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ABSTRACT: Adolescence is a critical period for brain development, and sleep deprivation during this time may lay the 
groundwork for Alzheimer’s disease (AD). AD is a neurodegenerative disorder characterized by memory loss and cognitive decline. 
Research has shown that sleep loss in older adults potentiates the risk of AD. Interestingly, approximately 80% of teenagers in the 
U.S. suffer from sleep deprivation. This narrative review paper aims to evaluate how the biological and structural changes induced 
during sleep deprivation in adolescence affect the susceptibility to AD in later adulthood. In recent years, literature reviews have 
focused on either the short-term effects of sleep loss during adolescence or the bidirectionality of sleep and AD in older adults. 
However, due to the difficulty of longitudinal studies across an individual’s lifespan, there is a lack of research connecting the two 
fields. By bridging evidence from both fields, this paper proposes that persistent sleep deprivation during adolescence induces 
biological and structural changes that may increase the susceptibility to AD development later in life. This review advocates for 
this crucial gap in research as it may identify an early-life risk factor for AD and point to key public health and policy implications, 
such as later school start times.   
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�   Introduction
Adolescence is a critical period for brain development and 

growth.1 The accumulation of sleep debt during this time may 
increase an individual's susceptibility to Alzheimer’s disease 
(AD) in the future. Sleep deprivation occurs when an individu-
al consistently gets fewer than the recommended hours of sleep 
for their age. For teenagers, the recommended amount is 8-10 
hours of sleep per night, but self-report surveys indicate that 
approximately 80% of teenagers in the U.S. sleep less than the 
recommended amount and therefore suffer from sleep depriva-
tion.2,3 Similar results are found across the globe, in countries 
like Korea, Brazil, and Taiwan.4 Contributing to these statis-
tics are both sociological and biological factors. Social factors 
include academic stress, early school start times, and addic-
tive technology, while biological factors include the circadian 
rhythm shift due to hormonal fluctuations during puberty.5 
Chronic sleep loss induces short and long-term effects on a 
teenager’s mental health, physical well-being, and brain struc-
ture.6 However, the long-term effects remain understudied. 
This is due to the difficulty of tracking brain changes over an 
extended period of time. This limitation is especially challeng-
ing during adolescence, when the brain is rapidly undergoing 
major structural changes and synaptic pruning of neurons.7 

Emerging evidence from animal and neuroimaging studies 
shows that sleep loss potentiates the risk of neurodegenerative 
diseases in older adults. AD is a neurodegenerative disorder 
characterized by deteriorating memory and cognitive function-
ing. It is ranked seventh in the United States for leading causes 
of death among older adults. In addition, the worldwide cost of 
AD is estimated to reach $2 trillion USD in 2030.8,9 Decreased 
sleep quality in older adults is a common aspect of aging. It 
results in decreased function of the glymphatic system, which 

is responsible for draining waste proteins from the brain.10 This 
causes a build-up of amyloid-beta and tau proteins, increased 
neuroinflammation, and structural changes in brain regions 
vulnerable to AD. These consequences of sleep loss are also 
indicators or biomarkers for AD, reinforcing the idea that sleep 
loss is a direct risk factor for the pathogenesis of AD.11 

By bridging two traditionally separate areas of research, this 
narrative review proposes that persistent sleep deprivation 
during the adolescent years induces biological and structural 
changes that may increase the susceptibility to developing Alz-
heimer’s disease in later adulthood. In recent years, extensive 
studies have been done on either the short-term effects of sleep 
loss during teenage years or the bidirectionality of sleep and 
AD in older adults. However, due to the difficulty of longitu-
dinal studies across an individual’s lifespan, there is a lack of 
research bridging the two fields. This review works to generate 
hypothesized AD mechanistic pathways from adolescence to 
adulthood for future investigation. 

As the number of sleep-deprived teenagers across the globe 
skyrockets, it becomes increasingly crucial to investigate the 
long-term neurological effects of chronic sleep loss in adoles-
cence. Addressing this crucial gap in research could potentially 
identify an early-life risk factor for AD, which has significant 
public health implications for scientists, doctors, and policy-
makers. If the hypothesis is proven to be true, then improving 
sleep duration and quality in adolescents will not only provide 
immediate benefits like academic performance but may also 
reduce the risk of future neurodegeneration. In turn, this could 
lead to decreased death rates due to AD and reduced medical 
costs. Early implementation of preventive measures, such as 
later school start times and increased control over technology 
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usage, can reduce the number of sleep-deprived adolescents 
before it is too late. 

