since physical activity may help to elicit adequate sleep 
strategies and habits such as earlier bedtimes, lengthen 
sleep duration, and increase sleep efficiency (ratio of total 
sleep time to time in bed).12 For instance, due to its char-
acteristics of discipline and social interaction promotion, 
in addition to high energy expenditure and physical con-
ditioning, the practice of sports has been related to longer-
lasting, quality sleep, bringing benefits to the quality of 
sleep and life of children and adolescents.13 Thus, it has 
been established that adolescents with higher subjective 
and objective physical activity are more likely to experi-
ence good sleep subjectively and objectively.14 Neverthe-
less, in what sleep concerns, some research should focus 
on the influence of peculiarities of competitive sports in 
contrast with other physical activities like recreational and 
leisure ones. In sports, as the competition level increases, 
the greater the responsibilities that the athlete must assume. 
High sports performance involves many commitments and 
pressures (e.g., strict schedules, high training demands, 
competition, travel, stress, anxiety, pain, and muscle sore-
ness).15 In particular, little research, to our knowledge, has 
been done regarding the influence of the level of physical 
activity on the quality of sleep during youth. Moreover, the 
clear disparity in previous results implies the need for new 
research focusing on the relationship between sports’ com-
petitive level and sleep Saidi et al.16 found that competitive 
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sleep quality, sleep duration, sleep latency, habitual sleep 
efficiency, sleep disturbance, use of sleep medication, and 
daytime dysfunction. The 7 component scores are rated on 
a 3-point ascending scale, with 0 points indicating ideal 
sleep quality and 3 points indicating poor sleep quality. 
The global score of the PSQI is the sum of all compo-
nent scores. The minimum possible score is 0, indicating 
ideal sleep quality, and the maximum possible score is 21, 
indicating poor sleep quality. The PSQI provides a sen-
sitive measure to identify poor sleep quality if the total 
PSQI Score is >5,24 comparable to clinical and laboratory 
measures (such as polysomnography). Therefore, we de-
fined participants with total scores of 5 and below as “good 
sleepers,” and those with total scores of 6 and above were 
defined as “poor sleepers.”

Level of physical activity

Participants reported data concerning the level of physical 
activity by fulfilling the Physical Activity Questionnaire for 
Adolescents PAQ-A.26 When reporting the practice of phys-
ical/sportive activity, they had to specify whether they were 
involved in competition or not. If so, they had to indicate 
which sentence was closer to their current level of competi-
tion”: 1) I compete at a LOCAL and/or regional level, or 2) 
I compete at a national and/or international level.

Inactive

The subjects classified in our study as inactive were those 
who fulfilled these three conditions; 1) Not doing competitive 
sports; 2) Being categorized as having low levels of physical 
activity according to PAQ-A criteria, less than 3 points; and 
3) Being categorized as having low levels of physical activ-
ity according to criteria: 0 to 2 days a week with at least 60 
minutes of moderate and vigorous physical activity.27

Statistical analysis

Normality distribution of the data was checked using the 
Kolmogorov-Smirnov Test, the Anderson-Darling Test, 
and exploring the Q-Q plots. The homogeneity was as-

habits), subjects were requested to provide information 
about the level of competition they were involved in. Be-
sides, height and weight of the participants were recorded 
to obtain their Body Mass Index. Subjects were instructed 
about the anonymous and voluntary nature of participation. 
They had no time limit to complete the forms. The ques-
tionnaires took an average of 40 minutes to be completed.

Participants

The present study surveyed a nationally representative 
sample of Spain’s young children and adolescents aged 
11 to 19 years old. All participants were recruited follow-
ing the general inclusion criteria (enrolled in secondary 
school, free of any chronic disease, at least 2 days/week 
workouts in the least 6 months, and experience in training 
and competing in a sports discipline included in the pro-
gram of the Summer Olympic Games). The whole sample 
was recruited following the general inclusion criteria (en-
rolled in secondary school and free of any chronic dis-
ease). Additionally, the athletes had to compete and train 
at least two days a week for at least the last six months. A 
total of 12459 subjects (5073 male and 5016 female) com-
pleted the baseline assessment with valid data for sleep, 
body composition, and physical activity (Table I).

