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Abstract

Purpose of review—Adolescence is a period of dynamic change in both sleep and emotional 

systems, with related increases in problems controlling emotion and behavior. Youth with anxiety 

enter adolescence with pre-existing vulnerabilities in systems of sleep and emotion that may place 

them at heightened risk. This review summarizes recent research on sleep and anxiety during the 

transition to adolescence, and highlights emerging themes.

Recent findings—Prospective studies support that sleep predicts anxiety symptoms in early 

adolescence. Notably, robust evidence for subjective sleep problems in anxious youth is not well-

corroborated by objective assessments. Longitudinal designs and methodology that carefully 

examine dimensions of anxiety and sleep may clarify inconsistencies. Preliminary evidence 

suggests that late childhood to early adolescence may be a sensitive period for escalating problems 

with sleep and anxiety. Recent advances in the neuroscience of sleep can further refine integrative 

mechanistic models of developmental psychopathology—the role of sleep in emotional learning 

and memory is provided as an example.

Summary—Sleep problems are common and prospectively predict escalating anxiety symptoms. 

Precision is needed regarding the nature of sleep disruption, and how and when sleep impacts 

various aspects of developmental trajectories. This precision, along with advances in the 

neuroscience of sleep, may lead to developmentally-informed translational interventions.
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Introduction

Sleep problems are ubiquitous to psychiatric disorders not just as a symptom but as a 

precursor of emotional and behavioral problems across the lifespan. Increasingly, it is 

evident that these linkages begin to take root early in life. In their review of a recent SRCD-

sponsored forum on sleep and child development, El-Sheikh and Buckhalt [1++] describe an 

agenda for fully explicating the role of sleep in developmental trajectories of health that 

calls for integrative models across developmental psychology, neuroscience, anthropology 
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and public health. Though admittedly challenging, the products of such work stand to not 

only inform models of developmental psychopathology, but also identify opportunities for 

high impact and enduring intervention.

Guided by this broad framework, our review focuses on sleep in anxious youth during the 

transition from late childhood to early adolescence (approximately ages 10–13). We choose 

this population for several reasons. First, this unique transitional period of peri-puberty 

includes significant neurobiological, hormonal, and socio-contextual changes relevant to 

both affect and sleep-wake regulation [2+, 3]. Consequences of these developmental shifts, 

and their reciprocal impacts, include insufficient sleep among more than 70% of U.S. teens 

between 12 and 14 years[4], as well as escalating rates of emotional and behavioral 

problems (e.g. depression, anxiety, substance abuse, risky behavior) [5]. Second, anxious 

youth enter adolescence with pre-existing vulnerabilities that could amplify the causes and 

consequences of insufficient or poor sleep during this developmental stage. At the same 

time, modifying aspects of sleep in anxious youth during this sensitive period of neuro-

maturation could powerfully impact emotional and behavioral health.

Our review is organized around three broad themes emerging in recent literature: 1) 

clarifying the precise nature of sleep disturbance in anxious youth, 2) prospective impacts of 

sleep disturbance on anxiety during the transition to adolescence, and 3) emerging 

integrative models of development that may explain associations between sleep and anxiety. 

We focus this review on Generalized Anxiety Disorder (GAD), Separation Anxiety Disorder 

(SAD), and Social Anxiety Disorder (SOC), given substantial similarities in phenotypes.

Characterizing the nature of sleep disturbance in youth with anxiety

A number of studies document robust and consistent subjective sleep complaints in as many 

as 90% of youth with anxiety, particularly as reported by parents [for recent reviews, 6+, 7]. 

These complaints include bedtime resistance, problems initiating/maintaining sleep, and 

feeling rested upon waking. However, more recent investigations utilizing objective sleep 

measures, including polysomnography (PSG) or actigraphy, have largely failed to 

demonstrate the presence of sleep alterations/disturbance. Regarding PSG, greater sleep 

onset latency as well as more rapid entry into rapid eye movement (REM) sleep was found 

among youth with generalized anxiety disorder (GAD) compared to controls assessed in the 

sleep lab [8]. A previous study also found greater sleep onset latency, but no differences in 

time to entry into REM [9]. Finally, a recent investigation of PSG in the home did not 

replicate results for sleep onset or REM latency [10+]. Regarding actigraphy, results from a 

recently published comparison study of children with GAD versus controls are consistent 

with previous findings [11] showing no robust sleep differences between these groups [12+

+]. Adolescents with SOC also did not differ from controls in terms of actigraphy-based 

sleep patterns [13]. Taken together, these studies suggest weak alignment in subjective and 

objective evidence for sleep disturbance in anxious youth.