This paper is organized as follows. First, it discusses the 
methodology used for this narrative review. Next, it reviews 
previous research on the causes and effects of sleep depriva-
tion in adolescents, emphasizing its impacts during this critical 
window of brain development. Then, it examines findings on 
sleep loss and its specific neurological effects on the brain. The 
third section provides evidence for the link between the neuro-
logical effects of sleep loss and the risk factors of AD in older 
individuals. The following section analyzes all of the previous 
evidence to generate hypothesized pathways for the progres-
sion from biomarkers induced during adolescence to AD in 
late adulthood. Finally, the discussion outlines possible early 
preventive measures for AD, solutions to improve adolescent 
sleep habits, and ideas for future areas of research. 

�   Methodology
This paper is a narrative review of the research question: How 

might the biological and structural changes induced by chron-
ic sleep loss during adolescence affect the susceptibility to AD 
in later adulthood? This paper solely focuses on the issue of 
sleep deprivation, rather than oversleeping or sleep disorders, 
due to its higher prevalence among adolescents worldwide. 
The specific biological and structural changes discussed in this 
paper refer to the glymphatic system, neuroinflammation, and 
changes in brain region volume and density. This paper inves-
tigates AD in particular because of the urgency to find a cure 
or prevention, as well as the recent discovery that sleep loss is a 
direct risk factor for AD. 

Databases such as PubMed, Google Scholar, and Science 
Direct were used to find credible and recent sources. Other 
sources were obtained by searching through the reference lists 
of other review articles. This paper considers studies published 
between 2012 and 2025, with the exceptions of three stud-
ies from 1999, 2002, and 2008, as they represent foundational 
discoveries. Key terms included “adolescent sleep deprivation” 
and “Alzheimer’s disease biomarkers”. Key terms also included 
combinations of phrases from different fields, such as “glym-
phatic system”, “neuroinflammation”, “brain region changes”, 
“Alzheimer’s pathology”, AND “sleep loss”. The inclusion 
criteria were peer-reviewed studies of human or animal mod-
els examining the biological consequences of sleep loss or the 
biomarkers of AD, as well as review articles for a comprehen-
sive background on the topic. Due to the limitations of testing 
directly on human participants, this paper includes animal 
studies and evaluates the validity of these studies based on 
their sample size, methodology, and relevance. The exclusion 
criteria were studies that focused on sleep disorders or acute 
sleep loss. 

A narrative review approach was taken due to the interdis-
ciplinary nature of this topic, as it bridges two traditionally 
separate areas of research together. This paper critically an-
alyzes various past empirical research and synthesizes new 
hypotheses for future research. 

�   Results 
Causes and Consequences of Sleep Deprivation in Adolescents: 
As the teenage brain undergoes its second major devel-

opmental phase, chronic sleep loss disrupts its growth and 
induces both short- and long-term changes in the individual.12 
A full understanding of the pathways of brain maturation and 
the impact of sleep debt during this critical period is needed 
for hypothesizing how early-life sleep loss can potentiate AD 
in later adulthood. 

In recent years, the number of teenagers sleeping less than 
the recommended 8-10 hours per night is increasing at an 
alarming rate. This trend is driven by a combination of biolog-
ical and sociological factors. Adolescence is typically defined 
as the stage in life between childhood and adulthood, ages 10 
to 19. It is characterized by the hormonal fluctuations associ-
ated with puberty.13 These hormonal fluctuations disrupt the 
circadian rhythm, delaying the natural sleep-wake cycle and 
making it harder for teenagers to sleep earlier. The circadi-
an rhythm is regulated by a system of internal “clocks” that 
match up the body’s sleep patterns to the 24-hour light-dark 
cycle.14 Specifically, the suprachiasmatic nucleus in the hypo-
thalamus receives light from the environment and coordinates 
bodily functions such as hormone production, temperature 
fluctuations, and metabolic processes to direct sleep activity.15 
This biological aspect of adolescence naturally reduces sleep 
duration in teenagers. On top of this innate delay in bedtime, 
adolescents are exposed to external pressures, such as increased 
academic stress, early school start times, strenuous after-school 
activities, and late-night athletic commitments. These pres-
sures can directly cause shorter sleep duration for adolescents. 
In addition, habits before bedtime, such as high caffeine intake 
and exposure to technology (social media, video games, televi-
sion), can disrupt sleep times and decrease sleep quality.16 The 
sociological factors can amplify the circadian rhythm shift, in-
creasing the amount of sleep debt per night. 

