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Abstract
Sleep is a physiological process essential to the proper functioning of the body and is crucial to overall 
health. In recent decades, a growing body of scientific evidence has demonstrated how the quality and 
quantity of sleep profoundly influence our psychophysical well-being, impacting the functioning of our 
cognitive, metabolic, immune, and cardiovascular systems. At the same time, socioeconomic, technological, 
and cultural changes over the years, starting with industrialization, have contributed to a progressive 
reduction in sleep today, creating a real “epidemic” of sleep deprivation that characterizes our time. This 
article describes the main regulatory mechanisms of sleep, its essential functions for survival, and the 
consequences of its disruption for the individual and for society. Finally, possible strategies for promoting 
sleep quality at both the individual and, ultimately, global levels are presented.
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1. Introduction

W e spend ap-
proximately 
a third of 

our lives sleeping, and, to 
quote one of the most prom-
inent sleep researchers, Allan 
Rechtschaffen, “If sleep does 
not serve an absolutely vital 

function, then it is the biggest 
mistake the evolutionary pro-
cess has ever made”.

Sleep is one of the funda-
mental biological needs of 
human beings, as nutrition and 
physical activity. Although it 
was long considered a passive 
state, scientific evidence now 
clearly demonstrates that sleep 

is an active, dynamic, and fine-
ly regulated process, essential 
for maintaining physiological 
and psychological balance.

In our current society, char-
acterized by hectic lifestyles 
and intensive work routines, 
increasing urbanization, and 
widespread use of digital 
technologies, sleep is often 
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overlooked. This phenome-
non has led to the so-called 
“sleep deprivation epidemic”, 
with significant consequences 
for individual and collective 
health.

Growing attention from 
international institutions such 
as the World Health Organi-
zation highlights how sleep is 
not just a private matter, but a 
crucial factor for global health, 
with implications ranging from 
chronic disease prevention to 
economic productivity.

The aim of this paper is 
to examine the physiological 
functions of sleep and discuss 
the impact of sleep deprivation 
and circadian misalignment on 
physical and mental health in 
contemporary society.

2. �Sleep Physiology: Regu-
latory Mechanisms and 
Functions of Sleep

To fully understand the re-
lationship between sleep and 
society, and how they influence 
each other, it is important to 
understand the main processes 
that regulate its functioning.

The regulatory mechanisms 
of sleep involve two fundamen-
tal systems: the homeostatic 
system and the circadian sys-
tem [1].

The first mechanism, de-
fined as homeostatic, refers to 

a “pressure” or drive to sleep 
that progressively increases 
with the time spent awake and 
is gradually dissipated through-
out the night’s sleep. This pro-
cess is primarily biologically 
linked to the accumulation of 
substances such as adenosine, 
which increases in the brain 
during waking hours and 
induces a state of increased 
drowsiness. This is why sub-
stances that inhibit adenosine, 
such as caffeine, are effective in 
reducing drowsiness.

Alongside the homeostatic 
process, a second fundamental 
mechanism is the circadian 
process, so called because 
it regulates the sleep-wake 
rhythm over the course of a 
24-hour period. This process is 
regulated by the sophisticated 
functioning of a fundamental 
structure located in our brain, 
the suprachiasmatic nucleus of 
the hypothalamus. This struc-
ture, which receives informa-
tion about light through the 
retina, acts as a true “biological 
clock”, capable of regulating 
the production of melatonin, 
an important hormone se-
creted by the pineal gland. Its 
concentration increases in the 
evening and peaks at night, 
signaling the brain when to fall 
asleep. This circadian process is 
essential not only for regulat-

ing the sleep-wake rhythm, but 
also for regulating circadian 
variations in temperature, me-
tabolism, and cortisol levels.

Sleep, therefore, arises from 
the combination of these two 
processes and has a specific 
architecture that supports the 
performance of its essential 
functions [1].

