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Abstract Insufficient sleep and irregular sleep hours are common in adolescents, who experience
a delayed sleep phase due to biopsychosocial changes associated with puberty,
resulting in later sleep times. However, early morning class hours shorten sleep
duration on weekdays. This condition is harmful to cognitive performance, which
may be accentuated in girls due to a greater sleep need and less resistance to sleep
deprivation. In this study, we evaluated sex differences concerning temporal sleep
patterns, social jetlag, and attention in high school adolescents attending morning
classes. Students (n¼146 - F: 73–16.1�0.8 years; M: 73–16.2�0.9 years) completed
a Health and Sleep questionnaire, kept a sleep diary for 10 days, which incorporated a
Maldonado Sleepiness Scale, and performed a Continuous Performance Task. Girls
went to bed earlier and woke up on weekends, and spent more time in bed at night and
in 24 h on weekdays and weekends, while they also had a greater irregularity in wake-up
times (p<0.05). There were no differences between sexes in terms of social jetlag,
sleep debt, and sleepiness upon awakening (p>0.05). Regarding attention, the girls
had a longer reaction time in phasic alertness (p<0.01) and a tendency to have fewer
errors in selective attention (p¼0.06). These results persisted when controlled for
sleep parameters. Therefore, we suggest that girls have a greater sleep need and less
resistance to sleep deprivation, while the differences in attention performance could
be due to different strategies, the girls could be making a trade, increasing reaction
time in favor of better accuracy, while the boys could be prioritizing a faster response
time.
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Introduction

Adolescence is a period of changes in the sleep-wake cycle
pattern, characterizedbyadelay insleeptimes, inotherwords,a
tendency toward eveningness.1–3 These changes are associated
with modifications in biological and psychosocial factors that
occur on the onset of puberty.3,4 The decrease in the accumula-
tion rate of homeostatic pressure during wakefulness, allows
adolescents to stay awake longer and, consequently, to be
exposed to light for a longer time, increasing the phase delay.3,5

In contrast, several studies have observed that the rate of
homeostatic pressure dissipation remains the same throughout
adolescence. Therefore, the need for sleep does not change.3,6

In addition, the psychosocial context contributes to the
phase delay, since there is an increase in bedtime autonomy,
socialization, and academic burden.3 These changes are
accompanied by a greater use of electronic media, such as
TV, video games, smartphones, and computers,3,7 which
emit light in the blue range, promoting the suppression of
melatonin secretion and increasing alertness, causing phys-
iological arousal, with a direct impact on sleep quality and a
delay in the circadian system.8–10

Therefore, the physiological and psychosocial context of
adolescents favors a phase delay, producing a later sleep
onset time. The recommended sleep duration for adolescents
is between 8 to 10hours per night; therefore, they tend to
wake up later to maintain an optimal sleep duration.11

However, the early start time of morning classes restricts
the wake-up time, shortening the sleep duration.3,4 On
weekends, adolescents compensate for the shorter sleep
duration by waking up later, producing a sleep restriction-
extension effect, which is associated with irregular
sleep hours and sleep debt (time in bed difference between
weekdays and weekends).1,12 Another consequence of irreg-
ular sleep hours is the likelihood of developing higher levels
of social jetlag, defined as a discrepancy between biological
clocks and social schedules, which could cause circadian
misalignment.13

Sex differences in sleep patterns have been observed in
children, adolescents, and adults, with adolescence being the
stage in which these differences become more evident.14,15

With the start of adolescence, women begin to delay sleep
times earlier than men, as well as advance their sleep times
earlier than men during adulthood. In addition, men tend to
prefer later sleep times, while women tend to prefer earlier
sleep times. These differences start to disappear in the mid-
50s, the average age at which menopause begins.16,17 This
data supports the idea that sex-related differences in sleep
patterns may be due to endocrine changes, which are accen-
tuated in adolescence on the onset of puberty,14,17 and also
due to the distinct puberty physiology in both sexes,14,18

which experience different growth rates, as well as differ-
ences in hormone secretion.19 Other differences between
sexes have been found in their circadian rhythms, with
women having a shorter circadian period in their body
temperature rhythm (women: 24:05 min�12min - men:
24:11 min�12min),20 as well as an earlier phase of the
circadian rhythm of melatonin secretion.21,22

