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Adolescent sleep patterns are of significant importance for cognitive and emotional well-being but are often conflicting with
social demands. Puberty leads to a natural shift in sleep timing, a reduction in slow-wave activity, and a change in sleep
homeostasis. When combined with school start times and exposure to evening light, this results in sleep restriction and circadian
desynchronization. However, the effect of sleep duration, circadian timing, and sleep structure on academic performance in
adolescents is not well understood. This study aims to understand the sleep patterns, circadian desynchronization, and academic
performance of a group of adolescents from around the world. There were a total of 87 subjects who participated in the study
with 67% of them sleeping only 5-7 hours at night, less than the recommended time for their age group. Circadian mismatch
showed a weak negative association with self-reported academic performance (Pearson r = -0.086, p = 0.430; Spearman p
= -0.191, p = 0.077), although these associations did not reach statistical significance.. Additionally, 65% of the students
experienced difficulties concentrating during early mornings whereas 49.4% of them had maximum cognitive alertness in
late mornings. This paper contributes to existing literature by analyzing the association between sleep duration, circadian
misalignment, and neurobehavioral outcomes based on the self-reported data of adolescents from around the world. The wide
range of academic performance may be explained by individual differences in compensatory strategies and susceptibility to
sleep deprivation. The findings highlight the importance of further investigating the relationship between school schedules and
adolescent sleep behaviour. Further research should make use of objective assessments of circadian rhythms and larger sample
sizes to examine the relationship between schools’ schedules and adolescents’ sleeping behavior.
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Introduction characterized by a distinct developmental stage where the de-

velopment of the circadian rhythm and alteration of sleep or-
ganization leads to a shift towards later sleep and wake times*.

Sleep architecture refers to the patterns of non-rapid eye
movement (NREM) and rapid eye movement (REM) sleep
throughout the sleep period”. During adolescence there are

a number of changes that occur, including a reduction in slow

Sleep is critical for brain development, cognition, and emo-
tional health!. Adolescence is characterized by large devel-
opmental changes that include changes in sleep schedule and
sleep patterns?. Despite widespread knowledge of the “sleep
problem” in adolescents, recent surveys indicate that 73%

of high school students in the United States get less than 8
hours of sleep per night on school days>. Deprived of sleep,
teenagers are more likely to experience daytime drowsiness,
behavioral problems, negative mood, and poor academic per-
formance. In short, the sleep biology of critical developmen-
tal periods including adolescence is a high priority area of re-
search for both developmental and public health sciences . In
order to comprehend the impacts of sleep disruption during
adolescence, one must look at the physiological mechanisms
that control sleep timing and organization. Adolescence is
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wave sleep (SWS) and slow wave activity (SWA) during the
pubertal years. These changes are thought to reflect the pro-
cess of synaptic elimination that accompanies the cortical re-
organization and maturation of the brain*>. Longitudinal
EEG studies of adolescents have confirmed a decrease in delta
power during NREM sleep. It has been associated with an
increase in gray matter in the prefrontal cortex—a key cogni-
tive area of the brain. There are also circadian changes during
puberty that include a phase delay in melatonin release and
alterations in sleep homeostasis. Therefore, adolescents expe-
rience a multitude of changes that all serve to promote a late
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sleep schedule and late wake time, but which are at odds with
the early wake time required for school, resulting in a state of
chronic circadian desynchronization and sleep loss>©.

Sleep deprivation in adolescents impairs performance on
tasks requiring attention, memory and speed’. According
to neurobehavioral models of sleep, these effects are due to
sleep-related changes in the functioning of the prefrontal cor-
tex (PFC) that is critical for the control of many neurobehav-
ioral functions including executive functions and emotional
processing and thereby may contribute to increased risk for
impulsive behavior and emotional difficulties**. Although
much literature is available that focuses on the impact of the
quantity of sleep and sleep deprivation on neurobehavioral
functioning in adolescents, there is relatively less information
on how sleep and circadian rhythm alterations together affect
neurobehavioral function among adolescents .

Based on self-reported data collected from an international
sample of 87 students in secondary school, this study aims to
explore the association between differences in sleep duration
and circadian misalignment, cognitive alertness, focus, and
academic outcomes. By examining both biological aspects
of circadian regulation and behavioral outcomes, this study
aims to provide a more complete understanding of how lev-
els of misalignment between internal biological rhythms and
external environmental schedules are associated with neurobe-
havioral outcomes in adolescents. Consequently, the present
study is designed to examine the association between the
amount of sleep, circadian misalignment, sleep characteris-
tics, and academic performance among adolescents through
self-report data in an international secondary school sample.