First, each night’s sleep con-
sists of alternating different 
cycles (about 4-5) lasting ap-
proximately 90 minutes, each 
containing a sleep stage called 
NREM (Non-Rapid Eye Move-
ment) and a stage of REM 
(Rapid Eye Movement) sleep, 
characterized by the presence 
of rapid eye movements.

In turn, NREM sleep is 
composed of a series of stages, 
as sleep deepens, moving from 
NREM Stage 1 (transition be-
tween wakefulness and sleep) 
to NREM Stage 2 (deepening 
sleep), and Stage 3 (true deep 
sleep, also known as slow-wave 
sleep).

NREM sleep accounts for 
70-80% of total sleep and is 
essential for its restorative 
function and for the proper 
functioning of learning pro-
cesses. REM sleep, in addition 
to the presence of rapid eye 
movements, is characterized 
by muscle atonia and brain 
activity similar to that of wak-
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ing. In this phase, vivid dreams 
frequently occur, reflecting the 
state of activation of our brain, 
which effectively reprocesses 
the day’s experiences.

As mentioned, sleep plays 
essential roles in our survival. 
Among these, the neurobio-
logical mechanisms that occur 
during the night’s sleep allow us 
to maintain the proper ability 
to encode information acquired 
during waking and consolidate 
it in long-term memory stores. 
Thanks to the dialogue between 
different cortical and subcorti-
cal structures in our brain (i.e., 
neocortex, hippocampus, thal-
amus), sleep is the stage where 
information acquired during 
the day is processed and stored 
in our declarative and proce-
dural memory.

Sleep supports not only 
memory but also the regulation 
of the immune system through 
its underlying physiological 
processes. During the night, 
our body produces substances 
called cytokines, which help 
reduce the likelihood of infec-
tions or inflammation. This is 
why prolonged disruption of 
natural sleep-wake patterns can 
increase the risk of developing 
physical and psychological ill-
nesses, lowering the immune 
system and making the body 
more vulnerable to disease [2].

Sleep also profoundly af-
fects metabolic regulation and 
hormonal balance, affecting 
hormones such as leptin (the 
satiety hormone) and ghrelin 
(the hunger hormone), con-
tributing to appetite levels and 
body weight fluctuations [3].

Recently, a growing body 
of research has investigated 
the role of sleep in the brain’s 
“cleansing” mechanism of met-
abolic waste products accu-
mulated during wakefulness, 
through the so-called glymphat-
ic system. This system is essen-
tial for ensuring the removal of 
substances such as beta-amy-
loid, associated with the onset 
of neurodegenerative diseases 
such as Alzheimer’s disease [4].

3. �Impact of Modern Soci-
ety on Sleep

Beyond the alteration of 
sleep-wake rhythms due to 
sleep disorders, life events, or 
individual lifestyle, in today’s 
24-hour society, there is an 
intrinsic and widespread con-
dition of chronic sleep depriva-
tion, which affects the popula-
tion on a large scale.

The increasing moderniza-
tion of our society has led to 
drastic changes, especially over 
the last two hundred years. 
On the one hand, the process 
of technological innovation 

has maximized the efficiency 
of modern life (i.e., artificial 
light, digital connectivity, 
uninterrupted commercial 
and healthcare services, speed 
of transport), on the other 
hand, it has had negative re-
percussions on various areas 
of life. Modern society is char-
acterized by the demand for 
continuous availability, which 
necessarily reduces the space 
dedicated to rest. Night work, 
irregular shifts, and constant 
use of technology contribute to 
this phenomenon.

The circadian rhythms im-
posed by society are in fact 
misaligned with our endoge-
nous rhythm, creating a dis-
crepancy between social obli-
gations such as school or work 
and our biological clock [5]. 

As previously described, 
the sleep-wake cycle is regu-
lated by the suprachiasmatic 
nucleus of the hypothalamus, 
thanks to information from 
external light, which is the 
primary synchronizer of the 
circadian rhythm. Exposure 
to artificial light, particularly 
the one emitted by electronic 
devices, can interfere with this 
mechanism, delaying the onset 
of sleep and altering its quality. 
This phenomenon is particular-
ly relevant in modern societies, 
where the use of smartphones 
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and computers is common late 
into the night.