Several conceptual and methodological issues may obscure the precise nature of sleep 

problems experienced by anxious youth. Some of these issues are reviewed below, but it is 

essential to first emphasize that subjective sleep complaints, whether or not corroborated by 
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objective evidence, are clinically meaningful if they are associated with psychological 

distress or daytime impairments in functioning. This is similar to criteria for other 

psychological symptoms for which objective markers do not exist (e.g., dysphoria, intrusive 

thoughts). Nevertheless, pursuing clarity regarding the precise nature and form of sleep 

disturbances may deepen understanding of which aspects of sleep contribute to the course of 

anxiety, and point to the most efficient intervention strategies.

The multi-dimensional and developmental nature of sleep

Various aspects of sleep may be relevant to clinical levels of anxiety. Problems with sleep 

duration (total minutes of sleep), quality (sleep efficiency, feeling subjectively “rested”), 

patterns (bedtime variability, sleep timing), and transitions (difficulty getting to bed, 

daytime sleepiness) have been implicated in different studies [6+]. Fewer studies have 

focused on sleep architecture (% sleep stages) and physiology (neural activity, heart rate 

variability) [8–10] and, rarer still, is consideration of the immediate sleep context. Sleeping 

outside of the bedroom, moving to different beds during the night, and co-sleeping are not 

uncommon even in early adolescents. Objective sleep patterns may differ considerably when 

youth are asked to sleep independently in their own bed. Understanding the contextual 

landscape of these sleep problems necessarily relies on questionnaires or structured 

interviews that inquire about sleep-wake transitions (e.g. difficulty getting to bed) and/or 

sleep-avoidant behaviors. Moreover, since sleep behavior and physiology changes 

dramatically across development [2+], including reliable circadian shifts with entry into 

adolescence, the relative salience of different aspects of sleep health shifts over time. Studies 

collapsing across dynamic developmental periods may therefore obscure important 

information.

Methodological limitations

Even when sleep constructs are clear, methodological limitations (for recent review, [14+]) 

may contribute to apparent discrepancies in sleep findings in anxious youth. First, self-report 

of sleep is inherently retrospective and subject to perceptual biases—a significant issue in 

the context of disorders of emotion where perception is often biased in negative ways. This 

point is illustrated by a recent study comparing retrospective and prospective reports of 

nightmares among clinically-anxious children [15]. Anxious youth were significantly more 

likely to report the presence of frequent nightmares based on retrospective reports, yet 

prospective assessment across 7 nights did not reveal a group difference. As highlighted by 

the authors, the symptoms and everyday experiences of anxious youth may indeed give rise 

to dreams including more negative/threatening content that are recalled as more distressing 

and intense over time.

Second, actigraphy is not a direct measure of sleep, but rather relies on an accelerometer to 

measure movement as a proxy for sleep-wake periods. Because it cannot easily distinguish 

lack of movement from actual sleep, actigraphy has been shown to identify sleep onset 

sooner than PSG when utilized concurrently [16]. This is particularly problematic for sleep 

measurement in a population prone to worrying/ruminating in bed. For this reason, evidence 

of mildly prolonged (e.g., 5–7 minutes based on actigraphy) sleep latency found in previous 
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studies [11, 12++] may be a conservative or inaccurate estimate of arousal prior to sleep 

initiation.

Polysomnography is a more labor intensive and expensive procedure typically used for 

limited timeframes and in lab-based settings. Inconsistencies across lab-based and home-

based PSG suggest possible first night lab effects [17] and/or high variability in sleep 

patterns. Longer assessment periods in the home environment may clarify discrepancies. 

Advances in neuroscience models [18, 19++] and methodology [high density quantitative 

EEG assessments of neural activity; 20] can inform assessments of more ‘micro’ aspects of 

sleep architecture and physiology that may prove more relevant than the quantity of sleep in 

explaining why anxious youth commonly report poorer sleep quality and higher levels of 

daytime sleepiness than other children.