It was postulated that there will be an association between
circadian misalignment, which is defined by the discrepancy
between sleep timing on weekends and sleep requirement on
weekdays to adhere to the school’s schedule, and reduced
alertness, concentration problems, and poor academic perfor-
mance among adolescents. Furthermore, we theorized that
shortened sleep time correlates with lack of cognitive alert-
ness and readiness for academics.

Background

Circadian Biology in Adolescents

Circadian rhythms in humans result from the activity of an
endogenous molecular clock, which consists of almost every
cell’s central oscillator, controlled by the suprachiasmatic nu-
cleus (SCN) of the anterior hypothalamus®°. They result from
transcription-translation feedback loops of the central set of
clock genes. The heterodimer of the CLOCK and BMALI1
proteins activate the transcription of PER (Period) and CRY
(Cryptochrome) genes, which, upon the accumulation of PER
and CRY proteins, inhibit the activity of the CLOCK-BMALLI
complex, thus producing a self-sustaining oscillation of ap-

proximately 24 hours. The timing of the oscillation is con-
trolled by the phosphorylation-dependent degradation of the
clock proteins, which allows the oscillations to be precise and
adaptive.

The SCN ensures the synchronization of the peripheral os-
cillators through coordinated neural and endocrine outputs.
The photic cues received from the intrinsically photosensitive
retinal ganglion cells regulate the SCN to the environmental
light/dark cycle and cause phase shifts in the clock gene ex-
pression in response to light exposure during critical circa-
dian periods . The primary behavioral output controlled by
the SCN is the secretion of melatonin by the pineal gland !!.
Melatonin production is regulated during periods of dim light
and is the physiological marker of the night period. The tim-
ing of the dim light melatonin onset (DLMO) is the most com-
monly used marker of the circadian timing in adolescents and
adults !

These molecular and neural systems provide the foundation
for the regulation of the circadian timing during development.
However, there is evidence of modulation in these systems
during adolescence, leading to the characteristic shift in the
circadian timing®.

Table 1 outlines the major biological mechanisms involved
in the regulation of circadian rhythms and the sleep-wake cy-
cle, with a focus on the role of the body’s internal clock in
controlling physiological activities during the day. Each of
the mechanisms is accompanied by a brief description of their
role and impact on the sleep pattern of adolescents. The ta-
ble, therefore, offers a clear overview of the mechanisms in-
volved in the regulation of circadian rhythms and the sleep-
wake cycle. Each row is supported by references addressing
the specific molecular, neurological, or physiological mecha-
nism stated, rather than literature concerning only the broader
topic of adolescent sleep.

Circadian Shifts in Adolescence

The teenage years include a typical delay in circadian tim-
ing, which is demonstrated by sleep onset, wake up time,
and melatonin production later than during the childhood pe-
riod>. The above changes are believed to be caused by in-
teractions of circadian and homeostatic processes related to
sleep®. Studies have found that teenagers develop a slower ac-
cumulation of sleep homeostatic pressure and higher alertness
in the evening compared to children, thus showing preference
for late sleep®. Due to the above mentioned, teenagers are
likely to suffer from a mismatch of their biological and social
sleep time*©.

Sensitivity to evening light exposure also enhances the ef-
fect of these changes. Light exposure during the evening hours
results in reduced melatonin production and phase delay; ado-
lescents have also shown significant sensitivity to light expo-
sure during this developmental period'!. An increase in artifi-
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Table 1 Summary of the fundamental molecular, neurological, and physiological mechanisms that govern the circadian system and how they
all interact and impact the development of circadian phase delay in the adolescent population, including the clock gene feedback loop of
CLOCK/BMALI and PER/CRY, the suprachiasmatic nucleus, melatonin release, and the sleep/wake homeostasis.

Reference Concept Mechanism

Effect on Adolescents

Provides foundation for circadian timing
Stabilizes circadian rhythm and sleep timing

Regulates sleep-wake cycle and daily physiol-
ogy

SCN signals pineal gland to release melatonin Signals biological night; circadian timing

shifts later during adolescence

Light-entrainment Retinal light signals reset SCN circadian clock Evening light can suppress melatonin and de-

lay circadian timing.