The evident misalignment 
in today’s 24-hour society be-
tween the biological clock and 
social rhythms leads to staying 
awake well beyond the neces-
sary window, with significant 
consequences for physical and 
mental health [6].

In the short term, the 
effects of sleep deprivation 
caused by circadian dysregu-
lation are primarily related to 
an increase in sleepiness and 
the consequent reduction in 
psychomotor alertness. Con-
sequently, a decline in perfor-
mance is observed, especially 
in tasks requiring specific 
cognitive functions (attention, 
memory, executive functions).

In the long term, prolonged 
sleep deprivation becomes 
chronic and leads to the onset 
of pathological processes, with 
the risk of developing actual 
organic diseases, particularly 
metabolic and cardiovascular 
diseases [7].

Given the spread of the 
phenomenon in recent years, a 
specific term has been coined 
to indicate this condition: 
“Social Jet Lag” (SJT) [8]. This 
term refers to the discrepancy 
between endogenous biological 
rhythms and exogenous social 
rhythms (school, work, com-

mitments), which is measured 
by calculating the absolute dif-
ference between the midpoint 
(i.e., the clock time halfway 
between when you fall asleep 
and when you wake up) of 
sleep during free days and the 
midpoint of sleep on work or 
school days.

Approximately two-thirds 
of the working and student 
population in developing coun-
tries suffers from SJL, with a 
range of between one and two 
hours, highlighting this phe-
nomenon as a major public 
health concern [9].

Daylight saving time (DST) 
(i.e., seasonal time change in 
which clocks are set forward 
by one hour in spring and set 
back by one hour in autumn) 
further dissociates the rela-
tionship between the sun and 
the social clock, moving the 
start of the social day forward 
by one hour compared to 
standard time. Although this 
method results in a reduction 
in energy expenditure during 
the period of application (from 
spring to autumn), the dele-
terious effects on individual 
health are widely known. The 
acute effects of sleep depriva-
tion on the night of the time 
change have been associated 
with an increase in traffic 
accidents and heart attacks. 

Furthermore, many individuals 
require several weeks to adapt 
to the new rhythm imposed by 
DST, with a general deteriora-
tion in cognitive performance 
and psychophysical health [10].

Furthermore, within the 
context of SJL, it is interesting 
to note the Covid-19 pandemic 
impact, significantly altering 
social rhythms and living con-
ditions. On the one hand, the 
interruption of many work ac-
tivities and social confinement 
has reduced the extent of cir-
cadian misalignment, allowing 
greater adherence to rhythms 
and schedules consistent with 
one’s chronotype and individ-
ual needs. On the other hand, 
the enormous increase in the 
use of digital devices has pro-
duced even more intense expo-
sure to artificial light sources 
(e.g., blue light) at inappropri-
ate times, with a consequent 
deterioration in sleep quality 
[11]. Blue light exposure in the 
evening reduces melatonin 
production and alters circadian 
rhythms through the activation 
of the suprachiasmatic nucleus, 
increasing alertness and delay-
ing sleep onset.

Finally, regarding the im-
pact of society on sleep, it is 
also appropriate to consider 
the presence of social in-
equalities inherent in mod-
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ern society, which determine 
significant differences in the 
quality and quantity of sleep 
among different socioeconomic 
groups.

Sleep is a fundamental bio-
logical need, but its quality and 
duration are not equally dis-
tributed across the population. 
Available data confirms the 
existence of a social gradient in 
sleep. Sleep deprivation is a sig-
nificant problem in the US and 
OECD (Organization for Eco-
nomic Co-operation and Devel-
opment) countries. Specifically, 
studies based on CDC (Centers 
for Disease Control and Preven-
tion) data indicate that 33.2% 
of American adults sleep less 
than the recommended 7 hours 
per night, with a picture that 
progressively worsens in poorer 
countries [12].

