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Relationship Between Emotions, Sleep
and Well-Being
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8.1 Psychophysiological Functions of Sleep

Sleep is a natural, universal phenomenon present in all living organisms, main-
tained across all steps of phylogenetic evolution and also observable in species
without a centralized nervous system, like jellyfish [1]. Even if sleep is a state
defined by the cessation of finalized behaviour and a strong disconnection from the
sensory environment, it is not a passive phenomenon [2], but it is a highly active
process as vital as respiration or digestion. Sleep is not a unitary phenomenon, but
it is composed of a dynamic sequence of stages that show high degrees of inter- and
intra-individual variability. In the last few decades, the long-standing question
‘why do we sleep?’ has received several answers. Since the development of the
electroencephalogram (EEG) by Hens Berger in 1929, sleep has been continuously
investigated in humans, leading to the definition of rapid eye movement (REM)
sleep and non-REM (NREM) sleep, which in turn is divided in three stages, related
to the increase of sleep depth (i.e. increase of awakening threshold): N1, N2 and
N3. The alternation between sleep stages follows a sequence of cycles during the
night, lasting nearly 90 min each (N1-N2-N3 REM; reviewed in [3]). It is now well
established that sleep is fundamental for neuronal detoxification, tissue restoration,
conservation of energy, enhancement of the immune system and, finally, increasing
neuronal plasticity [4]. In order to develop a model of sleep function, the synaptic
homeostasis hypothesis has been developed [5, 6]. According to this theory,
experience-dependent learning during the day is related to the increase of cortical
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synaptic weight (i.e. wakefulness promotes activity-dependent strengthening of
synaptic connections). Conversely, during the night, sleep reverses plasticity rules,
thus promoting the activity-dependent weakening of connections, leading to
homeostatic down selection of synapses actuated during the day. In this way, sleep
basically resets synaptic weight in the central nervous system, allowing the brain to
learn again during the following day [5, 6]. Together, these functions are related to
slow waves (including sleep slow oscillations (SSO) and K-complexes, very slow,
triphasic slow waves with a frequency between 0.5 and 1 Hz, mainly detectable at
the frontal level; see [7, 8]), and sleep spindles. Slow waves are low frequency
(0.5—4 Hz), high amplitude oscillations generated in the cortex that are critically
dependent on the activity of subcortical structures, like the thalamus [9, 10], and
the olfactory bulb [11]. Slow waves are abundant in the first part of the night (early
sleep) and reduce exponentially during the night, but are increased after sleep
deprivation, indicating an important role in homeostatic regenerative functions of
sleep [3]. Sleep spindles are brief, fast oscillations, lasting 1-2 s, with a frequency
of 11-16 Hz. They are generated through thalamocortical loops and are mainly
related to declarative memory consolidation during sleep [12, 13]. Sleep is also
fundamental for enhancing learning-related processes, sustained by local slow-
wave power (i.e. slow-wave activity) and SSO. Basically, increased daytime,
performance-related, synaptic activity in cortical regions (e.g. activity in visuomo-
tor cortices related to the performance of a visuospatial learning task) will be
reflected in increased slow-wave activity/SSO in the same regions during the fol-
lowing night [14].

Beyond memory consolidation, one of the main roles of sleep is emotion regu-
lation, although the identity of the specific sleep stages, features and mechanisms
involved in this process is currently a hot research topic. Several studies have iden-
tified REM sleep as fundamental [15, 16]. In fact, REM sleep is not only associ-
ated with the consolidation of conditioned fear memories [17], but also with the
unbinding of (‘hot’) emotional aspects of a memory from the (‘cold’) memory
itself [18], thus facilitating the extinction of conditioned fear. In other words, REM
sleep, and particularly the total amount of EEG theta activity, can separate emo-
tionally relevant components of a memory (its ‘visceral charge’) from emotionally
irrelevant ones [19, 20], resulting in a dissipation of subjective emotional intensity
and in the consolidation of the information itself, as a sort of ‘overnight therapy’
[21, 22]. The neurophysiological substrate of this process has been identified as the
active inhibition of the amygdala through top-down prefrontal cortex (PFC) con-
nections [23], causing a reduction of the activity of the amygdala, paralleled by an
increase of the activity of the hippocampus (the ‘sleep to forget and sleep to
remember’ model [21]).

Even if theoretical connections between homeostatic functions of sleep and emo-
tion regulation have never been directly investigated, they take on particular impor-
tance when considering a critical developmental period like adolescence.
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8.2  Adolescence, Emotions and Emotion Regulation

Adolescence is a critical developmental age that starts with sexual maturation
(puberty) and ends with the achievement of the social roles of young adulthood,
usually taking place between 12 and 17 years old. It has been defined as an age
characterized by both strengths and vulnerabilities, and is a critical period of devel-
opment of emotion regulation [24]. During this stormy period, the central nervous
system undergoes a slow process of maturation, with several functional and ana-
tomical modifications, most importantly, a massive neuronal pruning [25]. This
slow maturing process is most evident within the prefrontal cortices, begins during
childhood and continues until early adulthood, resulting in the development of high-
order psychological functions [25, 26]. Accordingly, adolescence is characterized
by heightened emotional experiences, which are probably caused by the different
maturation trajectories of cortical (prefrontal) and subcortical (amygdala) brain
structures, leading to a diminished ability to regulate emotions [27].

Emotions are highly salient and fundamental qualities of our conscious life,
which can modulate attention to stimuli, interrupt cognitive or behavioural pro-
cesses and trigger actions in the outer world [28, 29]. In order to adapt success-
fully to the environment, humans have the ability to regulate emotions, applying
strategies that modulate, consciously and unconsciously, emotional experience
and expression [30], in order to use emotions as resources in decision-making
processes within complex social contexts [24, 31]. Emotion regulation begins as
the individual acknowledges a new event or situation, and interprets it in the con-
text of his goals [32, 33]. Subsequently, attempts to adaptively regulate the new
emotion take place in an iterative way, modulated by environmental feedback,
according to the following stages: (1) situation selection, (2) situation modifica-
tion, (3) attentional deployment, (4) cognitive change (e.g. reappraisal) and (5)
response modulation (e.g. behavioural suppression) [32]. At the neurophysiologi-
cal level, successful emotion regulation in adults is mainly related to increased
PFC activity and decreased amygdala activity [34—36], while emotion dysregula-
tion is related to deficit of the top-down inhibition of the amygdala by the PFC [37,
38]. However, emotion regulation has been linked to an expanded prefrontal net-
work, comprising the dorsolateral, dorsomedial, ventrolateral, and the posterior
prefrontal cortices, the anterior cingulate cortex and the inferior parietal regions
[39] (Fig. 8.1).