Regarding the ideal sleep duration, studies have shown a
greater sleep need in women.15,23 Lindberg et al.24 observed
that women had a longer mean total sleep time (425 min
�58min) than men (403 min�50min). In addition, after a
sleep restriction protocol, women have a higher percentage
of slow-wave sleep, suggesting a faster sleep pressure build-
up and less resistance to sleep deprivation.25 This character-
istic can accentuate the irregularity in sleep times between
weekdays and weekends observed in adolescents who study
in the morning shift, due to the sleep restriction-extension
effect,1 a condition that is harmful to sleep quality and
increases the levels of daytime sleepiness.1,12

However, therelationshipbetweensexdifferencesandsleep
patterns is still unclear in the literature, because fewstudies are
available andmost of those studies arebased on adult samples.
In some studies, it was observed that women have better
objective sleep quality and shorter sleep latency.23,26 Never-
theless, women report worse subjective sleep quality and
more sleep problems than men.23 There is evidence that these
differences start with puberty, with girls having a higher
prevalence of insomnia18,27 and depression.28 In this context,
the use of social media by girls is associated with an increased
negative impact on mental health and anxiety symptoms,29

which can interfere with their sleep health.
Another important point is the impact of sex differences

on cognitive performance. Studies have observed sex-related
differences in cognitive performance, which indicate that
women performed better in tasks that assess episodic mem-
ory, verbal and facial recognition, and semantic fluency,
while men have an advantage in visuospatial skill tasks.30–32

As for sleep-related sex differences, women would be more
sensitive to attention deficits when deprived of sleep,33,34

and the cognitive performance of girls could bemore affected
by social jetlag than that of boys.35

Unhealthy sleep negatively affects attention, thus impair-
ing cognitive performance and learning.36,37 Attention is a
basic cognitive process that enables learning and makes it
possible to perform everyday tasks that require attention,
and it can be defined according to 4 components: 1 - tonic
alertness, which is the ability to respond to a stimulus at any
time; 2 - phasic alertness, which is the ability to respond to a
stimulus after an alert signal; 3 - selective attention gives the
individual the ability to respond to a stimulus while ignoring
others; and 4 - sustained attention allows sustained focus on
a specific stimulus over a period of time.38–40 Thus, the
decline in attentional levels as a result of unhealthy sleep,
caused by irregular sleep hours, social jetlag, and insufficient
sleep, can be harmful to adolescents in the academic
context.35,41,42

It is important to assess the differences between sexes
concerning sleep patterns and social jetlag in relation to the
attention performance at the beginning ofmorning classes in
adolescents on thefirst years of high school. Thiswouldmake
it possible to observe how sex differences are presented in
the sleep patterns and social jetlag of adolescents when
responding to the same challenge: the early start time of
morning classes, in addition to observing whether these
differences are affecting more markedly the attentional
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performance of girls, and possibly impairing their academic
performance. Notably, this study was conducted in a real-life
context, which could facilitate the translation of its results to
real-world applications and could serve as a basis for new
policies concerning the sleep of adolescents considering the
different impacts according to sex. Hence, the objective of
this studywas to evaluate the sex-related differences regard-
ing sleep patterns, social jetlag, and attention in high school
adolescents attending morning classes. We hypothesized
that girls would suffer more from sleep deprivation on
weekdays, leading to compensation on weekends, and this
could accentuate irregular sleep hours and social jetlag,
negatively affecting the cognitive performance of girls.