Social inequalities pro-
foundly influence sleep-wake 
rhythms. For example, people 
with precarious or shift jobs 
are at greater risk of expe-
riencing irregular schedules 
and unfavorable conditions 
that disrupt natural sleep-
wake rhythms. Furthermore, 
living in noisy, unsafe, overly 
crowded environments with 
poor access to healthcare has 
been shown to reduce sleep 
quality. In addition to work 
and environmental conditions, 

stress associated with potential 
economic challenges can also 
hinder sustained rest and sleep, 
contributing to the onset of 
disorders such as insomnia [13].

Finally, given the bidirec-
tional relationship between 
sleep and health, poor sleep 
increases the risk of physical 
and mental illnesses, which in 
turn contribute to poor sleep 
quality. All this creates a vi-
cious cycle that further widens 
the gap between populations of 
different social backgrounds.

Accordingly, preventive 
and therapeutic measures tar-
geting better sleep patterns, 
both at the individual level and 
through specific social policies, 
are increasingly urgent and 
crucial for public health.

4. �Consequences of Sleep 
Deprivation on Individual 
and Public Health

Chronic sleep deprivation, a 
condition affecting modern so-
ciety, leads to the accumulation 
of a sleep debt associated with 
numerous diseases, including 
type 2 diabetes, hypertension, 
vascular and metabolic diseas-
es. These conditions represent 
some of the leading causes of 
mortality globally.

Chronic sleep deprivation 
not only affects physical health 
but also has significant nega-

tive effects on mental health 
and well-being. Good sleep is 
essential for properly process-
ing experienced events and for 
the ability to regulate emo-
tions. Impaired sleep quality 
and quantity are therefore as-
sociated with the risk of devel-
oping psychological disorders 
such as depression, anxiety, 
and stress.

From a cognitive per-
spective, attention, memory, 
decision-making, and prob-
lem-solving skills are impacted 
by sleep deprivation, both in 
terms of reduced psychomotor 
alertness and alterations in 
the neurobiological processes 
underlying these functions. As 
a result, daytime performance 
is inevitably compromised, 
resulting in an increase in car 
accidents, workplace errors, 
and at-risk behavior.

Furthermore, disruptions in 
sleep-wake rhythms can lead, 
in predisposed individuals, 
to the onset of actual sleep 
disorders, such as insomnia, 
obstructive sleep apnea, narco-
lepsy, or restless legs syndrome. 
Treatment of these disorders 
can also be hampered by living 
and working conditions that 
conflict with proper sleep hy-
giene practices.

Several categories of profes-
sionals are particularly exposed 
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to chronic sleep deprivation, 
such as shift workers. Approxi-
mately 20% of the overall work-
force is forced to work shifts, 
especially in the healthcare 
and transportation sectors [14]. 
In addition to an increased 
prevalence of sleep disorders 
in this population, disruptions 
in sleep-wake rhythms have 
negative consequences for psy-
chophysical health and work 
performance. In healthcare 
professions, the heightened 
sleepiness frequently observed 
in shift workers, such as doc-
tors and nurses, is associated 
with a greater probability of 
errors in clinical practice, with 
obvious repercussions on the 
service offered and, ultimately, 
on the health of patients.

Another at-risk group is 
made up of those who fre-
quently travel across different 
time zones, exposing them-
selves to jet lag. Since the cir-
cadian system adapts rather 
slowly (it takes about a day 
to resynchronize in each time 
zone), jet lag occurs frequently 
and contributes to circadian 
rhythm disruption. Jet lag is 
associated with a wide range 
of consequences, from daytime 
sleepiness and sleep distur-
bances to reduced cognitive 
function or the onset of psy-
chological disorders [15].

Not only specific occupa-
tional groups, but also certain 
age groups, are considered to 
be at higher risk of developing 
sleep problems due to the SJL. 
Among these, the age group 
most at risk is undoubtedly ad-
olescents.