Core body temper- Circadian regulation of daily temperature fluc- Lower night-time temperature supports sleep

CLOCK/BMALI1 Activates PER/CRY transcription, creating
8 feedback loop ~24-hour cycle

PER/CRY negative PER/CRY proteins inhibit CLOCK/BMAL1
8 feedback loop activity

Suprachiasmatic ~ Hypothalamic master clock synchronizing
10 nucleus (SCN) body rhythms
- Melatonin secre-

’ tion in darkness

12 pathway
13 ature rthythm tuations

Sleep-wake home- Sleep pressure builds with wakefulness and
6 ostasis dissipates during sleep
P Circadian phase ~ Puberty shifts circadian timing later

delay

Sleep deprivation causes fatigue and reduced
focus

Leads to later bedtimes and difficulty waking

cial light exposure may contribute to the problem of circadian
misalignment>.

There is no evidence that the intrinsic circadian period is
lengthened during adolescence; however, changes in the phase
relationship between melatonin production and sleep timing
contribute to the behavioral changes observed during this pe-
riod®. When the school day starts before the offset of endoge-
nous melatonin production, adolescents experience chronic
circadian misalignment and reduced total sleep time>.

There have been recent studies on the connection between
chronotype and school timings in adolescence. The findings
of Jongte et al. on chronotype, sleep quality, depressive symp-
toms, and academic achievement were carried out among sec-
ondary school students. Also, the work done by Dwivedi et al.
showed considerable social jetlag and differences in chrono-
types among Indian adolescents enrolled in schools %13

Sleep and Cognitive Performance
Memory Consolidation During Sleep

Sleep has a crucial role in memory consolidation, especially
in the consolidation process of hippocampal-neocortical in-
teractions in declarative memory '®!7. Slow-wave sleep has a
crucial role in the coordinated activity of neural oscillations
that enhances the reactivation of memory traces that were re-
cently consolidated and the redistribution to long-term storage
in the cortex. Experimental enhancement of slow oscillations
in sleep enhances performance in declarative memory, indicat-
ing a causal relationship between slow-wave sleep and learn-

ing performance.

Adolescence is also marked by a decrease in slow-wave
activity, which is related to gray matter pruning in the cor-
tex”. Longitudinal studies of electroencephalographic activ-
ity have found a decrease in delta band power during adoles-
cence, which is related to the maturation of prefrontal cortex
structures involved in executive function. SWS is closely re-
lated to synaptic plasticity and memory consolidation. Thus,
changes in SWA during adolescence may have implications
for the consolidation of memories during a period of high aca-
demic demands '°.

Effects of Sleep Restriction on Neurocognitive Function

Sleep restriction studies using experimental sleep deprivation
show a negative effect on neurobehavioral functioning in ado-
lescence. Partial sleep deprivation impairs sustained atten-
tion, working memory capacity, and speed of processing in a
controlled environment '°. Accumulating impairments in vig-
ilance occur over consecutive nights of sleep restriction with-
out total sleep deprivation”.

Moreover, sleep deprivation tends to have a greater impact
on the prefrontal cortical systems that control executive func-
tioning, impulsivity, and goal-directed behaviors'#. Since
the prefrontal cortical systems continue to develop structurally
and functionally during adolescence, they may be particularly
susceptible to sleep deprivation.

Circadian misalignment further compounds cognitive ef-
fects. Neurobehavioral performance varies according to cir-
cadian phase; awakening during biological night is associ-
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>
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 Preparedness

* Reduced morning
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Drives delayed timing Conflict with school schedule

Circadian disruption

Impacts performance

Figure. 1 Conceptual framework illustrating the pathway from circadian biology to academic outcomes in adolescents. Biological phase delay
impacts sleep patterns, leading to circadian misalignment/social jetlag, which in turn impacts cognitive functioning and subsequently academic

performance.

ated with reduced alertness and diminished executive effi-
ciency®. When delayed circadian timing is combined with
early-morning academic demands, adolescents may experi-
ence systematic decrements in cognitive functioning during
school hours?.

Some of the latest school-based research has been con-
ducted to find out whether delayed school start times were
associated with any differences in sleep and daily activities.
According to findings by Alfonsi et al., a one-hour delayed
school start time resulted in longer sleep duration during
school nights, enhanced sustained attention, increased atten-
dance rates, and improved academic achievements. The same
results were obtained by Borisenkov et al., who concluded that
delayed school start times led to better sleep—wake cycle reg-
ulation and academic achievements as well. At the individual
level, Yang et al. discovered that higher sleep-corrected social
jetlag resulted in lower cognitive achievement and academic
grades 1820,

Methods

Study Design

This study aimed to assess the relationship between sleep
patterns and school schedules, as well as the effect of this
relationship on academic performance, through a survey of
adolescents. This study employed the cross-sectional obser-
vation method using anonymous self-administered question-
naires. The data collection was carried out among secondary
school students for 2 months in order to identify links between
sleep time, sleep timing, circadian mismatch, cognitive alert-
ness, and academic-related factors. This research was carried
out among an international sample of students representing
different educational environments and thus enabling the iden-
tification of the sleeping patterns among adolescents in differ-
ent environments.