Emotion regulation increases with age, from childhood to adulthood [34, 40—42],
with a critical period occurring during adolescence [43]. Alterations in this process
can lead to the development of severe psychopathological conditions in adulthood.
In fact, emotion disturbance and dysregulation are transdiagnostic processes
observed in almost all forms of psychopathology, both internalizing and external-
izing [44, 45]. As described next, sleep has a fundamental role in the successful
development of these abilities.
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Fig. 8.1 Emotion generation and regulation in the adolescent brain. In blue, functional decrease
of activity; in red, functional increase of activity. DLPFC dorsolateral prefrontal cortex, VLPFC
ventrolateral prefrontal cortex, /NS insula, /PC inferior parietal cortex, DmPFC dorsomedial pre-
frontal cortex, VmPFC ventromedial prefrontal cortex, ACC anterior cingulate cortex, AMY amyg-
dala, St ventral striatum. Adapted from Ochsner et al. [39] and Gross [32]. (Authors thank Dr.
Sergio Frumento for having adapted the figure)

8.3  Sleep and Sleep Deprivation in Adolescence

Across the life span, emotion regulation increases in tandem with continuous change
in sleeping patterns, with a reduction in both NREM and REM sleep, and total sleep
time. In particular, sleep in adolescence is marked by a progressive reduction of
EEG signal amplitude and power (up to 40%) across all EEG frequency bands,
which is related to age and puberty stage [46—49]. At the same time, adolescent
sleep is related to the progressive increase of sleep spindles in peak frequency and
EEG coherence in multiple frequencies, which have been related to the myelination
of long-range connections in thalamocortical networks [47, 48, 50-52]. An MRI
study has confirmed that this reduction in EEG power during sleep in adolescence
is correlated with massive pruning of grey matter [53]. With EEG, Kurth et al. [54]
found that progressive reduction of slow-wave activity has a posterior-to-anterior
gradient, which follows precisely the local reductions of grey matter, as another
study longitudinally assessed with MRI [55].

These data suggest an important link between slow waves and sleep spindles in
brain maturation during adolescence, in particular in the PFC, which develops later
than other brain cortices, and is crucial for emotion regulation. In the scientific
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Fig.8.2 Number of hours the adolescents should sleep per day and how much they actually sleep.
Adapted from Hirshkowitz et al. [64]. (Authors thank Dr. Sergio Frumento for having adapted the
figure)

literature, links between poor sleep and emotion dysregulation have been inten-
sively investigated in adults (for reviews, see [18, 56-62]), but how poor sleep
specifically impacts adults and adolescents is still unknown [63]. Unfortunately,
even if the recommended sleep time for adolescents is 9 h per night, the National
Sleep Foundation team has stated that adolescents do not get the adequate amount
of sleep, sleeping only 67 h per night [64] (Fig. 8.2). The reasons for this are
complex and biopsychosocial in nature [65]: (1) the physiology of the hormone
melatonin in adolescence is completely different from childhood, with its releasing
shifted later during the evening [66]; this, together with increased ability to resist
sleep pressure, lead adolescents to be ‘owls’ (i.e. evening type), going to bed later
in the night; (2) school start time is often set very early in the morning (7:30 to
8:30), forcing awakening much earlier than the recommended 9 h of sleep (i.e. the
so-called ‘social jetlag’ [67]); and (3) the occurrence of familiar and social major
risk factors, as aversive family environment, evening light exposure, computer use
and tobacco and caffeine use, lead to significantly reduced sleep time [68].
Collectively, prolonged poor sleep conditions are important risk factors for psycho-
pathology in adolescence and, conversely, psychopathology itself is highly related
to co-morbid sleep problems (near 95% [69]). Moreover, poor sleep is related to
several cognitive, behavioural and emotional alterations (for reviews, see [70-73]),
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which lead to decreased well-being, defined as a reduction of subjective quality of
life and life satisfaction, prevalent negative mood and emotions and absence of
meaning in life [74].

A large number of cross-sectional studies showed that poor sleep is associated
with deficits in emotion regulation, reduction of well-being and health-related qual-
ity of life [75-78] as well as increased anxiety [79], depression [80], aggression and
hostility [81], academic failure [82, 83], legal and illegal drug use [84, 85] and
accidents [82]. Longitudinally, poor sleep in adolescence can cause long-term
reductions in well-being and life satisfaction, increased anxiety, depression, sub-
stance use and bad educational outcomes [86-93]. To sum up, all the above-
mentioned psychological and behavioural outcomes are associated with prolonged
conditions of bad sleep (i.e. chronic sleep deprivation or ‘sleep debt’ [94]), and are
united by the lack of emotion regulation [24].

8.4  Sleep Deprivation and Emotion Dysregulation

Experimental psychophysiological studies of sleep deprivation have detected sub-
jective and objective signs of emotion dysregulation, at the level of both the central
and autonomic nervous system. In adults, one night of sleep deprivation increases
amygdala activation up to 60%, in reaction to negative pictures (e.g. weapons,
snakes, mutilations), indicating an inability to down-regulate negative emotions
[95]. Amygdala hyperactivity has been detected also after a more ecological sleep
deprivation protocol (five nights of 4-h sleep restriction), using subliminally pre-
sented frightened faces [96]. Decreased functional connectivity between the medial
PFC and the amygdala, together with the hyperreactivity of the latter, has been
related to less than 6 h of habitual sleep per night [97-99]. Moreover, sleep depriva-
tion impairs recognition of emotional facial expressions [100, 101] and increases
the distractibility caused by emotional images, paralleled by increased amygdala
activation and reduced functional connectivity with the PFC [98]. Taken together,
all these studies consider decreased inhibition of the amygdala exerted by the PFC
as a marker of emotion dysregulation after sleep deprivation. Recently, in adults
who underwent a fear consolidation experimental paradigm, Feng et al. [102] found
that sleep deprivation interferes with top-down ventromedial PFC inhibition of the
amygdala, increasing also bottom-up arousal signalling by the insular pathway
[102]. Notably, insular cortex integrates interoceptive information on the state of the
organism arising from subcortical areas, which are fundamental for adaptive emo-
tional behaviour [103-105]. These data reflect an important and still under-
investigated link between altered interoception, emotion dysregulation and sleep
disorders (see [106]). In addition, suggesting an important involvement of the auto-
nomic nervous system, Franzen and collaborators found, in sleep-deprived adults,
that increased sleepiness positively correlated with involuntary pupillary responses
to negative emotional pictures [107]. Sleep deprivation also affects heart rate vari-
ability (i.e. increased the low-frequency component and decreased the high-
frequency component of heart rate variability), indicating an enhancement of
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sympathetic activity [108, 109], which has been related to psychopathology and to
reductions of flexibility to emotional challenges [110, 111].