Materials and Methods

Participants
The study was developed with the participation of 146 ado-
lescentsofbothsexes (F:73–16.1�0.8years;M:73–16.2�0.9
years), attending the first years of high school in morning
classes starting between 7:00 and 7:30 (07:05�0.17h) at five
private schools and one federal institute in Natal, Rio Grande
doNorte, Brazil (Latitude: -5,794.48, Longitude: -35,211;5°47′
42″ South, 35° 12′ 34″, West). The participants and their legal
guardians signed an informed consent. Participants were
excluded from the sample if they reported any neurological
disorder or any type of sleep disorder, such as narcolepsy,
insomnia, or sleep apnea, or any use of drugs that could
interfere with the performance in the attention assessment
task. The research projects that provided the database used in
this studywere approved by theResearch Ethics Committee of
Universidade Federal do Rio Grande do Norte (CEP-UFRN/pro-
tocols: 1,489,057; 650,621 and 2,628,311).

Procedure
The data collection that fed the database used in this work
took place between the years 2014, 2016, and 2019, except
for holidays, vacations, and evaluation periods in schools.
Data was collected during school hours.

To apply the exclusion criteria, participants completed the
Health and Sleep questionnaire, adapted from Mathias et al.
(2006), which included questions about general health—such
as the use ofmedications, the presence of sleep and neurolog-
ical disorders and other diseases—and sleep habits. The ques-
tionnaire also contained questions taken from the Brazilian
Association of Research Companies (ABEP, in the Portuguese
acronym), for the evaluation of socioeconomic status, which
was performed following the updated criteria of the year in
which the data was collected.44–46

For the assessment of the temporal sleep patterns of the
sample, the participants recorded their sleep parameters (bed-
time andwake-up times, awakeningmethod, nap duration and
frequency) using a sleep diary for 10 days, as well as sleepiness
upon awakening using the Sleepiness Scale illustrated with
facesbyMaldonado,47adaptedbyBelísio.48Thesleeprecording
began on a Friday, including one weekend, followed by aweek
of classes and another weekend. During the recording period,
students performed a Continuous Performance Task (CPT),

which assesses attention components asproposedbyValdez.40

This task was performed by the participants through a
computer that presented a random sequence of single-digit
numbers on a monitor screen, which then recorded their
responses coming from a keyboard. The participants were
instructed to respond using the ‘1’, ‘2’, and ‘3’ keys on the
numeric keypad on the keyboard, using the index, middle and
ringfingers to press each key respectively, and according to the
following guidelines:press the ‘1’keywhenanynumber from0
to 8 appears on the screen; press the ‘2’ keywhen thenumber9
appears; and press the ‘3′ keywhen a number 4 appears after a
number 9. Responses to the ‘1’ key were taken as tonic
alertness, responses to the ‘2’ key were taken as selective
attention, responses to the ‘3′ key were taken as phasic
alertness, and the performance changes from the beginning
to the end of the task were taken as sustained attention. Each
participant performed this task from Tuesday to Friday, from
7:30 am until 9 am. Participants were asked about their food
consumption prior to each task to control for substances that
could interfere with the task performance.

Statistical Analysis
Participants of both sexes were selected, matching their
socioeconomic status and age, resulting in an equal sample
number for the female and male groups.

Then, the following variables were calculated:

1. Bedtime and wake-up time irregularity: standard devia-
tion of the bedtime and wake-up times during the week;

2. Sleep debt: the difference between the average time in
bed on weekends and weekdays;

3. Time in bed during a 24-hour period: nocturnal time in
bed plus the duration of naps on the corresponding day;

4. Chronotype: first, the mid-sleep phase of free days (MSF)
(midpoint between the beginning and end of sleep) was
calculated. When participants compensated for insuffi-
cient sleep on free days (sleeping more on free days than
on school days), amid-sleep phase correctionwasmade to
remove the homeostatic compensation from the chrono-
type score. For this correction, the average time in bed for
the entire week is calculated and half of the oversleep is
subtracted from the MSF.49 Thus, the corrected mid-sleep
phase during free days (MSFsc) is the chronotype score
(MSFsc¼MSF - (SDf - SDw)/2).