Participants and Recruitment

A total of 87 adolescents from England, Germany, India, Lux-
embourg, and the United States, participated in this study.

This diverse group of respondents from different educational
settings was a significant contribution of this study. Recruit-
ment process was done online through the use of social me-
dia and personally. Those involved were adolescent students
attending secondary schools, who filled out the questionnaire
willingly. The inclusion criteria include falling within the ages
of 13-17 years, being secondary students, and giving their in-
formed consent to participate. Those who failed to meet the
inclusion criteria and gave incomplete answers were not in-
cluded in the analysis.

Demographic Relevance

The demographic data obtained involved the age, gender, na-
tion where the respondents lived, and the educational attain-
ment of the participants. The sociodemographic characteris-
tics were deemed crucial due to possible disparities between
their school timetables, education system, and other aspects of
their lifestyles that could affect their sleep behaviors.

Survey Development

This survey was designed for the current study to evaluate cer-
tain factors associated with adolescent sleep behavior, body
clock timings, cognition alertness, and effects of inadequate
sleep on academics. This study was informed by a specific
framework that sought to identify the natural sleep patterns of
the respondents, compare them to external school schedules,
and then assess the effect of this comparison on the respon-
dents’ performance. The study used a combination of time-
entry, number-entry, Likert-scale, and multiple-choice ques-
tions.

The survey was composed of thirteen structured questions
based on time, numerical, Likert scale, and multiple choice
format responses. This survey was tailored for the exploratory
research in order to obtain self-reports related to sleep timing,
school schedule, morning alertness, perception of readiness
for academics, and academic performance. No validated mea-
sure of chronotype or sleep was used. Rather, an unvalidated
questionnaire was constructed that included school-specific
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variables such as earliest school start time and academic ram-
ifications of sleep deprivation. Therefore, the measurements
taken must be regarded as exploratory measures rather than
validated measures of circadian phase or sleep physiology. To
capture natural sleep timing and chronotype, participants were
asked what time they naturally wake up on weekends without
an alarm and what time they naturally fall asleep on week-
ends. Sleep duration and quality on school nights were as-
sessed through questions on typical hours of sleep and fre-
quency of nighttime awakenings. School-imposed circadian
strain was measured by asking participants the earliest time
they start school during a typical week, allowing comparison
with their natural wake time. Cognitive functioning and alert-
ness were assessed through questions on alertness during the
first lesson of the day, time of peak mental focus, and fre-
quency of difficulty concentrating in class. Finally, academic
impact was captured by asking how many tests or major as-
signments participants felt underprepared for due to lack of
sleep during the term.

The structured survey items asked participants to report:
(1) natural weekend wake time without an alarm; (2) typical
school-night sleep duration; (3) usual school-night bedtime;
(4) current estimated overall average grade; (5) sleep-onset la-
tency; (6) frequency of nighttime awakenings; (7) alertness
during the first lesson; (8) time of peak mental focus; (9) fre-
quency of being too tired to concentrate in class; (10) diffi-
culty waking on school mornings; (11) earliest school start
time during a typical week; (12) the number of tests or ma-
jor assignments for which they felt underprepared because of
insufficient sleep; and (13) natural weekend sleep-onset time.

Measured Variables

To identify the natural sleep patterns of the respondents, the
study used measures of sleep and wake times on weekends
or days without any obligations. The study chose this type
of information because it does not involve any external influ-
ence, allowing respondents to display their natural circadian
rhythm. The information gathered from this part of the study,
as well as the school start time, allows for the identification of
a circadian misalignment, also known as social jetlag.

In the current study, school-start misalignment was opera-
tionalized as the discrepancy, in terms of hours, between the
individual’s natural wake-up time on weekends and the earli-
est school start time that was reported by the participant. If
the value was positive, this meant that the individual naturally
awoke later than the school start time, while a negative value
suggested that the person awoke earlier than the school start
time. It is important to note that this construct is unique to the
current study and is not an indicator of either circadian rhythm
or social jetlag.