The multidimensional and developmental nature of anxiety

Finally, similar to sleep, anxiety is heterogeneous and multidimensional. Accordingly, 

although several recent studies have taken care to examine sleep among youth falling into 

different diagnostic categories[7, 21–23], it may be even more critical to focus on discrete 

dimensions of anxiety that relate to particular forms of sleep disruption. There were several 

examples in the literature this year [24–26]. One example by Weiner et al. [27+] examined 

anxiety sensitivity as a predictor of sleep-related problems in youth with various anxiety 

disorders (6–17 years). Anxiety sensitivity refers to the perception that physiological 

sensations associated with anxiety are uncontrollable and threatening, which several 

researchers have proposed may interfere with sleep due to heightened attention toward 

arousal. Child reported anxiety sensitivity predicted longer sleep latency onset based on 

subjective reports, above and beyond the effects of anxiety severity, depression, and age.

In sum, research focused on the sleep of anxious youth has reached an important juncture. 

On the one hand, there is consistent and copious evidence of subjective sleep problems 

among a majority of anxious youth, particularly those with a GAD diagnosis, as well as 

complaints of daytime sleepiness. Yet objective sleep data have generally failed to 

corroborate these reports. The extent to which these discrepancies relate to methodological, 

developmental, nosological, phenomenological, or contextual issues (or some combination 

of these) is unknown but merits further research that can inform a developmentally-sensitive 

conceptual model of sleep in early-onset anxiety.

Prospective associations between sleep and anxiety in youth

Prospective studies that examine the developmental impact of sleep on anxiety (and vice 

versa) during the transition from childhood to adolescence are growing in number and 

specificity. In general, recent reviews suggest that evidence is mixed for a bidirectional 

association between sleep and anxiety, with more robust evidence supporting early sleep 

problems as a precursor to anxiety in childhood and adolescence [6+, 7, 28++, 29++]. Key 

issues that may ultimately resolve inconsistencies are reflected in recent studies. First, multi-

method assessment and analytics that are ideally suited to developmental models are 

essential to scientific progress. One exemplary study by Kelly and El-Sheikh [28++] 

examined 3 waves of youth (ages 8 to 13) over a period of five years using both subjective 
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(self-report) and objective (actigraphy) assessments of sleep. A cross-lagged panel model 

was used in order to examine reciprocal relations of sleep and symptoms, and their relative 

contributions, over time. Reduced sleep duration and worse sleep quality predicted greater 

anxiety, depression, and externalizing symptoms (while accounting for prior mental health 

and sleep problems), with a less robust effect found in the opposite direction. Notably, self-

reported sleep predicted anxiety and depression, but not externalizing symptoms, whereas 

actigraphy-derived sleep estimates predicted changes across both internalizing and 

externalizing symptoms. This subjective-objective discrepancy again highlights the possible 

role of perceptual, sleep-distress-related, or methodological differences, as discussed above. 

This study underscores the value of using multi-method assessments in longitudinal studies 

with analytic techniques optimized to developmental questions.

A second issue raised in recent longitudinal literature is the potential for identifying 

sensitive developmental periods when aspects of sleep and anxiety interact most strongly to 

impact long-term health. In a 4 decade-long study following individuals from ages 5 to 38 

years, familial or individual history of anxiety and depression early in life predicted a higher 

incidence of insomnia onset in adulthood [30]. This effect was more powerful if symptoms 

were present in adolescence (ages 11–15). Similarly, in their cross lagged model, Kelly and 

El Shiekh [28++] showed that sleep actigraphy predicted anxiety and depression from the 

second to third time-point (ages 10–13), but not the first to the second (ages 8–10). They 

concluded that the developmental period of early adolescence may be a sensitive period for 

the effects of sleep quantity and quality on emotional health. Notably, this age range 

coincides with the onset of puberty for most youth, which is associated with substantial 

developmental changes in both sleep (e.g. circadian advance) and affective processing (e.g. 

reactivity, regulation)[31]. Finally, in a large study of youth ages 9–16, sleep complaints 

predicted GAD, but they only predicted depression when GAD was also present. When 

considered in the developmental context of a 3-fold rise in depressive disorders in mid-

adolescence, this finding raises a testable hypothesis that interactions between anxiety and 

sleep problems around the onset of puberty contribute to trajectories of risk for depression. 

Moreover, developmental considerations may help to explain some exceptions in the 

literature, including one study with older adolescents (ages 12–18) in which sleep problems 

predicted depression, but not anxiety [23]. These studies are not conclusive, but do provide 

early hints that it may be possible to identify sensitive periods when sleep and symptoms 

interact powerfully to impact development.

