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Abstract 

The importance of sleep for mental health has been known for some time. Although it 

was initially suggested that mental health conditions negatively impact sleep, it is now widely 

understood that this association is bidirectional. Adolescence is a period where people are at an 

increased risk of being sleep deprived largely due to a late shift in the circadian rhythm around 

puberty combined with early school start times. Combined these may lead to adolescents being at 

an increased risk of mental health problems. Adolescence is also a period of continued brain 

development with white matter maturation continuing in the frontal brain regions throughout 

adolescence and into early adulthood. White matter development involves myelination of axons 

that link areas of grey matter and is integral for communication speed and efficiency. Studies 

have demonstrated that sufficient sleep is required for myelination to occur. The uncinate 

fasciculus (UF) is one of the last white matter tracts to be myelinated with this process occurring 

throughout adolescence and running between the amygdala in the limbic system and the 

orbitofrontal (OFC) and medial prefrontal cortices (mPFC). Recent studies have shown that 

connectivity between the amygdala and OFC is important for an individual’s ability to exert top-

down executive control over amygdala based automatic emotional responses to experiences 

perceived as threatening. The current literature review provides an overview of these 

mechanisms and concludes by proposing a model of adolescent sleep deprivation leading to 

potential life-long mental health issues through the moderating impact of reduced UF 

development.  

 

Keywords: Sleep deprivation; Mental health; Adolescence; White matter development 
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1. Introduction 

It is now considered common knowledge amongst researchers and clinicians that a strong 

association exists between sleep disturbance and psychological disorders [1, 2]. In fact, sleep 

disturbance is listed as a symptom of many mental health disorders in the diagnostic and 

statistical manual of mental disorders (DSM-5) [3]. Although initially this association was 

believed to be largely one way with mental health disorders negatively impacting sleep onset and 

maintenance, this relationship is now widely accepted as being bidirectional [4]. 

Adolescence has been described as starting with the onset of puberty and lasting through 

until the person settles into an independent role in society [5]. The American Academy of 

Pediatrics divides adolescence into 3 sub-stages, 1) early adolescence (11-14 years), 2) mid-

adolescence (15-17 years) and, 3) late adolescence (18-21 years) [6]. Sleep deprivation is a major 

problem for many adolescents due to a puberty related late shift in the sleep/wake cycle 

combined with early school start times [7]. It is also a period when many mental health 

conditions first emerge [8] making it a period of significant interest for mental health 

researchers.  

Brain imaging studies conducted over the past two decades have revealed that 

adolescence is a period of continued brain development with a pattern of grey matter volume 

(GMV) reduction and white matter volume (WMV) increase [9] that progresses from the 

phylogenetically older posterior/inferior areas of the brain towards the evolutionarily more recent 

anterior areas located in the prefrontal cortex (PFC) [10]. The uncinate fasciculus (UF) is a long-

range white matter tract that connects parts of the limbic system located in the temporal lobe to 

areas in the orbitofrontal cortex (OFC) and is one of the last white matter tracts to reach maturity 
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(become insulated with myelin) with development continuing throughout adolescence and into 

early adulthood [10, 11].  

Animal studies have demonstrated that sleep duration plays an important role in the 

brain’s ability to produce myelin [12]. It has been suggested that a well-developed UF provides 

the connectivity between these brain areas to allow top-down, cognitive regulation of emotions 

[13]. It is therefore proposed that chronic sleep deprivation may lead to reduced brain 

development and this could act as a moderator to the development of mental health disorders. 

The aim of this literature review is to provide an overview of: 1) the association between 

sleep and mental health, 2) why adolescents are more likely to be sleep deprived, 3) brain 

development across adolescence and specifically myelination of the UF, 4) the role of the UF in 

relation to mental health, and 5) propose a model that suggests the association between 

adolescent sleep deprivation and the high emergence of mental health disorders during this 

period may be moderated by the structural integrity of the UF. It is envisaged that this review 

will act as a precursor to future longitudinal studies investigating the possible existence of 

significant correlations between these factors.  