The wake-up time during the weekends may also be af-

fected by the need to recuperate from sleep deprivation that
happens during the weekdays and is not solely based on
chronotypes. The mismatch between school start times and
sleep time variable may have been affected by factors such as
sleep debt, catch-up sleep, habitual sleep timing, and school
schedules.

The duration of sleep on school nights was also included
as an important variable to determine whether students get
enough rest on weeknights. This is an important factor in de-
termining whether students get enough sleep due to structural
factors, such as the start of school, rather than their personal
choices. Moreover, the quality of sleep was also taken into
account through the inclusion of variables on the frequency of
nighttime awakenings.

The functional effects of students’ sleep habits on their
academic life were also studied through the survey. For in-
stance, students’ levels of alertness in the first lesson of the day
and the frequency of difficulty concentrating in class were in-
cluded to measure the effects of sleep on their cognitive func-
tions, particularly in the early hours of the day. Moreover, the
difficulty of waking up on school mornings was also used as
an indicator of the effects of students’ sleep habits on their
academic life.

To measure students’ cognitive functions, they were asked
to specify the time of day they feel most mentally alert. This
was used to compare the students’ peak cognitive functions
with the time of day they are in school, thus determining
whether they learn best at optimal times of the day.

The survey links sleep to academic outcomes by asking re-
spondents how often they feel underprepared for tests or major
assignments due to insufficiency of sleep. The results pro-
vided a solid measure of the influence of sleep-deprivation on
performance, stepping beyond generic perceptions to particu-
lar academic results.

Academic performance and academic unpreparedness per-
ceptions were considered distinct outcomes. Academic un-
preparedness was gauged with the item, “How many tests or
major assignments do you feel like you have been unprepared
for due to lack of sleep in this term?” The item used to gauge
academic performance was, “What is your current estimated
GPA (average grade)?” This was a subjective measure that did
not come from any official school records.

Participants selected an estimated grade range on a com-
mon 10 point scale. In terms of the quantitative analysis,
the grade range was transformed to its midpoint; for in-
stance, a 8-9 would be transformed to 8.5. Higher values de-
noted better self-reported academic performance. This item
is termed “self-reported academic performance” in the entire
manuscript as opposed to GPA.

The survey did not include any official transcript scores or
country-specific grading equivalents. Rather, individuals from
various school systems were asked to rate their performance
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on a common survey rating scale. This helped make it possi-
ble to conduct a preliminary pooled grade analysis, although
it could not ensure equivalency across grading systems of dif-
ferent countries.

This survey was ultimately designed so that each question
may contribute to a better understanding of how sleep be-
haviour and circadian biology, in hand with school structures,
interact. By taking these factors into account, this study is not
only limited to assessing whether students are sleep-deprived,
rather how deprivation translates into measurable effects on
apprehension and preparedness.

Ethical Consideration

Ethical issues have been considered during this study. Permis-
sion was sought for conducting the survey prior to collecting
the data from the authority concerned in the school. The sur-
vey was conducted on a voluntary basis; moreover, the par-
ticipants were made aware of the objective of the survey be-
fore filling out the survey questionnaire. Since the survey was
being conducted on adolescents, the process of obtaining in-
formed assent was followed in case of all the respondents; no
parent/guardian consent was required for an anonymous and
risk-free survey questionnaire.

Results

The following histogram indicates the sleep duration experi-
enced by the respondents during school nights. The sleep du-
ration is skewed towards fewer hours of sleep. The majority
of the students are clustered in the sleep duration of 5-7 hours.
Moreover, most students sleep for 6-7 hours. This indicates
that the majority of the respondents are not getting the recom-
mended sleep duration of 8-10 hours. The data also indicates
variability beyond the main cluster, with some sleeping for <4
hours and only a minority sleeping for >8 hours. This implies
that though sleep deprivation is widespread, it is not universal.
Those sleeping for extremely low periods (1-2 hours) may be
restricted due to academic or lifestyle demands, while those
getting adequate sleep may have schedules closer to their bi-
ological rhythms. Individual variability in sleep is therefore
significant despite the overall trend of insufficient sleep. This
is an indication that the majority of the respondents are suffer-
ing from chronic sleep deprivation. This is similar to the larger
studies conducted among the adolescent population with re-
gards to sleep patterns. The studies indicated that the majority
of the adolescent population is reducing the sleep duration.
This can be explained by the fact that there are structural fac-
tors that biologically prepare the adolescent for later bedtimes.
This means that the time for sleep is reduced due to the fixed
time for waking up in the morning. This leads to the sleep du-
ration itself being reduced. Overall, the data shows that sleep

deprivation is a common phenomenon among the respondents.
Descriptive analysis showed that participants reported a mean
sleep duration of 6.62 4 1.35 hours per school night (95%
CI: 6.33-6.91 hours; n = 87). Overall, 67% of participants
reported sleeping only 5—7 hours on school nights, supporting
the observation that insufficient sleep was common within this
sample.