5. Social jetlag: social jetlag was calculated by subtracting
the MSF from the mid-sleep phase during school days
(MSW) (social jetlag¼MSF – MSW).49

For the attention components, the CPT analysis used the
following variables: 1 - general reaction time, general per-
centage of correct and incorrect responses and, omissions; 2
- reaction time of correct responses, percentage of correct
and incorrect responses, and omissions of tonic alertness,
selective attention and phasic alertness; and 3 - the general
stability (an indicator of sustained attention), calculated
from the standard deviation of the reaction time of the
correct responses throughout the task.

Finally, amultivariance analysis of covariance (MANCOVA)
was used to assess the relationship among sex, temporal
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sleep patterns, sleepiness upon awakening, bedtime and
wake-up time irregularity, social jetlag, sleep debt, and
attention: 1–sex as a fixed factor and chronotype as a
covariate, and bedtime, wake-up time, time in bed at night
and during 24 h, sleepiness upon awakening, bedtime and
wake-up time irregularities, sleep debt, and social jetlag as
dependent variables; 2 - sex as a fixed factor and the
following variables as covariates: chronotype, bedtime,
wake-up time, time in bed at night and in 24h, sleepiness
upon awakening, bedtime and wake-up time irregularities,
sleep debt and social jetlag; with the attention components
as dependent variables.

An additional analysis was performed to assess the par-
ticipants’ awakening method (alarm clock, by someone, and
spontaneously) and the frequencyof naps, using a Chi-square
test considering sex of the participant and day of the week

(weekdays and weekends). A level of significance of 5% was
considered for all tests used in this study. In addition, the
considered effect sizes were small (η2p: 0.01–0.06); moder-
ate (η2p: 0.06–0.14), and large (� η2p: 0.14).50

Results

Sex and Temporal Sleep Patterns
The multivariate analysis showed that there was an effect of
sexof the participant (p<0.01) and of chronotype (p<0.001)
on sleep times, sleepiness upon awakening, bedtime and
wake-up time irregularity, sleep debt, and social jetlag
(►Table 1).

In the univariate analysis (►Table 1), after adjusting for
the chronotype effect, there was an effect of sex of the
participant on bedtime and wake-up time on weekends,

Table 1 Multivariate and univariate analysis of themodel using sex as a fixed factor and chronotype as a covariate for the analysis of
temporal patterns of sleep and sleepiness upon awakening during weekdays and weekend in addition to social jetlag and sleep
debt.

Analysis Factor Pillai
trace

Dependent
variable

df Adjusted means
(std. error)

F p η2p

Multivariate
effects

Chronotype
(covariate)

1.000 13.123 465,256.
195

< 0.001 1.000

Sex 0.207 13.123 2.463 < 0.01 0.207

Univariate
effects

Sex Bedtime
(weekdays)

1.135 F: 22 h 56 min (6.04)
M: 23 h 10 min (6.04)

2.504 0.11 0.018

Bedtime
(weekend)

1.135 F: 23 h 53 min (3.14)
M: 00 h 06 min (3.14)

7.740 < 0.01 0.054

Wake up time
(weekdays)

1.135 F: 06 h 01 min(4.27)
M: 05 h 54 min (4.27)

1.130 0.29 0.008

Wake up time
(weekend)

1.135 F: 08 h 56 min (7.87)
M: 08 h 35 min (7.87)

3.743 < 0.05 0.027

Time in bed
(weekdays)

1.135 F: 07 h 05 min (6.31)
M: 06 h 44 min (6.31)

5.505 < 0.05 0.039

Time in bed
(weekend)

1.135 F: 09 h 05 min (9.31)
M: 08 h 31 min (9.31)

6.590 < 0.01 0.047

Time in bed 24 h
(weekdays)

1.135 F: 07 h 31 min (6.43)
M: 07 h (6.43)

11.564 < 0.001 0.079

Time in bed 24 h
(weekend)