 

2. The Association Between Sleep and Mental Health 

Clinicians have long reported that nearly all mood and anxiety disorders seem to occur in 

tandem with sleep abnormalities [1, 14]. Sleep disturbance is listed as a criterion in DSM-5 for a 

number of mental health conditions including anxiety and depressive disorders [3]. Studies have 

also demonstrated a link between sleep and mental health in adolescents [15]. In a study 

involving over 8000 Korean students from grades 7 – 11, Lee et al. (2012) found that chronic 

insufficient sleep was associated with higher scores on the Beck Scale for Suicidal Ideation (SSI) 
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[16]. They also found that longer weekend sleep and short weekday sleep significantly predicted 

higher scores on the SSI. This is of particular concern considering the common sleep pattern of 

many high school students which involves sleeping in on the weekends in an attempt to catch-up 

on lost sleep [17].  

Wulff, Gatti, Wettstein, and Foster (2010) proposed a conceptual framework linking 

circadian rhythm disruption and psychiatric disorders. This was primarily based on 3 findings: 1) 

mood seems to follow a daily cycle that is regulated by circadian and homeostatic processes, 2) 

90% of people with a major depressive disorder also report sleep disruption, and 3) persistent 

insomnia increases the chance of depression sufferers relapsing into a new episode of major 

depression. They proposed that mental health disorders and sleep disorders originate from the 

same mechanistic origin and therefore focusing on stabilizing sleep patterns may be a way of 

reducing mental health related symptoms and may even provide a means of early intervention for 

neurodegenerative diseases [18]. 

In an fMRI study involving 55 adolescent participants aged between 14 – 18 years (M = 

16.22, SD 1.12), Tashjian, Goldenberg and Galvan (2017) found poor sleep quality was 

associated with greater affect related impulsivity in participants with low functional connectivity 

between the medial prefrontal cortex (mPFC) and default mode network but not those with high 

connectivity [19]. Similarly, Yoo, Gujar, Hu, Jolesz and Walker (2007) found connectivity 

between the amygdala and mPFC was found to be significantly reduced in the sleep deprived 

group suggesting that sleep deprivation may act to prevent the top-down regulation of emotional 

responses by the mPFC [20]. Interestingly, the sleep deprived group also demonstrated 

significantly greater connectivity between the amygdala and brain stem areas including the 

midbrain and locus coeruleus which are known to play a significant role in activating autonomic 
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nervous system functions such as increasing respiration and heart rate. This may suggest that 

sleep deprivation results in a double-edged sword of increased anxiety symptom likelihood, with 

reduced ability to reappraise negative emotions coupled with increased ability to activate the 

fight or flight response. It is possible that the increased connectivity between the amygdala and 

brain stem is a result of increased activation due to the inability to exert top-down control over 

negative emotions in the first place.  

Sleep’s role in memory and learning may also play a part in the development of mental 

health disorders. One study showed a 40% reduction in memory retention when comparing 

participants who underwent 36 hours of controlled sleep deprivation prior to training with those 

who attained adequate sleep [21]. Perhaps most importantly from a mental health perspective, 

the largest impact was found on the participants ability to encode positive emotional memories, 

while negative and neutral emotional memories were more resistant to the effects of sleep 

deprivation [21].  

 

3. Sleep Deprivation during Adolescence 

Sleep deprivation during adolescence is a major problem in modern society that is largely 

attributed to a delayed sleep phase coupled with the requirement to be up early for formal 

activities such as school [22, 23]. During adolescence a late shift in the circadian rhythm results 

in many adolescents having trouble getting to sleep early enough to allow them to achieve the 9 

hours recommended by the National Sleep Foundation [22]. The link between the shift in 

circadian rhythm and the onset of puberty has been demonstrated in studies showing the late shift 

seems to be associated with puberty onset measured using the Tanner stage test [24] and also in a 
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study that showed the shift occurs on average one year earlier in females than males, 

approximately in line with known biological patterns [23].   

Reduced sleep opportunity during adolescence has been shown to have an immediate 

impact on educational outcomes. On week nights when adolescents are generally required to 

wake early the next day for school, it has been reported that many may be getting as little as 6 or 

7 hours or less sleep potentially leading to increased school absenteeism, sleepiness in class, 

inattentiveness, moodiness, and poor academic performance [25]. In a study that examined 

changes following a shift in school start times from 7:15am to 8:40am, the later start times were 

effective in allowing adolescent students to get more sleep resulting in less sleepiness at school, 

students being more likely to arrive at school on time and improved academic performance [26]. 