Respondants
N
3

[1.2] 2,3] (3,4] (4,5] (5,6] (6,7] (7,8] (8,9] (9, 10]

Hours

Figure. 2 Histogram representing the distribution of respondents’
sleep durations on school nights. The graph indicates that most re-
spondents slept for 5-7 hours on average, with a gradual decrease in
the number of respondents as it approaches 4 hours and beyond 8
hours.

This figure shows average hours slept during school days
and self-reported levels of alertness, where the scale ranges
from 1 to 5. It is evident that sleep duration increases from
the category with an extreme negative mismatch (< -2 hours)
to the category where the mismatch ranges from -2 to -1. Af-
ter this, the average sleep duration stabilizes, showing fluctu-
ations around 6.5 to 7.2 hours. A decline in sleep duration is
evident in the category with the highest mismatch (> 3 hours).
Alertness levels, which range from 1 to 5, show a sharp in-
crease from the lowest category up to the category where the
mismatch ranges from -2 to -1. After this, a gradual decline
is evident, with lower levels observed in the category where
the mismatch ranges from -1 to 2. A slight increase is evident
again in the category with the highest mismatch. This shows
that the trend is not entirely consistent. It is evident that while
the average sleep duration is consistent across all categories
with moderate mismatch levels, the trend observed with the
average levels of alertness is not consistent. This shows that
while the body is not entirely affected by the mismatch, the
level of alertness is.

Participants indicated that their average sleep duration was
6.62 £ 1.35 hours during school nights (95% CI: 6.33-6.91; n
= 87). Mean self-reported academic performance was 7.83 +
1.15 out of 10 (95% CI: 7.59-8.08), whereas mean circadian
mismatch was 1.55 4 2.15 hours (95% CI: 1.09-2.01 hours).
The mean alertness at first lesson was 2.77 = 1.03 out of 5
(95% CI: 2.55-2.99).
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Alertness
One Way ANOVA
F(6,79) = 1.66, p=0.142(ns)

Sleep duration
One Way ANOVA
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=& Avg. hours of sleep during school days =g Alertness level
Figure. 3 Dual-axis line graph showing the average hours of sleep on
school days (left axis) and levels of alertness (right axis, 1-5 rating)
by levels of circadian mismatch (hours). Sleep tends to decrease in
the extremes of the mismatch scale, while levels of alertness vary
but also decrease as the positive mismatch increases, suggesting the
possible effect of circadian mismatch on sleep and levels of alertness.

Whilst Figure 3 illustrates the relationship between circa-
dian mismatch and sleep duration and alertness levels, Figure
4 examines how these variations may translate into differences
in academic performance. Quantification of this relationship
was done by conducting linear correlation analyses alongside
the descriptive graph analyses. Pearson and Spearman correla-
tion coefficient analyses were carried out to establish the rela-
tionship between increased circadian misalignment and poor
academic performance. This scatter plot shows the distribu-
tion of the amount of circadian mismatch. The y-axis rep-
resents the average grade in academics, ranging from 1 to
10. Visual inspection suggests a slight negative association
between circadian mismatch and self-reported academic per-
formance. However, it does not follow a proportional trend.
This may be due to various other reasons. When examining
all mismatch categories, students with small negative or near-
zero mismatch levels have higher average grades, whereas
both extreme negative and positive mismatch levels have more
fluctuating results. This is in accordance with existing lit-
erature about “social jet lag” due to circadian misalignment
and its impact on cognitive functions. Previous research sug-
gests that greater circadian misalignment may be associated
with reduced sleep quality, attention, and executive function-
ing, which could contribute to lower academic performance.
However, this non-linear trend may be due to various reasons
such as the adaptability of students and studying and compen-
sating for this by caffeine and/or sleep on weekends, which are
not controlled in this survey2!?2. In addition to visual inspec-
tion, inferential statistical analyses were conducted to deter-
mine whether circadian mismatch was significantly associated

with academic performance. Linear regression analysis also
confirmed the existence of a negative regression coefficient of
circadian mismatch on academic performance; however, the
correlation was not statistically significant (p > 0.05). Thus,
even though there is some trend of poorer academic results
with higher circadian mismatch observed from the descriptive
data, in the current sample there is not enough statistical evi-
dence to confirm this trend.