1.135 F: 09 h 25 min (9.07)
M: 08 h 42 min (9.07)

11.029 < 0.001 0.076

Sleepiness upon
awakening
(weekdays)

1.135 F: 4.74 (0.21)
M: 4.75 (0.21)

0.003 0.95 0.000

Sleepiness upon
awakening
(weekend)

1.135 F: 3.49 (0.17)
M: 3.80 (0.17)

0.906 0.34 0.007

Bedtime
irregularity

1.135 F: 01 h 11 min (3.19)
M: 01 h 13 min (3.19)

0.206 0.65 0.002

Wake up time
irregularity

1.135 F: 01 h 55 min (4.24)
M: 01 h 40 min (4.24)

5.213 < 0.05 0.037

Sleep debt 1.135 F: 01 h 59 min (10.20)
M: 01 h 46 min (10.20)

0.778 0.38 0.006

Social jetlag 1.135 F: 01 h 58 min (4.88)
M: 01 h 49 min (4.88)

1.866 0.17 0.014

Abbreviations: df, degree of freedom, F, female; M, male.
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with girls going to bed earlier (p<0.01) and waking up later
(p<0.05). Also, girls spent more time in bed at night on
weekdays (p<0.05) and weekends (p<0.01) in relation to
boys, a finding that was also observed in time in bed during
24 h on weekdays (p<0.0 1) and weekends (p<0.001).
Additionally, girls showed a greater irregularity in wake-up
times (p<0.05) when compared with boys. There were no
differences between the sexes in the other variables of sleep
patterns and social jetlag (see ►Table 1).

For the awakening method of the participants (►Table 2),
duringweekdays, both boys (X2¼235.07; p<0.001) andgirls
(X2¼144.23; p<0.001) were mostly woken up by an alarm
clock or by someone, while on weekends there was an
increase in spontaneous awakenings, irrespective of sex
(X2¼372.93; p<0.001). In a comparison by sex, on week-
ends, girls had the highest proportions of waking up by an
alarm clock and by someone, while boys had the highest
proportion of waking up spontaneously (X2¼9.90; p<0.01).
No differences were found during weekdays (X2¼1.09;
p¼0.57).

Regarding nap frequency, most participants did not nap on
weekdays and weekends (►Table 2). However, nap frequency
was higher during weekdays when compared with weekends,
irrespective of sex (X2¼14.94; p<0.001). Analyzing for each
sex, boys (X2¼5.01; p<0.05) and girls (X2¼10.24; p<0.001)
had a higher nap frequency onweekdays. Between both sexes,
girls had the highest nap frequency (X2¼14.136; p<0.001).
This difference onweekends tended to reach statistical signifi-
cance (weekdays:X2¼11.08;p<0.001 -weekends:X2¼3.34;
p¼0.06).

Sex and Attention
The multivariate analysis showed that there was no effect of
sex (p¼0.12) and sleep-related variables (chronotype, bed-
time, wake-up time, time in bed at night and in 24 h,
sleepiness upon awakening, bedtime and wake-up time

irregularities, sleep debt, and social jetlag, p>0.05) on the
attention components (►Table 3).

In the univariate analysis (►Table 3 - ►Fig. 1), when
controlling for the sleep-related variables (chronotype, bed-
time, wake-up time, time in bed at night and in 24 h,
sleepiness upon awakening, bedtime and wake-up time
irregularities, sleep debt and social jetlag), it was observed
that girls have a longer general reaction time (p<0.05) and a
longer phasic alertness reaction time (p<0.01) than boys.
Besides, they showed a tendency to have a lower proportion
of incorrect responses for selective attention (p¼0.06) when
compared with boys. There were no differences in the other
variables of the components of attention (see ►Table 3 and
►Fig. 1). We chose to represent the attention analysis model
in ►Table 3 using only the chronotype as a covariate, since
the results remained the samewhen controlling for the other
sleep parameters.