Sleep onset, maintenance, and duration are biologically governed by 2 separate processes, 

the circadian rhythm which is the approximately 24 hour biological clock, and a sleep debt 

process that is the result of the build-up of adenosine during waking hours [27]. The 

suprachiasmatic nucleus (SCN) located in the hypothalamus, helps maintain the circadian rhythm 

by receiving light level signals from the retina via a retino-hypothalamic tract, and then relaying 

messages to the pineal gland to increase melatonin production on dark and stop production when 

light is detected in the morning [28]. Artificial light from computer tablets and smart phones can 

therefore interfere with the onset of sleep. The second system, the build-up of a sleep debt, is a 

particular problem during adolescence due to the previously mentioned delayed sleep phase 

linked to puberty. In adolescent’s who regularly get adequate sleep, adenosine levels build 

during the waking hours eventually resulting in tiredness and a desire to sleep after around 15 

hours of wakefulness. After nine hours of sleep the adenosine levels have returned to baseline 

ready to start the cycle over again. When adequate sleep has not been attained this results in the 
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day starting with residual adenosine levels meaning the person already feels tired and drowsy. 

This is compounded as adenosine levels start building during the day and the result is 

adolescents who are sleep deprived all week suffering physically and mentally, possibly feeling 

depressed [7], not being able to concentrate at school, and sleeping in until after lunch-time on 

the weekends in an attempt to catch-up on their sleep debt [7, 17].  

Unfortunately, this weekend attempt to catch up on sleep has been shown to be 

ineffective. In a study comparing reaction times between 4 groups of participants who were 

allowed either, no sleep for 3 days straight, 4 hours sleep per night, 6 hours sleep per night, or 8 

hours of sleep per night, reaction times for the no sleep group worsened by 400% after 1 night 

without any sleep. The 4 hours of sleep per night group performed just as poorly after 1 night as 

the no sleep group. Perhaps most interestingly, the 6 hours per night group (of which many 

adolescents may be able to relate) recorded a 400% worsening of reaction times after 10 nights. 

Also concerning is that following 3 nights of recovery sleep, performance had not yet returned to 

baseline levels suggesting that weekend catch-up sleep by adolescence is insufficient to return to 

“normal” for the start of the school week [29].  

It is proposed that sleep plays a vital role in brain development. This is partly based on 

the observation that the amount of sleep required across the life span seems to have an 

approximate association with known brain development patterns [30, 31]. In other words, 

periods of higher sleep requirements match known periods of increased brain development. 

Newborns typically sleep between 12 and 18 hours per day, this drops to 12 to 14 hours for 1 to 

3-year old’s, 10 to 11 hours for 5 to 10-year old’s, around 9 hours for 11 to 17-year old’s, and 

between 7 and 9 hours for 18 years and older [17]. This approximately parallels with what we 

know about brain development patterns with very high levels of synaptogenesis occurring in 
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newborns that gradually reduce across childhood while myelination and synaptic pruning 

continues throughout adolescence and tails off through early adulthood [32]. 

Sleep is made up of cycles of REM (rapid eye movement) and non-REM sleep. There are 

3 stages of non-REM sleep (N1, N2, & N3) and 1 stage of REM sleep each sleep cycle, with 

each cycle lasting around 90 minutes for humans [33, 34]. The percentage of the 90 minutes 

spent in REM sleep increases each cycle throughout the night [34]. It has been suggested that 

REM sleep during very early sensitive periods might be of particular importance to brain 

development and that a lack of REM sleep during sensitive periods may lead to atypical 

synaptogenesis [35]. In animal studies involving rats and other mammals, disrupting REM sleep 

during periods of brain development stopped development of the cerebral cortex. Interestingly, 

although brain development recommenced following a return to undisrupted sleep, it never fully 

recovered [7, 36-38]. Li et al. (2017) found that REM sleep played a role in strengthening some 

newly formed dendritic spines and pruning away others. They inferred from this that overall, 

REM sleep plays an important role in maintaining the balance of newly formed dendritic spines.  

Non-REM sleep (N1, N2, & N3) has also been identified as playing a major role in brain 

development during adolescence, mainly through synaptic pruning [39]. In longitudinal sleep 

studies of adolescents, Feinberg and colleagues (2011) found a significant decline in the delta 

EEG frequency of non-REM sleep that moved gradually from the posterior areas of the brain 

towards the anterior areas finishing at the PFC, a pattern that mirrors known brain maturation 

patterns. They inferred that this decline in delta frequency reflects brain development via 

synaptic pruning [39].  