Consequences of chronic sleep loss in adolescents can ap-
pear as short-term effects or as long-term effects, summarized 
in Table 1. Short-term effects of sleep loss are common-
ly studied through self-report surveys, hormonal assays, and 
neurocognitive tests. They include increased stress levels, 
headaches, stomach pain, decreased memory and focus, wors-
ened mental health, decreased cognitive abilities, and mood 
swings.17 These consequences can be shown through poor 
academic performance and burnout.18 This may lead to even 
less sleep per night to catch up on school work, forming a bi-
directionality between the causes and effects of sleep loss and 
creating a cycle that leads to chronic sleep deprivation.18 The 
long-term consequences of sleep debt are poorly understood, 
due to the difficulty of longitudinal studies tracking the teen-
age brain into adulthood. However, growing evidence suggests 
that chronic sleep loss can lead to obesity, hypertension, men-
tal health disorders, and cognitive decline.19 Although these 
long-term effects are unpredictable due to the multi-factorial 
nature of brain development, it is imperative that we under-
stand them fully.

DOI: 10.36838/IJHSR812.22

	 ijhighschoolresearch.org



	 24	

Adolescence marks the period where the brain undergoes 
its second major developmental phase.20 Human longitudi-
nal studies reveal that the brain reorganizes itself during this 
time by performing key processes.21 To increase the efficiency 
of neural processing and communication between brain re-
gions, the brain undergoes synaptic pruning and myelination. 
Synaptic pruning is the process by which the brain filters and 
removes unused or weak synaptic connections, and myelin-
ation is the process of insulating axons with myelin sheaths 
to increase the speed of signal conduction.7,22 The brain also 
undergoes structural changes. The prefrontal cortex–the part 
of the brain responsible for executive function, such as impulse 
control and risk assessment–rapidly develops throughout ad-
olescence.23 The limbic system, which controls emotions and 
reward processing, also becomes heightened in reactivity. This 
causes adolescents to become emotionally sensitive to so-
cial and reward stimuli.24 Lastly, it is crucial to note that the 
teenage brain is highly plastic, meaning it is very sensitive to 
environmental factors such as sleep. Accumulation of sleep 
debt could take advantage of the brain’s plasticity during this 
time and alter the brain’s development, leaving long-lasting 
consequences that carry into adulthood. 

This evidence indicates that sleep deprivation due to bio-
logical and sociological factors during adolescence can have 
immediate effects on physical states, mental health, and cog-
nitive function, although the long-term consequences are less 
understood. The adolescent brain is particularly vulnerable 
to damage from sleep loss, as it is undergoing major struc-
tural and functional changes during this time period. Future 
research continuing to investigate the long-term effects is 
crucial for implementing public health policies. In addition, 
more insight into how exactly the brain changes during its 
development phase in response to sleep loss will allow us to 
understand the possible connections to neurodegenerative dis-
eases in the future. The following section will begin to explore 
this potential link by analyzing the specific neurological effects 
of sleep deprivation on a molecular and structural level. 

Neurological Effects Due to Sleep Loss:
In all individuals, sleep plays a role in critical processes such 

as memory consolidation, synaptic homeostasis, cognition, 
sensory processing, critical thinking, and neural restoration.25 
Sleep deprivation disrupts these processes, resulting in sig-
nificant consequences for the brain and body. This section 
examines the molecular mechanisms underlying key functions 
of sleep and how they are impaired by sleep loss. 