Discussion

This work evaluates the sex differences in relation to temporal
sleep patterns, social jetlag, time in bed at night and in 24h,
sleep debt, and attention in high school adolescents attending
morning classes. It is important to emphasize that this study
evaluated the relationship between these variables in high
school students in a real-life context, providing an ecological
analysis of thesleeppatterns in adolescents.Weobserved that,
compared with boys, girls presented a longer time in bed at
night and during 24h, a greater wake-up time irregularity,
while also showing a longer reaction time in general and in
phasic alertness, and a tendency to have a lower proportion of
incorrect responses in selective attention.

When applying a multivariate analysis, sex and chrono-
type affected the variables of temporal sleep patterns and
social jetlag, showing that sex and chronotype influence the
sleep patterns of adolescents, as seen in other studies.18,35

Table 2 Awakening methods proportions and nap frequency during weekdays and weekends between sexes (F: female; M: male).

Variable F (%) M (%) pa pb pc pd

Awakening methods (weekdays)

Alarm clock 53.94 52.11 0.57 < 0.001 < 0.001 < 0.001

By someone 32.70 35.92

Spontaneously 13.37 11.97

Awakening methods (weekend)

Alarm clock 20.36 14.59 < 0.01

By someone 25.36 18.15

Spontaneously 54.29 67.26

Nap frequency

Weekdays 30.70 20.62 < 0.001 < 0.001 < 0.001 < 0.05

Weekend 19.78 13.98 0.06

Abbreviations: F, female; M, male.
pa: value of significance of the comparison between sex.
pb: value of significance between weekdays and weekends irrespective of sex.
pc: value of significance between girls’ weekdays and weekends proportions
pd: value of significance between boys’ weekdays and weekends proportions.
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For the univariate analysis, when controlling for the effect
of chronotype, girls went to bed earlier and woke up later on
weekends with a longer time in bed at night and during 24 h
during weekdays and weekends, which is indicative of a
greater sleep need. Several studies showevidence of a greater
sleep need by girls, represented by a longer sleep duration or
time in bed.15,23,26,35,51 This result is corroborated by the
higher frequency of naps in girls, confirmed by the longer
time in bed during 24 h, which is the sum of naps durations
and nocturnal time in bed. The greater sleep need could be
leading girls to compensate for insufficient sleep through

napping, as well as longer times in bed on weekends, when
they are free from fixedmorning class schedules. In addition,
girls had a lower proportion of spontaneous awakenings on
weekends, despite spending more time in bed, which indi-
cates that they were more sleep deprived than boys. On the
other hand, the higher proportion of spontaneous awaken-
ings on boys can be caused by other factors such as anxiety
and notification alerts by smartphones. However, evidence
shows that girls spend more time on smartphones and social
media than boys, which leads girls to have an increased
negative impact on mental health.29 This is further evidence

Table 3 Multivariate and univariate analysis of the statistical model using sex as a fixed factor and chronotype as a covariate for the
analysis of the components of attention.

Analysis Factor Pillai
trace

Dependent variable df Adjusted means
(std. error)

F p η2p

Multivariate
effects

Chronotype
(covariate)

0.112 14.109 0.986 0.47 0.11

Sex 0.164 14.109 1.522 0.12 0.16

Univariate
effects

Sex General reaction
time (ms)

1.122 F: 382.11 (9.15)
M: 354.35 (9.68)

4.340 < 0.05 0.034

General correct
responses (%)

1.122 F: 88.64 (0.91)
M: 86.72 (0.96)

2.115 0.15 0.017

General wrong
responses (%)

1.122 F: 6.77 (0.46)
M: 7.95 (0.49)

3.117 0.08 0.025

General omissions (%) 1.122 F: 2.69 (0.39)
M: 2.69 (0.41)

0.000 0.99 0.000

Tonic alertness’s
reaction time (ms)

1.122 F: 397.59 (10.29)
M: 376,67 (10.88)

1.950 0.17 0.016

Tonic alertness’s
correct responses (%)