 

4. Adolescence: A Sensitive Period for Brain Development 
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A sensitive period in brain development is a period of increased neuroplasticity where the 

brain is best prepared to receive and benefit from environmental input or potentially be 

disadvantaged by lack of this input [40]. Neuroplasticity is described as the creation 

(synaptogenesis), stabilization, strengthening, and pruning of synapses [41]. Huttenlocher (2002) 

suggests there are 2 main modes of synaptogenesis: 1) a genetically controlled synapse formation 

that occurs without environmental input and largely occurs in brain regions responsible for basic 

functions such as heartbeat and breathing such as the brain stem and, 2) random formation of an 

abundance of synapses followed by environmental experience reflected strengthening or pruning. 

As the first mode is thought to be largely genetically controlled and occurs during the prenatal 

period, it is the latter mode that this review will focus on.  

As mentioned above, brain development involves the creation of an abundance of 

synapses in early life through a process called synaptogenesis. This results in young children 

having excess of synaptic connections, around 50% more than in adulthood [42]. This is 

followed by a process of synaptic pruning during childhood and adolescence. Synaptic pruning 

has been shown to be heterogeneous between brain regions. Huttenlocher (2002) reported that at 

birth neurons in the occipital lobe, temporal lobe, and PFC all had around 2500 synapses per 

neuron. This number continues to increase and peaks at between 8-12 months in the occipital 

lobe, 3 months in the temporal lobe, and not until 3 years in the PFC. After reaching their peak, 

each area shows a gradual decline in synapse numbers, levelling off at around 12 years of age for 

the occipital and temporal lobes but not until the late teens for the PFC [41].  

Ostby et al. (2009) found a significant level of heterogeneity across areas of the 

developing adolescent brain with regards to volumetric brain changes. For instance, amygdala 

and hippocampal volumes showed slight increases in grey matter volume (GMV) while the 
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cerebral cortex showed significant decreases in GMV. White matter volume (WMV) has also 

been shown to be changing throughout adolescence with volumes increasing in a posterior to 

anterior pattern [5, 15, 43]. This general pattern of reduction in GMV and increase in WMV, 

occurring throughout adolescence, is thought to be the combined dynamic result of both synaptic 

pruning and increased myelination [15, 44]. Myelination is likely to explain the majority of these 

volumetric changes because it impacts both GMV and WMV, that is, when unmyelinated axons 

become myelinated, GMV is reduced and WMV increases concurrently [44].  

Sensitive periods for neural development are different than the neuroplasticity which 

occurs across the life span. These two types of neuroplasticity have been categorized as 

experience-expectant neuroplasticity and experience-dependent neuroplasticity [45]. Experience-

expectant neuroplasticity refers to sensitive periods and the experiences that the brain expects to 

encounter during these periods to achieve development. If these experiences are not encountered 

during the sensitive period, future development of the impacted brain area may be significantly 

restricted. On the other hand, experience-dependent plasticity can occur at any stage of life and 

any structural brain changes that occur may be reversible following a period of underutilization. 

An example of this is long-term potentiation (LTP). Studies of LTP have demonstrated that 

repeated firing of a neuron makes that neuron more likely to fire again and that this increased 

likelihood of firing is long lasting, but without frequent use, the likelihood of firing eventually 

returns to baseline levels [46].  

Initially, research on brain development was focused on sensory, motor, and language 

development. Because these functions have very early sensitive periods of development, it led to 

the since disproven suggestion that sensitive periods for brain development mainly occurred 

during prenatal and the very early stages of postnatal life [47]. We now know that this is because 
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the brain areas that develop during very early childhood are those that are associated with these 

functions. More recent studies suggest that adolescence may present another sensitive period for 

functions regulated by later developing brain areas (e.g. the PFC) [47] such as planning, 

attention, working memory, decision making, and inhibitory control [48]. 

Although the observed general pattern of adolescent brain development includes an 

increase in WMV and with it an increase in connectivity, this isn’t the case for everyone. One 

study reported that 40% - 50% of 19 to 32-year-old participants showed an increase in the 

structural integrity of the fronto-occipital fasciculus, whereas 5 - 15% of the participants actually 

showed a decrease [48]. This example of within group variability may be evidence of the impact 

that different environmental experiences can have on brain development.   

A further example of the importance of environmental input during a sensitive period has 

been described by Wiesel and Hubel (1965) when they reported limited recovery occurred in the 

vision of kittens following deprivation of vision for the first 3 months of life when compared 

with deprivation after 3 months of age which had little negative impact on the long-term 

development of sight [49]. Another example from animal studies has shown that rats exposed to 

stressful events during adolescence (social isolation) suffered from long-lasting negative effects 

including anxiety, fear behavior, and increased cortisol levels (Lukkes, Mokin, Scholl, & Forster, 

2009) [50]. 