First, the brain drains waste proteins during sleep in order to 
maintain tissue and synaptic homeostasis. The glymphatic sys-

tem is the waste clearance system for excess cerebrospinal fluid 
(CSF) and other solutes produced by neurons.26 This system is 
most active during the third stage of non-rapid eye movement 
sleep (NREM3) and works to prevent a build-up of waste 
proteins in the brain by removing them through a network of 
channels formed by astrocytes.27 As shown in Figure 2, CSF 
enters the perivascular space and gets transported by aqua-
porins to the astrocyte network. As the CSF flows through 
the astrocytes, it filters out the metabolic waste. The excess 
CSF and metabolic waste are transported through aquaporins 
into the perivascular space, where they are excreted from the 
brain.28 Sleep loss or poor sleep quality impairs the glymphatic 
system’s function, allowing waste proteins to accumulate and 
form aggregates such as Tau tangles or amyloid-beta plaques.29 
As waste build-up increases in the brain, the drainage channels 
become clogged, causing decreased CSF flow in the glymphat-
ic system, creating a toxic cycle (Figure 3).10 This glymphatic 
system dysfunction is most commonly seen in older adults, 
who experience reduced NREM3 sleep due to aging.
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Table 1: Short- and long-term effects of chronic sleep loss in adolescents. 

Figure 2: The glymphatic system removes excess CSF fluid and metabolic 
waste to maintain tissue and synaptic homeostasis. 

Figure 3: Accumulation of waste proteins leads to an impaired glymphatic 
system with reduced CSF flow and drainage capabilities. 
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AD is a neurodegenerative disease that targets the brain’s 
neural connections and results in memory loss. The basis of 
this cognitive decline involves the decline in activity of the 
glymphatic system, leading to the accumulation of waste pro-
teins, which induce inflammatory responses and ultimately 
result in disruption of synaptic activity.34 AD can be diagnosed 
by the detection of amyloid-beta and tau protein clumps in the 
brain through magnetic resonance imaging (MRI) or positron 
emission tomography (PET).35 Interestingly, these hallmarks 
of AD–amyloid-beta aggregates and tau tangles–also appear 
in sleep-deprived brains, such as older individuals who struggle 
with entering NREM3 sleep or those who suffer from sleep 
disorders like insomnia.36 Researchers investigating the simi-
larity of sleep-deprived brains and AD-affected brains showed 
that sleep loss acts as a direct risk factor for AD. A 2018 PET 
study of human participants reveals that after one night of 
sleep deprivation, the amyloid-beta levels in the right hippo-
campus and thalamus significantly exceeded the baseline levels 
of the control group.37 Another study uses self-reported sleep 
lengths from human participants and MRI/PET brain scans to 
analyze amyloid-beta deposition, finding that shorter sleep du-
ration results in greater amyloid-beta burden.38 In addition, an 
animal study testing the effects of orexin levels on mice found 
that sleep deprivation leads to an increased amount of amy-
loid-beta.39 This evidence reveals how sleep loss, even just one 
night, causes the build-up of waste proteins, harming neuron 
health and synaptic communication. 

The accumulation of waste proteins, like amyloid-beta, in-
duces neuroinflammation. Receptor protein LTR2 triggers 
neurotoxic pro-inflammatory mediators when amyloid-beta 
binds to it.40 Neuroinflammation contributes to AD progres-
sion through a positive feedback cycle. It increases oxidative 
stress, degrades neurons, and loses the ability to destroy neuro-
toxic proteins like amyloid-beta and tau, which in turn triggers 
more inflammation.41 Inflammation levels can be measured 
by miRNA, snippets of non-coding RNA that can act as 
biomarkers.42 A human study tracking circulating miRNAs 
in the blood of participants the morning after a night of no 
sleep found that two out of the three miRNAs associated with 
neurodegeneration in AD increased compared to the baseline 
values.43 Specifically, this group of researchers found that the 
levels of miR‐127‐3p and miR‐142‐3p, both of which activate 
inflammation, were greater after a night of no sleep versus a 
night of sleep. These results further corroborate the idea that 
sleep loss directly causes inflammation, which in turn causes 
neurodegeneration. 

Taken together, emerging evidence from both human and 
animal studies indicates that sleep loss is a direct risk factor 
for AD, as its consequences overlap with the pathology and 
hallmarks of AD. However, while the neuroscience community 
is starting to understand the molecular mechanisms of waste 
protein accumulation and neuroinflammation, little is known 
about these processes in the sleep-deprived adolescent brain. 
This research gap may exist due to the recency of the consensus 
that sleep loss is a direct risk factor for AD, meaning longitudi-
nal studies tracking brains from adolescence to late adulthood 
have not yet been completed. Due to the lack of direct evidence 