1.122 F: 93.35 (0.74)
M: 92.14 (0.78)

1.276 0.26 0.010

Tonic alertness’s
wrong responses (%)

1.122 F: 2.28 (0.23)
M: 2.59 (0.25)

0.833 0.36 0.007

Tonic alertness’s
omissions (%)

1.122 F: 2.87 (0.42)
M: 2.78 (0.44)

0.022 0.88 0.000

Selective attention’s
reaction time (ms)

1.122 F: 467.82 (12.91)
M: 440.91 (13.66)

2.049 0.15 0.017

Selective attention’s
correct responses (%)

1.122 F: 77.09 (1.79)
M: 72.71 (1.89)

2.827 0.09 0.023

Selective attention’s
wrong responses (%)

1.122 F: 17.46 (1.43)
M: 21.33 (1.51)

3.470 0.06 0.028

Selective attention’s
omissions (%)

1.122 F: 2.20 (0.39)
M: 2.66 (0.42)

0.656 0.42 0.005

Phasic alertness’s
reaction time (ms)

1.122 F: 383.85 (12.35)
M: 339.45 (13.06)

6.100 < 0.01 0.048

Phasic alertness’s
correct responses (%)

1.122 F: 78.75 (1.59)
M: 76.85 (1.68)

0.683 0.41 0.006

Phasic alertness’s
wrong responses (%)

1,122 F: 16.80 (1.33)
M: 18.74 (1.40)

1.005 0.32 0.008

Phasic alertness’s
omissions (%)

1.122 F: 2.36 (0.38)
M: 2.11 (0.40)

0.206 0.65 0.002

General stability (SD of
reaction time of
correct responses)

1.122 F: 160.20 (4.37)
M: 150.97 (4.62)

2.107 0.15 0.017

Abbreviations: df, degree of freedom, F, female; M, male; SD, standard deviation.
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that the fewer spontaneous awakenings by girls were caused
by insufficient sleep on weekdays. Nevertheless, there was
no difference between sexes regarding sleepiness on awek-
ening, what may be due to the sleepiness scale used, which
may not have detected the differences. Likewise, there were
no differences regarding irregularities in bedtimes and sleep
debt. The absence of differences in these indexes may be due
to sleep compensation through naps during the week, which
could be mitigating the sleep deprivation in girls, reducing
the sleepiness on awakening, and preventing an even greater
extension of sleep on weekends, which would result in a
greater difference in the rates of irregularity and sleep debt
between the sexes. On the other hand, girls showed greater
irregularity in wake-up times, which reinforces the greater
change in the wake-up time of girls on weekends.

However, thedifferencesbetweenthesleeppatternsofgirls
and boys were not enough to lead to sex differences in social
jetlag. In the literature, the findings about sex differences in
social jetlag in adolescents are mixed: Díaz-Morales & Escri-
bano35 observed that girls have higher social jetlag, while
Mathew et al.52 did not observe any differences. These mixed
results emphasize the need for further research on the pres-
ence of differences between sexes in social jetlag and if girls
could be more affected. Additionally, the average social jetlag
in this study (girls: 1h 58min; boys: 1h 49min) is relatively
similar to other studies, which showedmore than 2h of social
jetlag.35,52,53 On the other hand, a Brazilian study showed an
average of 1h of social jetlag in adolescents;53 this difference
can be explained because that study used a corrected social
jetlag formula (MSFsc-MSW),while our resultswere obtained
using the original formula (MSF - MSW).49