We know that sleep needs 
undergo wide variations 
throughout lifespan, progres-
sively decreasing from birth 
to old age [16]. Adolescence 
represents a crucial period of 
brain maturation, in which the 
body and the brain require an 
optimal amount of sleep, equal 
to approximately 10 hours [17]. 
In this specific period, homeo-
static and circadian processes 
undergo variations in the di-
rection of a lower propensity 
to sleep during the evening 
hours, with a consequent ten-
dency to fall asleep later and to 
demonstrate a late chronotype. 
This biological factor combines 
with a series of environmental 
factors, such as the increase 
in late afternoon or evening 
activities or the massive use of 
electronic devices close to bed-
time and, above all, starting 
school at a time that does not 
align with the natural tendency 
to sleep longer in the morning. 
The combination of these fac-
tors determines the so-called 
“perfect storm”, which leads 

adolescents to experience a 
permanent condition of sleep 
deprivation. Also, for this 
population, sleep loss leads to 
negative consequences not only 
for psychophysical well-being, 
but also for cognitive abilities. 
Several studies have demon-
strated a worsening of academ-
ic performance associated with 
high levels of sleep deprivation 
in adolescents, because of in-
creased levels of daytime sleep-
iness and reduced psychomotor 
alertness [18].

Fortunately, the deleterious 
effects of sleep deprivation 
progressively decrease with 
age, paralleling the reduction 
in social commitments due to 
school or work in people with 
many years of work experience 
or in retirement. Therefore, it is 
crucial to consider the broader 
context and age- and work-re-
lated factors when assessing the 
extent and effects of SJL.

Beyond global health, the 
costs of modern society-in-
duced sleep deprivation also 
impact the economy. Traffic 
and work-related accidents, 
welfare policies, declining pro-
ductivity, and increased health 
problems result in significant 
financial costs, especially for 
industrialized countries where 
sleep deprivation is most fre-
quently encountered.
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A recent cross-national 
comparative analysis of the 
economic costs of insufficient 
sleep in five countries (Canada, 
the United States, the United 
Kingdom, Germany, and Ja-
pan) estimated that the result-
ing financial losses amount to 
$680 billion annually [19].

5. �Strategies to Improve 
Sleep and Public Health

Several studies have demon-
strated the need of a dual 
approach to counteract the 
effects of sleep deprivation 
caused by circadian disruption: 
on the one hand, preventing 
and reducing risk conditions, 
and on the other, mitigating 
already compromised condi-
tions to minimize the afore-
mentioned negative effects on 
health and performance.

From a preventive per-
spective, psychoeducational 
interventions have proven 
effective thanks to the possi-
bility of increasing knowledge 
of sleep processes and sleep 
hygiene practices (e.g., main-
taining regular sleep schedules, 
avoiding screens before bed, 
creating a comfortable sleep 
environment, limiting caffeine 
and alcohol consumption). 
Indeed, it has been shown that 
at-risk workers or students 
are less vulnerable to potential 

negative consequences and bet-
ter able to cope with them by 
learning appropriate strategies 
following a psychoeducational 
program [20].

Furthermore, to mitigate 
the impact of circadian dis-
ruption, it is necessary to im-
plement effective operational 
interventions, both from a 
therapeutic and public policy 
perspective.

Cognitive-behavioral ther-
apy for insomnia (CBT-I) is 
considered the first-line treat-
ment for chronic insomnia. 
Its effectiveness has also been 
demonstrated in reducing the 
impact of circadian misalign-
ment, across different contexts 
and age groups [21]. However, 
it is a complex and expensive 
intervention when applied to a 
large group, due to the neces-
sary involvement of specialized 
professionals and the adoption 
of personalized cognitive and 
behavioral strategies. A possi-
ble solution could lie in the se-
lection of specific categories of 
workers or individuals at risk, 
to whom targeted treatment 
could be addressed.

Current evidence indicates 
that a critically relevant factor 
in determining vulnerability 
to the deleterious effects of 
shift work is chronotype. Even 
among adolescent students, the 

evening circadian typology has 
been linked to greater negative 
effects on health and perfor-
mance, compared to what was 
observed in students with a 
morning chronotype [22].