In sum, there is significant evidence that sleep is prospectively linked to anxiety in late 

childhood and early adolescence, and slightly weaker evidence for the opposite direction. 

Emerging issues in the field include examining how discrete dimensions of sleep and 

anxiety interact, as well as when these synergistic effects most powerfully influence 

developmental trajectories of emotional and behavioral health.

Mechanistic links of sleep and anxiety: Insights from translational 

neuroscience

Robust cross-sectional and prospective associations between sleep and anxiety motivate the 

question of which pathways link these broad associations. A number of theories and data 
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suggest links between sleep and emotional processing, cognitive processing, hormonal 

factors, and regulatory systems [for recent review, 6+]. Multi-level models that integrate 

bio-behavioral and socio-contextual factors will be essential for a comprehensive 

understanding of pathways of risk [1++]. Dahl’s model describing the cascading effects of 

regulatory systems (sleep, arousal, affect) during sensitive windows of adolescent 

development was an early example of such an integrative model that continues to gain 

empirical support [32].

The recent explosion of knowledge regarding the neuroscience of sleep may further refine 

integrative models. Key neural regions and circuitry involved in emotional processing and 

regulation are highly active during sleep. As reviewed by Goldstein et al., the specific 

purpose of this neural activity during sleep is under critical investigation [19++]. One 

rapidly growing area of research highlights the role of sleep in memory and learning—

including fear conditioning and extinction, as well as the consolidation of episodic 

emotional memories[for comprehensive review, 33]. During sleep, synaptic pruning and 

reorganization supports a process of memory consolidation, for which evidence suggests the 

following general stages: 1) salient information encountered during waking hours is 

“tagged” by the limbic system (e.g. amygdala), 2) tagged memories are subsequently 

reactivated during sleep, and 3) information is moved from short term hippocampal-based 

storage, to long-term integration into neocortical associative networks. Memory 

consolidation occurs over weeks and years [34], allowing for updating or strengthening of 

memories based on experience.

As part of this consolidation process, memories evolve and qualitatively change as sleep 

promotes the extraction of bottom-line meaning, or a “gist” from a stimulus or set of 

stimuli[35, 36+, 37]. Gist memory is exemplified by a false memory paradigm[38] in which 

participants are asked to remember a series of words: medicine, illness, insurance, tests. 

Many participants falsely recall that doctor was in this list—particularly following sleep[39]. 

The gist (ideas related to going to the doctor) is retained, while less meaningful details may 

be discarded. The liability of inaccuracies in gist memory is balanced by efficient and 

experience-based navigation of a complex environment. Indeed, the extraction of gist, and 

its integration with prior memories, allows for complex cognitive abilities such as insight, 

abstraction, intuition, and generalization of experience—all of which have been shown to be 

enhanced following sleep, relative to wake[for reviews; 35, 36+]. This process is suggested 

to occur during the transfer of memory from hippocampus to neocortical associative 

networks, with recent evidence supporting a time-dependent neural reorganization of 

memories that is stronger when sleep closely follows learning [40, 41].

Innumerable daily experiences make it critical that the brain select the most pertinent 

information to retain— emotion aids this selection[42, 43]. Emotional memories are 

preferentially retained relative to neutral memories, and especially following sleep (relative 

to wake)[34, 44–48]. Specifically, emotion reactivity to stimuli during encoding helps to tag 

memories for selective consolidation[49–52]. These processes appear mediated, in part, by 

amygdala activation and its coupling with hippocampus[e.g. 53, 54, 55]. As recently 

proposed by Bennion et al.[18], this emotion tagging may also interact with hormones, such 

as cortisol, during the period of encoding to aid selective consolidation.
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These memory and learning processes occur across all developmental phases, but are likely 

to be uniquely influential during periods of high synaptic plasticity and learning. Growing 

evidence indicates that slow wave sleep and delta activity reflect synaptic reorganization and 

pruning related to experience-dependent learning [e.g., 56+]. Recent work has supported a 

role for slow wave sleep (in addition to REM sleep[57]) in at least some aspects of 

emotional memory consolidation [58+, 59, 60]. In adolescence, there is a greater than 60% 

decrease in slow wave sleep and delta activity, with a sharp decline beginning roughly with 

the onset of puberty (between ages 9 and 11 years) and flattening out around the age of 17 

[61–63]. In support of a maturational effect, Wilhelm et al. recently showed that local 

changes in slow wave activity following experience-dependent learning were stronger in 8–

11 years old youth, relative to 12–17 year old youth and adults[64++]. Notably, the only 

study of gist memory during sleep in youth (ages 8–11) showed greater gist-extraction in 

youth relative to adults[65].