While further longitudinal studies with more detailed data (i.e. collected over multiple, 

frequent time points) is needed, overall, the current evidence of GMV reduction and WMV 

increase in the PFC as a result of environmental experiences during adolescence, highlights this 

as being a sensitive, and in many ways, the most dynamic period in terms of brain development.    
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5. Sleep and Myelination  

The quantity and quality of sleep during adolescence have been linked to the myelination 

process. In animal studies involving rodents and felines, disrupting deep non-REM sleep (N3) 

resulted in significant impairments in the development of brain connectivity during adolescence 

[7] suggesting a role for non-REM sleep in the myelination process. Overall duration of sleep has 

also been shown to impact white matter development. Bellesi et al. (2013) reported that sleep 

quantity may impact the myelination process by impacting the availability of oligodendrocytes (a 

type of glial cell that forms myelin in the central nervous system) in the central nervous system. 

During sleep, oligodendrocyte precursor cell proliferation was shown to be double that occurring 

during waking hours [51].  

In a study designed to investigate possible links between insomnia and white matter, Li et 

al. (2016) found reduced structural integrity of a range of white matter tracts in a study of 

participants who suffer with insomnia suggesting an association may exist between sleep 

deprivation and UF development [52]. Another finding linking reduced sleep to white matter 

integrity was reported by Bellesi et al. (2018), where they found that chronic sleep loss was 

associated with reduced myelin thickness in a sample of adolescent mice [12]. However, while 

these studies show that an association exists, they don’t provide evidence of causation.  

Maintaining myelin has been shown to require energy, considering this, it has been 

proposed that chronic sleep deprivation may result in a reduction in available energy which could 

lead to oligodendrocytes prioritizing other cellular functions at the expense of myelin 

maintenance [12]. Thus, if maintaining myelin is energetically costly, then it may be that the 

production of myelin is also at least equally as costly. Therefore, it may be that chronic sleep 

deprivation during adolescence, a period when myelination is occurring in the prefrontal cortex, 
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could result in either axons not being myelinated, or thinner myelin sheaths being produced. 

From this it could be speculated that chronic sleep deprivation during adolescence might lead to 

reduced functional and structural connectivity in white matter tracts, in particular, late 

developing tracts such as the UF.  

 

6. The Uncinate Fasciculus and Mental Health 

The increase in WMV during adolescence reflects the myelination of axons. This process 

proceeds from the phylogenetically older posterior/inferior to the more evolutionarily recent 

anterior parts of the brain meaning the PFC is one of the last areas to achieve white matter 

maturity [10]. This suggests that frontal lobe white matter tracts such as the UF may be 

particularly impacted by negative environmental events that occur during adolescence and 

coincide with environmental impacts in this period such as sleep deprivation but also other 

phenomenon and experiences that occur during a similar time such as chronic stress and even 

substance misuse [10, 53].  

White matter tracts are divided into 3 types: 1) projection tracts that link the cerebral 

cortex to sub-cortical structures e.g. the cortico-spinal tract, 2) commissural tracts that run 

between the two hemispheres linking functionally similar areas e.g. the corpus collosum, and 3) 

association tracts which link functionally connected areas within the same hemisphere e.g. the 

uncinate fasciculus. The UF links the amygdala in the limbic system with areas within the PFC 

(specifically the OFC) [10]. It is believed that myelination occurring during brain development is 

largely focused on strengthening connections between spatially separate but functionally linked 

areas such as the amygdala and OFC in the case of the UF [5]. Underutilized connections 

therefore may be lost during this period and axons running between areas of the brain that are 
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found to be functionally linked through frequent synchronized use will be more likely to be 

retained and myelinated. This suggests that adolescence may not only present an opportunity for 

under development, but increased development through targeted cognitive training.  

It has been suggested that the information being transmitted by a white matter tract can 

be predicted by the functions believed to be associated with the brain areas it connects [54]. As 

the UF is bidirectional (information can move in both directions) and connects the amygdala 

with the OFC, it is suggested that it may play a role in executive (top down) control over the 

brains more evolutionary primitive emotional responses thought to originate in the amygdala [11, 

53].   