Outcomes

Sleep quality and duration: Pittsburgh Questionnaire

Pittsburgh Sleep Quality Index (PSQI)23 is a screening tool 
for sleep dysfunction in clinical and non-clinical samples 
with strong reliability and validity, and moderate structural 
validity in a variety of samples, suggesting the tool ful-
fills its intended utility.24 This tool was validated to assess 
adolescents’ sleep quality in young people.25 It includes 
19 questions on 7 components of sleep quality: subjective 

Table I.—��Frequencies of sex by competition level.
Sex Inactive Non-competitive Regional Nationa/international
Male 272 1412 1882 1066
Female 719 1885 829 770

Table II.—��Participant’s characteristics splitted by competition level and sex.
Inactive Non-competitive Regional National/international

Male
(N.=272)

Female
(N.=719)

Male
(N.=1412)

Female
(N.=1885)

Male
(N.=1882)

Female
(N.=829)

Male
(N.=1066)

Female
(N.=770)

Age (y) 15.19±1.59 15.04±1.68 14.61±1.74 14.38±1.74 14.26±1.76 14.17±1.79 15.19±1.96 14.86±2.06
BMI (kg/m2) 21.81±4.38 20.78±3.66 21.08±3.86 20.19±3.16 20.17±3.17 19.79±2.83 21.01±3.02 20.11±2.90
PSQI (AU) 5.09±2.78 5.57±2.82 4.57±2.62 5.25±2.90 4.02±2.50 4.46±2.67 3.79±2.37 4.48±2.75
Values are presented as mean±SD.
BMI: Body Mass Index; y: years; PSQI: Pittsburg Questionnaire Index; AU: arbitrary units.
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sessed by Levene’s and Bartlett’s tests. Data not follow-
ing normal distribution were log-transformed28 before 
further analysis. To assess the effect of sex (Male, fe-
male) and level of physical activity (inactive, non-com-
petitive, regional, national/international) on the sleep 
quality scores (PSQI) an analysis of covariance (ANCO-
VA), using age and Body Mass Index (BMI) values as 
covariates were used. When a significant difference was 
found between the groups, Tukey post-hoc tests were 
used to determine the source. Effect sizes were calcu-
lated using Cohen’s d to further quantify between-group 
differences and were interpreted as: <0.2 = trivial; 0.2-
0.6 = small; 0.6-1.2 = moderate; 1.2-2.0 = large; >2.0 
= very large.28 The level of significance was set at 0.05 
for all tests. All statistical analyses were performed using 
JAMOVI for Mac (version 2.3.0; The Jamovi Project, 
Sidney, Australia).29

Results

The characteristics of the participants are presented in 
Table II. Results for PSQI Score by sex, by level of phys-
ical activity and by sex*physical activity are shown in 
Figure 1. Effect sizes of the different pairwise compari-
sons are shown in Figure 2. Adjusted means and effects 
sizes for sleep quality scores of different sexes and levels 
of physical activity are shown in Table III, IV, V. Statisti-
cally significant differences with a small effect size were 
reported between sexes. Females achieved higher PSQI 
Score than males (Figure 1A, 2; Table III). Statistically 
significant differences with a small effect size were re-
ported between Inactive and Regional, and between Inac-
tive and National/International levels of physical activ-
ity. The PSQI Scores were higher in inactive participants 
(Figure 1B, 2; Table IV). Statistically significant differ-
ences with a small effect size were reported between 
Non-competitive and Regional, and between Non-com-
petitive and National/international levels of physical ac-
tivity. The PSQI Scores were higher in Non-competitive 
participants (Figure 1B, 2; Table IV). Statistically sig-
nificant differences with a small effect size were reported 
between Regional and National/International levels of 
physical activity. The PSQI Scores were higher in Re-
gional participants (Figure 1B, 2; Table IV). Statistically 
significant differences with small effect sizes were re-
ported between sexes in Non-competitive, Regional and 
National/International physical activity levels. The PSQI 
Scores were higher in Female participants (Figure 1C, 2; 
Table V).