Furthermore, sleep deprivation enhances mesolimbic reward system activity,
which includes the midbrain ventral tegmental area, the striatum and the PFC
(medial PFC and orbitofrontal cortex), and has been related to increased respon-
siveness to reward-stimuli, possibly leading to impulsivity, risk-taking behaviours
and sensation seeking [60] (e.g. licit and illicit drug use; reviewed in [59]).
Specifically, sleep deprivation amplifies subjectively reported and objectively
detected activity (with functional MRI) throughout the human reward brain net-
work in response to pleasure-evoking stimuli, associated with a reduction of the
coupling between the mesolimbic system and the medial prefrontal and orbitofron-
tal cortices [112].

Unfortunately, unlike adults, sleep deprivation protocols in adolescence are less
numerous, because of various methodological and ethical issues [72]. However,
experiments on adolescents have found coherent results related to emotion dysregu-
lation: for example, sleep restriction protocols in adolescents decrease emotion
regulation, higher level executive functions and positive affect and increase negative
affect (e.g. tension, anxiety, hostility, confusion and fatigue) [113-117].

A number of authors have suggested that sleep deprivation can alter emotion
generation and emotion regulation via different pathways: (1) sleep deprivation may
increase negative emotions by lowering the threshold to aversive stimuli that may be
otherwise discarded [18], by decreasing motivation and ability to interpret goal-
related events [58] and by increasing the encoding of negative memories, selectively
biasing the encoding of positive and neutral ones [118]; (2) sleep deprivation may
cause a state of central and peripheral emotional hypersensitivity that impairs the
communication between brain and body, fundamental for the ‘embodied’ percep-
tion of emotions and leading to indiscriminate emotional generalization [59, 60];
(3) sleep deprivation may alter emotion regulation through behavioural tendencies
and neurophysiological changes, including situation selection (by reducing energy
and activity levels), attention (by increasing selective attention to negative stimuli),
cognitive appraisal (by promoting overgeneralized conservative responses) and
behavioural response (by increasing amplified and maladaptive emotional responses)
[58, 61].

Psychophysiological data suggest that adolescence is a particularly vulnerable
period for sleep deprivation as compared with adulthood. In this regard, using
computerized acoustic analysis, a study found that sleep-deprived adolescents
display fewer positive emotions as compared to adults [116]. Unfortunately, there
is still a paucity of experimental and longitudinal sleep deprivation studies on
adolescents, making it difficult to determine the degree to which psychophysio-
logical consequences of sleep loss overlap (or not) in adolescents and adults [63,
72]. In addition to the well-assessed role of REM sleep in emotions, an under-
investigated role, both for the correct maturation of adolescent brain and, conse-
quently, emotion regulation and well-being, may be played by specific features of
NREM sleep, like slow waves, SSO and sleep spindles [62]. Again, no study has
directly investigated adolescent NREM sleep features in relation to emotion
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regulation (but see [119] for sleep spindles in adults). This can be a promising line
of research for the future: the study of sleep features in healthy sleep and sleep
loss may provide a unique window onto adolescent cortical maturation, emotion
regulation and well-being [62, 63].

References

1. Nath RD, Bedbrook CN, Abrams MJ, Basinger T, Bois JS, Prober DA, Sternberg PW,
Gradinaru V, Goentoro L. The jellyfish Cassiopea exhibits a sleep-like state. Curr Biol.
2017;27(19):2984-2990.e3. https://doi.org/10.1016/j.cub.2017.08.014.

2. Moruzzi G, Magoun HW. Brain stem reticular formation and activation of the
EEG. Electroencephalogr Clin Neurophysiol. 1949;1(4):455-73.

3. Achermann P, Borbely AA. In: Kryger MH, Roth T, Dement WC, editors. Principles and prac-
tices of sleep medicine. 5th ed. Elsevier: Amsterdam; 2011.

4. Siegel JM. Clues to the functions of mammalian sleep. Nature. 2005;437(7063):1264-71.

5. Tononi G, Cirelli C. Sleep and synaptic homeostasis: a hypothesis. Brain Res Bull.
2003;62(2):143-50.

6. Tononi G, Cirelli C. Sleep and the price of plasticity: from synaptic and cellular homeostasis to
memory consolidation and integration. Neuron. 2014;81(1):12-34. https://doi.org/10.1016/].
neuron.2013.12.025.

7. Menicucci D, Piarulli A, Debarnot U, d'Ascanio P, Landi A, Gemignani A. Functional struc-
ture of spontaneous sleep slow oscillation activity in humans. PLoS One. 2009;4(10):e7601.
https://doi.org/10.1371/journal.pone.0007601.

8. Laurino M, Menicucci D, Piarulli A, Mastorci F, Bedini R, Allegrini P, Gemignani
A. Disentangling different functional roles of evoked K-complex components: mapping the
sleeping brain while quenching sensory processing. Neurolmage. 2014;86:433—45. https://doi.
org/10.1016/j.neuroimage.2013.10.030.

9. David F, Schmiedt JT, Taylor HL, Orban G, Di Giovanni G, Uebele VN, Renger JJ, Lambert
RC, Leresche N, Crunelli V. Essential thalamic contribution to slow waves of natural sleep. J
Neurosci. 2013;33(50):19599-610. https://doi.org/10.1523/INEUROSCI.3169-13.2013.

10. Gemignani A, Laurino M, Provini F, Piarulli A, Barletta G, d'Ascanio P, Bedini R, Lodi R,
Manners DN, Allegrini P, Menicucci D, Cortelli P. Thalamic contribution to sleep slow oscil-
lation features in humans: a single case cross sectional EEG study in fatal familial insomnia.
Sleep Med. 2012;13(7):946-52. https://doi.org/10.1016/j.sleep.2012.03.007.

11. Fontanini A, Bower JM. Slow-waves in the olfactory system: an olfactory perspective on corti-
cal rhythms. Trends Neurosci. 2006;29(8):429-37.

12. Steriade M, Deschénes M, Domich L, Mulle C. Abolition of spindle oscillations in thalamic
neurons disconnected from nucleus reticularis thalami. J Neurophysiol. 1985;54(6):1473-97.

13. Fogel SM, Smith CT. The function of the sleep spindle: a physiological index of intelli-
gence and a mechanism for sleep-dependent memory consolidation. Neurosci Biobehav Rev.
2011;35(5):1154-65. https://doi.org/10.1016/j.neubiorev.2010.12.003.

14. Huber R, Ghilardi MF, Massimini M, Tononi G. Local sleep and learning. Nature.
2004;430(6995):78-81.

15. Wagner U, Gais S, Born J. Emotional memory formation is enhanced across sleep intervals
with high amounts of rapid eye movement sleep. Learn Mem. 2001;8(2):112-9.

16. Wagner U, Degirmenci M, Drosopoulos S, Perras B, Born J. Effects of cortisol suppres-
sion on sleep-associated consolidation of neutral and emotional memory. Biol Psychiatry.
2005;58(11):885-93.