10

GPA
°
L
°
®
°
°
°
°

-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00 5.00

Circadian Mismatch ® GPA ——Linear (GPA)
Figure. 4 Scatter plot illustrating the relationship between circadian
mismatch (hours) and self-reported academic performance (10-point
scale). Each point represents one participant. The fitted regression
line demonstrates a weak negative association between circadian mis-
match and self-reported academic performance, although this rela-
tionship was not statistically significant.

Statistical Summary of Circadian Mismatch and Aca-
demic Performance

To supplement the descriptive results, some formal tests were
also conducted. According to Pearson’s correlation analy-
sis, there is a weak negative correlation between circadian
rhythm misalignment and academic achievement (r = -0.086,
p =0.430). In a similar way, according to the Spearman’s rank
correlation analysis, there is a weak negative correlation (p =
-0.191, p = 0.077). While both the analyses indicate the same
association between the two variables seen from the descrip-
tive results, they did not obtain statistical significance.

Simple linear regression analysis also demonstrated a weak
negative relationship between circadian mismatch and aca-
demic performance (8 =-0.046, 95% CI: -0.161 to 0.069, p =
0.430). Circadian mismatch explained only 0.7% of the vari-
ance in academic performance (R% =0.007), indicating that it
was not a significant independent predictor within this sample.

Discussion

The connection between the beginning of the school day and
the academic performance of adolescents can be traced back
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to the conflict between the two. ‘“Adolescents experience a
phase delay in their circadian rhythm during puberty and de-
velop ‘eveningness’ as a consequence of the later melatonin
release”—this means that the wake-up call in the early morn-
ing is difficult for adolescents because their alertness peaks in
the afternoons and evenings>324.

The data collected in the present study indicates a striking
biological incongruity in the population of 87 participants that
were selected based on the global demographic distribution
—from Central Europe, the UK, the US, and India. The ma-
jority of the participants (n = 58) need to wake up at 08:00
in order to go to school, while the peak wake-up time for the
weekends is between 09:00 and 10:00. This may contribute to
social jetlag in the participants’ lives, in which the participants
need to concentrate on complex cognitive activities during the
sleep phase, requiring participants to perform cognitively de-
manding activities at times that may not align with their pre-
ferred biological sleep-wake schedule !-18.

Previous research has shown differences in neural activity
and attentional performance between early-morning and later-
morning school hours. Showing a direct correlation to the
level of attentiveness and the occurrence of “micro-sleeps”?>.
This is consistent with the findings of the present study, which
show that 65% of the students experienced a certain level
of difficulty concentrating in class, especially in the earliest
hours of the school day. In addition, the absence of alertness
in the early hours of the morning was identified as the major
hindrance to the academic performance of the students. In the
collected data, only a small percentage of the international stu-
dents reported high levels of alertness in the first lesson of the
school day, while almost half of the students (49.4%) identi-
fied “Late Morning” as the peak hours of their mental focus.
This indicates that the initial 1-2 hours of the conventional
school day might be instructionally inefficient for the majority
of the student population.

Literature supports these findings and has stated that the
school day starting before 08:30 compromises the ability to
achieve the recommended 8-10 hours of sleep and that this
sleep debt cannot be made up for over the weekend >°.

The data collected through the results of the survey will also
help to solidify the debt owed to such a phenomenon, as it is
well understood that the vast majority of the students received
7 or fewer hours of sleep each night. This may contribute to
reduced academic preparedness among students, as 67% of the
participants confessed to a sense of unpreparedness concern-
ing major assignments/exams due to lack of sleep. The ob-
served mismatch between biological sleep timing and school
schedules may be associated with reduced learning efficiency
and academic preparedness through insufficient sleep and al-
tered cognitive functioning 2%,

From the biological point of view, the results are consis-
tent with properly established biological mechanisms of sleep

and the body’s circadian rhythms. The natural lag in the
sleep/wake timing of the internal biological rhythms of ado-
lescents has been considered a factor that affects the sleep
propensity patterns. This fact is associated with shorter sleep
duration and physiological readiness in the early morning
hours*. Previous research has suggested that early school
days suppress melatonin levels in the morning, influencing
the circadian rhythms of the body, supporting the role of so-
cial rhythms in influencing biological rhythms?. Moreover,
sleep plays a huge role in consolidating memory; many stud-
ies have indicated that sleep, both REM and non-REM, play
a role in the consolidation of new memories into long-term
memory. Alterations in the pattern of sleep have been linked to
cognition '®. These biological mechanisms may help explain
the lower levels of alertness and self-reported academic per-
formance observed in the present study; however, the cross-
sectional design does not permit causal inference.