Figure 1.—Comparison of adjusted mean values of sleep quality scores 
by A) sex (male, female), by B) level of physical activity (inactive, non-
competitive, regional, national/international) and by C) sex*physical 
activity.
Estimated mean and 95% confidence intervals (CIs; error bars) represent 
values after adjusting by Body Mass Index and age of the participants. 
The dashed lines indicate the good/poor sleep quality threshold accord-
ing to the Pittsburgh Sleep Quality Index questionnaire (PSQI).
Good sleep quality: PSQI Score ≤5; poor sleep quality: PSQI Score >5.
*P>Tukey<0.001 differences between levels; #PTukey 0.001 differences 
between sexes.
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regardless of the competitive level they were involved 
(Figure 1C). Besides, those who practice physical activ-
ity no matter their level of competition, show better sleep 
quality than those who report an inactive lifestyle (Table 
IV; Figure 1B). In addition, national/international competi-
tors showed better sleep quality than regional ones, and in 
turn, those showed better sleep quality than no competi-
tors, and lastly, no competitors showed better sleep quality 
than inactive (Table IV; Figure 1B). Differences in sleep 
quality between sexes are something previously observed 
in the literature. Our results agree with those found in a 
recent review of Elkhatib Smidt et al.30 who also conclude 
that those differences in sleep appear to emerge mainly in 
adolescence. Concerning young humans’ self-reported re-
search, even though few studies found no sex differences 
in sleep duration among adolescents,31, 32 several studies 
have consistently observed shorter sleep duration among 
female adolescents.33-37 In concordance with it, other re-
searches analyzing sleep night awakenings also concluded 
that females show lower sleep efficiency than males38-40 
more trouble falling asleep/maintaining sleep,40 and higher 
daytime sleepiness.39 It is speculated that these sleep dif-
ferences between sexes could be due to the unparallel 
development of sexes during adolescence. There are sex-
specific patterns in terms of the timing of the growth spurt 
as well as age at skeletal maturity.41 The rise in estrogen 

Discussion

The present study considered the relationship between 
physical activity and sleep in the young population. It also 
analyzed if the level of sports competition or gender had 
any influence on sleep quality. The main findings were 
that males showed better sleep quality than females (d=-
0.25 [-0.30, -0.20]; Table III). This phenomenon occurs 

Figure 2.—Effect sizes and 95% confidence intervals values of the sleep 
quality scores comparing sexes and physical activity levels.
Values are presented as effect size (95% CI). Shaded grey area repre-
sents trivial effect size values from -0.20 to 0.20. Negative effect size 
values mean higher sleep quality scores for the condition of the right 
side and vice versa.

Table III.—��Adjusted means and effect sizes for sleep quality 
scores of different sex groups.

Male Female P Tukey d (95% CI)
PSQI(AU) 4.29 (4.19, 4.39) 4.94 (4.85, 5.02) <0.001 -0.25 (-0.30, -0.20)
Adjusted means and effect sizes for sleep quality scores of different sex groups. 
Sleep quality score values (PSQI) of both sexes are presented as estimated mean 
with 95% confidence interval.
d: Cohen’s d effect size.

Table IV.—��Adjusted means and effect sizes for sleep quality scores of different levels of physical activity groups.
Inactive Non-competitive Regional National/international

PSQI(AU) 5.16 (4.98, 5.34) 4.93 (4.84, 5.02) 4.35 (4.25, 4.46)*# 4.01 (3.89, 4.14)*#^

Sleep quality score values (PSQI) of different levels of physical activity are presented as estimated mean with 95% confidence interval.
d: Cohen’s d effect size.
*P Tukey <0.05 different from inactive group; #P Tukey <0.05 different from non-competitive group; ^PTukey <0.05 different from regional group.

Table V.—��Adjusted means and effect sizes for sleep quality scores of different sexes and levels of physical activity.
Group Male Female P Tukey d (95% CI)
Inactive 4.89 (4.57, 5.20) 5.44 (5.24, 5.63) 0.065 -0.21 (-0,35, -0.07)
Non-competitive 4.55 (4.41, 4.68) 5.31 (5.19, 5.42) <0.001 -0.29 (-0.36, -0.22)
Regional 4.12 (4.00, 4.24) 4.59 (4.41, 4.77) <0.001 -0.18 (-0.26, -0.10)
National/international 3.61 (3.45, 3.77) 4.42 (4.23, 4.60) <0.001 -0.31 (-0.40, -0.22)
Sleep quality score values (PSQI) of different sexes and levels of physical activity are presented as estimated mean with 95% confidence interval.
d: Cohen’s d effect size.