17. Menz MM, Rihm JS, Salari N, Born J, Kalisch R, Pape HC, Marshall L, Biichel C. The role
of sleep and sleep deprivation in consolidating fear memories. Neurolmage. 2013;75:87-96.
https://doi.org/10.1016/j.neuroimage.2013.03.001.


https://doi.org/10.1016/j.cub.2017.08.014
https://doi.org/10.1016/j.neuron.2013.12.025
https://doi.org/10.1016/j.neuron.2013.12.025
https://doi.org/10.1371/journal.pone.0007601
https://doi.org/10.1016/j.neuroimage.2013.10.030
https://doi.org/10.1016/j.neuroimage.2013.10.030
https://doi.org/10.1523/JNEUROSCI.3169-13.2013
https://doi.org/10.1016/j.sleep.2012.03.007
https://doi.org/10.1016/j.neubiorev.2010.12.003
https://doi.org/10.1016/j.neuroimage.2013.03.001

Relationship Between Emotions, Sleep and Well-Being 161

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Deliens G, Gilson M, Peigneux P. Sleep and the processing of emotions. Exp Brain Res.
2014;232(5):1403-14. https://doi.org/10.1007/s00221-014-3832-1.

Nishida M, Pearsall J, Buckner RL, Walker MP. REM sleep, prefrontal theta, and the con-
solidation of human emotional memory. Cereb Cortex. 2009;19(5):1158-66. https://doi.
org/10.1093/cercor/bhn155.

Payne JD, Chambers AM, Kensinger EA. Sleep promotes lasting changes in selective
memory for emotional scenes. Front Integr Neurosci. 2012;6:108. https://doi.org/10.3389/
fnint.2012.00108.

Walker MP, van der Helm E. Overnight therapy? The role of sleep in emotional brain process-
ing. Psychol Bull. 2009;135(5):731-48. https://doi.org/10.1037/a0016570.

van der Helm E, Gujar N, Nishida M, Walker MP. Sleep-dependent facilitation of episodic mem-
ory details. PLoS One. 2011;6(11):e27421. https://doi.org/10.1371/journal.pone.0027421.
Spoormaker VI, Schréter MS, Andrade KC, Dresler M, Kiem SA, Goya-Maldonado R, Wetter
TC, Holsboer F, Simann PG, Czisch M. Effects of rapid eye movement sleep deprivation on
fear extinction recall and prediction error signaling. Hum Brain Mapp. 2012;33(10):2362-76.
https://doi.org/10.1002/hbm.21369.

Dahl RE. Adolescent brain development: a period of vulnerabilities and opportunities. Keynote
address. Ann N'Y Acad Sci. 2004;1021:1-22.

Gogtay N, Giedd JN, Lusk L, Hayashi KM, Greenstein D, Vaituzis AC, Nugent TF 3rd,
Herman DH, Clasen LS, Toga AW, Rapoport JL, Thompson PM. Dynamic mapping of human
cortical development during childhood through early adulthood. Proc Natl Acad Sci U S A.
2004;101(21):8174-9.

Lenroot RK, Giedd JN. Brain development in children and adolescents: insights from anatomi-
cal magnetic resonance imaging. Neurosci Biobehav Rev. 2006;30(6):718-29.

Casey B, Jones RM, Somerville LH. Braking and accelerating of the adolescent brain. J Res
Adolesc. 2011;21(1):21-33.

Gross JJ. Emotion regulation: conceptual and empirical foundations. In: Gross JJ, editor.
Handbook of emotion regulation. 2nd ed. New York: Guilford Press; 2014. p. 3-20.
Levenson RW. The intrapersonal functions of emotion. Cognit Emot. 1999;13(5):481-504.
https://doi.org/10.1080/026999399379159.

Thompson RA. Emotion and self-regulation. In: Thompson RA, editor. Nebraska symposium
on motivation, Socioemotional development, vol. 36. Lincoln: University of Nebraska Press;
1990. p. 383-483.

Cole PM, Hall SE, Hajal NJ. Emotion dysregulation as a risk factor for psychopathology. In:
Beauchaine TP, Hinshaw SP, editors. Child and adolescent psychopathology. 2nd ed. Hoboken:
Wiley; 2013. p. 341-73.

Gross JJ. Emotion regulation: current status and future prospects. Psychol Inq. 2015;26(1):1-
26. https://doi.org/10.1080/1047840X.2014.940781.

Sheppes G, Suri G, Gross JJ. Emotion regulation and psychopathology. Annu Rev Clin
Psychol. 2015;11:379-405. https://doi.org/10.1146/annurev-clinpsy-032814-112739.

McRae K, Gross JJ, Weber J, Robertson ER, Sokol-Hessner P, Ray RD, Gabrieli JD, Ochsner
KN. The development of emotion regulation: an fMRI study of cognitive reappraisal in chil-
dren, adolescents and young adults. Soc Cogn Affect Neurosci. 2012;7(1):11-22. https://doi.
org/10.1093/scan/nsr093.

Silvers JA, Insel C, Powers A, Franz P, Helion C, Martin RE, Weber J, Mischel W, Casey BJ,
Ochsner KN. vIPFC-vmPFC-amygdala interactions underlie age-related differences in cogni-
tive regulation of emotion. Cereb Cortex. 2017;27(7):3502—14. https://doi.org/10.1093/cercor/
bhw073.

Stephanou K, Davey CG, Kerestes R, Whittle S, Pujol J, Yiicel M, Fornito A, Lépez-Sola M,
Harrison BJ. Brain functional correlates of emotion regulation across adolescence and young
adulthood. Hum Brain Mapp. 2016;37(1):7—-19. https://doi.org/10.1002/hbm.22905.
Churchwell JC, Morris AM, Heurtelou NM, Kesner RP. Interactions between the prefrontal cor-
tex and amygdala during delay discounting and reversal. Behav Neurosci. 2009;123(6):1185—
96. https://doi.org/10.1037/a0017734.


https://doi.org/10.1007/s00221-014-3832-1
https://doi.org/10.1093/cercor/bhn155
https://doi.org/10.1093/cercor/bhn155
https://doi.org/10.3389/fnint.2012.00108
https://doi.org/10.3389/fnint.2012.00108
https://doi.org/10.1037/a0016570
https://doi.org/10.1371/journal.pone.0027421
https://doi.org/10.1002/hbm.21369
https://doi.org/10.1080/026999399379159
https://doi.org/10.1080/1047840X.2014.940781
https://doi.org/10.1146/annurev-clinpsy-032814-112739
https://doi.org/10.1093/scan/nsr093
https://doi.org/10.1093/scan/nsr093
https://doi.org/10.1093/cercor/bhw073
https://doi.org/10.1093/cercor/bhw073
https://doi.org/10.1002/hbm.22905
https://doi.org/10.1037/a0017734

162 A. Zaccaro et al.

38. Hilt LM, Hanson JL, Pollak SD. Emotion dysregulation. In: Brown BB, Prinstein MJ, editors.
Encyclopedia of adolescence, vol. 3. New York: Elsevier; 2011. p. 160-9.