Second, the brain’s immune system shifts from defensive 
to maintenance mode during sleep. The brain’s immune sys-
tem–composed mostly of microglia, leukocytes, T-cells, and 
cytokines–reduces its inflammatory activity and instead fo-
cuses on synaptic pruning and memory storage of previous 
antigens.30 Although pro-inflammatory cytokines are still 
present to protect the body from antigens during sleep, the 
brain also promotes anti-inflammatory cytokines to maintain 
a balanced neural environment.30 This mechanism helps to 
prevent chronic neuroinflammation. Persistent sleep depriva-
tion triggers the production of pro-inflammatory cytokines in 
the brain, disrupting this balance and causing neuroinflamma-
tion.31 Neuroinflammation–an inflammatory response in the 
brain–may lead to irreversible consequences such as demye-
lination of axons, neural tissue damage, disruption of synaptic 
connectivity, and cognitive decline.32 

Third, sleep plays a critical role in shaping brain structure 
through processes like consolidating memory, dendritic spine 
remodeling, and synaptic pruning. During sleep, the brain 
has the optimal conditions for memory consolidation, the 
process of encoding short-term memory into long-term mem-
ory.33 The core of this concept of memory formation is the 
strength of the synaptic connections relating to this memory, 
also known as long-term potentiation (LTP).33 LTP, a form 
of synaptic plasticity, works in tandem with synaptic pruning, 
as the latter removes weak neural connections and strength-
ens strong ones. The loss of sleep impairs the strengthening 
of these neuronal connections, therefore leading to decreased 
cognition, memory, and critical thinking. 

These findings demonstrate that sleep deprivation impairs 
numerous neurological processes that occur during sleep, 
such as waste clearance, immune system maintenance, synap-
tic pruning, and structural development. Disruption to these 
essential restorative functions in the brain leads to lasting con-
sequences. Additionally, while current research mostly explores 
the consequences of insufficient sleep, it would be beneficial 
for future studies to investigate the consequences of excess 
sleep or “catch-up” sleep on weekends, especially in teenagers. 
To answer the research question, the next section will analyze 
evidence connecting these neurological effects of sleep depri-
vation to the biomarkers and hallmarks of AD.

Evidence Linking Sleep Deprivation to Alzheimer’s Disease: 
The overlap between the specific neurological changes dis-

cussed above and the pathology of AD suggests that sleep 
deprivation may be a direct risk factor. Both animal and hu-
man studies indicate that the sleep-deprived brain shares key 
characteristics with brains suffering from AD. These char-
acteristics include accumulation of waste protein aggregates, 
increased neuroinflammation, and structural changes in vul-
nerable brain regions. This section analyzes AD pathology and 
emerging evidence linking it to sleep deprivation. It is worth 
noting that these studies are focused on the matured adult 
brain, not the adolescent one. Translating the mechanisms of 
this link–between sleep loss and adult brains–to adolescent 
brains is only a speculation and not directly observed. 
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mechanisms for inflammation from previous episodes, result-
ing in a faster and more aggressive inflammation response 
when triggered by age-related sleep loss. Due to the brain and 
immune system’s high plasticity during adolescence, chronic 
inflammation may result in decreased protection against anti-
gens and increased responsiveness or overactivation of immune 
responses. These consequences may follow into late adulthood, 
leading to a faster rate of neurodegeneration. 

The third pathway involves structural changes in the brain. 
During periods of sleep loss, brain regions associated with 
learning, memory, and executive functioning show reductions in 
volume and activity. Adolescence is when the brain undergoes 
major growth in key brain regions such as the hippocampus 
and prefrontal cortex. The hippocampus is responsible for 
memory consolidation, and the prefrontal cortex is responsible 
for decision-making and cognition.49 Sleep deprivation during 
this stage impacts the growth of these brain regions by reduc-
ing grey matter volume, synaptic density, and dendritic spines. 
As the adolescent brain continues to develop with these lim-
itations, the result may be an adult brain with lower baseline 
levels of cognition. Human neuroimaging studies have shown 
that individuals suffering from AD have decreased functioning 
and volume in the hippocampus and prefrontal cortex, both 
of which are regions associated with cognition and memory.50 
This early-life underdevelopment of the cognitive functioning 
regions in the brain may increase the vulnerability to neurode-
generation in later adulthood. 