Amultivariate analysis showednoeffect of sex, chronotype,
bedtime, wake-up time, time in bed at night and during 24h,
sleepiness upon awakening, bedtime andwake-up time irreg-
ularities, sleep debt, and social jetlag on attention. However,
after controlling for the effects of chronotype and other sleep-
related variables in the univariate analysis, girls showed a
longer general reaction time, which indicates a reduction in
tonic alertness, and a longer phasic alertness reaction time,
indicating a reduction in phasic alertness. A reduction in tonic
andphasic alertnessmanifested as longer reaction times could
be due to sleep deprivation or sleep reduction, as has been
previously observed.55 These components of attention are
related to the prefrontal cortex,36which is affected negatively
by sleep deprivation.56 Therefore, the task performance could
be affected by the time in bed on weekdays, as the task was
performed in the morning. The participants of the present
study had less than 8hours of sleep per night, below the 8 to
10hours recommended by the National Sleep Foundation for
adolescents11; as a consequence, we can deduce that these
adolescents are sleep deprived duringweekdays,whichwould
impair their attentional performance. However, the sleep-
related variables did not show an effect on the components
of attention. Nevertheless, girls had a longer time in bed on
weekdays and showed a tendency to have a lower proportion
of incorrect responses on selective attention, indicating better
performance. Thus, the sex differences in sleepmay not be the
cause of the sex differences in attention performance. Sex
differences in cognitive tasks have been observed in other
studies and could be due to a difference in response strategy to
obtain an optimal result.57–59 Blatter et al.60 suggested that
girls would trade worse reaction times in favor of better

Fig. 1 Means and std. errors of the attention components results in function of sex. A) Reaction time of correct responses; B) Percentage of
correct responses; C) Percentage of incorrect responses;D) Percentage of omissions; E) General stability (standard deviation of the reaction time
of correct responses). �p< 0,05; ��p< 0,01; #p> 0,05 and� 0,10.
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response accuracy and boys would prefer to optimize their
response times, which also occurs when sleep-deprived.33,60

Another explanation for the lack of sleep’s effect on attention
maybe related to the absence ofmeasurement of sleepquality,
which is a strong predictor of cognitive performance in
students.56

This study’s results must be interpreted in the context of
various limitations. First, the lack of objective measures.
Second, the menstrual cycle of girls was not accounted for
as a control for sleep variables, which undergo phase-depen-
dent changes in the menstrual cycle, such as increased
arousals during sleep and worse sleep quality.18 In addition,
attention levels show fluctuations throughout themenstrual
cycle.33 Third, sleep quality was not assessed; therefore, we
could not evaluate its effect on attention performance. Thus,
future studies should analyze the subjective and objective
sleep quality in both sexes and relate them to chronotype,
social jetlag, sleep time irregularity, sleep debt, sleepiness
upon awakening, and attention as well as assessing sleepi-
ness before performing cognitive tasks. This would allow the
evaluation of the effects of sleep quality and sleepiness on
cognitive performance, which are described in the literature
as strong predictors of attention.56

In summary, the results corroborate previous studies that
observed that sex differences in sleep patterns are present in
adolescence.14,18 This suggests that girls have a greater sleep
need than boys, inferred from the longer time spent in bed
both during weekdays and weekends, in addition to a higher
frequency of naps during weekdays, and earlier bedtimes
with later wake-up times on weekends. In addition, the
longest time in bed within 24hours indicates that girls
compensate for insufficient sleep through napping. These
results indicate greater compensation for insufficient sleep
during school days, whichmay be related to lower resistance
to sleep deprivation. As a result, girls suffer greater sleep
restriction-extension effects, leading to greater irregularity
in wake-up time.

Finally, we suggest that school is a temporal challenge for
adolescents of both sexes, in which the early morning start
time shortens sleep duration on school days, which can
promote chronic sleep deprivation, a condition that can be
harmful to the academic performance and health of these
young people. However, this temporal challenge appears to be
greater forgirls, demonstratedby theirgreater amountof sleep
onweekends. Thus, sleep hygiene awarenessmeasures should
be promoted in schools for both adolescents and parents,
considering sex as an important factor in the implementation
of socioeducationalmeasures, to emphasize the importance of
sleep for a better quality of life, academic and social perfor-
mance. At thesame time, publicpoliciesmust be implemented
regarding the adaptation of school hours to better meet
the physiological needs of adolescents, adhering to a later
school schedule or a schedule that considers the student’s
chronotype.
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