39. Ochsner KN, Silvers JA, Buhle JT. Functional imaging studies of emotion regulation: a syn-
thetic review and evolving model of the cognitive control of emotion. Ann N 'Y Acad Sci.
2012;1251:E1-24. https://doi.org/10.1111/j.1749-6632.2012.06751 .x.

40. Perlman SB, Pelphrey KA. Developing connections for affective regulation: age-related
changes in emotional brain connectivity. J Exp Child Psychol. 2011;108(3):607-20. https://
doi.org/10.1016/j.jecp.2010.08.006.

41. Brenning K, Soenens B, Van Petegem S, Vansteenkiste M. Perceived maternal autonomy sup-
port and early adolescent emotion regulation: a longitudinal study. Soc Dev. 2015;24:561-78.
https://doi.org/10.1111/sode.12107.

42. Tottenham N, Hare TA, Casey BJ. Behavioral assessment of emotion discrimination, emotion
regulation, and cognitive control in childhood, adolescence, and adulthood. Front Psychol.
2011;16(2):39. https://doi.org/10.3389/fpsyg.2011.00039.

43. Zimmermann P, Iwanski A. Emotion regulation from early adolescence to emerging adulthood
and middle adulthood: age differences, gender differences, and emotion-specific developmental
variations. Int J Behav Dev. 2014;38(2):182-94. https://doi.org/10.1177/0165025413515405.

44. Beauchaine TP. Future directions in emotion dysregulation and youth psychopathology. J Clin
Child Adolesc Psychol. 2015:44(5):875-96. https://doi.org/10.1080/15374416.2015.1038827.

45. Kring AM, Sloan DM. Emotion regulation and psychopathology: a transdiagnostic approach
to etiology and treatment. US: Guilford Press; 2010.

46. Campbell IG, Grimm KJ, de Bie E, Feinberg 1. Sex, puberty, and the timing of sleep EEG mea-
sured adolescent brain maturation. Proc Natl Acad Sci U S A. 2012;109(15):5740-3. https://
doi.org/10.1073/pnas.1120860109.

47. Tarokh L, Van Reen E, LeBourgeois M, Seifer R, Carskadon MA. Sleep EEG provides evi-
dence that cortical changes persist into late adolescence. Sleep. 2011;34(10):1385-93. https://
doi.org/10.5665/SLEEP.1284.

48. Tarokh L, Carskadon MA. Developmental changes in the human sleep EEG during early ado-
lescence. Sleep. 2010;33(6):801-9.

49. Campbell IG, Feinberg I. Longitudinal trajectories of non-rapid eye movement delta
and theta EEG as indicators of adolescent brain maturation. Proc Natl Acad Sci U S A.
2009;106(13):5177-80. https://doi.org/10.1073/pnas.0812947106.

50. Tarokh L, Carskadon MA, Achermann P. Developmental changes in brain connectivity
assessed using the sleep EEG. Neuroscience. 2010;171(2):622-34. https://doi.org/10.1016/j.
neuroscience.2010.08.071.

51. Shinomiya S, Nagata K, Takahashi K, Masumura T. Development of sleep spindles in young
children and adolescents. Clin Electroencephalogr. 1999;30(2):39-43.

52. Campbell IG, Feinberg 1. Maturational patterns of sigma frequency power across childhood
and adolescence: a longitudinal study. Sleep. 2016;39(1):193-201. https://doi.org/10.5665/
sleep.5346.

53. Buchmann A, Ringli M, Kurth S, Schaerer M, Geiger A, Jenni OG, Huber R. EEG sleep slow-
wave activity as a mirror of cortical maturation. Cereb Cortex. 2011;21(3):607-15. https://doi.
org/10.1093/cercor/bhq129.

54. Kurth S, Ringli M, Geiger A, LeBourgeois M, Jenni OG, Huber R. Mapping of cortical activity
in the first two decades of life: a high-density sleep electroencephalogram study. J Neurosci.
2010;30(40):13211-9. https://doi.org/10.1523/INEUROSCI.2532-10.2010.

55. Shaw P, Kabani NJ, Lerch JP, Eckstrand K, Lenroot R, Gogtay N, Greenstein D, Clasen L, Evans
A, RapoportJL, Giedd JN, Wise SP. Neurodevelopmental trajectories of the human cerebral cor-
tex. J Neurosci. 2008;28(14):3586-94. https://doi.org/10.1523/INEUROSCI.5309-07.2008.

56. Baglioni C, Spiegelhalder K, Lombardo C, Riemann D. Sleep and emotions: a focus on insom-
nia. Sleep Med Rev. 2010;14(4):227-38. https://doi.org/10.1016/j.smrv.2009.10.007.

57. Kahn M, Sheppes G, Sadeh A. Sleep and emotions: bidirectional links and underly-
ing mechanisms. Int J Psychophysiol. 2013;89(2):218-28. https://doi.org/10.1016/].
ijpsycho.2013.05.010.


https://doi.org/10.1111/j.1749-6632.2012.06751.x
https://doi.org/10.1016/j.jecp.2010.08.006
https://doi.org/10.1016/j.jecp.2010.08.006
https://doi.org/10.1111/sode.12107
https://doi.org/10.3389/fpsyg.2011.00039
https://doi.org/10.1177/0165025413515405
https://doi.org/10.1080/15374416.2015.1038827
https://doi.org/10.1073/pnas.1120860109
https://doi.org/10.1073/pnas.1120860109
https://doi.org/10.5665/SLEEP.1284
https://doi.org/10.5665/SLEEP.1284
https://doi.org/10.1073/pnas.0812947106
https://doi.org/10.1016/j.neuroscience.2010.08.071
https://doi.org/10.1016/j.neuroscience.2010.08.071
https://doi.org/10.5665/sleep.5346
https://doi.org/10.5665/sleep.5346
https://doi.org/10.1093/cercor/bhq129
https://doi.org/10.1093/cercor/bhq129
https://doi.org/10.1523/JNEUROSCI.2532-10.2010
https://doi.org/10.1523/JNEUROSCI.5309-07.2008
https://doi.org/10.1016/j.smrv.2009.10.007
https://doi.org/10.1016/j.ijpsycho.2013.05.010
https://doi.org/10.1016/j.ijpsycho.2013.05.010

Relationship Between Emotions, Sleep and Well-Being 163

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Fairholme CP, Manber R. Sleep, emotions, and emotion regulation: an overview. In: Babson KA,
Feldner MT, editors. Sleep and affect assessment, theory, and clinical implications. Amsterdam:
Elsevier Inc.; 2015. p. 45-61. https://doi.org/10.1016/B978-0-12-417188-6.00003-7.
Goldstein AN, Walker MP. The role of sleep in emotional brain function. Annu Rev Clin
Psychol. 2014;10:679-708. https://doi.org/10.1146/annurev-clinpsy-032813-153716.