Limitations

There are several limitations that need to be considered while
evaluating the results obtained in this study. First of all,
the research used self-reports for assessing participants’ sleep
habits, circadian phase and academic achievements. This type
of measurement can create problems related to the subjective
nature of self-reports and the possible recall bias. Moreover,
the fairly small sample size (n = 87) and the multinational con-
venience sampling make it hard to generalize the findings to
the broader adolescent population. What is more, even though
circadian misalignment was measured through the differences
between natural sleep timing and school timing, no objective
measures, such as dim-light melatonin onset (DLMO), actig-
raphy, and polysomnography were applied in the study. Thus,
the results should be treated as the connection between sleep
timing, perceived circadian misalignment, and academic out-
comes, not causal relationship. Finally, there were several
confounders in the research, such as screen exposure, caffeine
consumption, mental wellbeing, SES, and academic load.

The questionnaire was not an instrument used for assess-
ing sleep, chronotype or circadian phase. In addition, there
was no DLMO testing, actigraphy, sleep logs, polysomnog-
raphy, EEG, or assessment of REM sleep and SWS or other
sleep architecture measures in the study. The weekend sleep
time could also represent recovery sleep from accumulated
sleep deficit on weekdays in addition to regular sleep time.
Therefore, school start time misalignment should not be con-
strued as real circadian misalignment or social jet lag based on
MCTQ measure.

Because the participants belonged to different national ed-
ucation systems, their self-reports using the common 10-point
rating scale may not have been comparable among nations. A
nation-wise conversion or normalization was not possible, and
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future multinational studies need to obtain country and grad-
ing system information adequate for nation-wise standardiza-
tion.

In addition, the observation design did not control important
confounders like mental well-being, screen time, caffeine in-
take, commuting time, extracurricular activities, social class,
schooling system, exam period, parental supervision, and pre-
vious academic performance. Therefore, causal interpreta-
tions of the current results are impossible to make.

Conclusion

In conclusion, the current study underscores the importance
of sleep and circadian biology in determining neurocogni-
tive/academic outcomes in adolescence. The study revealed
that the majority of adolescents in the current study suffered
from chronic sleep restriction, with most of them receiving
only 5-7 hours of sleep on school nights, which is significantly
less than the recommended duration of an overnight sleep pe-
riod. This is due to both behavioral factors and biological
changes, including a developmental delay in the human cir-
cadian phase, changes in sleep homeostasis, and slow-wave
activity associated with cortical maturation?’.

The results also indicate that greater school-start mismatch
was associated with lower self-reported academic perfor-
mance; however, the observed association was weak and did
not reach statistical significance (Pearson r = -0.086, p =
0.430). Therefore, these findings should be interpreted as ex-
ploratory rather than confirmatory. The term ‘social jetlag’ is
used to denote desynchronization of the circadian rhythms. It
is also pertinent to mention here that there is no linear corre-
lation. However, if the trend of this correlation is analyzed, it
could be understood that with an increase in desynchroniza-
tion of the endogenous and exogenous rhythms, there may
be an association with reduced ability for concentration and
memory consolidation?’.

Additionally, the study reveals the disconnect that exists be-
tween the biological rhythms of teenagers and school. For ex-
ample, the cognitive alertness of teenagers reaches a peak in
the late morning, as compared to the academic demands that
are expected of them in the early morning, implying that the
academic hours of the day may not be optimal for learning>*.
This not only affects the learning time of the teenagers but also
maintains the sleep debt, leading to academic unpreparedness
and neurobehavioral impairment of the teenagers?’.

The present findings provide preliminary evidence of an
association between adolescent sleep behaviour, school-start
mismatch, and neurobehavioral outcomes; however, these
findings are based on self-reported data and should be in-
terpreted cautiously. The disconnection between biological
rhythms and societal demands, in fact, presents not only a sci-
entific imperative but also a new opportunity for designing a

learning environment that is appropriate for development and
informed by biology 2+%3.

Future research should employ chronotype questionnaire-
based assessment tools along with physiological methods
like actigraphy and dim-light melatonin onset in combination
with larger samples to examine sleep behavior in adolescents.
Should such results be found, it will certainly help in future
planning of educational timetables.
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