There have been no studies of emotional memory consolidation and sleep in anxious 

adolescents. Memory and learning during sleep is relevant to models of anxiety not only 

because altered sleep or sleep physiology could interfere with memory and learning [for 

models relevant to adults clinical populations, 57, 66, 67], but also because of the emotional 

response tendencies of anxious youth. Anxious youth tend to evidence high emotion 

reactivity to perceived cues of threat which could negatively bias the selection of memories 

for consolidation. Moreover, anxious youth tend to [re]activate memories in a heightened 

negative emotional context at bedtime via rumination/worry [32, 68], which could be 

problematic given evidence that encoding of emotional memories that is followed closely by 

sleep (relative to wake) is enhanced even 6 months later[34, 40]. Heightened emotion 

reactivity and subsequent consolidation of negative memories during sleep may drive a 

quantitative and qualitative shift in gist representations (i.e. the world is a threatening place) 

in anxious youth. This is important in adolescence when sleep and emotion systems are 

developing [32], gist-based representations are strengthening [69, 70], and risk for disorders 

of emotion (e.g. depression) is on the rise [71].

The potential of neuroscience to inform translational interventions is high, with several 

groundbreaking examples published in the last year. A recent study published in Science 

showed that when counter-stereotype information was learned and then reactivated during 

slow wave sleep (via audio cueing), a reduced implicit social bias was observed 1 day and 1 

week later, and the magnitude of the bias reduction was associated with post-training slow 

wave sleep and rapid eye movement sleep [72++] . In a study of youth with ADHD (ages 

10–14), transcranial direct current stimulation during slow wave sleep improved declarative 

memory consolidation to the level of controls[73++] . More immediately relevant to anxiety, 

a study with healthy adults who napped following fear conditioning and extinction promoted 

generalization of fear extinction cues [74]. Finally, Kleim and colleagues [75+] showed that 

adult spider-phobics who napped after a one-session virtual reality exposure treatment 

showed greater reductions in self-reported fear and catastrophic cognitions during a 

behavioral approach task involving a live spider one week later compared to a group that did 

not nap. The latter set of findings is particularly exciting in suggesting the ability to augment 

already established efficacious treatments for anxiety disorders. Similar paradigms to these 

reviewed studies could be used to probe and identify sensitive periods when interventions 

McMakin and Alfano Page 7

Curr Opin Psychiatry. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



targeting memory and learning processes during sleep have greatest potential to influence 

emotional health and development among in anxious youth.

Conclusion

Broad cross-sectional and prospective associations between sleep and anxiety in late 

childhood and early adolescence are clearly established. However, deeper specificity 

regarding the precise nature of sleep disturbances (both subjective an objective) as they 

relate to dimensions of anxiety over the course of development can clarify contributions to 

psychopathology. Integrative models delineating biological and socio-contextual pathways 

through which sleep and anxiety are linked may lead to refined understanding and 

opportunities for intervention. The neuroscience of memory and learning during sleep is one 

such nascent area of research at the interface of sleep and developmental psychopathology. 

There are exciting opportunities for team-based interdisciplinary science to bridge basic 

science with applied research in clinical practice, with an eye toward opportunities for 

interventions with high impact and enduring effects on health and development.
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Key Points

1. Findings for subjective and objective assessments of sleep in youth anxiety are 

weakly aligned

2. Prospective data mostly supports associations between sleep and anxiety in early 

adolescence, but there is less support for the other direction.

3. Emerging data suggest that early adolescence may be a sensitive developmental 

period for interactions between sleep and anxiety. More research is needed.

4. Integrative models of devleopmental psychopathology are needed to identify 

mechanistic targets for intervention at the interface of sleep and anxiety.

5. The recent explosion of research focused on the neuroscience of sleep can 

inform integrative developmental models and point to novel treatment 

opportunities. An example focused on the role of sleep in learning and memory 

is provided.

McMakin and Alfano Page 13

Curr Opin Psychiatry. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