In sum, these three potential pathways, hypothesized from 
the evidence surrounding glymphatic system function, neu-
roinflammation, and brain structural changes, suggest that 
sleep deprivation in adolescence may predispose an individ-
ual to AD when older. Future research should acquire more 
longitudinal data, such as surveys or brain scans about sleep 
duration and neurodegeneration across lifespans, in order to 
confirm or deny these hypotheses. With all of this extensive 
literature review in mind, the paper will discuss the importance 
of this field and potential research directions. 

�   Discussion 
This review uses converging evidence from the consequenc-

es of sleep loss and pathological characteristics of AD to 
outline three potential pathways of AD progression: impaired 
glymphatic system, chronic neuroinflammation, and reduced 
development of brain regions vulnerable to neurodegeneration. 
Although this paper analyzes them separately, it’s important 
to note that these three pathways are interconnected in many 
ways. For example, an impaired glymphatic system leads to 
the build-up of amyloid-beta and tau proteins, which acti-
vate neuroinflammation; inflammation, in turn, hinders cell 
communication and further reduces glymphatic efficiency.51 
In addition, both the accumulation of waste proteins and in-
flammation can disrupt brain region development and reduce 
synaptic density.51 These three main mechanisms together 
create a self-perpetuating cycle. On the other hand, human 
and mouse studies have shown that the accumulation of am-
yloid-beta proteins results in shortened and disturbed sleep.52 

connecting sleep deprivation in adolescence to the risk of AD 
in later adulthood, the following section proposes hypothetical 
pathways based on current understandings of AD pathology 
for possible future investigation. 

Hypothesized AD Mechanistic Pathways from Adolescence to 
Adulthood:

Using known evidence of the pathology of AD in adults 
and the consequences of sleep deprivation, this section works 
to create extrapolated hypotheses for the possible mechanistic 
pathways of AD from adolescence to late adulthood. 

One pathway involves the impaired glymphatic system. 
The effectiveness of the glymphatic system is a major concern 
when considering the long-term neurological consequences 
of sleep loss in adolescence. As the circadian rhythm shifts 
back and teenagers fall to the temptation of technology before 
bedtime, both sleep quantity and quality are compromised. Be-
cause the glymphatic system is most active during NREM3 
sleep, the fragmented or decreased durations of NREM3 sleep 
could limit its ability to remove CSF and waste proteins. These 
proteins, such as amyloid-beta and tau, can cause a build-up 
in the neurons, which impairs synaptic connections. Persistent 
sleep deprivation of consecutive nights of sleep loss may cause 
substantial waste protein accumulation. The glymphatic sys-
tem may attempt to compensate and work harder to remove 
these waste proteins during the next NREM3 sleep, but this 
may backfire and result in a damaged glymphatic system from 
overactivation. The teenage brain is undergoing rapid brain 
development, which leaves it very vulnerable to damage during 
this adolescent period. This impairment and overactivation of 
the glymphatic system may persist into adulthood. When ag-
ing naturally causes an increase in the build-up of neurotoxic 
proteins, the damaged glymphatic system may not be as effec-
tive in removing waste, leading to a faster accumulation of tau 
or amyloid-beta. This early-life build-up of amyloid-beta and 
tau aggregates may predispose the brain to faster accumulation 
of neurotoxic proteins in later adulthood by wearing down the 
glymphatic system. 

A second mechanism is chronic neuroinflammation. The 
persistent activation of the immune system is a long-term con-
sequence of sleep deprivation in adolescence that may carry 
into adulthood. A night of sleep loss increases neuroinflam-
mation and results in increased oxidative stress, which impairs 
neuronal health and synaptic plasticity.44 Persistent sleep 
deprivation–common in teenagers due to bad sleep habits and 
early school start times–causes recurring inflammation in the 
brain. This chronic neuroinflammation, where microglia cells 
activate strong immune responses, can damage healthy neu-
rons nearby, including the blood-brain barrier (BBB).45 The 
BBB is a selectively permeable membrane between the blood 
and the interstitium of the brain and acts as a line of defense 
against foreign antigens.46,47 During adolescence, the BBB 
undergoes alterations in its permeability, suggesting that early 
damage to the barrier in adolescence may decrease the barrier’s 
resilience against antigens in the future.48 In addition, astro-
cytes and microglia cells undergo major development during 
adolescence.48 In late adulthood, the cells may remember the 
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This bidirectional relationship between sleep and AD forms a 
continuous loop that leads to chronic sleep deprivation. 