Krause AJ, Simon EB, Mander BA, Greer SM, Saletin JM, Goldstein-Piekarski AN, Walker
MP. The sleep-deprived human brain. Nat Rev Neurosci. 2017;18(7):404—18. https://doi.
org/10.1038/nrn.2017.55.

Palmer CA, Alfano CA. Sleep and emotion regulation: an organizing, integrative review. Sleep
Med Rev. 2017;31:6-16. https://doi.org/10.1016/j.smrv.2015.12.006.

Tempesta D, Socci V, De Gennaro L, Ferrara M. Sleep and emotional processing. Sleep Med
Rev. 2018;40:183-95. https://doi.org/10.1016/j.smrv.2017.12.005.

Tarokh L, Saletin JM, Carskadon MA. Sleep in adolescence: physiology, cognition
and mental health. Neurosci Biobehav Rev. 2016;70:182-8. https://doi.org/10.1016/j.
neubiorev.2016.08.008.

Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, Hazen N, Herman
J, Katz ES, Kheirandish-Gozal L, Neubauer DN, O’Donnell AE, Ohayon M, Peever J,
Rawding R, Sachdeva RC, Setters B, Vitiello MV, Ware JC, Adams Hillard PJ. National Sleep
Foundation’s sleep time duration recommendations: methodology and results summary. Sleep
Health. 2015;1(1):40-3. https://doi.org/10.1016/j.sleh.2014.12.010.

Carskadon MA. Sleep in adolescents: the perfect storm. Pediatr Clin N Am. 2011;58(3):637-
47. https://doi.org/10.1016/j.pcl.2011.03.003.

Carskadon MA, Acebo C. Regulation of sleepiness in adolescents: update, insights, and specu-
lation. Sleep. 2002;25(6):606—14.

Wittmann M, Dinich J, Merrow M, Roenneberg T. Social jetlag: misalignment of biological
and social time. Chronobiol Int. 2006;23(1-2):497-5009.

Bartel KA, Gradisar M, Williamson P. Protective and risk factors for adolescent sleep: a meta-
analytic review. Sleep Med Rev. 2015;21:72-85. https://doi.org/10.1016/j.smrv.2014.08.002.
Shahid A, Khairandish A, Gladanac B, Shapiro C. Peeking into the minds of troubled adoles-
cents: the utility of polysomnography sleep studies in an inpatient psychiatric unit. J Affect
Disord. 2012;139(1):66-74. https://doi.org/10.1016/j.jad.2012.01.034.

O'Brien LM. The neurocognitive effects of sleep disruption in children and adolescents. Child
Adolesc Psychiatr Clin N Am. 2009;18(4):813-23. https://doi.org/10.1016/j.chc.2009.04.008.
Gregory AM, Sadeh A. Sleep, emotional and behavioral difficulties in children and adoles-
cents. Sleep Med Rev. 2012;16(2):129-36. https://doi.org/10.1016/j.smrv.2011.03.007.
Beebe DW. Cognitive, behavioral, and functional consequences of inadequate sleep in chil-
dren and adolescents. Pediatr Clin N Am. 2011;58(3):649-65. https://doi.org/10.1016/j.
pcl.2011.03.002.

Chaput JP, Gray CE, Poitras VJ, Carson V, Gruber R, Olds T, Weiss SK, Connor Gorber S,
Kho ME, Sampson M, Belanger K, Eryuzlu S, Callender L, Tremblay MS. Systematic review
of the relationships between sleep duration and health indicators in school-aged children
and youth. Appl Physiol Nutr Metab. 2016;41(6 Suppl 3):S266-82. https://doi.org/10.1139/
apnm-2015-0627.

Steptoe A, Deaton A, Stone AA. Subjective wellbeing, health, and ageing. Lancet.
2015;385(9968):640-8. https://doi.org/10.1016/S0140-6736(13)61489-0.

Brand S, Kirov R, Kalak N, Gerber M, Schmidt NB, Lemola S, Correll CU, Holsboer-Trachsler
E. Poor sleep is related to lower emotional competence among adolescents. Behav Sleep Med.
2016;14(6):602—14. https://doi.org/10.1080/15402002.2015.1048450.

Perkinson-Gloor N, Lemola S, Grob A. Sleep duration, positive attitude toward life, and aca-
demic achievement: the role of daytime tiredness, behavioural persistence, and school start
times. J Adolesc. 2013;36(2):311-8. https://doi.org/10.1016/j.adolescence.2012.11.008.
Paiva T, Gaspar T, Matos MG. Sleep deprivation in adolescents: correlations with health
complaints and health-related quality of life. Sleep Med. 2015;16(4):521-7. https://doi.
org/10.1016/j.sleep.2014.10.010.


https://doi.org/10.1016/B978-0-12-417188-6.00003-7
https://doi.org/10.1146/annurev-clinpsy-032813-153716
https://doi.org/10.1038/nrn.2017.55
https://doi.org/10.1038/nrn.2017.55
https://doi.org/10.1016/j.smrv.2015.12.006
https://doi.org/10.1016/j.smrv.2017.12.005
https://doi.org/10.1016/j.neubiorev.2016.08.008
https://doi.org/10.1016/j.neubiorev.2016.08.008
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1016/j.pcl.2011.03.003
https://doi.org/10.1016/j.smrv.2014.08.002
https://doi.org/10.1016/j.jad.2012.01.034
https://doi.org/10.1016/j.chc.2009.04.008
https://doi.org/10.1016/j.smrv.2011.03.007
https://doi.org/10.1016/j.pcl.2011.03.002
https://doi.org/10.1016/j.pcl.2011.03.002
https://doi.org/10.1139/apnm-2015-0627
https://doi.org/10.1139/apnm-2015-0627
https://doi.org/10.1016/S0140-6736(13)61489-0
https://doi.org/10.1080/15402002.2015.1048450
https://doi.org/10.1016/j.adolescence.2012.11.008
https://doi.org/10.1016/j.sleep.2014.10.010
https://doi.org/10.1016/j.sleep.2014.10.010

164

A. Zaccaro et al.

78

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

. Matos MG, Marques A, Gaspar T, Paiva T. Perception of quantity and quality of sleep and
their association with health-related quality of life and life satisfaction during adolescence.
Health Edu Care. 2017;2:1-6. https://doi.org/10.15761/HEC.1000117.