This suggestion of top down control has been demonstrated in a recent study conducted 

by d’Arbeloff et al. (2018). Using data from 647 healthy young adults (M = 19.63 years), they 

found initial evidence that the use of cognitive reappraisal techniques for the treatment of anxiety 

and depressive symptoms may be moderated by the structural integrity of the UF. By measuring 

the participants’: 1) use of cognitive reappraisal as a technique for reframing negative stimuli, 2) 

the effectiveness of this technique on reducing anxiety and depressive symptoms, and 3) the 

structural integrity of the UF, they found that cognitive reappraisal was almost completely 

ineffective for those with impaired UF structural integrity and that performance using cognitive 

reappraisal improved with increased UF structural integrity [13]. Interestingly, this finding 

suggests that cognitive based therapies which are widely reported to be the most effective for 

many mental health disorders [55], may only be useful for clients with intermediate or high 

structural integrity of the UF . It also poses the question: should structural integrity of the UF be 

measured using diffusion weighted imaging prior to psychological treatment selection? (I’ll save 

this question for my next study).  
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Figure 1. Structural integrity of the UF is shown to moderate the ability of cognitive reappraisal 

techniques for reducing negative symptoms related to mood and anxiety disorders. ERQ = 

Emotion Regulation Questionnaire, MASQ = Mood and Anxiety Symptoms Questionnaire, 

Uncinate fasciculus structural integrity. From “Microstructural Integrity of a Pathway 

Connecting the Prefrontal Cortex and Amygdala Moderates the Association Between Cognitive 

Reappraisal and Negative Emotions”, by d’Arbeloff, T. C., Kim, M. J., Knodt, A. R., Radtke, S. 

R., Brigidi, B. D., & Hariri, A. R. (2018), Emotions 18(6), p. 914. Reprinted with permission 

from American Psychological Association publishing.  

 

 

When studying white matter tract connectivity, the level of fractional anisotropy (FA) is 

often reported. FA values of white matter tracts can be calculated as part of diffusion tensor 

imaging (DTI) studies and are used to make inferences regarding fiber direction, density, axonal 

thickness, and myelination of white matter tracts as an overall measure of functional connectivity 

[56]. FA is reported as a scaled value between 0 and 1 with 0 representing no directional 

diffusion (isotropic) and 1 indicating strong directional diffusion (anisotropic), which is inferred 

as meaning strong white matter connectivity as a result of strong myelination [56].  
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Several studies have reported finding an association between low FA values in the UF 

and increased likelihood of suffering from depression and anxiety disorders [57-60]. Ho et al. 

(2017) found that adolescents who had experienced early life stress (ELS) and who were deemed 

to be highly sensitive to stress had reduced FA in the right frontal UF as well as higher levels of 

social anxiety [53]. These higher social anxiety levels are of increased importance when 

considering that early adolescents with social anxiety have been shown to be at increased risk of 

developing further anxiety disorders and depression in later life [61].  

In a study of older participants with and without a history of depression, Taylor, MacFall, 

Gerig, & Krishnan (2007) found that those who had an onset of depression during adolescence or 

early adulthood still had lower structural integrity of the left UF in later life compared with those 

whose depression had a later onset [62]. This suggests that when depression emerges in 

adolescence, the associated structural change in the UF is long-term, providing further support 

for adolescence being a sensitive period for mental health disorders and UF development. Taylor 

and colleagues suggested that early life environmental influences and stress could be 

contributing factors. It seems plausible that sleep deprivation during adolescence would be one 

such factor.  

Further evidence for the role of the UF in the development of mental health disorders 

comes from studies of patients with lesions to areas of the PFC who have been shown to have a 

higher risk of developing anxiety disorders [63]. It has been suggested that damage or 

underdevelopment of the ventromedial PFC results in loss of the ability to inhibit fear reactions 

that originate in the amygdala. In other words, a loss of top-down control is observed, similar to 

that witnessed as a result of reduced structural integrity of the UF which approximately connects 

these 2 areas.  
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Overall, these findings suggest that UF development during adolescence may be 

impacted by a variety of environmental factors, with sleep deprivation chief among them and the 

UF may play a pivotal role in modulating the development of anxiety disorders and depression in 

later life.  

 

7. Does Chronic Sleep Deprivation During Adolescence Contribute to High Rates of Mental 

Health Disorders?   