More attention should be directed to this critical gap in 
research. Existing studies have established the bidirectional 
relationship between sleep and AD, yet most of them focus 
on the aged adult brain, not the adolescent one. The lack of 
studies investigating the link between sleep loss in teenagers 
and AD in later life can be attributed to several limitations and 
reasons. First, there are logistical difficulties in performing lon-
gitudinal studies across decades. It is a challenge to find willing 
participants, ensure these participants are able to perform pe-
riodical check-ups, and finish the decades-long experiment 
until completion. Second, the period of adolescence is a time 
of big developmental changes in the brain. These neurological 
changes are unpredictable and different for everybody, making 
investigating the effects of sleep loss during adolescence hard 
and inaccurate. Third, the connection between sleep depriva-
tion in adolescence and neurodegenerative diseases may seem 
weak. Big lifestyle changes can happen between adolescence 
and late adulthood, such as diet, physical activity, and men-
tal health. These factors may affect the brain more than sleep 
and complicate the results. It is difficult to determine causality 
when there are so many factors at play. However, as technolo-
gy continues to improve, new research methods or laboratory 
equipment may allow researchers to overcome these limita-
tions. By demonstrating the possibility of chronic sleep loss in 
adolescence being an early-life risk factor for AD, this paper 
hopes to invite future research on this topic. 

From a public health standpoint, finding an early-life risk 
factor for AD is critical, as it allows for early preventive mea-
sures. Sleep loss in adolescence is a modifiable risk factor, 
meaning it can be altered through individual and systemic 
interventions, unlike other risk factors for AD, like genetic 
predispositions. Public policies such as later school start times 
and increased control on technology usage can help reduce 
the number of sleep-deprived adolescents. If the hypothesis is 
proven to be true, improving sleep duration and quality in ado-
lescents will not only provide immediate benefits like academic 
performance and mental health, but may also reduce the risk of 
future neurodegeneration. This leads to reduced medical costs 
and deaths due to AD, which will increase the quality of life 
for everyone. 

Future research should also consider the role of other factors. 
For example, certain genes in individuals are found to increase 
the risk of AD.53 The role of genetic predispositions to AD 
in adolescents during sleep deprivation is a promising area for 
future research. In addition, the long-term effects of “make-up 
sleep” in teenagers, such as naps or excess sleep on weekends, 
are also worth investigating. Though this paper focuses on 
sleep deprivation due to its prevalence among teenagers, the 
consequences of oversleeping are another concern and can be 
a future area of research. Lastly, research can investigate how 
chronic sleep loss during adolescence may increase the suscep-
tibility to other brain disorders or diseases. Examples include 
Parkinson’s disease, multiple sclerosis, stroke, and epilepsy. By 
bridging two traditionally separate fields of study, this paper 
opens the possibilities for a wide variety of future research. 

�   Conclusion 
This review proposes that persistent sleep deprivation during 

the adolescent years induces biological and structural changes 
that may increase the risk of developing Alzheimer’s disease 
later in life. By analyzing evidence on the causes and conse-
quences of sleep loss during adolescence, neurological effects 
on the brain as a result of sleep deprivation, and the role of sleep 
loss as a direct risk factor of AD, this paper outlines hypoth-
esized mechanistic pathways linking early-life sleep debt to 
neurodegeneration in later adulthood. The hypothesized path-
ways are the overactivation of the glymphatic system, chronic 
neuroinflammation, and reductions in key brain regions as-
sociated with cognitive functions. Future research testing the 
amount of waste protein build-up, neuroinflammation, and 
structural changes in the adolescent brain after various periods 
of insufficient sleep, as well as longitudinal data are needed to 
test these hypotheses. Other variables, such as genetic predis-
position to AD and oversleeping, need to be considered as well. 
By addressing this major gap in research, this paper highlights 
the potential for identifying an early-life risk factor for AD 
and its public health policy implications. If the hypothesis is 
proven to be true, later school start times and increased control 
over technology could increase the amount of sleep a teenager 
gets per night and help decrease the susceptibility to AD in 
later years. Reduced neurodegeneration in the elderly popula-
tion can reduce medical costs and deaths, and lead to a better 
quality of life for all involved. Given the sharp increase in the 
number of sleep-deprived teenagers who will all grow into the 
elderly population in several decades, public health protocols 
must be implemented early to prevent neurodegeneration be-
fore it is too late. 
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