Standardized mean change (ES)
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simultaneous training and competition schedules, which 
would mean that athletes are required to sacrifice sleep 
time to fully accommodate academic and athletic commit-
ments, such that younger athletes may be at an even greater 
risk of sleep deprivation.49 However, the results found in 
our study are more aligned with Brand et al.21 who found 
that high-performance athletes reported better sleep pat-
terns including higher sleep quality, shortened sleep onset 
latency, and fewer awakenings after sleep onset, as well as 
less tiredness and increased concentration during the day. 
It could be assumed that the benefit of sleep as an essen-
tial component of recovery from and preparation for high-
intensity training could probably motivate the sample of 
this study to establish good sleep habits. What is clear, is 
that the skills to confront efficaciously the psychological 
and physiological demands of high-performance sports are 
highly particular in each subject and might be mediated by 
the profound changes occurring during adolescence,50 so 
its impact on sleep might be different between participants. 
In the present study, it could be supposed that the individ-
ual strategies adopted by adolescents could have mitigated 
the effects of high competition sports involvement.

Limitations of the study

This study has remarkable strengths, such as1 the consider-
able size of its sample, which is a guarantee of the validity 
of the results obtained, and2 the recruitment of individuals 
from all around the country, which allows the knowledge 
of the sleep and physical habits from the complete Span-
ish young population. However, certain limitations can be 
taken into consideration. First, the direction of causality 
between physical activity and sleep patterns could not be 
determined due to the cross-sectional design of the study. 
Also, this kind of design does not allow detect daily or 
weekly changes in sleep quality. Second, we did not con-
sider other potential confounders in the analyses such as 
training schedules or caffeine consumption. Third, one 
might object that no objective activity or sleep data were 
collected. However, there is evidence that subjective sleep 
data from sleep logs fit well with sleep-electroencephalog-
raphy recordings.25

Conclusions

The analysis of the interaction between sex and the level 
of competition on sleep quality in a big sample of ado-
lescents shows that males have better sleep quality than 
females regardless of the competitive levels they were in-
volved in. Besides, those who practice physical activity no 

concentrations that drives an increase in growth rate is an 
early feature of female puberty42 since this natural sex hor-
mon rise occurs during puberty between ages 9–14 years 
in males and 8–12 y in females youth.43 In light of this 
information, it is reasonable to relate primary female sex 
hormones to sleep modulation.44 In addition, further causes 
of these sleep sex differences could be the higher internal-
ization of problems that females experience during adoles-
cence.45 The way in which females assumed the social role 
assigned to them and perhaps their greatest concern for be-
ing accepted by their peers46 could affect their sleep more 
than it does on their counterparts. Nevertheless, it is fair to 
point out that through the bibliography, those differences 
between sexes on sleep quality are not as clear when draw-
ing from actigraphy as it is in self-report data.30 This di-
vergence of results depending on the method measurement 
could be an indicator of gender-based perceptions about 
sleep, which enlights the enormous difficulty in the assess-
ment of gender differences regarding sleep. The mecha-
nism of the positive impact of physical activity on sleep 
quality could be based on the changes in neurotransmitters 
and biochemical processes.12 It has been widely evidenced 
in previous studies which also contrasted the sleep between 
active and sedentary subjects.12-14 The novelty of this study 
is the analysis of the influence of the different levels of 
competition in sports on sleep quality. While other stud-
ies had previously shown that implication on highly com-
petitive sports had a positive impact on sleep quality,19-22 
the present study went one step further by determining the 
impact of the different levels of competition on sleep, ob-
serving that the higher the competition level is the more 
quality of sleep is detected. It occurs regardless of sex and 
age. These findings are controversial with those studies of 
athletes which have demonstrated increased levels of stress 
and anxiety around competition which are thought to im-
pair sleep quality and duration, with a recent review report-
ing a prevalence of precompetition insomnia symptoms 
between 37% and 78% in elite athletes.47 The divergence 
of our findings could be explained by the age of our sam-
ple. Most of it is made up of subjects in whose sports there 
is no professionalization at these ages, not even at an inter-
national level. This would relieve sensibly the mentioned 
stress and anxiety. Our results could be also explained by 
the fact that high-intensity exercise is also related to lower 
stress and increased mental health in adolescents.21, 48 It 
has been affirmed that youth and collegiate athletes may 
experience, due to competition, additional threats to sleep 
duration and quality as a function of concomitant academic 
pressures additionally to sleep. It could be related to the 
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