Fuligni AJ, Hardway C. Daily variation in adolescents’ sleep, activities, and psychological
well-being. J Res Adolesc. 2006;16:353-78. https://doi.org/10.1111/j.1532-7795.2006.00498 x.
Rhie S, Chae KY. Impact of sleep duration on emotional status in adolescents. J Depress
Anxiety. 2013;2:138. https://doi.org/10.4172/2167-1044.1000138.

Ireland JL, Culpin V. The relationship between sleeping problems and aggression, anger,
and impulsivity in a population of juvenile and young offenders. J Adolesc Health.
2006;38(6):649-55.

Merikanto I, Lahti T, Puusniekka R, Partonen T. Late bedtimes weaken school performance
and predispose adolescents to health hazards. Sleep Med. 2013;14(11):1105-11. https://doi.
org/10.1016/j.sleep.2013.06.009.

Titova OE, Hogenkamp PS, Jacobsson JA, Feldman I, Schiéth HB, Benedict C. Associations
of self-reported sleep disturbance and duration with academic failure in community-dwelling
Swedish adolescents: sleep and academic performance at school. Sleep Med. 2015;16(1):87—
93. https://doi.org/10.1016/j.sleep.2014.09.004.

Mike TB, Shaw DS, Forbes EE, Sitnick SL, Hasler BP. The hazards of bad sleep-Sleep dura-
tion and quality as predictors of adolescent alcohol and cannabis use. Drug Alcohol Depend.
2016;168:335-9. https://doi.org/10.1016/j.drugalcdep.2016.08.009.

Fakier N, Wild LG. Associations among sleep problems, learning difficulties and sub-
stance use in adolescence. J Adolesc. 2011;34(4):717-26. https://doi.org/10.1016/j.
adolescence.2010.09.010.

Roberts RE, Roberts CR, Duong HT. Sleepless in adolescence: prospective data on sleep
deprivation, health and functioning. J Adolesc. 2009;32(5):1045-57.

Kalak N, Lemola S, Brand S, Holsboer-Trachsler E, Grob A. Sleep duration and subjective
psychological well-being in adolescence: a longitudinal study in Switzerland and Norway.
Neuropsychiatr Dis Treat. 2014;10:1199-207. https://doi.org/10.2147/NDT.S62533.
Fredriksen K, Rhodes J, Reddy R, Way N. Sleepless in Chicago: tracking the effects of ado-
lescent sleep loss during the middle school years. Child Dev. 2004;75(1):84-95.

Roane BM, Taylor DJ. Adolescent insomnia as a risk factor for early adult depression and
substance abuse. Sleep. 2008;31(10):1351-6.

Roberts RE, Duong HT. The prospective association between sleep deprivation and depres-
sion among adolescents. Sleep. 2014;37(2):239—-44. https://doi.org/10.5665/sleep.3388.
Miller MB, Janssen T, Jackson KM. The prospective association between sleep and initiation
of substance use in young adolescents. J Adolesc Health. 2017;60(2):154—60. https://doi.
org/10.1016/j.jadohealth.2016.08.019.

Wong MM, Brower KJ, Zucker RA. Childhood sleep problems, early onset of substance
use and behavioral problems in adolescence. Sleep Med. 2009;10(7):787-96. https://doi.
org/10.1016/j.sleep.2008.06.015.

Asarnow LD, McGlinchey E, Harvey AG. The effects of bedtime and sleep duration on
academic and emotional outcomes in a nationally representative sample of adolescents. J
Adolesc Health. 2014;54(3):350-6. https://doi.org/10.1016/j.jadohealth.2013.09.004.
Touitou Y. Adolescent sleep misalignment: a chronic jet lag and a matter of public health. J
Physiol Paris. 2013;107(4):323-6. https://doi.org/10.1016/j.jphysparis.2013.03.008.

Yoo SS, Gujar N, Hu P, Jolesz FA, Walker MP. The human emotional brain without sleep--a
prefrontal amygdala disconnect. Curr Biol. 2007;17(20):R877-8.

Motomura Y, Kitamura S, Oba K, Terasawa Y, Enomoto M, Katayose Y, Hida A, Moriguchi
Y, Higuchi S, Mishima K. Sleep debt elicits negative emotional reaction through diminished
amygdala-anterior cingulate functional connectivity. PLoS One. 2013;8(2):e56578. https:/
doi.org/10.1371/journal.pone.0056578.

Prather AA, Bogdan R, Hariri AR. Impact of sleep quality on amygdala reactivity, negative
affect, and perceived stress. Psychosom Med. 2013;75(4):350-8. https://doi.org/10.1097/
PSY.0b013e31828ef15b.


https://doi.org/10.15761/HEC.1000117
https://doi.org/10.1111/j.1532-7795.2006.00498.x
https://doi.org/10.4172/2167-1044.1000138
https://doi.org/10.1016/j.sleep.2013.06.009
https://doi.org/10.1016/j.sleep.2013.06.009
https://doi.org/10.1016/j.sleep.2014.09.004
https://doi.org/10.1016/j.drugalcdep.2016.08.009
https://doi.org/10.1016/j.adolescence.2010.09.010
https://doi.org/10.1016/j.adolescence.2010.09.010
https://doi.org/10.2147/NDT.S62533
https://doi.org/10.5665/sleep.3388
https://doi.org/10.1016/j.jadohealth.2016.08.019
https://doi.org/10.1016/j.jadohealth.2016.08.019
https://doi.org/10.1016/j.sleep.2008.06.015
https://doi.org/10.1016/j.sleep.2008.06.015
https://doi.org/10.1016/j.jadohealth.2013.09.004
https://doi.org/10.1016/j.jphysparis.2013.03.008
https://doi.org/10.1371/journal.pone.0056578
https://doi.org/10.1371/journal.pone.0056578
https://doi.org/10.1097/PSY.0b013e31828ef15b
https://doi.org/10.1097/PSY.0b013e31828ef15b