Not only chronotype, but 
also factors such as age, gender, 
work experience, sleep habits, 
and lifestyle can be elements to 
take into consideration when 
identifying populations most 
at risk and therefore candi-
dates for specific sleep treat-
ments.

What appears well-es-
tablished is that, given this 
variability, the most effective 
intervention strategy is one 
based on an individualized 
approach [23]. The indiscrim-
inate application of the same 
intervention protocols could 
not only prove ineffective, but 
also more expensive in terms of 
implementation.

Given the key role of ex-
posure to sunlight, one of the 
interventions that has proven 
to be effective is the applica-
tion of intense light therapy. 
Exposure to artificial light that 
simulates natural sunlight can 
help regulate sleep rhythms by 
directly influencing melatonin 
levels. This type of intervention 
has been widely used and prov-
en effective both in adolescents 
and in shift workers [24,25]. 
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Even in this case, the optimal 
solution consists in selecting 
those who, due to individual 
characteristics, particularly 
benefit from this intervention, 
for example, subjects with an 
evening chronotype.

It is possible to counteract 
the phenomenon of SJL not 
only through individual or 
group treatment and psycho-
education interventions, but 
also through actual changes 
in social policies. First of all, 
it could be appropriate to ad-
dress the root causes by mod-
ifying work and school sched-
ules to make them compatible 
with the natural physiology 
of sleep, thus decreasing the 
phenomenon of circadian mis-
alignment.

Over the last twenty years, 
a growing number of studies 
have investigated the effects 
of delaying the start time 
of school in populations of 
adolescent students [18]. A 
consistent improvement in 
both alertness and academic 
performance, as well as an im-
provement in the well-being 
and overall health of students, 
has been uniformly observed. 
This finding is not surprising 
if we consider the previously 
described aspects of the pecu-
liar sleep profile in this crucial 
phase of development.

Not only adolescents but 
also shift workers represent an 
at-risk population. Regarding 
this category of workers, a sig-
nificant reduction in the dis-
sociation between endogenous 
circadian rhythms and the 
circadian rhythms imposed by 
working hours can be achieved 
through specific policies to 
adjust work shifts, especially 
among healthcare profession-
als. Numerous studies have 
demonstrated that setting a 
maximum limit on consecutive 
nights (already in use in many 
countries) and particular types 
of shift rotations (forward ro-
tation) are protective factors 
against the onset of sleep disor-
ders in this population [26].

In conclusion, adequate 
sleep is essential for both in-
dividual well-being and the 
maintenance of social health. 
Therefore, effective counter-
measures are needed to allevi-
ate the symptoms of circadian 
misalignment and address its 
underlying cause (i.e., the dis-
crepancy between the biologi-
cal, solar, and social clocks).

Given the current state of 
society, it’s possible that the 
negative impact of circadian 
rhythm dysregulation may 
even increase in the future, giv-
en the ongoing technological 
advances and the strengthening 

of policies that ensure continu-
ity of care. For these reasons, 
promoting healthy sleep must 
be a priority on the public 
agenda. Furthermore, an inte-
grated and multidisciplinary 
approach is needed, consider-
ing preventive and operational 
interventions on multiple do-
mains (medical, psychological, 
and social) and targeting mul-
tiple sectors (work, school, and 
environment).

Possible solutions to achieve 
this goal include individualized 
therapeutic and psychoedu-
cational programs and public 
health interventions, such as 
changing work schedules for 
shift workers, delaying the start 
of school for adolescents, or 
abolishing daylight-saving time.

6. Conclusions

Sleep is a fundamental aspect 
of global health, with implica-
tions that extend far beyond 
individual well-being. Its influ-
ence spans physical, mental, so-
cial, and economic domains.

In a world that is becoming 
ever more dynamic and inter-
connected, recognizing the im-
portance of sleep and promot-
ing healthy habits represents a 
crucial challenge for the future. 
Investing in sleep means in-
vesting in people’s health, pro-
ductivity, and quality of life.
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