It has been suggested that adolescence represents a vulnerable period for the development 

of mental health issues due to the high number of disorders that have their onset during this 

period [8]. Due to the ongoing white matter development in the frontal lobe throughout 

adolescence and impact that environmental experiences may have on this process, it is suggested 

that one possible cause of this high rate of onset may be atypical development of the UF. Studies 

have shown an association exists between low structural integrity of the UF and mental health 

disorders such as major depressive disorder and anxiety disorders [58-60]. It has been suggested 

that the UF may moderate the development of these disorders by allowing sufficient connectivity 

between the PFC and amygdala to provide top down reappraisal of emotional reactions produced 

by the amygdala [11, 13, 53]. It has also been reported that sleep deprivation during adolescence 

may negatively impact development of the UF [7, 51]. It is therefore possible that chronic sleep 

deprivation during adolescence may contribute to the heightened emergence rates of mental 

health disorders observed during this period due to a reduced ability of prefrontal areas to apply 

top-down moderation of emotional responses originating in the limbic system. See figure 2 for 

proposed model.  
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Figure 2. Proposed model showing a relationship between sleep deprivation, development of the 

uncinate fasciculus, “top-down” control of emotions, increased likelihood of developing mental 

health disorders, and the potential for life long issues. Curved arrows indicate findings from 

previous studies with proposed direction of impact.  

 

 

Protracted brain maturation is considered beneficial as it enables neurodevelopment 

specialized for the environment that has been encountered during adolescence and therefore is 

likely to continue to be encountered throughout life. The downside is that being exposed to the 

stressors of modern life while the brain is still developing may result in long-term problems [64]. 

For instance, chronic sleep deprivation during adolescence probably wasn’t an issue during the 

millions of years of evolution that resulted in the protracted brain developmental period we see 

today. 
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 The average age of onset for mental health disorders, what is known about average brain 

developmental timelines, and what is known about functions of various brain regions has led to 

the proposal that disorders with an earlier age of emergence may involve disruptions in the 

earlier developing basal ganglia area, while later emerging disorders (adolescence/young 

adulthood) are more likely to involve disruptions to the temporal lobe (amygdala) and frontal 

areas such as the PFC [65]. In accordance with this suggestion, studies have consistently found 

that dysfunction within the basal ganglia is associated with motor and tic disorders such as 

Tourette’s syndrome which often first appears between ages 7 and 10 [66] and atypical 

development of the UF and amygdala are associated with anxiety disorders and depression often 

first appearing during adolescence and early adulthood [57, 62].  

  

8. Conclusion and Future Research 

 Once thought of as a process that occurred mainly in pre-natal and early post-natal life, 

brain development is now widely recognized as continuing until at least the third decade of life. 

This brain development generally follows a posterior to anterior trajectory with adolescence 

coinciding with white matter development and synaptic pruning in the PFC. It therefore stands to 

reason that adolescence would represent a sensitive period for functions associated with the PFC 

and frontal lobe white matter tracts such as the UF.  

The current review has reported studies demonstrating positive correlations between 

sleep quality and the likelihood of developing mental disorders such as depression and anxiety, it 

has also reported a number of studies demonstrating positive correlations between sleep quality 

and connectivity between areas of the PFC and limbic system, which have been inferred to 

impact cognitive reappraisal abilities. Together these findings have led to the proposal of a 
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model (Figure 2) which suggests sleep deprivation may lead to a reduction in cognitive 

reappraisal ability through reduced connectivity, potentially leading to an increased likelihood of 

developing mental disorders and a reduced ability to benefit from popular treatment methods.  

With adolescents experiencing a biological shift towards later sleep/wake times, and this 

clashing with early school start times, there is a possibility that large numbers of adolescents 

could be at risk of suffering from underdeveloped frontal white mater tracts. Together these 

findings make a strong case for later school start times during adolescence and further research 

into the impact that sleep quantity and quality has on brain development during adolescence.  

Longitudinal studies of adolescents starting at 12 years of age (around the age of puberty 

onset) running for at least 3 years measuring structural integrity of the UF along with measures 

of average sleep hours per night and psychological well-being are recommended to bring 

together previous findings from brain development studies, sleep deprivation studies, and 

psychological disorder age of onset studies. This would allow correlations to be investigated 

between these variables. Post study follow-up with participants at 5 yearly intervals would also 

be very useful to gather data on mental health disorder prevalence in later life and to investigate 

whether reduced UF integrity during adolescence proved to be long lasting as expected or if 

some recovery has occurred.  
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