8

Relationship Between Emotions, Sleep and Well-Being 165

98

99

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

. Chuah LY, Dolcos F, Chen AK, Zheng H, Parimal S, Chee MW. Sleep deprivation and inter-
ference by emotional distracters. Sleep. 2010;33(10):1305-13.
. Killgore WD. Self-reported sleep correlates with prefrontal-amygdala functional connec-
tivity and emotional functioning. Sleep. 2013;36(11):1597-608. https://doi.org/10.5665/
sleep.3106.
van der Helm E, Gujar N, Walker MP. Sleep deprivation impairs the accurate recognition of
human emotions. Sleep. 2010;33(3):335-42.
Pallesen S, Johnsen BH, Hansen A, Eid J, Thayer JF, Olsen T, Hugdahl K. Sleep deprivation
and hemispheric asymmetry for facial recognition reaction time and accuracy. Percept Mot
Skills. 2004;98(3 Pt 2):1305-14.
Feng P, Becker B, Zheng Y, Feng T. Sleep deprivation affects fear memory consolidation:
bi-stable amygdala connectivity with insula and ventromedial prefrontal cortex. Soc Cogn
Affect Neurosci. 2018;13(2):145-55. https://doi.org/10.1093/scan/nsx 148.
Craig AD. Significance of the insula for the evolution of human awareness of feelings from the
body.AnnNY AcadSci.2011;1225:72-82.https://doi.org/10.1111/j.1749-6632.2011.05990.x.
Critchley HD, Harrison NA. Visceral influences on brain and behavior. Neuron.
2013;77(4):624-38. https://doi.org/10.1016/j.neuron.2013.02.008.
Strigo IA, Craig AD. Interoception, homeostatic emotions and sympathovagal balance. Philos
Trans R Soc Lond Ser B Biol Sci. 2016;371:1708. https://doi.org/10.1098/rstb.2016.0010.
Wei Y, Ramautar JR, Colombo MA, Stoffers D, Gémez-Herrero G, van der Meijden WP, Te
Lindert BH, van der Werf YD, Van Someren EJ. I keep a close watch on this heart of mine:
increased interoception in insomnia. Sleep. 2016;39(12):2113-24. https://doi.org/10.5665/
sleep.6308.
Franzen PL, Buysse DJ, Dahl RE, Thompson W, Siegle GJ. Sleep deprivation alters pupil-
lary reactivity to emotional stimuli in healthy young adults. Biol Psychol. 2009;80(3):300-5.
https://doi.org/10.1016/j.biopsycho.2008.10.010.
Sauvet F, Leftheriotis G, Gomez-Merino D, Langrume C, Drogou C, Van Beers P,
Bourrilhon C, Florence G, Chennaoui M. Effect of acute sleep deprivation on vascular
function in healthy subjects. J Appl Physiol. 2010;108(1):68-75. https://doi.org/10.1152/
japplphysiol.00851.2009.
Zhong X, Hilton HJ, Gates GJ, Jelic S, Stern Y, Bartels MN, Demeersman RE, Basner
RC. Increased sympathetic and decreased parasympathetic cardiovascular modulation in nor-
mal humans with acute sleep deprivation. J Appl Physiol. 2005;98(6):2024-32.
Appelhans BM, Luecken LJ. Heart rate variability as an index of regulated emotional respond-
ing. Rev Gen Psychol. 2006;10(3):229—40. https://doi.org/10.1037/1089-2680.10.3.229.
Zaccaro A, Piarulli A, Laurino M, Garbella E, Menicucci D, Neri B, Gemignani A. How
breath-control can change your life: a systematic review on psycho-physiological cor-
relates of slow breathing. Front Hum Neurosci. 2018;12:353. https://doi.org/10.3389/
fnhum.2018.00353.
Gujar N, Yoo SS, Hu P, Walker MP. Sleep deprivation amplifies reactivity of brain
reward networks, biasing the appraisal of positive emotional experiences. J Neurosci.
2011;31(12):4466-74.
Beebe DW, Fallone G, Godiwala N, Flanigan M, Martin D, Schaffner L, Amin R. Feasibility and
behavioral effects of an at-home multi-night sleep restriction protocol for adolescents. J Child
Psychol Psychiatry. 2008;49(9):915-23. https://doi.org/10.1111/j.1469-7610.2008.01885..x.
Baum KT, Desai A, Field J, Miller LE, Rausch J, Beebe DW. Sleep restriction worsens mood
and emotion regulation in adolescents. J Child Psychol Psychiatry. 2014;55(2):180-90.
https://doi.org/10.1111/jcpp.12125.
Dagys N, McGlinchey EL, Talbot LS, Kaplan KA, Dahl RE, Harvey AG. Double trouble? The
effects of sleep deprivation and chronotype on adolescent affect. J Child Psychol Psychiatry.
2012;53(6):660-7. https://doi.org/10.1111/j.1469-7610.2011.02502 x.
McGlinchey EL, Talbot LS, Chang KH, Kaplan KA, Dahl RE, Harvey AG. The effect
of sleep deprivation on vocal expression of emotion in adolescents and adults. Sleep.
2011;34(9):1233-41. https://doi.org/10.5665/SLEEP.1246.


https://doi.org/10.5665/sleep.3106
https://doi.org/10.5665/sleep.3106
https://doi.org/10.1093/scan/nsx148
https://doi.org/10.1111/j.1749-6632.2011.05990.x
https://doi.org/10.1016/j.neuron.2013.02.008
https://doi.org/10.1098/rstb.2016.0010
https://doi.org/10.5665/sleep.6308
https://doi.org/10.5665/sleep.6308
https://doi.org/10.1016/j.biopsycho.2008.10.010
https://doi.org/10.1152/japplphysiol.00851.2009
https://doi.org/10.1152/japplphysiol.00851.2009
https://doi.org/10.1037/1089-2680.10.3.229
https://doi.org/10.3389/fnhum.2018.00353
https://doi.org/10.3389/fnhum.2018.00353
https://doi.org/10.1111/j.1469-7610.2008.01885.x
https://doi.org/10.1111/jcpp.12125
https://doi.org/10.1111/j.1469-7610.2011.02502.x
https://doi.org/10.5665/SLEEP.1246

166

A. Zaccaro et al.

117.

118.

119.

Talbot LS, McGlinchey EL, Kaplan KA, Dahl RE, Harvey AG. Sleep deprivation in adoles-
cents and adults: changes in affect. Emotion. 2010;10(6):831-41. https://doi.org/10.1037/
a0020138.

Walker MP. The role of sleep in cognition and emotion. Ann N'Y Acad Sci. 2009;1156:168—
97. https://doi.org/10.1111/j.1749-6632.2009.04416.x.

Cairney SA, Durrant SJ, Jackson R, Lewis PA. Sleep spindles provide indirect support to the
consolidation of emotional encoding contexts. Neuropsychologia. 2014;63:285-92. https://
doi.org/10.1016/j.neuropsychologia.2014.09.016.


https://doi.org/10.1037/a0020138
https://doi.org/10.1037/a0020138
https://doi.org/10.1111/j.1749-6632.2009.04416.x
https://doi.org/10.1016/j.neuropsychologia.2014.09.016
https://doi.org/10.1016/j.neuropsychologia.2014.09.016

	8: Relationship Between Emotions, Sleep and Well-Being
	8.1	 Psychophysiological Functions of Sleep
	8.2	 Adolescence, Emotions and Emotion Regulation
	8.3	 Sleep and Sleep Deprivation in Adolescence
	8.4	 Sleep Deprivation and Emotion Dysregulation
	References


